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Figure 36.1 CAN Module Block Diagram

CRXDO/CTXDO:
Protocol controller:

Receive rule table RAM:

FIFO RAM:

Buffer RAM:

Acceptance filter:

CAN input/output pins

Handles CAN protocol processing such as bus arbitration, bit timing at transmission
and reception, stuffing, and error handling, etc.

Stores the rules for filtering received messages. Each receive rule specifies an ID/
frame format/data length code of the message to be received, a label to be attached
to the message that has passed through the filter, and the location of such message
to be stored.

Includes three 16-stage FIFO buffers. There are two FIFOs for reception only and
one FIFO for transmission or reception.

Used as atransmit and receive buffer. There are 4 buffers for transmission and 16
buffers for reception.

Performs filtering of received messages.

e Timer: There are atimer for timestamp function during reception and atimer which
determines the message transmission interval s while using the transmit FIFO buffer.
Table 36.2 1/0 Pins of the CAN Module
Pin Name 1/0 Description
CRXDO Input Receive data input pins of the RSCANO
CTXDO Output Transmit data output pins of the RSCANO
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RX23W Group 36. CAN Module (RSCAN)

36.2 Register Descriptions

36.2.1 Bit Configuration Register L (CFGL)

Address(es): RSCANO.CFGL 000A 8300h

b9 b8 b7 b6 b5 b4 b3 b2 bl b0

b15 b14 b13 b12 b1l b10

— — — — — — BRP[9:0]

Value after reset: 0 0 0 0 0 0 0 I 0 I 0 I 0 0 I 0 I 0 I 0 I 0 I 0

Bit Symbol Bit Name Description R/W

b9 to b0 BRP[9:0] Prescaler Division Ratio Set When these bits are set to P (0 to 1023), the baud rate R/W
prescaler divides fCAN by P + 1.

b15to b10 — Reserved These bits are read as 0. The write value should be 0. R/IW

Modify the CFGL register only in channel reset mode or channel halt mode. Set this register in channel reset mode
before making atransition to channel communication mode or channel halt mode. For setting bit timing, see section

36.9, Initial Settings.

BRP[9:0] Bits (Prescaler Division Ratio Set)
The CAN Tq clock (fCANTQ) is obtained by the CAN clock source (fCAN) and setting the clock division ratio with the
BRP[9:0] bits and one clock cycle of the CAN Tq clock is 1 Time Quantum (Tq).
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RX23W Group 36. CAN Module (RSCAN)

36.2.2 Bit Configuration Register H (CFGH)

Address(es): RSCANO0.CFGH 000A 8302h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — SIW[L:0] — TSEG2[2:0] TSEG1[3:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b3 to b0 TSEG1[3:0] Time Segment 1 Control R/W

: Setting prohibited
: Setting prohibited
: Setting prohibited
4Tq

5Tq

6 Tq

7Tq

8 Tq

9Tq

10 Tq

11 Tq

12 Tq

13 Tq

14 Tq

115 Tq

116 Tq

PRPRPRPPPPPPOO0OO0OO0OO0OOOOZ
PRPPPOOOORRRELREROOOO
PP OORRPROORRLROOREROO
RPOQRORORORORORORQ3

b6 to b4 TSEG2[2:0] Time Segment 2 Control R/W

: Setting prohibited
2Tq
3Tq
4Tq
5Tq
6 Tq
1 7Tq
:8Tq
b7 — Reserved This bit is read as 0. The write value should be 0. R/W
b9, b8 SIJW[1:0] Resynchronization Jump Width b9 b8 R/W
Control 0 0:1Tq
0 1:2Tq
1 0:3Tq
1 1:4Tq

bl5to b10 — Reserved These bits are read as 0. The write value should be 0. R/W

PRrRPPOOOOF
PP OORPRFR OO
Porprororof

Modify the CFGH register only in channel reset mode or channel halt mode. Set this register in channel reset mode
before making atransition to channel communication mode or channel halt mode. For setting bit timing, see section
36.9, Initial Settings.

TSEG1[3:0] Bits (Time Segment 1 Control)
These bits are used to specify a Tq value for the total length of the propagation time segment (PROP_SEG) and phase
buffer segment 1 (PHASE_SEG1). A value of 4 Tqto 16 Tq can be set.

TSEG2[2:0] Bits (Time Segment 2 Control)
These bits are used to specify a Tq value for the length of phase buffer segment 2 (PHASE_SEG?2).
A valueof 2 Tqto 8 Tq can be set. Set avalue smaller than the value of the TSEG1[3:0] bits.
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36. CAN Module (RSCAN)

SJWI[1:0] Bits (Resynchronization Jump Width Control)

These bits are used to specify a Tq value for the resynchronization jump width. A value of 1 Tqto 4 Tq can be set. Set a

value equal to or smaller than the value of the TSEG2[3:0] hits.

36.2.3 Control Register L (CTRL)

Address(es): RSCANO.CTRL 000A 8304h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
ALIE | BLIE | OLIE [BORIE |BOEIE| EPIE | EWIE | BEIE | — — — — | RTBO |CSLPR| CHMDCI[1:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Bit Symbol Bit Name Description R/W

b1, b0 CHMDCJ[1:0] Mode Select bl b0 o R/W
0 0: Channel communication mode.
0 1: Channel reset mode.

1 0: Channel halt mode.
1 1: Setting prohibited.

b2 CSLPR Channel Stop Mode 0: Other than channel stop mode. R/W
1: Channel stop mode.

b3 RTBO Forcible Return from Bus-off When this bit is set to 1, forcible return from the bus off state R/W
is made. This bit is read as 0.

b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R/IW

b8 BEIE Protocol Error Interrupt Enable 0: Protocol error interrupt is disabled. R/W
1: Protocol error interrupt is enabled.

b9 EWIE Error Warning Interrupt Enable 0: Error warning interrupt is disabled. R/W
1: Error warning interrupt is enabled.

b10 EPIE Error Passive Interrupt Enable 0: Error passive interrupt is disabled. R/W
1: Error passive interrupt is enabled.

b11 BOEIE Bus Off Entry Interrupt Enable 0: Bus off entry interrupt is disabled. R/W
1: Bus off entry interrupt is enabled.

b12 BORIE Bus Off Recovery Interrupt 0: Bus off recovery interrupt is disabled. R/W

Enable 1: Bus off recovery interrupt is enabled.
b13 OLIE Overload Frame Transmit 0: Overload frame transmit interrupt is disabled. R/W
Interrupt Enable 1: Overload frame transmit interrupt is enabled.

bl14 BLIE Bus Lock Interrupt Enable 0: Bus lock interrupt is disabled. R/W
1: Bus lock interrupt is enabled.

b15 ALIE Arbitration Lost Interrupt Enable  0: Arbitration lost interrupt is disabled. R/W
1: Arbitration lost interrupt is enabled.

CHMDCJ[1:0] Bits (Mode Select)

These bits are used to select a channel mode (channel communication mode, channel reset mode, or channel halt mode).
For details, see section 36.3.2, Channel Modes. Setting the CSLPR hit to 1 in channel reset mode allows transition to
channel stop mode. Do not set the CHMDCJ[ 1:0] bitsto 11b. When the CAN module has transitioned to channel halt
mode depending on the setting of the CTRH.BOM[1:0] bits, the CHMDCJ[1:0] bits automatically become 10b.

CSLPR Bit (Channel Stop Mode)
Setting this bit to 1 places the channel in channel stop mode.
Setting this bit to 0 makes the channel |eave from channel stop mode.

Do not modify this bit in channel communication mode or channel halt mode.
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RX23W Group 36. CAN Module (RSCAN)

RTBO Bit (Forcible Return from Bus-off)

Setting this bit to 1 (forcible return from the bus off state) in the bus off state forcibly returns the state from the bus off
state to the error active state. This bit is automatically set to 0. Setting this bit to 1 setsthe STSH.TEC[7:0] and
STSH.REC[7:0] flags to 00h and al so sets the STSL.BOSTS flag to 0 (hot in bus off state).The other registers remain
unchanged. No bus off recovery interrupt request due to return from the bus off state is generated. Use this bit only when
the CTRH.BOM[1:0] bits are 00b (ISO 11898-1 compliant).

A delay of up to 1 CAN bit time occurs after the RTBO bit isset to 1 until the CAN module transitions to the error active
state. Set thisbit to 1 in channel communication mode.

BEIE Bit (Protocol Error Interrupt Enable)
When the ERFLL .BEF flag becomes 1 while the BEIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.

EWIE Bit (Error Warning Interrupt Enable)
When the ERFLL.EWF flag becomes 1 while the EWIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.

EPIE Bit (Error Passive Interrupt Enable)
When the ERFL L .EPF flag becomes 1 while the EPIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.

BOEIE Bit (Bus Off Entry Interrupt Enable)
When the ERFL L.BOEF flag becomes 1 while the BOEIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.

BORIE Bit (Bus Off Recovery Interrupt Enable)
When the ERFL L.BORF flag becomes 1 while the BORIE bitis 1, an error interrupt request is generated. Modify thisbit
only in channel reset mode.

OLIE Bit (Overload Frame Transmit Interrupt Enable)
When the ERFLL.OVLF flag becomes 1 while the OLIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.

BLIE Bit (Bus Lock Interrupt Enable)
When the ERFLL.BLF flag becomes 1 while the BLIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.

ALIE Bit (Arbitration Lost Interrupt Enable)
When the ERFLL.ALF flag becomes 1 whilethe ALIE bit is 1, an error interrupt request is generated. Modify this bit
only in channel reset mode.
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36.2.4 Control Register H (CTRH)

Address(es): RSCANO0.CTRH 000A 8306h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

— — — — — CTMS[1:0] | CTME | ERRD BOM[1:0] — — — — | TAE
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TAIE Transmit Abort Interrupt Enable  0: Transmit abort interrupt is disabled. R/W
1: Transmit abort interrupt is enabled.
b4 to bl — Reserved These bits are read as 0. The write value should be 0. R/IW
b6, b5 BOMI[1:0] Bus Off Recovery Mode Select b6 b5 R/W

0 0:1SO 11898-1 compliant

0 1: Transition to channel halt mode at bus-off entry

1 0: Transition to channel halt mode at bus-off end

1 1: Transition to channel halt mode in the bus off state by a
program request

b7 ERRD Error Display Mode Select 0: Only the first error is indicated after b14 to b8 in the ERFLL R/W
register have all been cleared.
1: The error flags of all errors are indicated.

b8 CTME Communication Test Mode 0: Communication test mode is disabled. R/W
Enable 1: Communication test mode is enabled.
b10, b9 CTMSJ1:0] Communication Test Mode b10 b9 R/W
Select 0 0: Standard test mode
0 1: Listen-only mode
1 0: Self-test mode 0 (external loopback mode)
1 1: Self-test mode 1 (internal loopback mode)
bl5to b1l — Reserved These bits are read as 0. The write value should be 0. R/W

TAIE Bit (Transmit Abort Interrupt Enable)
When transmit abort of the transmit buffer is completed with the TAIE bit set to 1, an interrupt request is generated.
Modify this bit only in channel reset mode.

BOM][1:0] Bits (Bus Off Recovery Mode Select)

These bits are used to select a bus off recovery mode of the CAN module.

When the BOM[1:0] bits are set to 00b, return to the error active state from the bus off state is compliant with the 1ISO
11898-1 standard. That is, the CAN module reenters the CAN communication (error active state) after 11 consecutive
recessive bits are detected 128 times. A bus off recovery interrupt request is generated at the time of return from the bus
off state. Even if the CTRL.CHMDC]J1:0] bits are set to 10b (channel halt mode) before recessive bits are detected 128
times, the CAN module does not transition to channel halt mode until recessive bits are detected 128 times.

When the CAN module reaches the bus off state whilethe BOM[1:0] bitsare set to 01b, the CTRL.CHMDCJ1.0] bitsare
set to 10b and the CAN modul e transitions to channel halt mode. No bus off recovery interrupt request is generated at the
time of return from the bus off state and the STSH.TEC[7:0] and STSH.REC][7:0] flags are set to 00h.

When the CAN module reaches the bus off state when the BOM[1:0] bits are set to 10b, the CTRL.CHMDCJ1.0] bitsare
set to 10b and the CAN module transitions to channel halt mode after return from the bus off state (11 consecutive
recessive bits are detected 128 times). A bus off recovery interrupt request is generated at the time of return from the bus
off state and the STSH.TEC[7:0] and STSH.REC[7:0] flags are set to 00h.

When the BOM[1:0] bits are set to 11b and the CTRL.CHMDC[1:0] bits are set to 10b while the CAN module isin the
bus off state, the CAN module transitions to channel halt mode. No bus off recovery interrupt request is generated at the
time of return from the bus off state and the STSH.TEC[7:0] and STSH.REC][7:0] flags are set to 00h. However, if 11
consecutive recessive bits are detected 128 times and the CAN module has recovered to the error active state from the
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bus off state before the CTRL.CHMDCJ[1:0] bits are set to 10b, a bus off recovery interrupt request is generated.

If the CPU requests transition to channel reset mode at the same time when the CAN module transitions to channel halt
mode (at bus off entry when the BOM[1:0] bits are 01b or at bus off end when the BOM[1:0] bits are 10b), the CPU’s
reguest takes precedence. Modify these bits only in channel reset mode.

ERRD Bit (Error Display Mode Select)

Thisbit is used to control display mode of b14 to b8 in the ERFLL register.

When thisbit is 0, only the flags of the first error become 1. If two or more errors occur first, all the flags of detected
errors become 1.

When thishit is 1, all the flags of errors that have occurred become 1 regardless of the error occurrence order. Modify
this bit only in channel reset mode or channel halt mode.

CTME Bit (Communication Test Mode Enable)
Setting this bit to 1 enables communication test mode. Modify this bit only in channel halt mode. This bit becomes0in
channel reset mode.

CTMS[1:0] Bits (Communication Test Mode Select)
These bits are used to select acommunication test mode. Modify these bits only in channel halt mode. These bits become
0 in channel reset mode.

RO1UHO0823EJ0110 Rev.1.10 ENESAS Page 1206 of 1852
Nov 30, 2020



RX23W Group 36. CAN Module (RSCAN)

36.2.5 Status Register L (STSL)

Address(es): RSCANO.STSL 000A 8308h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

_ | — | = | = | = | — | — | _ |coMs|RECST|TRMST|gosTs|EpsTS|CSLPS|CHLTS |CRSTS

TS S S TS TS TS
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Bit Symbol Bit Name Description R/W
b0 CRSTSTS Channel Reset Status Flag 0: Not in channel reset mode R
1: In channel reset mode
bl CHLTSTS Channel Halt Status Flag 0: Not in channel halt mode R
1: In channel halt mode
b2 CSLPSTS Channel Stop Status Flag 0: Not in channel stop mode R
1: In channel stop mode
b3 EPSTS Error Passive Status Flag 0: Not in error passive state R
1: In error passive state
b4 BOSTS Bus Off Status Flag 0: Not in bus off state R
1: In bus off state
b5 TRMSTS  Transmit Status Flag 0: Bus idle or in reception R
1: In transmission or bus off state
b6 RECSTS  Receive Status Flag 0: Bus idle, in transmission or bus off state R
1: In reception
b7 COMSTS Communication Status Flag 0: Communication is not ready. R
1: Communication is ready.
b15 to b8 — Reserved These bits are read as 0. R

CRSTSTS Flag (Channel Reset Status Flag)

This flag becomes 1 when the CAN module has transitioned to channel reset mode, and becomes 0 when the CAN
module has transitioned to channel communication mode or channel halt mode. This flag remains 1 even if the CAN
module transitions from channel reset mode to channel stop mode.

CHLTSTS Flag (Channel Halt Status Flag)
Thisflag becomes 1 when the CAN module hastransitioned to channel halt mode, and becomes 0 when the CAN module
has exited channel halt mode.

CSLPSTS Flag (Channel Stop Status Flag)
This flag becomes 1 when the CAN module has transitioned to channel stop mode, and becomes 0 when the CAN
module has returned from channel stop mode.

EPSTS Flag (Error Passive Status Flag)

Thisflag becomes 1 when the CAN module has entered the error passive state (128 < STSH.TEC[7:0] value < 255 or
128 < STSH.REC][ 7:0] value), and becomes 0 when the CAN module has exited the error passive state or has entered
channel reset mode.

BOSTS Flag (Bus Off Status Flag)

Thisflag becomes 1 when the CAN module has entered the bus off state (STSH.TEC[7:0] value > 255), and becomes 0
when the CAN module has exited the bus off state.
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TRMSTS Flag (Transmit Status Flag)
This flag becomes 1 when transmission has started, and becomes 0 when the bus has become idle or reception has
started. Thisflag remains 1 in the bus off state.

RECSTS Flag (Receive Status Flag)
This flag becomes 1 when reception has started, and becomes 0 when the bus has becomeidle or transmission has
started.

COMSTS Flag (Communication Status Flag)

Thisflag indicates that communication is ready.

This flag becomes 1 when the CAN module has detected 11 consecutive recessive bits after it has transitioned from
channel reset mode or channel halt mode to channel communication mode. This flag becomes 0 in channel reset mode or
channel halt mode.

36.2.6 Status Register H (STSH)

Address(es): RSCANO0.STSH 000A 830Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TEC[7:0] REC[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Description R/W
b7 to b0 REC[7:0] The receive error counter (REC) can be read. R
b15 to b8 TECI7:0] The transmit error counter (TEC) can be read. R

RECJ[7:0] Flags

These flags indicate the receive error counter value. For receive error counter increment/decrement conditions, see the
CAN standard (1SO 11898-1).

These flags become 00h in channel reset mode.

TEC[7:0] Flags

These flags indicate the transmit error counter value. For transmit error counter increment/decrement conditions, seethe
CAN standard (1SO 11898-1).

These flags become 00h in channel reset mode.
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36.2.7

Error Flag Register L (ERFLL)

Address(es): RSCANO.ERFLL 000A 830Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— |ADERR|BOERR|B1ERR| CERR | AERR | FERR | SERR | ALF | BLF | OVLF | BORF | BOEF | EPF | EWF | BEF
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 BEF Bus Error Flag 0: No channel bus error is detected. R/(W)
1: Channel bus error is detected. *1
bl EWF Error Warning Flag 0: No error warning is detected. R/(W)
1: Error warning is detected. *1
b2 EPF Error Passive Flag 0: No error passive is detected. R/(W)
1: Error passive is detected. *1
b3 BOEF Bus Off Entry Flag 0: No bus off entry is detected. R/(W)
1: Bus off entry is detected. *1
b4 BORF Bus Off Recovery Flag 0: No bus off recovery is detected. R/(W)
1: Bus off recovery is detected. *1
b5 OVLF Overload Flag 0: No overload is detected. R/(W)
1: Overload is detected. *1
b6 BLF Bus Lock Flag 0: No channel bus lock is detected. R/(W)
1: Channel bus lock is detected. *1
b7 ALF Arbitration Lost Flag 0: No arbitration lost is detected. R/(W)
1: Arbitration lost is detected. *1
b8 SERR Stuff Error Flag 0: No stuff error is detected. R/(W)
1: Stuff error is detected. *1
b9 FERR Form Error Flag 0: No form error is detected. R/I(W)
1: Form error is detected. *1
b10 AERR ACK Error Flag 0: No ACK error is detected. R/(W)
1: ACK error is detected. *1
b1l CERR CRC Error Flag 0: No CRC error is detected. R/(W)
1: CRC error is detected. *1
b12 B1ERR Recessive Bit Error Flag 0: No recessive bit error is detected. R/(W)
1: Recessive bit error is detected. *1
b13 BOERR Dominant Bit Error Flag 0: No dominant bit error is detected. R/(W)
1: Dominant bit error is detected. *1
b14 ADERR ACK Delimiter Error Flag 0: No ACK delimiter error is detected. R/(W)
1: ACK delimiter error is detected. *1
b15 — Reserved This bit is read as 0. The write value should be 0. R/W

Note 1. Only 0 can be written to this bit, to clear the flag. Writing 1 does not affect the flag value.

Seethe CAN standard (1SO 11898-1) if you want to check error occurrence conditions. To clear each flag of thisregister,
write 0 by the program. These flags cannot be set to 1 by the program. If any of these flags becomes 1 at the timing when
the program writes 0O to the flag, the flag becomes 1. Each flag becomes 0 in channel reset mode.

With respect to b14 to b8 in the ERFLL register, if an error is detected with all flags of b14 to b8 set to 0 when the
CTRH.ERRD hit is set to 0 (only the first error information is displayed), the corresponding flag becomes 1.

BEF Flag (Bus Error Flag)
This flag becomes 1 when any one of the ADERR, BOERR, B1ERR, CERR, AERR, FERR, and SERR flags becomes 1.
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EWF Flag (Error Warning Flag)

This flag becomes 1 only when the STSH.REC[7:0] or STSH.TEC[7:0] value exceeds 95 for the first time. Therefore, if
the program writes 0 to this flag with the STSH.REC[7:0] or STSH.TEC [7:0] value remaining over 95, thisbit is not set
to 1 until both STSH.REC[7:0] and STSH.TEC[7:0] values become 95 or less and then the STSH.REC[7:0] or
STSH.TEC[7:0] value exceeds 95 again.

EPF Flag (Error Passive Flag)

This flag becomes 1 when the CAN module becomes error passive state (STSH.REC[7:0] or STSH.TEC[7:0] value >
127). Thisflag becomes 1 only when the STSH.REC[7:0] or STSH.TEC[7:0] value exceeds 127 for the first time.
Therefore, if the program writes O to this flag with the STSH.REC[7:0] or STSH.TEC[7:0] value remaining over 127,
thisbit isnot set to 1 until both STSH.REC[7:0] and STSH.TEC[7:0] vaues become 127 or less and then the
STSH.REC[7:0] or STSH.TEC[7:0] value exceeds 127 again.

BOEF Flag (Bus Off Entry Flag)

This flag becomes 1 when the state becomes bus off state (STSH.TEC[7:0] value > 255). Thisflag also becomes 1 when
the state becomes bus off state with the CTRH.BOM[1:0] bits set to 01b (transition to channel halt mode at bus off
entry).

BORF Flag (Bus Off Recovery Flag)

This flag becomes 1 when 11 consecutive recessive bits have been detected 128 times and the CAN modul e returns from
the bus off state. However, thisflag is not set to 1 if the CAN module returns from the bus off state in any of the
following ways before 11 consecutive recessive bits are detected 128 times.

e The CTRL.CHMDC]J1:0] bits are set to 01b (channel reset mode).
e The CTRL.RTBO hit isset to 1 (forcible return from the bus off state is made).
e The CTRH.BOM[1:0] bits are set to 01b (transition to channel halt mode at bus off entry).

e The CTRL.CHMDCJ1:0] hits are set to 10b (channel halt mode) before 11 consecutive recessive bits are detected
128 times with the CTRH.BOM|[1:0] bits set to 11b (transition to channel halt mode upon a request from the
program during bus off).

OVLF Flag (Overload Flag)
This flag becomes 1 when the overload frame transmit condition has been detected when performing reception or
transmission.

BLF Flag (Bus Lock Flag)
This flag becomes 1 when 32 consecutive dominant bits have been detected on the CAN bus in channel communication
mode. After that, detection of the bus lock becomes possible again if either of the following conditions is met.

e A recessive hit is detected after the BLF flag has been modified from 1 to O.

e The CAN moduletransitionsto channel reset mode and returns to channel communication mode after the BLF flag
has been modified from 1 to 0.

ALF Flag (Arbitration Lost Flag)
This flag becomes 1 when an arbitration lost has been detected.

SERR Flag (Stuff Error Flag)
This flag becomes 1 when a stuff error has been detected.

FERR Flag (Form Error Flag)
This flag becomes 1 when aform error has been detected.
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AERR Flag (ACK Error Flag)
This flag becomes 1 when an ACK error has been detected.

CERR Flag (CRC Error Flag)
This flag becomes 1 when a CRC error has been detected.

B1ERR Flag (Recessive Bit Error Flag)
This flag becomes 1 when a dominant bit has been detected though a recessive bit was transmitted.

BOERR Flag (Dominant Bit Error Flag)
This flag becomes 1 when a recessive hit has been detected though a dominant bit was transmitted.

ADERR Flag (ACK Delimiter Error Flag)
This flag becomes 1 when aform error has been detected in the ACK delimiter during transmission.

36.2.8 Error Flag Register H (ERFLH)

Address(es): RSCANO.ERFLH 000A 830Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— CRCREG[14:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b14 to b0 CRCREG[14:0] CRC Calculation Data A CRC value calculated based on the transmit message R

or receive message is indicated.

b15 — Reserved This bit is read as 0. R

CRCREG]J14:0] Bits (CRC Calculation Data)

When the CTRH.CTME bit is set to 1 (communication test mode is enabled), the CRC value cal cul ated based on the
transmit or receive message can be read. When the CTRH.CTME bhit is set to 0 (communication test mode is disabled),
these bits are read as 0.
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36.2.9 Global Configuration Register L (GCFGL)

Address(es): RSCAN.GCFGL 000A 8322h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — | TSss TSP[3:0] — — — DCS | MME | DRE | DCE | TPRI
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TPRI Transmit Priority Select 0: ID priority R/W
1: Transmit buffer number priority
bl DCE DLC Check Enable 0: DLC check is disabled. R/W
1: DLC check is enabled.
b2 DRE DLC Replacement Enable 0: DLC replacement is disabled. R/W
1: DLC replacement is enabled.
b3 MME Mirror Function Enable 0: Mirror function is disabled. R/W
1: Mirror function is enabled.
b4 DCs CAN Clock Source Select 0: PCLK R/W
1: CANMCLK (obtained from the main clock)
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b1l to b8 TSP[3:0] Timestamp Clock Source b1l b8 o R/W
Division 0 O O O: Notdivided
0 0 O 1:Divided by 2
0 0 1 O:Divided by 4
0 0 1 1:Dividedby8
0 1 O O:Divided by 16
0 1 O 1:Divided by 32
0 1 1 O: Divided by 64
0 1 1 1:Divided by 128
1 0 0 O:Divided by 256
1 0 O 1:Divided by 512
1 0 1 O0:Divided by 1024
1 0 1 1:Divided by 2048
1 1 0 O:Divided by 4096
1 1 0 1:Divided by 8192
1 1 1 O:Divided by 16384
1 1 1 1:Divided by 32768

b12 TSSS Timestamp Clock Source Select  0: PCLK R/W
1: CAN bit time clock

bl5to b13 — Reserved These bits are read as 0. The write value should be 0. R/W

Modify the GCFGL register only in global reset mode.

TPRI Bit (Transmit Priority Select)

This bit is used to set the transmit priority.

When thishitissetto O, ID priority isselected and the transmit priority complies with the CAN bus arbitration rule (1SO
11898-1 standard). When this bit is set to 1, transmit buffer number priority is selected and the minimum number of
transmit buffer specified for transmission takes precedence.

DCE Bit (DLC Check Enable)
Setting this bit to 1 makes the DL C check function available. Set the GAFLPHj.GAFLDLC[3:0] bits to 0000b before
setting the DCE bit to O.

RO1UHO0823EJ0110 Rev.1.10 ENESAS Page 1212 of 1852
Nov 30, 2020



RX23W Group 36. CAN Module (RSCAN)

DRE Bit (DLC Replacement Enable)

When the DRE hit is set to 1, the DLC value of the receiveruleis stored in the buffer instead of the DLC value of the
received message after the DL C value has passed through the DL C filter. In this case, avalue of 00h is stored in the data
byte that exceeds the DLC value of the receiverule.

When the DCE hit isset to 1 (DLC check is enabled), the DL C replacement function is available.

MME Bit (Mirror Function Enable)
Setting this bit to 1 makes the mirror function available.

DCS Bit (CAN Clock Source Select)
When thishit is set to 0, the periphera clock (PCLK) divided by 2 isused as the CAN clock source (fCAN).
When thisbit isset to 1, CANMCLK obtained from the EXTAL pinis used as the CAN clock source (fCAN).

TSP[3:0] Bits (Timestamp Clock Source Division)
The clock obtained by dividing the clock source selected by the TSSS bit by the TSP[3:0] value is the count source of the
timestamp counter.

TSSS Bit (Timestamp Clock Source Select)
Thisbit is used to select aclock source of the timestamp counter.

36.2.10  Global Configuration Register H (GCFGH)

Address(es): RSCAN.GCFGH 000A 8324h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ITRCP[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 ITRCP[15:0] Interval Timer Prescaler Set If the set value is M, PCLK is frequency-divided by M. R/W

Setting 0000h is prohibited when the interval timer is in use.

Modify the GCFGH register only in global reset mode.

ITRCP[15:0] Bits (Interval Timer Prescaler Set)
These bits are used to set a clock source division value of the interval timer for FIFO buffers. For details, see section
36.5.3 (1) Interval Transmission Function.
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36.2.11  Global Control Register L (GCTRL)

Address(es): RSCAN.GCTRL 000A 8326h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — |THLEIE| MEIE | DEIE — — — — — |GSLPR| GMDC[1:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Bit Symbol Bit Name Description R/W
b1, b0 GMDC[1:0] Global Mode Select bl bo ) R/W
0 0: Global operating mode
0 1: Global reset mode
1 0: Global test mode

1 1: Setting prohibited

b2 GSLPR Global Stop Mode 0: Other than global stop mode R/W
1: Global stop mode

b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R/W
b8 DEIE DLC Error Interrupt Enable 0: DLC error interrupt is disabled. R/W
1: DLC error interrupt is enabled.

b9 MEIE FIFO Message Lost Interrupt 0: FIFO message lost interrupt is disabled. R/W
Enable 1: FIFO message lost interrupt is enabled.

b10 THLEIE Transmit History Buffer Overflow 0: Transmit history buffer overflow interrupt is disabled. R/W
Interrupt Enable 1: Transmit history buffer overflow interrupt is enabled.

bl5to b1l — Reserved These bits are read as 0. The write value should be 0. R/W

GMDCJ[1:0] Bits (Global Mode Select)

These hits are used to select the mode of entire CAN module (global operating mode, global reset mode, or global test
mode). For details, see section 36.3.1, Global Modes. Setting the GSLPR bit to 1 in global reset mode placesthe CAN
modulein global stop mode.

GSLPR Bit (Global Stop Mode)

Setting this bit to 1 places the CAN modulein global stop mode.

Setting this bit to 0 makes the CAN module leave from global stop mode.
Do not modify thisbit in global operating mode or in global test mode.

DEIE Bit (DLC Error Interrupt Enable)
When the GERFLL.DEF flag becomes 1 while the DEIE bit is 1, an interrupt request is generated. Modify thisbit only in
global reset mode.

MEIE Bit (FIFO Message Lost Interrupt Enable)
When the GERFLL.MES flag becomes 1 while the MEIE hit is 1, an interrupt request is generated. Modify this bit only
in global reset mode.

THLEIE Bit (Transmit History Buffer Overflow Interrupt Enable)
When the GERFLL.THLES flag becomes 1 whilethe THLEIE bit is 1, an interrupt request is generated. Modify this bit
only in global reset mode.
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36.2.12

Global Control Register H (GCTRH)

Address(es): RSCAN.GCTRH 000A 8328h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — — — — — — — — — |TSRST
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TSRST Timestamp Counter Reset Setting the TSRST bit to 1 resets the timestamp counter. RIW
This bitis read as 0.
bl5tobl  — Reserved These bits are read as 0. The write value should be 0. R/IW

TSRST Bit (Timestamp Counter Reset)
Thishit is used to reset the timestamp counter. When this bit is set to 1, the GTSC register is set to 0000h.

36.2.13

Global Status Register (GSTS)

Address(es): RSCAN.GSTS 000A 832Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
_ _ _ _ _ _ _ _ _ _ _ __ |GRAMI|GSLPS|GHLTS |[GRSTS
NIT TS TS TS
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
Bit Symbol Bit Name Description R/W
b0 GRSTSTS Global Reset Status Flag 0: Not in global reset mode R
1: In global reset mode
bl GHLTSTS Global Test Status Flag 0: Not in global test mode R
1: In global test mode
b2 GSLPSTS Global Stop Status Flag 0: Not in global stop mode R
1: In global stop mode
b3 GRAMINIT CAN RAM Initialization Status 0: CAN RAM initialization is completed. R
Flag 1: CAN RAM initialization is ongoing.
bl5tob4 — Reserved These bits are read as 0. R

GRSTSTS Flag (Global Reset Status Flag)
Thisflag becomes 1 when the CAN module has transitioned to global reset mode, and becomes 0 when the CAN module
has exited global reset mode. Thisflag remains 1 even when the CAN module has transitioned from global reset modeto
global stop mode.

GHLTSTS Flag (Global Test Status Flag)
This flag becomes 1 when the CAN module has transitioned to global test mode, and becomes 0 when the CAN module

has exited global test mode.

GSLPSTS Flag (Global Stop Status Flag)
This flag becomes 1 when the CAN module has transitioned to global stop mode, and becomes 0 when the CAN module
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has returned from global stop mode.

GRAMINIT Flag (CAN RAM Initialization Status Flag)
Thisflag indicates the initialization status of the CAN RAM.

This flag becomes 1 after the CAN moduleis enabled, and becomes 0 when CAN RAM initiaization is completed.

36.2.14

Address(es): RSCAN.GERFLL 000A 832Ch

b7

b6

b5

b4

b3

b2

bl

Global Error Flag Register (GERFLL)

b0

— — — — — |THLES| MES | DEF
Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b0 DEF DLC Error Flag 0: No DLC error is present. R/(W)
1: ADLC error is present. *1

bl MES FIFO Message Lost Status Flag 0: No FIFO message lost error is present. R
1: AFIFO message lost error is present.

b2 THLES Transmit History Buffer 0: No transmit history buffer overflow is present. R

Overflow Status Flag 1: A transmit history buffer overflow is present.
b7 to b3 — Reserved The read value is undefined. The write value should be 0. R/IW

Note 1. Only 0 can be written to this bit, to clear the flag. Writing 1 does not affect the flag value.

All flagsin the GERFLL register become 0 in global reset mode.

DEF Flag (DLC Error Flag)
The DEF flag becomes 1 when an error has been detected during the DL C check. Thisflag can be set to 0 by writing 0 by

the program.

MES Flag (FIFO Message Lost Status Flag)
The MES flag becomes 1 when any one of the RFSTSm.RFMLT flags or the CFSTS0.CFMLT flag becomes 1.
This flag becomes 0 when al RFSTSm.RFMLT flags and the CFSTS0.CFMLT flag are set to 0.

THLES Flag (Transmit History Buffer Overflow Status Flag)
The THLES flag becomes 1 when the THLSTSO.THLELT flag becomes 1.
This flag becomes 0 when the THLSTSO.THLELT flag isset to O.
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36.2.15  Global Transmit Interrupt Status Register (GTINTSTS)

Address(es): RSCAN.GTINTSTS 000A 8388h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

— THIFO |CFTIFO| TAIFO | TSIFO

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TSIFO RSCANO Transmit Buffer 0: No transmit buffer transmit complete interrupt request is R

Interrupt Status Flag present.
1: A transmit buffer transmit complete interrupt request is
present.
bl TAIFO RSCANO Transmit Buffer Abort  0: No transmit buffer abort interrupt request is present. R
Interrupt Status Flag 1: A transmit buffer abort interrupt request is present.
b2 CFTIFO RSCANO Transmit/Receive 0: No transmit/receive FIFO transmit interrupt request is R
FIFO Interrupt Status Flag present.
1: Atransmit/receive FIFO transmit interrupt request is
present.
b3 THIFO RSCANO Transmit History 0: No transmit history interrupt request is present. R
Interrupt Status Flag 1: A transmit history interrupt request is present.
b15 to b4 — Reserved These bits are read as 0. R

All flagsin the GTINTSTS register become 0 in global reset or channel reset mode.

TSIFO Flag (RSCANO Transmit Buffer Interrupt Status Flag)

The TSIFO flag becomes 1 when the TMIEC. TMIEp bit is set to 1 (enabling interrupts) and the corresponding
TMSTSp. TMTRF[1:0] flags become 10b (transmission has been completed without transmit abort request) or 11b
(transmission has been completed with transmit abort request).

This flag becomes 0 when all TMSTSp.TMTRF[1:0] flags that satisfy a condition for setting the TSIFO flag to 1 are set
to 00b. This flag also becomes 0 when the TMIEC. TMIEp hit is set to O.

TAIFO Flag (RSCANO Transmit Buffer Abort Interrupt Status Flag)

The TAIFO flag becomes 1 when the CTRH.TAIE hit is set to 1 (enabling interrupts) and the TMSTSp. TMTRF[1:0]
flags become 01b (transmit abort has been completed).

This flag becomes 0 when the TM STSp. TMTRF[1:0] flags, which indicate that the abort of transmission has been
completed, are set to 00b.

CFTIFO Flag (RSCANO Transmit/Receive FIFO Interrupt Status Flag)

The CFTIFO flag becomes 1 when the CFCCLO.CFTXIE bit is set to 1 (enabling interrupts) and the CFSTS0.CFTXIF
flag becomes 1 (interrupt request present).

Thisflag becomes 0 when the CFSTS0.CFTXIF flag is set to 0. This flag also becomes 0 when the CFCCLO.CFTXIE bit
issettoO.

THIFO Flag (RSCANO Transmit History Interrupt Status Flag)

The THIFO flag becomes 1 when the THLCCO.THLIE bit is set to 1 (enabling interrupts) and the THLSTSO.THLIF flag
becomes 1 (interrupt request present).

This flag becomes 0 when the THLSTSO.THLIF flag is set to 0. This flag also becomes 0 when the THLCCO.THLIE bit
issetto 0.
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36.2.16  Timestamp Register (GTSC)

Address(es): RSCAN.GTSC 000A 832Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

TS[15:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Description Counter Value R/W
bl15to b0  TS[15:0] The timestamp counter value can be read. 0000h to FFFFh R

When the TS 15:0] bits are read, the read value shows the timestamp counter (16-bit free-running counter) value at that
time. The TS[15:0] value is captured when the SOF is detected and then stored in the receive buffer or the FIFO buffer.
The timestamp counter isinitialized in global reset mode.
The timestamp counter start timing and stop timing depend on the count source.
e Whenthe GCFGL.TSSSvalueis0 (PCLK is selected):
The timestamp counter starts counting when the CAN module has transitioned to global operating mode.
This counter stops counting when the CAN modul e has transitioned to global stop mode or global test mode.
e When the GCFGL.TSSSvalueis 1 (CAN hit time clock is selected):
The timestamp counter starts counting when the corresponding channel has transitioned to channel communication

mode.
This counter stops counting when the corresponding channel has transitioned to channel reset mode or channel halt

mode.

36.2.17 Receive Rule Number Configuration Register (GAFLCFG)

Address(es): RSCAN.GAFLCFG 000A 8330h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — — — — RNCO[4:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b4 to b0 RNCO0[4:0] RSCANO Receive Rule Number Set the number of receive rules of channel 0. R/W
Set Set these bits to a value within a range of 00h to 10h.
bl5tob5 — Reserved These bits are read as 0. The write value should be 0. R/W
Modify the GAFLCFG register only in global reset mode.
Up to 16 rules can be registered in the receive rule table.
RNCO0[4:0] Bits (RSCANO Receive Rule Number Set)
These bits are used to set the number of rules to be registered in the channel 0 receive rule table.
Set these bits to a value within a range of 00h to 10h.
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36.2.18 Receive Rule Entry Register JAL (GAFLIDLj) (j = O to 15)

Address(es): RSCAN.GAFLIDLO 000A 83A0h, RSCAN.GAFLIDL1 000A 83ACh, RSCAN.GAFLIDL2 000A 83B8h,
RSCAN.GAFLIDL3 000A 83C4h, RSCAN.GAFLIDL4 000A 83D0Oh, RSCAN.GAFLIDL5 000A 83DCh,
RSCAN.GAFLIDL6 000A 83E8h, RSCAN.GAFLIDL7 000A 83F4h, RSCAN.GAFLIDL8 000A 8400h,
RSCAN.GAFLIDL9 000A 840Ch, RSCAN.GAFLIDL10 000A 8418h, RSCAN.GAFLIDL11 000A 8424h,
RSCAN.GAFLIDL12 000A 8430h, RSCAN.GAFLIDL13 000A 843Ch, RSCAN.GAFLIDL14 000A 8448h,
RSCAN.GAFLIDL15 000A 8454h

b15 b14 b13 b12

b10 b9 b8 b7

b3 b2 bl b0

GAFLID[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
Set the ID of the receive rule. R/W

bl5to b0  GAFLID[15:0] ID SetL

For the standard ID, set the ID in b10 to b0 and set b15 to b1l

to 0.

Modify the GAFLIDLj register only when the GRWCR.RPAGE bit is set to 0 in global reset mode.

GAFLID[15:0] Bits (ID Set L)

These bits are used to set the ID field of the receive rule. The ID value set by these bitsis compared with the ID in the
received message during the acceptance filter processing.
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36.2.19 Receive Rule Entry Register JAH (GAFLIDHj) (j = 0 to 15)

Address(es): RSCAN.GAFLIDHO 000A 83A2h, RSCAN.GAFLIDH1 000A 83AEh, RSCAN.GAFLIDH2 000A 83BAh,
RSCAN.GAFLIDH3 000A 83C6h, RSCAN.GAFLIDH4 000A 83D2h, RSCAN.GAFLIDH5 000A 83DEh,
RSCAN.GAFLIDH6 000A 83EAh, RSCAN.GAFLIDH7 000A 83F6h, RSCAN.GAFLIDH8 000A 8402h,
RSCAN.GAFLIDH9 000A 840Eh, RSCAN.GAFLIDH10 000A 841Ah, RSCAN.GAFLIDH11 000A 8426h,
RSCAN.GAFLIDH12 000A 8432h, RSCAN.GAFLIDH13 000A 843Eh, RSCAN.GAFLIDH14 000A 844Ah,
RSCAN.GAFLIDH15 000A 8456h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

GAFLI |GAFLR | GAFLL GAFLID[28:16]
DE TR B
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b12 to b0 GAFLID[28:16] ID SetH Set the ID of the receive rule. R/W
For the standard ID, set these bits to 0.
b13 GAFLLB Receive Rule Target Message  0: When a message transmitted from another CAN node is  R/W
Select received
1: When a message transmitted from own node is received
b14 GAFLRTR RTR Select 0: Data frame R/W
1: Remote frame
b15 GAFLIDE IDE Select 0: Standard ID R/W
1: Extended ID

Modify the GAFLIDH;j register only when the GRWCR.RPAGE hit is set to 0 in global reset mode.

GAFLID[28:16] Bits (ID Set H)
These bits are used to set the ID field of the receive rule. The ID value set by these bits is compared with the ID in the
received message during the acceptance filter processing.

GAFLLB Bit (Receive Rule Target Message Select)

When this bit is set to 0, data processing using the receive ruleis performed when receiving messages transmitted from
another CAN node.

When thishit is set to 1 when the mirror function is used, data processing using the receive rule is performed when
receiving messages transmitted from the own CAN node.

GAFLRTR Bit (RTR Select)
Thisbit is used to select the frame format (data frame or remote frame) of the receive rule. This bit is compared with the
RTR bit in the received message during the acceptance filter processing.

GAFLIDE Bit (IDE Select)
Thishit isused to select the ID format (standard ID or extended ID) of the receiverule. Thisbit is compared with the IDE
bit in the received message during the acceptance filter processing.
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36.2.20 Receive Rule Entry Register BL (GAFLML]) (j = 0 to 15)

Address(es): RSCAN.GAFLMLO 000A 83A4h, RSCAN.GAFLML1 000A 83BOh, RSCAN.GAFLML2 000A 83BCh,
RSCAN.GAFLML3 000A 83C8h, RSCAN.GAFLML4 000A 83D4h, RSCAN.GAFLML5 000A 83EOh,
RSCAN.GAFLML6 000A 83ECh, RSCAN.GAFLML7 000A 83F8h, RSCAN.GAFLML8 000A 8404h,
RSCAN.GAFLML9 000A 8410h, RSCAN.GAFLML10 000A 841Ch, RSCAN.GAFLML11 000A 8428h,
RSCAN.GAFLML12 000A 8434h, RSCAN.GAFLML13 000A 8440h, RSCAN.GAFLML14 000A 844Ch,
RSCAN.GAFLML15 000A 8458h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

GAFLIDMI[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 GAFLIDM[15:0] ID Mask L 0: The corresponding ID bit is not compared. R/W
1: The corresponding ID bit is compared.
Modify the GAFLML] register only when the GRWCR.RPAGE hit is set to 0 in global reset mode.
GAFLIDM[15:0] Bits (ID Mask L)
These hits are used to mask the corresponding 1D bit of the receive rule.
RO1UHO0823EJ0110 Rev.1.10 ENESAS Page 1221 of 1852

Nov 30, 2020



RX23W Group

36. CAN Module (RSCAN)

36.2.21 Receive Rule Entry Register jBH (GAFLMHj) (j = 0 to 15)

Address(es): RSCAN.GAFLMHO 000A 83A6h, RSCAN.GAFLMH1 000A 83B2h, RSCAN.GAFLMH2 000A 83BEh,
RSCAN.GAFLMH3 000A 83CAh, RSCAN.GAFLMH4 000A 83D6h, RSCAN.GAFLMH5 000A 83E2h,
RSCAN.GAFLMH6 000A 83EEh, RSCAN.GAFLMH7 000A 83FAh, RSCAN.GAFLMH8 000A 8406h,
RSCAN.GAFLMH9 000A 8412h, RSCAN.GAFLMH10 000A 841Eh, RSCAN.GAFLMH11 000A 842Ah,
RSCAN.GAFLMH12 000A 8436h, RSCAN.GAFLMH13 000A 8442h, RSCAN.GAFLMH14 000A 844Eh,
RSCAN.GAFLMH15 000A 845Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
GAFLI (GAFLR| GAFLIDM[28:16]
DEM | TRM
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b12 to b0 GAFLIDM[28:16] ID Mask H 0: The corresponding ID bit is not compared. R/W
1: The corresponding ID bit is compared.
b13 — Reserved This bit is read as 0. The write value should be 0. R/W
bl14 GAFLRTRM RTR Mask 0: The RTR bit is not compared. R/W
1: The RTR bit is compared
b15 GAFLIDEM IDE Mask 0: The IDE bit is not compared. R/W

1: The IDE bit is compared.

Modify the GAFLMH); register only when the GRWCR.RPAGE bit is set to 0 in global reset mode.

GAFLIDM[28:16] Bits (ID Mask H)
These bits are used to mask the corresponding ID bit of the receiverule.

GAFLRTRM Bit (RTR Mask)
This bit is used to mask the RTR bit of thereceiverule.

GAFLIDEM Bit (IDE Mask)
When thishit is set to 1, filter processing is performed only for messages of the ID format specified by the

GAFLIDHj.GAFLIDE hit.

When thishitisset to O, it isregarded that all received messages have matched the specified ID format. To set the
GAFLIDEM bhit to O, set the GAFLMHj.GAFLIDM[28:16] bits and the GAFLMLj.GAFLIDM[15:0] bitsto all Os.

RO1UH0823EJ0110 Rev.1.10

Nov 30, 2020

ENESAS

Page 1222 of 1852



RX23W Group 36. CAN Module (RSCAN)

36.2.22 Receive Rule Entry Register JCL (GAFLPLj) (j = 0 to 15)

Address(es): RSCAN.GAFLPLO 000A 83A8h, RSCAN.GAFLPL1 000A 83B4h, RSCAN.GAFLPL2 000A 83COh,
RSCAN.GAFLPL3 000A 83CCh, RSCAN.GAFLPL4 000A 83D8h, RSCAN.GAFLPL5 000A 83E4h,
RSCAN.GAFLPL6 000A 83F0h, RSCAN.GAFLPL7 000A 83FCh, RSCAN.GAFLPL8 000A 8408h,
RSCAN.GAFLPL9 000A 8414h, RSCAN.GAFLPL10 000A 8420h, RSCAN.GAFLPL11 000A 842Ch,
RSCAN.GAFLPL12 000A 8438h, RSCAN.GAFLPL13 000A 8444h, RSCAN.GAFLPL14 000A 8450h,
RSCAN.GAFLPL15 000A 845Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

GAFLR GAFLRMDP[6:0] _ _ _ |GAFLF| __ __ | GAFLF|GAFLF
MV DP4 DP1 | DPO

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b0 GAFLFDPO Receive FIFO Buffer Select 0 0: Not select a receive FIFO buffer 0 R/W
1: Select a receive FIFO buffer 0

bl GAFLFDP1 Receive FIFO Buffer Select 1 0: Not select a receive FIFO buffer 1 R/W
1: Select a receive FIFO buffer 1

b3, b2 — Reserved These bits are read as 0. The write value should be 0. R/W

b4 GAFLFDP4 RSCANO Transmit/Receive 0: Not select an RSCANO transmit/receive FIFO buffer 0 R/W

FIFO Buffer Select 0 1: Select an RSCANO transmit/receive FIFO buffer O
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R/W

b14 to b8 GAFLRMDP[6:0] Receive Buffer Number Select  Set the receive buffer number to store receive messages. R/W

b15 GAFLRMV Receive Buffer Enable 0: No receive buffer is used. R/W
1: Areceive buffer is used.

Modify the GAFLPL| register only when the GRWCR.RPAGE hit is set to 0 in global reset mode.

GAFLFDPO Bit (Receive FIFO Buffer Select 0),

GAFLFDP1 Bit (Receive FIFO Buffer Select 1),

GAFLFDP4 Bit (RSCANO Transmit/Receive FIFO Buffer Select 0)

These hits are used to specify FIFO buffersthat store receive messages that have passed through the filter. Up to two
FIFO buffers are selectable. However, when the GAFLPLj.GAFLRMYV bit isset to 1 (areceive buffer is used), up to one
FIFO buffer is selectable. Only receive FIFO buffers and the transmit/receive FIFO buffer for which the
CFCCHO.CFM[1:0] bits are set to 00b (receive mode) are selectable.

GAFLRMDP[6:0] Bits (Receive Buffer Number Select)

These bits are used to select the number of the receive buffer that stores receive messages that have passed through the
filter when the GAFLRMYV bit is set to 1. Set these bitsto avalue smaller than the value set by the RMNB.NRXMBJ[4:0]
bits.

GAFLRMV Bit (Receive Buffer Enable)
When this hit is set to 1, receive messages that have passed through the filter are stored in the receive buffer selected by
the GAFLRMDP[6:0] bits.
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36.2.23  Receive Rule Entry Register JCH (GAFLPH;j) (j = 0 to 15)

Address(es): RSCAN.GAFLPHO 000A 83AAh, RSCAN.GAFLPH1 000A 83B6h, RSCAN.GAFLPH2 000A 83C2h,
RSCAN.GAFLPH3 000A 83CEh, RSCAN.GAFLPH4 000A 83DAh, RSCAN.GAFLPH5 000A 83E6h,
RSCAN.GAFLPH6 000A 83F2h, RSCAN.GAFLPH7 000A 83FEh, RSCAN.GAFLPH8 000A 840Ah,
RSCAN.GAFLPH9 000A 8416h, RSCAN.GAFLPH10 000A 8422h, RSCAN.GAFLPH11 000A 842Eh,
RSCAN.GAFLPH12 000A 843Ah, RSCAN.GAFLPH13 000A 8446h, RSCAN.GAFLPH14 000A 8452h,
RSCAN.GAFLPH15 000A 845Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

GAFLDLC[3:0] GAFLPTR[11:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b11 to b0 GAFLPTR[11:0] Receive Rule Label Set the 12-bit label information. R/W
b15to bl2 GAFLDLC[3:0] Receive Rule DLC R/W

o

HOOOOOOOOG
o

N

: 0 or more data bytes (DLC check is disabled)
: 1 or more data bytes
: 2 or more data bytes
: 3 or more data bytes
: 4 or more data bytes
: 5 or more data bytes
: 6 or more data bytes
: 7 or more data bytes
: 8 or more data bytes

XRPPRPPRPROOOO
XPrRrOORROO
XPOPRPOROPROR

x: Don'’t care

Modify the GAFLPHj register only when the GRWCR.RPAGE bit is set to 0 in global reset mode.

GAFLPTR[11:0] Bits (Receive Rule Label)
These bits are used to set a 12-hit 1abel to be attached to messages that have passed through the filter. A 1abel is attached
when a message is stored in the receive buffer or the FIFO buffer.

GAFLDLCJ3:0] Bits (Receive Rule DLC)

These bits are used to set the minimum data length necessary for receiving messages. If the data length of a message that
isbeing filtered is equal to or larger than the value set by the GAFLDL C[3:0] bits, the message passes the DL C check.
Setting these bits to 0000b disables the DL C check function allowing messages with any datalength to passthe DLC
check.
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36.2.24  Receive Buffer Number Configuration Register (RMNB)

Address(es): RSCAN.RMNB 000A 8332h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

— — — — — — — — — — — NRXMB[4:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b4 to b0 NRXMB[4:0] Receive Buffer Number Set the number of receive buffers. R/W

Configuration Set a value of 0 to 16.
bl5tob5 — Reserved These bits are read as 0. The write value should be 0. R/IW

Modify the RMNB register only in global reset mode.

NRXMB[4:0] Bits (Receive Buffer Number Configuration)
These bits are used to set the total number of receive buffers of the CAN module. The maximum value is 16.
Setting these bitsto all Os makes receive buffers unavailable.

36.2.25 Receive Buffer Receive Complete Flag Register (RMNDO)

Address(es): RSCAN.RMNDO 000A 8334h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

RMNS[15:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 RMNSJ[15:0] Receive Buffer Receive 0: Receive buffer n contains no new message (n = 0 to 15). R/W

Complete Flag n 1: Receive buffer n contains a new message.

Write 0 to the RMNDO register in global operating mode or global test mode.

RMNS[15:0] Flags (Receive Buffer Receive Complete Flag n)

Each of the RMNS[15:0] flags becomes 1 when the processing for storing a message in the corresponding receive buffer
starts.

To set these flags to O, write 0 to the corresponding flag by the program. In this case, write this register in 16-bit unit to
ensure that only the specified bit is set to 0 and the other bits are set to 1. These bits cannot be set to 0 while amessage is
being stored. It takes time of 10 clock cycles of PCLK for storing a message.

These flags become 0 in global reset mode.
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36. CAN Module (RSCAN)

36.2.26  Receive Buffer Register nAL (RMIDLnN) (n =0 to 15)

Address(es): RSCAN.RMIDLO 000A 83A0h, RSCAN.RMIDL1 000A 83BOh, RSCAN.RMIDL2 000A 83CO0h,
RSCAN.RMIDL3 000A 83D0h, RSCAN.RMIDL4 000A 83E0h, RSCAN.RMIDL5 000A 83F0h,
RSCAN.RMIDL6 000A 8400h, RSCAN.RMIDL7 000A 8410h, RSCAN.RMIDL8 000A 8420h,
RSCAN.RMIDL9 000A 8430h, RSCAN.RMIDL10 000A 8440h, RSCAN.RMIDL11 000A 8450h,
RSCAN.RMIDL12 000A 8460h, RSCAN.RMIDL13 000A 8470h, RSCAN.RMIDL14 000A 8480h,
RSCAN.RMIDL15 000A 8490h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
RMID[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 RMID[15:0] Receive Buffer ID Data L The standard ID or extended ID of received message can be R

read.

Read bits 10 to O for standard ID. Bits 15 to 11 are read as 0.

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RMID[15:0] Bits (Receive Buffer ID Data L)
These bitsindicate the ID of the message stored in the receive buffer.
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36.2.27

Address(es):

Receive Buffer Register nAH (RMIDHnN) (n = 0 to 15)

RSCAN.RMIDHO 000A 83A2h, RSCAN.RMIDH1 000A 83B2h, RSCAN.RMIDH2 000A 83C2h,
RSCAN.RMIDH3 000A 83D2h, RSCAN.RMIDH4 000A 83E2h, RSCAN.RMIDH5 000A 83F2h,
RSCAN.RMIDH6 000A 8402h, RSCAN.RMIDH7 000A 8412h, RSCAN.RMIDH8 000A 8422h,
RSCAN.RMIDH9 000A 8432h, RSCAN.RMIDH10 000A 8442h, RSCAN.RMIDH11 000A 8452h,

RSCAN.RMIDH12 000A 8462h, RSCAN.RMIDH13 000A 8472h, RSCAN.RMIDH14 000A 8482h,

RSCAN.RMIDH15 000A 8492h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RMIDE R’VI'?RT — RMID[28:16]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b12 to b0 RMID[28:16] Receive Buffer ID Data H The standard ID or extended ID of received message can be R
read.
For standard ID, these bits are read as 0.

b13 — Reserved This bit is read as 0.

bl4 RMRTR Receive Buffer RTR 0: Data frame R
1: Remote frame

b15 RMIDE Receive Buffer IDE 0: Standard ID R

1: Extended ID

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RMID[28:16] Bits (Receive Buffer ID Data H)
These bitsindicate the ID of the message stored in the receive buffer.

RMRTR Bit (Receive Buffer RTR)

This bit indicates the frame format (data frame or remote frame) of the message stored in the receive buffer.

RMIDE Bit (Receive Buffer IDE)

Thisbit indicates the ID format (standard ID or extended ID) of the message stored in the receive buffer.
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36.2.28 Receive Buffer Register nBL (RMTSn) (n =0 to 15)

Address(es): RSCAN.RMTS0 000A 83A4h, RSCAN.RMTS1 000A 83B4h, RSCAN.RMTS2 000A 83C4h,
RSCAN.RMTS3 000A 83D4h, RSCAN.RMTS4 000A 83E4h, RSCAN.RMTS5 000A 83F4h,
RSCAN.RMTS6 000A 8404h, RSCAN.RMTS7 000A 8414h, RSCAN.RMTS8 000A 8424h,
RSCAN.RMTS9 000A 8434h, RSCAN.RMTS10 000A 8444h, RSCAN.RMTS11 000A 8454h,
RSCAN.RMTS12 000A 8464h, RSCAN.RMTS13 000A 8474h, RSCAN.RMTS14 000A 8484h,
RSCAN.RMTS15 000A 8494h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RMTS[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 RMTS[15:0] Receive Buffer Timestamp Data Timestamp value of the received message can be read. R

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RMTS[15:0] Bits (Receive Buffer Timestamp Data)
These bits indicate the timestamp value of the message stored in the receive buffer.
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36.2.29  Receive Buffer Register nBH (RMPTRn) (n = 0 to 15)

Address(es): RSCAN.RMPTRO 000A 83A6h, RSCAN.RMPTR1 000A 83B6h, RSCAN.RMPTR2 000A 83C6h,
RSCAN.RMPTR3 000A 83D6h, RSCAN.RMPTR4 000A 83E6h, RSCAN.RMPTR5 000A 83F6h,
RSCAN.RMPTR6 000A 8406h, RSCAN.RMPTR7 000A 8416h, RSCAN.RMPTR8 000A 8426h,
RSCAN.RMPTR9 000A 8436h, RSCAN.RMPTR10 000A 8446h, RSCAN.RMPTR11 000A 8456h,
RSCAN.RMPTR12 000A 8466h, RSCAN.RMPTR13 000A 8476h, RSCAN.RMPTR14 000A 8486h,
RSCAN.RMPTR15 000A 8496h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RMDLC[3:0] RMPTR[11:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b11 to b0 RMPTR[11:0] Receive Buffer Label Data Label information of the received message can be read. R
b15tobl2 RMDLC[3:0] Receive Buffer DLC Data

o

POOOOOOOOoOR
o
P
N
pyj

: 0 data bytes
: 1 data byte

: 2 data bytes
: 3 data bytes
: 4 data bytes
: 5 data bytes
: 6 data bytes
: 7 data bytes
: 8 data bytes

XFPFRPRFPPFPOOOO
X PPFRPOORFRPF OO
X PORFRPORFPOPFRO

x: Don'’t care

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RMPTR[11:0] Bits (Receive Buffer Label Data)
These bitsindicate the label information of the message stored in the receive buffer.

RMDLCJ3:0] Bits (Receive Buffer DLC Data)
These hitsindicate the data length of the message stored in the receive buffer.
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36.2.30 Receive Buffer Register nCL (RMDFON) (n = 0 to 15)

Address(es): RSCAN.RMDFO00 000A 83A8h, RSCAN.RMDFO01 000A 83B8h, RSCAN.RMDF02 000A 83C8h,
RSCAN.RMDFO03 000A 83D8h, RSCAN.RMDF04 000A 83E8h, RSCAN.RMDF05 000A 83F8h,
RSCAN.RMDF06 000A 8408h, RSCAN.RMDFO07 000A 8418h, RSCAN.RMDFO08 000A 8428h,
RSCAN.RMDF09 000A 8438h, RSCAN.RMDF010 000A 8448h, RSCAN.RMDF011 000A 8458h,
RSCAN.RMDF012 000A 8468h, RSCAN.RMDF013 000A 8478h, RSCAN.RMDF014 000A 8488h,
RSCAN.RMDF015 000A 8498h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RMDB1[7:0] RMDBO[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RMDBO[7:0] Receive Buffer Data Byte 0 Data in the message stored in the receive buffer can be read. R
b15 to b8 RMDB1[7:0] Receive Buffer Data Byte 1 R

When the RMPTRN.RMDLC[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read when the GRWCR.RPAGE bit is 1.

36.2.31 Receive Buffer Register nCH (RMDF1n) (n =0 to 15)

Address(es): RSCAN.RMDF10 000A 83AAh, RSCAN.RMDF11 000A 83BAh, RSCAN.RMDF12 000A 83CAh,
RSCAN.RMDF13 000A 83DAh, RSCAN.RMDF14 000A 83EAh, RSCAN.RMDF15 000A 83FAh,
RSCAN.RMDF16 000A 840Ah, RSCAN.RMDF17 000A 841Ah, RSCAN.RMDF18 000A 842Ah,
RSCAN.RMDF19 000A 843Ah, RSCAN.RMDF110 000A 844Ah, RSCAN.RMDF111 000A 845Ah,
RSCAN.RMDF112 000A 846Ah, RSCAN.RMDF113 000A 847Ah, RSCAN.RMDF114 000A 848Ah,
RSCAN.RMDF115 000A 849Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RMDB3[7:0] RMDB2[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RMDB2[7:0] Receive Buffer Data Byte 2 Data in the message stored in the receive buffer can be read. R
b15 to b8 RMDB3[7:0] Receive Buffer Data Byte 3 R

When the RMPTRN.RMDLC[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read when the GRWCR.RPAGE bit is 1.
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36.2.32  Receive Buffer Register nDL (RMDF2n) (n = 0 to 15)

Address(es): RSCAN.RMDF20 000A 83ACh, RSCAN.RMDF21 000A 83BCh, RSCAN.RMDF22 000A 83CCh,
RSCAN.RMDF23 000A 83DCh, RSCAN.RMDF24 000A 83ECh, RSCAN.RMDF25 000A 83FCh,
RSCAN.RMDF26 000A 840Ch, RSCAN.RMDF27 000A 841Ch, RSCAN.RMDF28 000A 842Ch,
RSCAN.RMDF29 000A 843Ch, RSCAN.RMDF210 000A 844Ch, RSCAN.RMDF211 000A 845Ch,
RSCAN.RMDF212 000A 846Ch, RSCAN.RMDF213 000A 847Ch, RSCAN.RMDF214 000A 848Ch,
RSCAN.RMDF215 000A 849Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RMDB5[7:0] RMDB4[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RMDB4[7:0] Receive Buffer Data Byte 4 Data in the message stored in the receive buffer can be read. R
b15 to b8 RMDB5(7:0] Receive Buffer Data Byte 5 R

When the RMPTRN.RMDLC[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read when the GRWCR.RPAGE bit is 1.

36.2.33  Receive Buffer Register nDH (RMDF3n) (n = 0 to 15)

Address(es): RSCAN.RMDF30 000A 83AEh, RSCAN.RMDF31 000A 83BEh, RSCAN.RMDF32 000A 83CEh,
RSCAN.RMDF33 000A 83DEh, RSCAN.RMDF34 000A 83EEh, RSCAN.RMDF35 000A 83FEh,
RSCAN.RMDF36 000A 840Eh, RSCAN.RMDF37 000A 841Eh, RSCAN.RMDF38 000A 842Eh,
RSCAN.RMDF39 000A 843Eh, RSCAN.RMDF310 000A 844Eh, RSCAN.RMDF311 000A 845Eh,
RSCAN.RMDF312 000A 846Eh, RSCAN.RMDF313 000A 847Eh, RSCAN.RMDF314 000A 848Eh,
RSCAN.RMDF315 000A 849Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RMDBT7[7:0] RMDB6[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RMDB6[7:0] Receive Buffer Data Byte 6 Data in the message stored in the receive buffer can be read. R
b15 to b8 RMDB7[7:0] Receive Buffer Data Byte 7 R

When the RMPTRN.RMDLC[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read when the GRWCR.RPAGE bit is 1.
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36. CAN Module (RSCAN)

36.2.34

Receive FIFO Control Register m (RFCCm) (m =0, 1)

Address(es): RSCAN.RFCCO0 000A 8338h, RSCAN.RFCC1 000A 833Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RFIGCV[2:0] RFIM — RFDC[2:0] — — — — — — RFIE | RFE
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 RFE Receive FIFO Buffer Enable 0: No receive FIFO buffer is used. R/W
1: Receive FIFO buffers are used.
bl RFIE Receive FIFO Interrupt Enable 0: Receive FIFO interrupt is disabled. R/W
1: Receive FIFO interrupt is enabled.
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b10 to b8 RFDC[2:0] Receive FIFO Buffer Depth bl0 b8 R/W
Configuration 0 0 0: 0messages
0 0 1:4 messages
0 1 0: 8 messages
0 1 1:16 messages
1 0 O0: Setting prohibited
1 0 1: Setting prohibited
1 1 O0: Setting prohibited
1 1 1: Setting prohibited
b1l — Reserved This bit is read as 0. The write value should be 0. R/W
b12 RFIM Receive FIFO Interrupt Source 0: An interrupt occurs when the condition set by the R/W
Select RFIGCV[2:0] bits is met.
1: An interrupt occurs each time a message has been
received.
b15to b13 RFIGCV[2:0] Receive FIFO Interrupt Request  bl5  bl3 ) R/W
Timing Select 0 0 0: When FIFO is 1/8 full.
0 0 1: When FIFO is 2/8 full.
0 1 0: When FIFO is 3/8 full.
0 1 1:When FIFO is 4/8 full.
1 0 0: When FIFO is 5/8 full.
1 0 1: When FIFO is 6/8 full.
1 1 0:WhenFIFO is 7/8 full.
1 1 1:WhenFIFO is full.

RFE Bit (Receive FIFO Buffer Enable)
Setting the RFE bit to 1 makes receive FIFO buffers available. Setting this bit to 0 sets the RFSTSm.RFEMPflag to 1

(the receive FIFO buffer contains no unread message (buffer empty)). Modify this bit only in global operating mode or
global test mode.

RFIE Bit (Receive FIFO Interrupt Enable)
Setting the RFIE bit to 1 enables receive FIFO interrupts. Modify this bit when the RFE bit is set to O (no receive FIFO
buffer is used).

RFDC[2:0] Bits (Receive FIFO Buffer Depth Configuration)
These bits are used to select the number of messages that can be stored in asingle receive FIFO buffer. If these bits are
set to 000b, do not use any receive FIFO buffer. Modify these bits only in global reset mode.

RFIM Bit (Receive FIFO Interrupt Source Select)

Thishit is used to select a FIFO interrupt source. Modify this bit only in global reset mode.
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RFIGCV[2:0] Bits (Receive FIFO Interrupt Request Timing Select)
These bits are used to specify the fraction of the transmit/receive FIFO buffer (the number of messagesis selected by the
setting of the RFDC[2:0] bits) that must be filled for the FIFO buffer to generate areceive interrupt request when the

RFIM bit isset to 0.
When the RFDCJ[2:0] bits are set to 001b (4 messages), set the RFIGCV[2:0] bits to 001b, 011b, 101b, or 111b. Modify
these bits only in global reset mode.

36.2.35

Receive FIFO Status Register m (RFSTSm) (m =0, 1)

Address(es): RSCAN.RFSTSO0 000A 8340h, RSCAN.RFSTS1 000A 8342h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — RFMCI5:0] — — — — RFIF |RFMLT | RFFLL [RFEMP
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 RFEMP Receive FIFO Buffer Empty 0: The receive FIFO buffer contains unread messages. R
Status Flag 1: The receive FIFO buffer contains no unread message
(buffer empty).
bl RFFLL Receive FIFO Buffer Full 0: The receive FIFO buffer is not full. R
Status Flag 1: The receive FIFO buffer is full.
b2 RFMLT Receive FIFO Message Lost 0: No receive FIFO message is lost. R/(W)
Flag 1: Areceive FIFO message is lost. *1
b3 RFIF Receive FIFO Interrupt 0: No receive FIFO interrupt request is present. R/(W)
Request Flag 1: Areceive FIFO interrupt request is present. *1
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R/IW
b13 to b8 RFMC[5:0] Receive FIFO Unread The number of unread messages stored in the receive FIFO R
Message Counter buffer is displayed.
b15, b14 — Reserved These bits are read as 0. The write value should be 0. RIW

Note 1. Only 0 can be written to this bit, to clear the flag. Writing 1 does not affect the flag value.

RFEMP Flag (Receive FIFO Buffer Empty Status Flag)
Thisflag becomes 1 when all messages in the receive FIFO buffer have been read. This flag aso becomes 1 when the
RFCCm.RFE bit isO or in global reset mode.
This flag becomes 0 when even a single received message has been stored in the receive FIFO buffer.

RFFLL Flag (Receive FIFO Buffer Full Status Flag)
This flag becomes 1 when the number of messages stored in the receive FIFO buffer matches the FIFO buffer depth set
by the RFCCm.RFDC[2:0] hits.
If the number of messages stored in the receive FIFO buffer becomes smaller than the FIFO buffer depth set by the

RFCCm.RFDC[2:0] bits, this flag becomes 0. This flag also becomes 0 when the RFCCm.RFE bit is set to O (no receive
FIFO buffer is used) or in global reset mode.

RFMLT Flag (Receive FIFO Message Lost Flag)

Thisflag becomes 1 when it is attempted to store a new message while the receive FIFO buffer isfull. In this case, the
new message is discarded.
Thisflag becomes 0 in global reset mode or by writing O to this flag.
Modify this bit only in global operating mode or global test mode.
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RFIF Flag (Receive FIFO Interrupt Request Flag)
Thisflag becomes 1 when the receive FIFO interrupt request generation conditions set by the RFCCm.RFIGCV[2:0] bits
(m =0, 1) and the RFCCm.RFIM bit are met. This flag becomes 0 in global reset mode or by writing 0 to thisflag.

Modify this bit only in global operating mode or global test mode.

RFMCJ5:0] Flags (Receive FIFO Unread Message Counter)

These flags indicate the number of unread messages in the receive FIFO buffer. This flag becomes 00h when the

RFCCm.RFE bit isset to O.

36.2.36

Address(es): RSCAN.RFPCTRO 000A 8348h, RSCAN.RFPCTR1 000A 834Ah

b5

Receive FIFO Pointer Control Register m (RFPCTRm) (m =0, 1)

b4 b3 b2 bl b0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6
— — — — — — — — RFPCI[7:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W

b7tob0  RFPC[7:0]

Receive FIFO Pointer

When these bits are set to FFh, the read pointer moves tothe W
next unread message in the receive FIFO buffer. The setting

for these bits must be FFh.

bl5to b8 —

Reserved

The write value should be 0.

RFPCJ[7:0] Bits (Receive FIFO Pointer)

When the RFPC[7:0] bits are set to FFh, the read pointer moves to the next unread message in the receive FIFO buffer.
At thistime, the RFSTSM.RFMC[5:0] (receive FIFO unread message counter) value is decremented. Read the RFIDLm,
RFIDHmM, RFTSm, RFPTRm, and RFDFOmM to RFDF3m registers to read messages in the receive FIFO buffer, and then

write FFh to the RFPC[7:0] bits.

Write FFh to these bits when the RFCCm.RFE bit is set to 1 (receive FIFO buffers are used) and the RFSTSM.RFEMP
flag is O (the receive FIFO buffer contains unread messages).
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36.2.37

Receive FIFO Access Register mAL (RFIDLm) (m =0, 1)

Address(es): RSCAN.RFIDLO 000A 85A0h, RSCAN.RFIDL1 000A 85B0h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
RFID[15:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 RFID[15:0] Receive FIFO Buffer ID DataL The standard ID or extended ID of received message can be R

read.
Read bits 10 to O for standard ID. Bits 15 to 11 are read as O.

This register can be read when the GRWCR.RPAGE bit is 1.

RFID[15:0] Bits (Receive FIFO Buffer ID Data L)

These bitsindicate the ID of the message stored in the receive FIFO buffer.

36.2.38 Receive FIFO Access Register mAH (RFIDHmM) (m =0, 1)

Address(es): RSCAN.RFIDHO 000A 85A2h, RSCAN.RFIDH1 000A 85B2h
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
RFIDE |RFRTR| — RFID[28:16]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b12 to b0 RFID[28:16] Receive FIFO Buffer ID Data H The standard ID or extended ID of received message can be R

read.
For standard ID, these bits are read as 0.
b13 — Reserved This bit is read as 0.
b14 RFRTR Receive FIFO Buffer RTR 0: Data frame
1: Remote frame
b15 RFIDE Receive FIFO Buffer IDE 0: Standard ID R

1: Extended ID

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RFID[28:16] Bits (Receive FIFO Buffer ID Data H)
These bitsindicate the ID of the message stored in the receive FIFO buffer.

RFRTR Bit (Receive FIFO Buffer RTR)

This bit indicates the frame format (data frame or remote frame) of the message stored in the receive FIFO buffer.

RFIDE Bit (Receive FIFO Buffer IDE)

Thisbit indicates the ID format (standard 1D or extended ID) of the message stored in the receive FIFO buffer.
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36.2.39

Address(es): RSCAN.RFTS0 000A 85A4h, RSCAN.RFTS1 000A 85B4h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5

Receive FIFO Access Register mBL (RFTSm) (m =0, 1)

b4 b3 b2 b1l b0

RFTS[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 RFTS[15:0] Receive FIFO Buffer Timestamp  Timestamp value of the received message can be read. R

Data

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RFTS[15:0] Bits (Receive FIFO Buffer Timestamp Data)

These bits indicate the timestamp value of the message stored in the receive FIFO buffer.

36.2.40

Address(es): RSCAN.RFPTRO 000A 85A6h, RSCAN.RFPTR1 000A 85B6h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5

Receive FIFO Access Register mBH (RFPTRm) (m =0, 1)

b4 b3 b2 bl b0

RFDLC[3:0]

RFPTR[11:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description

R/W

blltob0  RFPTR[11:0]

Receive FIFO Buffer Label Data Label information of the received message can be read. R

o

Xl—‘OHOI—‘Ol—‘OB

bl5to bl2 RFDLC[3:0] Receive FIFO Buffer DLC Data  b15

: 0 data bytes
: 1 data byte

: 2 data bytes
: 3 data bytes
: 4 data bytes
: 5 data bytes
: 6 data bytes
: 7 data bytes

0
0
0
0
0
0
0
0
1 : 8 data bytes

X PFRPRFPPLOOOO
X PPOORFREFEL OO

x: Don'’t care

Thisregister can be read when the GRWCR.RPAGE bit is 1.

RFPTR[11:0] Bits (Receive FIFO Buffer Label Data)

These bitsindicate the label information of the message stored in the receive FIFO buffer.

RFDLC[3:0] Bits (Receive FIFO Buffer DLC Data)
These hitsindicate the data length of the message stored in the receive FIFO buffer.
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36.2.41 Receive FIFO Access Register mCL (RFDFOm) (m =0, 1)

Address(es): RSCAN.RFDF00 000A 85A8h, RSCAN.RFDF01 000A 85B8h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RFDB1[7:0] RFDBO[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RFDBO[7:0] Receive FIFO Buffer Data Byte 0 Data in the message stored in the receive FIFO buffercan R
bi5t0b8 RFDBL[7:0]  Receive FIFO Buffer DataByte 1 ¢ €2 R

When the RFPTRm.RFDL C[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.

Thisregister can be read when the GRWCR.RPAGE bit is 1.

36.2.42 Receive FIFO Access Register mCH (RFDF1m) (m =0, 1)

Address(es): RSCAN.RFDF10 000A 85AAh, RSCAN.RFDF11 000A 85BAh
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RFDB3[7:0] RFDB2[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RFDB2[7:0] Receive FIFO Buffer Data Byte 2  Data in the message stored in the receive FIFO buffercan R
bi5t0b8 RFDB3[7:0]  Receive FIFO Buffer Data Byte 3 ¢ €3¢ R

When the RFPTRm.RFDL C[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read when the GRWCR.RPAGE bit is 1.

RO1UH0823EJ0110 Rev.1.10
Nov 30, 2020

ENESAS

Page 1237 of 1852



RX23W Group

36. CAN Module (RSCAN)

36.2.43 Receive FIFO Access Register mDL (RFDF2m) (m =0, 1)

Address(es): RSCAN.RFDF20 000A 85ACh, RSCAN.RFDF21 000A 85BCh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RFDB5[7:0] RFDBA4[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RFDBA4[7:0] Receive FIFO Buffer Data Byte 4 Data in the message stored in the receive FIFO buffercan R
bi5t0b8 RFDB5[7:0]  Receive FIFO Buffer Data Byte 5 ¢ €2 R

When the RFPTRm.RFDL C[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.

Thisregister can be read when the GRWCR.RPAGE bit is 1.

36.2.44  Receive FIFO Access Register mDH (RFDF3m) (m =0, 1)

Address(es): RSCAN.RFDF30 000A 85AEh, RSCAN.RFDF31 000A 85BEh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RFDB7[7:0] RFDB6[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 RFDB6[7:0] Receive FIFO Buffer Data Byte 6 Data in the message stored in the receive FIFO buffercan R
bi5t0b8 RFDB7[7:0]  Receive FIFO Buffer Data Byte 7 ¢ €2 R

When the RFPTRm.RFDL C[3:0] value is smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read when the GRWCR.RPAGE bit is 1.
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36.2.45  Transmit/Receive FIFO Control Register OL (CFCCLDO)

Address(es): RSCANO0.CFCCLO 000A 8350h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CFIGCV[2:0] CFM | — CFDC[2:0] — — — — — |cFTxIE CFSX' CFE
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CFE Transmit/Receive FIFO Buffer 0: No transmit/receive FIFO buffer is used. R/W
Enable 1: Transmit/receive FIFO buffers are used.
bl CFRXIE Transmit/Receive FIFO Receive 0: Transmit/receive FIFO receive interrupt is disabled. R/W
Interrupt Enable 1: Transmit/receive FIFO receive interrupt is enabled.
b2 CFTXIE Transmit/Receive FIFO 0: Transmit/receive FIFO transmit interrupt is disabled. R/W
Transmit Interrupt Enable 1: Transmit/receive FIFO transmit interrupt is enabled.
b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R/W
b10 to b8 CFDC[2:0] Transmit/Receive FIFO Buffer b10 b8 R/W
Depth Configuration 0 0 0:0messages
0 O 1:4 messages
0 1 0: 8 messages
0 1 1:16 messages
1 0 O: Setting prohibited
1 0 1: Setting prohibited
1 1 O0: Setting prohibited
1 1 1: Setting prohibited
b1l — Reserved This bit is read as 0. The write value should be 0. R/W
b12 CFIM Transmit/Receive FIFO Interrupt  0: R/W
Source Select ¢ Receive mode

When the number of received messages has met the
condition set by the CFIGCV[2:0] bits, a FIFO receive
interrupt request is generated.
e Transmit mode
When the buffer becomes empty upon completion of
message transmission, a FIFO transmit interrupt request
is generated.
1
¢ Receive mode
A FIFO receive interrupt request is generated each time a
message has been received.
e Transmit mode
A FIFO transmit interrupt request is generated each time a
message has been transmitted.

o

PRrRrPROOOOR
w

(&)
o

b15to b13 CFIGCV[2:0] Transmit/Receive FIFO Receive R/W

Interrupt Request Timing Select : When FIFO is 1/8 full.

: When FIFO is 2/8 full.
: When FIFO is 3/8 full.
: When FIFO is 4/8 full.
: When FIFO is 5/8 full.
: When FIFO is 6/8 full.
: When FIFO is 7/8 full.
: When FIFO is full.

PR OORROO
RPOROROROR

CFE Bit (Transmit/Receive FIFO Buffer Enable)

Setting this bit to 1 makes transmit/receive FIFO buffers available.

When thisbit is set to O in transmit mode, if a message in the transmit/receive FIFO buffer is being transmitted or to be
transmitted next, the transmit/receive FIFO buffer becomes empty after completion of transmission, CAN bus error
detection, or arbitration lost. In other cases or in receive mode, the transmit/receive FIFO buffer becomes empty
immediately.
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Thisbit is set to 0 when the following conditions are met.
¢ Receive mode: Global reset mode
e Transmit mode: Channel reset mode
Modify this bit only in the following mode.
e Receive mode: Global operating mode or global test mode
e Transmit mode: Channel communication mode or channel halt mode

CFRXIE Bit (Transmit/Receive FIFO Receive Interrupt Enable)

When the CFSTS0.CFRXIF flag becomes 1 while this bit is 1, a transmit/receive FIFO receive interrupt request is
generated.

Modify this bit with the CFE bit set to 0.

CFTXIE Bit (Transmit/Receive FIFO Transmit Interrupt Enable)
When the CFSTS0.CFTXIF flag becomes 1 while this bit is 1, atransmit/receive FIFO transmit interrupt request is

generated.
Modify this bit with the CFE bit set to 0 (no transmit/receive FIFO buffer is used).

CFDC[2:0] Bits (Transmit/Receive FIFO Buffer Depth Configuration)
These bits are used to set the number of messages that can be stored in a single transmit/receive FIFO buffer.
If these bits are set to 000b, do not use any receive FIFO buffer. Modify these bits only in global reset mode.

CFIM Bit (Transmit/Receive FIFO Interrupt Source Select)
Thisbit is used to select atransmit/receive FIFO interrupt source. Modify this bit only in global reset mode.

CFIGCV[2:0] Bits (Transmit/Receive FIFO Receive Interrupt Request Timing Select)

These bits are used to specify the fraction of the transmit/receive FIFO buffer (the number of messagesis selected by the
setting of the CFDC[2:0] hits) that must be filled for the FIFO buffer to generate areceive interrupt request when the
CFCCHO.CFM[1:0] bits are set to 00b (receive mode) and the CFIM bit is set to O.

When the CFDCJ[2:0] bits are set to 001b (4 messages), set the CFIGCV[2:0] bits to 001b, 011b, 101b, or 111b.

Modify these bits only in global reset mode.
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36.2.46

Transmit/Receive FIFO Control Register OH (CFCCHO)

Address(es): RSCANO0.CFCCHO 000A 8352h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
CFITT[7:0] — — CFTML[1:0] | CFITR |CFITSS| CFM[1:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 CFM[1:0] Transmit/Receive FIFO Mode bl bo ) R/W
Select 0 0: Receive mode
0 1: Transmit mode
1 0: Setting prohibited
1 1: Setting prohibited
b2 CFITSS Interval Timer Clock Source 0: Clock selected by the CFITR bit R/W
Select 1: CAN bit time clock
b3 CFITR Transmit/Receive FIFO Interval  0: Clock obtained by frequency-dividing PCLK by the R/W
Timer Resolution ITRCP[15:0] value
1: Clock obtained by frequency-dividing PCLK by the
ITRCP[15:0] value x 10
b5, b4 CFTML[1:0] Transmit Buffer Link Set the transmit buffer number to be linked to the transmit/ R/W
Configuration receive FIFO buffer.
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/IW
b15 to b8 CFITT[7:0] Message Transmission Interval ~ Set a message transmission interval. R/W

Configuration

Set these bits to a value within a range of 00h to FFh.

CFM[1:0] Bits (Transmit/Receive FIFO Mode Select)
These bits are used to select transmit/receive FIFO mode. Modify these bits only in global reset mode.

CFITSS Bit (Interval Timer Clock Source Select)
Setting this bit to 0 selects the clock selected by the CFITR bit as the clock source for counting by the interval timer.
Setting this bit to 1 selectsthe CAN hit time clock as the clock source for counting by the interval timer. Set the

CFCCLO.CFE hit to 0 (no transmit/receive FIFO buffer is used) before modifying the CFITSS hit.

CFITR Bit (Transmit/Receive FIFO Interval Timer Resolution)
Thisbit is valid when the setting of the CFITSS bit isO.
Setting this bit to 0 selects the clock obtained by frequency-dividing PCLK by the GCFGH.ITRCP[15:0] value.

Setting this bit to 1 selects the clock obtained by frequency-dividing PCLK by the GCFGH.ITRCP[15:0] value x 10.
Modifying this bit with the CFCCLO0.CFE bit set to 0 (no transmit/receive FIFO buffer is used).

CFTML[1:0] Bits (Transmit Buffer Link Configuration)
These hits are used to set the number of transmit buffer to be linked to the transmit/receive FIFO buffer when the
CFM[1:0] bits are set to 01b (transmit mode).
Setting the CFCCL 0.CFDCJ2:0] bits to 001b or more enables the setting of the CFTML[1:0] bits.
Modify these bits only in global reset mode.

CFITT[7:0] Bits (Message Transmission Interval Configuration)
These hits are used to set a message transmission interval when transmitting messages continuously from atransmit/
receive FIFO buffer whose CFM[1:0] bits are set to 01b (transmit mode).

Set the CFCCLO0.CFE bit to 0 (no transmit/receive FIFO buffer is used) and then modify the CFITT[7:0] hits.
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36.2.47

Address(es): RSCANO0.CFSTS0 000A 8358h

Transmit/Receive FIFO Status Register 0 (CFSTSO0)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
— — CFMC[5:0] — — — |cFTXIF CFFRX' CFMLT | CFFLL |CFEMP
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 CFEMP Transmit/Receive FIFO Buffer 0: The transmit/receive FIFO buffer contains messages. R
Empty Status Flag 1: The transmit/receive FIFO buffer contains no message
(buffer empty).
bl CFFLL Transmit/Receive FIFO Buffer 0: The transmit/receive FIFO buffer is not full. R
Full Status Flag 1: The transmit/receive FIFO buffer is full.
b2 CFMLT Transmit/Receive FIFO 0: No transmit/receive FIFO message is lost. R/(W)
Message Lost Flag 1: Atransmit/receive FIFO message is lost. *1
b3 CFRXIF Transmit/Receive FIFO Receive  0: No transmit/receive FIFO receive interrupt request is R/(W)
Interrupt Request Flag present. *1
1: A transmit/receive FIFO receive interrupt request is
present.
b4 CFTXIF Transmit/Receive FIFO 0: No transmit/receive FIFO transmit interrupt request is R/(W)
Transmit Interrupt Request Flag present. *1
1: Atransmit/receive FIFO transmit interrupt request is
present.
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R/IW
b13 to b8 CFMC[5:0] Transmit/Receive FIFO The number of messages stored in the transmit/receive FIFO R
Message Counter buffer is indicated.
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Only O can be written to this bit, to clear the flag. Writing 1 does not affect the flag value.

CFEMP Flag (Transmit/Receive FIFO Buffer Empty Status Flag)

[Setting conditions]

e When the CFCCHO.CFM[1:0] value is 00b: All messages have been read, or global reset mode.
¢ When the CFCCHO.CFM[1:0] value is 01b: All messages have been transmitted, or channel reset mode.

e When the CFCCLO.CFE vaueis 0 (no transmit/receive FIFO buffer is used).
Note that this flag becomes 1 after transmission completion, CAN bus error detection, or arbitration lost when the
message in the transmit/receive FIFO buffer is being transmitted or to be transmitted next.

[Clearing conditions]

e When the CFCCHO.CFM[1:0] value is 00b: Any one of received messages has been stored in the transmit/receive

FIFO buffer.

e When the CFCCHO.CFM[1:0] value is 01b: A value FFh has been written to the CFPCTRO register after datawas
written to the CFIDLO, CFIDHO, CFPTRO, and CFDF00 to CFDF30 registers.

CFFLL Flag (Transmit/Receive FIFO Buffer Full Status Flag)

[Setting condition]

e When the number of messages stored in the transmit/receive FIFO buffer matches the FIFO buffer depth set by the

CFCCLO.CFDC[2:0] bits.
[Clearing conditions]

¢ When the number of messages stored in the transmit/receive FIFO buffer becomes smaller than the FIFO buffer

depth set by the CFCCLO0.CFDC[2:0] hits.
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¢ When the CFCCLO.CFE valueis 0 (no transmit/receive FIFO buffer is used).
Note that this flag becomes O after transmission completion, CAN bus error detection, or arbitration lost when the
message in the transmit/receive FIFO buffer is being transmitted or to be transmitted next.

¢ When CFCCHO.CFM[1:0] valueis 00b: In global reset mode
e When CFCCHO.CFM[1:0] value is 01b: In channel reset mode

CFMLT Flag (Transmit/Receive FIFO Message Lost Flag)
[Setting condition]
e When it is attempted to store a new message while the transmit/receive FIFO buffer isfull. In this case, the new
message is discarded.
[Clearing conditions]
e WriteOtothe CFMLT flag
e When CFCCHO.CFM[1:0] value is 00b: In global reset mode

e When CFCCHO.CFM[1:0] valueis 01b: In channel reset mode
Set thisflag to 0 in global operating mode or global test mode.

CFRXIF Flag (Transmit/Receive FIFO Receive Interrupt Request Flag)
[Setting condition]

¢ When CFCCHO.CFM[1:0] value is 00b and interrupt source setting the CFCCLO.CFIM bit is generated.
[Clearing conditiong]

e Write 0 to the CFRXIF flag

e When CFCCHO.CFM[1:0] valueis 00b: In global reset mode

e When CFCCHO.CFM[1:0] value is 01b: In channel reset mode
Set thisflag to 0 in global operating mode or global test mode.

CFTXIF Flag (Transmit/Receive FIFO Transmit Interrupt Request Flag)
[Setting condition]

e When CFCCHO.CFM[1:0] valueis 01b and interrupt source setting the CFCCLO.CFIM bit is generated.
[Clearing conditions]

e Write 0 to the CFTXIF flag

e When CFCCHO.CFM[1:0] valueis 00b: In global reset mode

¢ When CFCCHO.CFM[1:0] value is 01b: In channel reset mode
Set thisflag to O in globa operating mode or global test mode.

CFMC[5:0] Flags (Transmit/Receive FIFO Message Counter)
The CFMCJ[5:0] flags indicate the following values that depend on the setting of the CFCCHO.CFM[1:0] bits.
e When CFM[1:0] value is O1b (transmit mode): Number of untransmitted messages in the buffer

e When CFM[1:0] value is 00b (receive mode): Number of unread received messages in the buffer
These bits are set to 0 when any of the following conditions is met.

e When CFCCHO.CFM[1:0] value is 00b: In global reset mode
e When CFCCHO.CFM[1:0] value is01b: In channel reset mode
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36.2.48 Transmit/Receive FIFO Pointer Control Register 0 (CFPCTRO)

Address(es): RSCANO.CFPCTRO 000A 835Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
— — — — — — — — CFPC[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 CFPCJ[7:0] RSCANO Transmit/Receive Receive mode: w

FIFO Pointer Writing FFh to these bits moves the read pointer to the next
unread message in the transmit/receive FIFO buffer.
Transmit mode:
Writing FFh to these bits moves the write pointer to the next
stage of the transmit/receive FIFO buffer.
bl5tob8 — Reserved The write value should be 0. w

CFPC[7:0] Bits (RSCANO Transmit/Receive FIFO Pointer)
Receive mode (CFCCHO.CFM[1:0] value is 00b):

Writing FFh to the CFPC[7:0] bits moves the read pointer to the next unread message in the transmit/receive FIFO
buffer. At this time, the CFSTS0.CFMCI[5:0] value (transmit/receive FIFO message counter) is decremented. Read the
CFIDLO, CFIDHO, CFTS0, CFPTRO, and CFDF00 to CFDF30 registers to read messages in the transmit/receive FIFO

buffer, and then write FFh to the CFPC[7:0] bits.

Write FFh to these bits when the CFCCLO.CFE bit is 1 (transmit/receive FIFO buffers are used) and the
CFSTS0.CFEMPflag is 0 (the transmit/receive FIFO buffer contains messages).

Transmit mode (CFCCHO.CFM[1:0] value is 01b):
Writing FFh to the CFPC[ 7:0] bits stores the data written to the CFIDLO, CFIDHO, CFPTRO, and CFDF0O0 to CFDF30
registersin the transmit/receive FIFO buffer and moves the write pointer to the next stage of the transmit/receive FIFO
buffer. At thistime, the CFSTS0.CFMCI[5:0] value isincremented. Write transmit messages to the CFIDLO, CFIDHO,

CFPTRO, and CFDF00 to CFDF30 registers and then write FFh to the CFPC[7:0] bits.
Write FFh to these bits when the CFCCLO.CFE bit is 1 and the CFSTS0.CFFLL flag is O (the transmit/receive FIFO

buffer is not full).
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36. CAN Module (RSCAN)

36.2.49

Transmit/Receive FIFO Access Register OAL (CFIDLO)

Address(es): RSCANO.CFIDLO 000A 85E0h

b15 b14 b13 b12 b1l b10 b8 b7 b6 b5 b4 b3 b2 bl b0

CFID[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 CFID[15:0] Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W

ID Data L

Set standard ID or extended ID. For standard ID, write an ID
to b10 to b0 and write O to b15 to b11.

When CFCCHO0.CFM[1:0] value is 00b (receive mode):
Standard ID or extended ID in the received message can be
read. For standard ID, read b10 to b0. The value read from
b15 to b1l are 0.

Modify thisregister only when the CFCCHO.CFM[1:0] valueis 01b (transmit mode). Thisregister is readable only when
the CFCCHO.CFM[1:0] value is 00b (receive mode).
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

CFID[15:0] Bits (Transmit/Receive FIFO Buffer ID Data L)

These bitsindicate the ID of the received message stored in the transmit/receive FIFO buffer when the
CFCCHO.CFM[1:0] valueis 00b.
When the CFCCHO.CFM[1:0] value is 01b, set the ID of the message to be transmitted from the transmit/receive FIFO

buffer.

RO1UH0823EJ0110 Rev.1.10

Nov 30, 2020

ENESAS

Page 1245 of 1852



RX23W Group 36. CAN Module (RSCAN)

36.2.50 Transmit/Receive FIFO Access Register 0OAH (CFIDHO)

Address(es): RSCANO.CFIDHO 000A 85E2h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

CFIDE |CFRTR|THLEN CFID[28:16]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b12 to b0 CFID[28:16]  Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W

ID Data H Set standard ID or extended ID. For standard ID, write O to
these bits.

When CFCCHO0.CFM[1:0] value is 00b (receive mode):
Standard ID or extended ID in the received message can be
read. For standard ID, these bits are read as 0.

b13 THLEN Transmit History Data Store This bit is valid only when the CFCCHO0.CFM[1:0] value is R/W
Enable 01b (transmit mode).
0: Transmit history data is not stored in the buffer.
1: Transmit history data is stored in the buffer.

bl4 CFRTR Transmit/Receive FIFO Buffer 0: Data frame R/W
RTR 1: Remote frame

b15 CFIDE Transmit/Receive FIFO Buffer 0: Standard ID R/W
IDE 1: Extended ID

Modify this register only when the CFCCHO.CFM[1:0] value is 01b (transmit mode).
Thisregister is readable only when the CFCCHO.CFM[1:0] value is 00b (receive mode).
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

CFID[28:16] Bits (Transmit/Receive FIFO Buffer ID Data H)

These bitsindicate the ID of the received message stored in the transmit/receive FIFO buffer when the
CFCCHO.CFM[1:0] valueis 00b.

When the CFCCHO.CFM[1:0] value is 01b, set the ID of the message to be transmitted from the transmit/receive FIFO
buffer.

THLEN Bit (Transmit History Data Store Enable)

When thisbit is set to 1, the transmit history data (label information, buffer number, and buffer type) of transmit
messages is stored in the transmit history buffer after transmission is completed.

This bit is enabled when the CFCCHO.CFM[1:0] value is 01b (transmit mode).

CFRTR Bit (Transmit/Receive FIFO Buffer RTR)

This bit indicates the data format (data frame or remote frame) of the received message stored in the transmit/receive
FIFO buffer when the CFCCHO.CFM[1:0] value is 00b. When the CFCCHO.CFM[1:0] value is 01b, set the data format
of the message to be transmitted from the transmit/receive FIFO buffer.

CFIDE Bit (Transmit/Receive FIFO Buffer IDE)

Thishit indicatesthe ID format (standard ID or extended ID) of the received message stored in the transmit/receive FIFO
buffer when the CFCCHO.CFM[1:0] value is 00b. When the CFCCHO.CFM[1:0] value is 01b, set the ID format of the
message to be transmitted from the transmit/receive FIFO buffer.
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36. CAN Module (RSCAN)

36.2.51  Transmit/Receive FIFO Access Register OBL (CFTSO0)

Address(es): RSCANO.CFTSO0 000A 85E4h

b15 b14 b13

b9 b8 b7 b6 b5 b4

b3 b2 bl b0

CFTS[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W

b15 to b0 CFTS[15:0] Transmit/Receive FIFO Buffer
Timestamp Data

These bits are valid only when the CFCCHO.CFM[1:0] value R

is 00b (receive mode).

The timestamp value of the received message can be read.

This register can be read when the GRWCR.RPAGE bit is 1.

CFTS[15:0] Bits (Transmit/Receive FIFO Buffer Timestamp Data)
These bits indicate the timestamp value of the message stored in the transmit/receive FIFO buffer.
These bits are valid when the CFCCHO.CFM[1:0] value is 00b.
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36.2.52  Transmit/Receive FIFO Access Register 0BH (CFPTRO)

Address(es): RSCANO.CFPTRO 000A 85E6h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

CFDLC[3:0] CFPTR[11:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b11 to b0 CFPTR[11:0] Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W
Label Data Set the label information to be stored in the transmit

history buffer. Only CFPTR[7:0] bits are valid.

When CFCCHO0.CFM[1:0] value is 00b (receive mode):
The label information of the received message can be
read.

o

DAOOOOOOOO(’?|
o
=
N}

bl5to b12 CFDLC[3:0] Transmit/Receive FIFO Buffer
DLC Data

R/IW
: 0 data bytes

: 1 data byte

: 2 data bytes
: 3 data bytes
: 4 data bytes
: 5 data bytes
: 6 data bytes
: 7 data bytes
: 8 data bytes

XFPPRPRFPPLPOOOO
XPPOORFRPFROO
X POFRPORFRPOPFRO

Xx: Don’t care

Modify this register only when the CFCCHO.CFM[1:0] value is 01b (transmit mode).
Thisregister is readable only when the CFCCHO.CFM[1:0] value is 00b (receive mode).
Thisregister can be read/written when the GRWCR.RPAGE bit is 1.

CFPTR[11:0] Bits (Transmit/Receive FIFO Buffer Label Data)

These bitsindicate the label information attached to the received message stored in the transmit/receive FIFO buffer
when the CFCCHO.CFM[1:0] value is 00b. When the CFCCHO.CFM[1:0] value is 01b, the CFPTR[7:0] valueis stored
in the transmit history buffer when message transmission has been compl eted.

CFDLCJ[3:0] Bits (Transmit/Receive FIFO Buffer DLC Data)

These bits indicate the data length of the received message stored in the transmit/receive FIFO buffer when the
CFCCHO.CFM[1:0] valueis 00b. When the CFCCHO.CFM[1:0] valueis 01b, set the data length of the message to be
transmitted from the transmit/receive FIFO buffer.

If 9-byte or more data length is set, 8 bytes of datais actually transmitted.
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36.2.53  Transmit/Receive FIFO Access Register OCL (CFDF00)

Address(es): RSCANO0.CFDF00 000A 85E8h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

CFDB1[7:0] CFDBO[7:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 CFDBO[7:0] Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W
Data Byte 0 Set the transmit/receive FIFO buffer data.
bl5t0b8 CFDBL[7:0] TransmivReceive FIFO Buffer  “/en CFCCHO.CEM[1:0] value is 00D (receive mode): /
The message data stored in the transmit/receive FIFO buffer
Data Byte 1
can be read.

Modify this register only when the CFCCHO.CFM[1:0] valueis 0lb.
This register is readable only when the CFCCHO.CFM[1:0] value is 00b. When the CFPTRO.CFDLC[3:0] valueis

smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

36.2.54  Transmit/Receive FIFO Access Register OCH (CFDF10)

Address(es): RSCANO0.CFDF10 000A 85EAh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CFDB3[7:0] CFDB2[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 CFDB2[7:0] Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W

Data Byte 2 Set the transmit/receive FIFO buffer data.
b15 to b8 CFDB3[7:0] Transmit/Receive FIFO Buffer When CFCCHO.CEM[1.0] yalue is 00b (_recelv_e mode): R/IW
The message data stored in the transmit/receive FIFO buffer
Data Byte 3 can be read

Modify this register only when the CFCCHO.CFM[1:0] valueis O1b.

Thisregister is readable only when the CFCCHO.CFM[1:0] value is 00b. When the CFPTRO.CFDLC[3:0] valueis
smaller than 1000b, data bytes for which no datais set are read as 00h.

This register can be read/written when the GRWCR.RPAGE bit is 1.
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36.2.55  Transmit/Receive FIFO Access Register ODL (CFDF20)

Address(es): RSCANO0.CFDF20 000A 85ECh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

CFDB5[7:0] CFDB4[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 CFDB4[7:0] Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W

Data Byte 4 Set the transmit/receive FIFO buffer data.
bl5t0b8 CFDB5[7:0] TransmitvReceive FIFO Buffer  “/en CFCCHO.CEM[1:0] value is 00D (receive mode): /
The message data stored in the transmit/receive FIFO buffer
Data Byte 5
can be read.

Modify this register only when the CFCCHO.CFM[1:0] valueis 0lb.
This register is readable only when the CFCCHO.CFM[1:0] value is 00b. When the CFPTRO.CFDLC[3:0] valueis

smaller than 1000b, data bytes for which no datais set are read as 00h.
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

36.2.56  Transmit/Receive FIFO Access Register ODH (CFDF30)

Address(es): RSCANO0.CFDF30 000A 85EEh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CFDB7[7:0] CFDB6[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 CFDB6[7:0] Transmit/Receive FIFO Buffer When CFCCHO0.CFM[1:0] value is 01b (transmit mode): R/W

Data Byte 6 Set the transmit/receive FIFO buffer data.
b15 to b8 CFDB7[7:0] Transmit/Receive FIFO Buffer When CFCCHO.CEM[1.0] yalue is 00b (_recelv_e mode): R/IW
The message data stored in the transmit/receive FIFO buffer
Data Byte 7 can be read

Modify this register only when the CFCCHO.CFM[1:0] valueis O1b.

Thisregister is readable only when the CFCCHO.CFM[1:0] value is 00b. When the CFPTRO.CFDLC[3:0] valueis
smaller than 1000b, data bytes for which no datais set are read as 00h.

This register can be read/written when the GRWCR.RPAGE bit is 1.
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36. CAN Module (RSCAN)

36.2.57

Address(es): RSCAN.RFMSTS 000A 8360h

b7 b6 b5 b4

b3

b2

Receive FIFO Message Lost Status Register (RFMSTS)

b1l b0

RF1ML | RFOML

T T
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 RFOMLT Receive FIFO Buffer 0 Message 0: No receive FIFO buffer m message is lost (m = 0, 1). R
Lost Status Flag 1: Areceive FIFO buffer m message is lost.
bl RF1IMLT Receive FIFO Buffer 1 Message R
Lost Status Flag
b7 to b2 — Reserved These bits are read as 0. R

The RFMST S register is set to 00h in global reset mode.

RFmMLT Flag (Receive FIFO Buffer m Message Lost Status Flag)
The RFMMLT flag becomes 1 when the RFSTSm.RFMLT flag becomes 1 (areceive FIFO message is lost). When the
RFSTSM.RFMLT flag is set to 0, the RFMMLT flag becomes 0.

36.2.58

Address(es): RSCANO0.CFMSTS 000A 8361h

Transmit/Receive FIFO Message Lost Status Register (CFMSTS)

b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ _ __ |cFoML
T
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CFOMLT RSCANO Transmit/Receive FIFO 0: No RSCANO transmit/receive FIFO buffer 0 message is R

Buffer 0 Message Lost Status Flag lost.
1: An RSCANO transmit/receive FIFO buffer 0 message is

lost.

b7 to bl — Reserved

These bits are read as 0.

The CFM ST Sregister is set to 00h in global reset mode.

CFOMLT Flag (RSCANO Transmit/Receive FIFO Buffer 0 Message Lost Status Flag)

The CFOMLT flag becomes 1 when the CFSTS0.CFMLT flag becomes 1 (a transmit/receive FIFO message is lost).
When the CFSTS0.CFMLT flag is set to 0, the CFOMLT flag becomes 0.
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36. CAN Module (RSCAN)

36.2.59 Receive FIFO Interrupt Status Register (RFISTS)

Address(es): RSCAN.RFISTS 000A 8362h

b7 b6 b5 b4 b3 b2 bl b0
— — — — — — | RF1IF | RFOIF
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 RFOIF Receive FIFO Buffer 0 Interrupt 0: No receive FIFO buffer m interrupt request is present R
Request Status Flag (m=0,1).
b1 RELIE Receive FIFO Buffer 1 Interrupt 1: Areceive FIFO buffer m interrupt request is present. R
Request Status Flag
b7 to b2 — Reserved These bits are read as 0. R

The RFISTSregister is set to 00h in global reset mode.

RFmIF Flag (Receive FIFO Buffer m Interrupt Request Status Flag)
The RFmIF flag becomes 1 when the RFST Sm.RFIF flag becomes 1 (areceive FIFO interrupt request is present). When
the RFSTSm.RFIF flag is set to 0, the RFmIF flag becomes 0.

36.2.60 Transmit/Receive FIFO Receive Interrupt Status Register (CFISTS)

Address(es): RSCAN.CFISTS 000A 8363h

b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — | CFOIF
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CFOIF RSCANO Transmit/Receive FIFO  0: No RSCANO transmit/receive FIFO buffer 0 receive R
Buffer 0 Receive Interrupt interrupt request is present.
Request Status Flag 1: An RSCANO transmit/receive FIFO buffer O receive
interrupt request is present.
b7 to bl — Reserved These bits are read as 0. R

The CFISTSregister is set to 00h in global reset mode.

CFOIF Flag (RSCANO Transmit/Receive FIFO Buffer 0 Receive Interrupt Request Status Flag)

The CFOIF flag becomes 1 when the CFSTS0.CFRXIF flag becomes 1 (atransmit/receive FIFO receive interrupt request
is present). When the CFSTS0.CFRXIF flag is set to O, the CFOIF flag becomes 0.
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RX23W Group 36. CAN Module (RSCAN)
36.2.61  Transmit Buffer Control Register p (TMCp) (p = 0 to 3)
Address(es): RSCANO0.TMCO 000A 8364h, RSCANO.TMC1 000A 8365h, RSCANO.TMC2 000A 8366h,
RSCANO0.TMC3 000A 8367h
b7 b6 b5 b4 b3 b2 bl b0
— — — — — | TMOM |TMTAR| TMTR
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TMTR Transmit Request 0: Transmission is not requested. R/(W)
1: Transmission is requested. *1
bl TMTAR Transmit Abort Request 0: Transmit abort is not requested. R/(W)
1: Transmit abort is requested. *1
b2 TMOM One-Shot Transmission Enable  0: One-shot transmission is disabled. R/W
1: One-shot transmission is enabled.
b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Only 1 can be written to this bit. Writing O does not affect the bit value.

When the TM Cp register meets the following condition, set it to OOh.
e The TMCp register corresponds to the transmit buffer number selected by the CFCCHO.CFTML[1:0] bits.

Bitsin the TMCp register become all Osin channel reset mode. Modify the TMCp register (p = 0 to 3) only in channel
communication mode or channel halt mode.

TMTR Bit (Transmit Request)
Setting this bit to 1 transmits the message stored in the transmit buffer.
The TMTR bit becomes 0 when any of the following conditions is met, but does not become 0 by writing O by the
program.
e Transmission has been completed.
e Transmit abort has been completed by setting the TMTAR bit to 1.
e Anerror or arbitration lost has been detected with the TMOM bit set to 1.
Set the TMTR bit to 1 when the TMSTSp. TMTRF[1:0] value is 00b.

TMTAR Bit (Transmit Abort Request)
Setting this bit to 1 generates a transmit abort request for the message stored in the transmit buffer. However, a message
that is being transmitted or to be transmitted next cannot be aborted.
When the TMTR bit becomes 1, the TMTAR bit can be set to 1.
The TMTAR bit is set to 0 when any of the following conditions is met, but does not become 0 by writing 0 by the
program.
e Transmission has been completed.
e Transmit abort has been completed.
e Aneror or arbitration lost has been detected.
If this bit becomes 0 at the timing when the program writes 1 to this bit, this bit becomes 0.

TMOM Bit (One-Shot Transmission Enable)
Setting this bit to 1 enables one-shot transmission. When transmission fails, retransmission defined in the CAN protocol
is not performed.
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36. CAN Module (RSCAN)

Modify the TMOM bit when the TMSTSp. TMTRM flag is 0. To set the TMOM bit to 1, also set the TM TR bit together.

36.2.62  Transmit Buffer Status Register p (TMSTSp) (p = 0 to 3)

Address(es): RSCANO0.TMSTSO0 000A 836Ch, RSCANO.TMSTS1 000A 836Dh, RSCANO.TMSTS2 000A 836Eh,

RSCANO.TMSTS3 000A 836Fh

b7 b6 b5 b4 b3 b2 bl b0
_ _ — |TMTAR| TMTR | rpTRF[L:0] |TMTST
M M S
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TMTSTS Transmit Buffer Transmit Status  0: Transmission is not in progress. R
Flag 1: Transmission is in progress.
b2, b1 TMTRF[1:0] Transmit Buffer Transmit Result b2 bl o ) ) R/W
Flag 0 0: Transmission is in progress or no transmit request is
present.
0 1: Transmit abort has been completed.
1 0: Transmission has been completed (without transmit
abort request).
1 1: Transmission has been completed (with transmit
abort request).
b3 TMTRM Transmit Buffer Transmit 0: No transmit request is present. R
Request Status Flag 1: A transmit request is present.
b4 TMTARM Transmit Buffer Transmit Abort  0: No transmit abort request is present. R
Request Status Flag 1: A transmit abort request is present.
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R

The TMSTSp register becomes all Osin channel reset mode.

TMTSTS Flag (Transmit Buffer Transmit Status Flag)
This flag becomes 1 when transmission from the transmit buffer starts, and becomes 0 when transmission from the

transmit buffer has been completed or terminated due to a bus error or arbitration lost.

TMTRF[1:0] Flags (Transmit Buffer Transmit Result Flag)
These flagsindicate the result of transmission from the transmit buffer.
00b: Transmission isin progress or no transmit request is present.

01b: Transmission from the transmit buffer was aborted.

10b: Transmission has been completed with the TMCp. TMTAR hit set to O (transmit abort is not requested).

11b: Transmission has been completed with the TMCp. TMTAR bit set to 1 (transmit abort is requested).

Write 00b to the TMTRF[1:0] flagsin channel communication mode or channel halt mode. Do not write any value other
than 00b to these flags.

TMTRM Flag (Transmit Buffer Transmit Request Status Flag)
The TMTRM flag becomes 1 when the TMCp. TMTR bit is set to 1, and becomes 0 when the TMCp. TMTR bit is set to

0.

TMTARM Flag (Transmit Buffer Transmit Abort Request Status Flag)

The TMTARM flag becomes 1 when the TMCp. TMTAR bit is set to 1, and becomes 0 when the TMCp. TMTAR bit is

setto 0.
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36.2.63  Transmit Buffer Transmit Request Status Register (TMTRSTYS)

Address(es): RSCANO.TMTRSTS 000A 8374h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMTRS|TMTRS|TMTRS|TMTRS
TS3 TS2 TS1 TSO

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TMTRSTSO RSCANO Transmit Buffer 0 0: No transmit request is present. R
Transmit Request Status Flag 1: A transmit request is present.

bl TMTRSTS1 RSCANO Transmit Buffer 1 R
Transmit Request Status Flag

b2 TMTRSTS2 RSCANO Transmit Buffer 2 R
Transmit Request Status Flag

b3 TMTRSTS3 RSCANO Transmit Buffer 3 R

Transmit Request Status Flag

b15to b4 — Reserved These bits are read as 0. R

TMTRSTSp Flag (RSCANO Transmit Buffer p Transmit Request Status Flag) (p =0to 3)

This flag indicates the status of the TMCp. TM TR hit.

When the TMTR hit is set to 1 (transmission is requested), the corresponding TMTRST Sp flag becomes 1.

The corresponding TMTRST Sp flag becomes 0 when the TMTR bit is set to O (transmission is not requested) or in
channel reset mode.
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36.2.64  Transmit Buffer Transmit Complete Status Register (TMTCSTS)

Address(es): RSCANO.TMTCSTS 000A 8376h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMTCS|TMTCS|TMTCS|TMTCS
TS3 TS2 TS1 TSO

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TMTCSTSO RSCANO Transmit Buffer 0 0: Transmission has not been completed. R
Transmit Complete Status Flag  1: Transmission has been completed.

bl TMTCSTS1 RSCANO Transmit Buffer 1 R
Transmit Complete Status Flag

b2 TMTCSTS2 RSCANO Transmit Buffer 2 R
Transmit Complete Status Flag

b3 TMTCSTS3 RSCANO Transmit Buffer 3 R

Transmit Complete Status Flag

b15to b4 — Reserved These bits are read as 0. R

TMTCSTSp Flag (RSCANO Transmit Buffer p Transmit Complete Status Flag) (p = 0 to 3)

When the TMST Sp. TMTRF[1:0] flags become 10b (transmission has been completed (without transmit abort request))
or 11b (transmission has been completed (with transmit abort request)), the corresponding TMTCST Sp flag becomes 1.
This flag becomes 0 when the corresponding TMSTSp. TMTRF[1:0] flags are set to 00b or in channel reset mode.
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36.2.65

Transmit Buffer Transmit Abort Status Register (TMTASTYS)

Address(es): RSCANO.TMTASTS 000A 8378h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ _ _ _ _ _ _ _ |TMTAS|TMTAS|TMTAS [TMTAS
TS3 TS2 TS1 TSO
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TMTASTSO RSCANO Transmit Buffer 0 0: Transmission is not aborted. R
Transmit Abort Status Flag 1: Transmission is aborted.
bl TMTASTS1 RSCANO Transmit Buffer 1 R
Transmit Abort Status Flag
b2 TMTASTS2 RSCANO Transmit Buffer 2 R
Transmit Abort Status Flag
b3 TMTASTS3 RSCANO Transmit Buffer 3 R
Transmit Abort Status Flag
b15to b4 — Reserved These bits are read as 0. R

TMTASTSp Flag (RSCANO Transmit Buffer p Transmit Abort Status Flag) (p = 0to 3)
When the TMSTSp. TMTRF[ 1:0] flags become 01b (transmit abort has been completed), the corresponding TMTASTSp

flag becomes 1.
This flag becomes 0 when the corresponding TMSTSp. TMTRF[1:0] flags are set to 00b or in channel reset mode.
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36. CAN Module (RSCAN)

36.2.66

Transmit Buffer Interrupt Enable Register (TMIEC)

Address(es): RSCANO.TMIEC 000A 837Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
— — — — — — — — — — — — | TMIE3 | TMIE2 | TMIEL | TMIEO
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TMIEO RSCANO Transmit Buffer 0 0: Transmit buffer interrupt is disabled. R/W
Interrupt Enable 1: Transmit buffer interrupt is enabled.
bl TMIE1 RSCANO Transmit Buffer 1 R/W
Interrupt Enable
b2 TMIE2 RSCANO Transmit Buffer 2 R/W
Interrupt Enable
b3 TMIE3 RSCANO Transmit Buffer 3 R/W
Interrupt Enable
b15 to b4 — Reserved These bits are read as 0. The write value should be 0. R/W

TMIEp Bit (RSCANO Transmit Buffer p Interrupt Enable) (p =0to 3)
When TMIEp bit is set to 1 and the corresponding transmission has been completed, atransmit buffer interrupt request is

generated.

Modify this bit when the corresponding TMSTSp. TMTRM flag is O (no transmit request is present).
Write O to bits corresponding to transmit buffers linked to transmit/receive FIFO buffers.

36.2.67

Transmit Buffer Register pAL (TMIDLp) (p = 0 to 3)

Address(es): RSCANO.TMIDLO 000A 8600h, RSCANO.TMIDL1 000A 8610h, RSCANO.TMIDL2 000A 8620h,
RSCANO.TMIDL3 000A 8630h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMID[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
bl5to b0  TMID[15:0] Transmit Buffer ID Data L Set standard ID or extended ID. R/W

For standard ID, write an ID to b10 to b0 and write 0 to b15
to b11.

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If thisregister
islinked to any transmit/receive FIFO buffer, do not write data to this register.
Thisregister can be read/written when the GRWCR.RPAGE bit is 1.

TMID[15:0] Bits (Transmit Buffer ID Data L)
These bits are used to set the ID of the message to be transmitted from the transmit buffer.
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36.2.68  Transmit Buffer Register pAH (TMIDHp) (p = 0 to 3)

Address(es): RSCANO.TMIDHO 000A 8602h, RSCANO.TMIDH1 000A 8612h, RSCANO.TMIDH2 000A 8622h,
RSCANO.TMIDH3 000A 8632h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMIDE [TMRTR|THLEN TMID[28:16]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
bl2to b0  TMID[28:16] Transmit Buffer ID Data H Set standard ID or extended ID. R/W

For standard ID, write O to these bits.
b13 THLEN Transmit History Data Store 0: Transmit history data is not stored in the buffer. R/W
Enable 1: Transmit history data is stored in the buffer.
bl4 TMRTR Transmit Buffer RTR 0: Data frame R/W
1: Remote frame
b15 TMIDE Transmit Buffer IDE 0: Standard ID R/W

1: Extended ID

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If this register
islinked to any transmit/receive FIFO buffer, do not write data to this register.
Thisregister can be read/written when the GRWCR.RPAGE bit is 1.

TMID[28:16] Bits (Transmit Buffer ID Data H)
These bits are used to set the ID of the message to be transmitted from the transmit buffer.

THLEN Bit (Transmit History Data Store Enable)
When this bit is set to 1, the transmit history data (Iabel information, buffer number, and buffer type) of transmit
messages is stored in the transmit history buffer after transmission is completed.

TMRTR Bit (Transmit Buffer RTR)
Thisbit is used to set the data format of the message to be transmitted from the transmit buffer.

TMIDE Bit (Transmit Buffer IDE)
Thishit isused to set the ID format of the message to be transmitted from the transmit buffer.
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36.2.69  Transmit Buffer Register pBH (TMPTRp) (p =0 to 3)

Address(es): RSCANO.TMPTRO 000A 8606h, RSCANO.TMPTR1 000A 8616h, RSCANO.TMPTR2 000A 8626h,
RSCANO.TMPTR3 000A 8636h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMDLC[3:0] — — — — TMPTR[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 TMPTR[7:0] Transmit Buffer Label Data Set the label information to be stored in the transmit history  R/W

buffer.

b1l to b8 — Reserved These bits are read as 0. The write value should be 0. R/W
bl5to bl2 TMDLCI3:0] Transmit Buffer DLC Data b15 b12 R/W

0 0 0 O0:0data bytes

0 0 0 1:1databyte

0 0 1 O:2data bytes

0 0 1 1:3databytes

0 1 0 O:4 databytes

0 1 0 1:5databytes

0 1 1 O0:6 databytes

0 1 1 1:7databytes

1 x x x:8databytes

x: Don'’t care

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If this register
islinked to any transmit/receive FIFO buffer, do not write data to this register.
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

TMPTR[7:0] Bits (Transmit Buffer Label Data)
When message transmission has been completed, the TMPTR[7:0] valueis stored in the transmit history buffer.

TMDLCJ[3:0] Bits (Transmit Buffer DLC Data)

These bits are used to set the data length of the message to be transmitted from the transmit buffer when the
TMIDHp. TMRTR bit is set to O (data frame). If a 9-byte (or more) data length is set, 8 bytes of datais actually
transmitted.

When the TMIDHp. TMRTR bit is set to 1 (remote frame), set the data length of messages to be requested.
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36.2.70  Transmit Buffer Register pCL (TMDFOp) (p = 0 to 3)

Address(es): RSCANO0.TMDFO00 000A 8608h, RSCANO.TMDF01 000A 8618h, RSCANO.TMDF02 000A 8628h,
RSCANO.TMDF03 000A 8638h

b15 b14 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

TMDB1[7:0] TMDBO[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 TMDBO[7:0] Transmit Buffer Data Byte 0 Set transmit buffer data. R/W

R/W

bl5to b8  TMDBL1[7:0] Transmit Buffer Data Byte 1

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If this register
islinked to any transmit/receive FIFO buffer, do not write data to this register.
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

36.2.71  Transmit Buffer Register pCH (TMDF1p) (p = 0 to 3)

Address(es): RSCANO0.TMDF10 000A 860Ah, RSCANO.TMDF11 000A 861Ah, RSCANO.TMDF12 000A 862Ah,
RSCANO.TMDF13 000A 863Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMDB3[7:0] TMDB2[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 TMDB2[7:0] Transmit Buffer Data Byte 2 Set transmit buffer data. R/W

R/W

b15 to b8 TMDB3[7:0] Transmit Buffer Data Byte 3

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If thisregister
islinked to any transmit/receive FIFO buffer, do not write data to this register.
This register can be read/written when the GRWCR.RPAGE bit is 1.
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36.2.72  Transmit Buffer Register pDL (TMDF2p) (p = 0 to 3)

Address(es): RSCANO.TMDF20 000A 860Ch, RSCANO.TMDF21 000A 861Ch, RSCANO.TMDF22 000A 862Ch,
RSCANO.TMDF23 000A 863Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

TMDB5[7:0] TMDBA4[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 TMDBA4[7:0] Transmit Buffer Data Byte 4 Set transmit buffer data. R/W

R/W

bl5to b8  TMDB5[7:0] Transmit Buffer Data Byte 5

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If this register
islinked to any transmit/receive FIFO buffer, do not write data to this register.
Thisregister can be read/written when the GRWCR.RPAGE hit is 1.

36.2.73  Transmit Buffer Register pDH (TMDF3p) (p = 0 to 3)

Address(es): RSCAN0.TMDF30 000A 860Eh, RSCANO.TMDF31 000A 861Eh, RSCANO.TMDF32 000A 862Eh,
RSCANO.TMDF33 000A 863Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TMDB7[7:0] TMDB6[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 TMDB6[7:0] Transmit Buffer Data Byte 6 Set transmit buffer data. R/W

R/W

b15 to b8 TMDB7[7:0] Transmit Buffer Data Byte 7

Modify this register when the corresponding TMSTSp. TMTRM flag is 0 (no transmit request is present). If thisregister
islinked to any transmit/receive FIFO buffer, do not write data to this register.
This register can be read/written when the GRWCR.RPAGE bit is 1.
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36.2.74  Transmit History Buffer Control Register (THLCCO)

Address(es): RSCANO.THLCCO 000A 837Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — THEDT THLIM | THLIE | — — — — — — — | THLE
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 THLE Transmit History Buffer Enable 0: Transmit history buffer is not used. R/W
1: Transmit history buffer is used.
b7 to bl — Reserved These bits are read as 0. The write value should be 0. R/IW
b8 THLIE Transmit History Interrupt Enable  0: Transmit history interrupt is disabled. R/W
1: Transmit history interrupt is enabled.
b9 THLIM Transmit History Interrupt Source  0: When 6 sets of data have been stored in the transmit R/W
Select history buffer
1: When a single set of transmit history data has been stored
b10 THLDTE Transmit History Target Buffer 0: Entry from transmit/receive FIFO buffers R/W
Select 1: Entry from transmit buffers, transmit/receive FIFO buffers
bl5to b1l — Reserved These bits are read as 0. The write value should be 0. RIW

THLE Bit (Transmit History Buffer Enable)

Setting this bit to 1 makes the transmit history buffer available. When data transmission from the buffer selected by the
THLDTE bit has been completed, the transmit history data of transmit messages is stored in the transmit history buffer.
Modify this bit only in channel communication mode or channel halt mode.

THLIE Bit (Transmit History Interrupt Enable)
When the THLIE bit is set to 1 and the source selected by the THLIM bit has occurred, a transmit history interrupt
request is generated. Modify the THLIE bit with the THLE bit set to 0.

THLIM Bit (Transmit History Interrupt Source Select)
Thisbit is used to select atransmit history interrupt source.
Modify this bit only in channel reset mode.

THLDTE Bit (Transmit History Target Buffer Select)

When thisbit is set to 0, the transmit history data of messages transmitted from transmit/receive FIFO buffersisstored in
the transmit history buffer. When this bit is set to 1, the transmit history data of messages transmitted from transmit
buffers and transmit/receive FIFO buffersis stored in the transmit history buffer.

Modify this bit only in channel reset mode.
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36.2.75  Transmit History Buffer Status Register (THLSTSO0)

Address(es): RSCANO.THLSTSO 000A 8380h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

_ _ _ _ THLMC[3:0] _ _ _ — | THLE | THLEL | THLFL | THLEM
' T L P
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 THLEMP Transmit History Buffer Empty 0: Transmit history buffer contains unread data. R
Status Flag 1: Transmit history buffer contains no unread data
(buffer empty).
bl THLFLL Transmit History Buffer Full 0: Transmit history buffer is not full. R
Status Flag 1: Transmit history buffer is full.
b2 THLELT Transmit History Buffer Overflow  0: Transmit history buffer overflow has not occurred. R/(W)
Flag 1: Transmit history buffer overflow has occurred. *1
b3 THLIF Transmit History Interrupt 0: No transmit history interrupt request is present. R/(W)
Request Flag 1: A transmit history interrupt request is present. *1
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R/W
b1l to b8 THLMC[3:0]  Transmit History Buffer Unread These bits indicate the number of unread data sets stored in R
Data Counter the transmit history buffer.
bl5tobl12 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Only O can be written to this bit, to clear the flag. Writing 1 does not affect the flag value.

THLEMP Flag (Transmit History Buffer Empty Status Flag)

The THLEMP flag becomes 0 when even a single set of transmit history data has been stored in the transmit history
buffer.

This flag becomes 1 when all the datain the transmit history buffer has been read. This flag also becomes 1 in channel
reset mode or when the THLCCO.THLE bit is set to O (transmit history buffer is not used).

THLFLL Flag (Transmit History Buffer Full Status Flag)

The THLFLL flag becomes 1 when 8 data sets have been stored in the transmit history buffer, and becomes 0 when the
number of data sets stored in the transmit history buffer has decreased to less than 8.

This flag also becomes 0 in channel reset mode or when the THLCCO.THLE bit is set to O (transmit history buffer is not
used).

THLELT Flag (Transmit History Buffer Overflow Flag)

The THLELT flag becomes 1 when it is attempted to store new transmit history data while the transmit history buffer is
full. In this case, the new datais discarded.

Thisflag becomes 0 in channel reset mode or by writing 0 to this flag by the program.

THLIF Flag (Transmit History Interrupt Request Flag)
The THLIF flag becomes 1 when the interrupt source set by the THLCCO.THLIM bit has occurred.
This flag becomes 0 in channel reset mode or by writing 0 to this flag by the program.

THLMC[3:0] Flags (Transmit History Buffer Unread Data Counter)
These flags indicate the number of unread data sets stored in the transmit history buffer.
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36.2.76  Transmit History Buffer Access Register (THLACCO)

Address(es): RSCANO.THLACCO 000A 8680h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TID[7:0] — — — BN[1:0] — BT[1:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 BT[1:0] Buffer Type Data bl bo R

0 1: Transmit buffer
1 0: Transmit FIFO buffer

b2 — Reserved This bit is read as 0.

b4, b3 BNJ[1:0] Buffer Number Data The buffer number of transmit source (transmit buffer or R
transmit/receive FIFO) can be read.

b7 to b5 — Reserved These bits are read as 0. R

bl5to b8  TID[7:0] Label Data The label information of stored data can be read. R

Thisregister can be read when the GRWCR.RPAGE bit is 1.

BT[1:0] Bits (Buffer Type Data)
These bits indicate the transmit source buffer type of transmit history data stored in the transmit history buffer.

BN[1:0] Bits (Buffer Number Data)
These bits indicate the transmit source buffer number of transmit history data stored in the transmit history buffer.

TID[7:0] Bits (Label Data)
These hitsindicate the label information of transmit history data stored in the transmit history buffer.
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36.2.77

Address(es): RSCANO.THLPCTRO 000A 8384h

Transmit History Buffer Pointer Control Register (THLPCTRO)

b4 b3 b2 bl b0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6
— — — — — — — — THLPC[7:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 THLPCJ[7:0] Transmit History Buffer Pointer ~ Writing FFh to these bits moves the read pointer to the next W

unread data in the transmit history buffer.
bl5to b8 — Reserved The write value should be 0. w

THLPC[7:0] Bits (Transmit History Buffer Pointer)
When the THLPC [7:0] bits are set to FFh, the read pointer moves to the next data in the transmit history buffer.
At thistime, the THLSTSO.THLMC[3:0] (transmit history buffer unread data counter) value is decremented. After

reading the THLACCO register, write FFh to the THLPC [7:0] bits.
Write FFh to the THLPC[7:0] bits when the THLCCO.THLE bit is set to 1 (transmit history buffer is used) and the

THLSTSO.THLEMPflag is 0.
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36.2.78  Global RAM Window Control Register (GRWCR)

Address(es): RSCAN.GRWCR 000A 838Ah

b3

b2 bl b0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4
— — — — — — — — — — — — — — — |RPAGE
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 RPAGE RAM Window Select 0: Selects window O (receive rule entry registers, RAM test ~ R/W

registers)

1: Selects window 1 (receive buffer, receive FIFO buffer,
transmit/receive FIFO buffer, transmit buffer, transmit

history data access register)

bl5tobl —

Reserved

The write value should be 0.

RIW

RPAGE Bit (RAM Window Select)
Thishit isused to select awindow for the switching of registers that are allocated to addresses from 000A 83A0h to

000A 8681h.

[Registers alocated when the RPAGE hit is set to O (window 0 selected)]
e Receiveruleentry registers: GAFLIDLj, GAFLIDHj, GAFLMLj, GAFLMHj, GAFLPLj, GAFLPHj (j = 0 to 15)

e RAM test registers: RPGACCr (r = 0to 127)

[Registers alocated when the RPAGE hit is set to 1 (window 1 selected)]
o Receive buffer registers: RMIDLn, RMIDHn, RMTSh, RMPTRn, RMDFOn to RMDF3n (n = 0to 15)
e Receive FIFO accessregisters. RFIDLm, RFIDHm, RFTSm, RFPTRm, RFDFOm to RFDF3m (m =0, 1)
e Transmit/receive FIFO access registers. CFIDLO, CFIDHO, CFTS0, CFPTRO, CFDF00 to CFDF30
e Transmit buffer registers: TMIDLp, TMIDHp, TMPTRp, TMDFOp to TMDF3p (p = 0to 3)
e Transmit history buffer access register: THLACCO
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36.2.79

Address(es): RSCAN.GTSTCFG 000A 838Ch

Global Test Configuration Register (GTSTCFG)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — RTMPS[2:0] — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b10 to b8 RTMPS[2:0] RAM Test Page Configuration Set a value within a range of page 0 (00h) to page 2 (02h). R/W
bl5to b1l — Reserved These bits are read as 0. The write value should be 0. R/W
Modify the GTSTCFG register only in global test mode.
RTMPS[2:0] Bits (RAM Test Page Configuration)
These bits are used to set the RAM test target page number for RAM test. Set a value from 00h to 02h.
36.2.80 Global Test Control Register (GTSTCTRL)
Address(es): RSCAN.GTSTCTRL 000A 838Eh
b7 b6 b5 b4 b3 b2 bl b0
— — — — — |RTME| — —
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b2 RTME RAM Test Enable 0: RAM test is disabled. R/W
1: RAM test is enabled.
b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R/W

RTME Bit (RAM Test Enable)

Setting this bit to 1 enables RAM test. Modify this bit only in global test mode.

(1) Setthe GCTRL.GMDCJ[1:0] bitsto 10b (global test mode).

(2) Unlock protection by successively writing 7575h and 8A8Ah to the GLOCKK register

(3) Setthe RTME bitto 1.
(4) Check that the RTME bitissetto 1.
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36.2.81  Global Test Protection Unlock Register (GLOCKK)

Address(es): RSCAN.GLOCKK 000A 8394h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0

LOCK][15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 to b0 LOCK]J15:0] Protection Unlock Data Write protection unlock data to use test functions. These bits W

are read as 0000h.

Modify the GLOCKK register only in global test mode.

LOCK][15:0] Bits (Protection Unlock Data)
Write the protection unlock data shown in Table 36.3 to the LOCK[15:0] bitsin succession to alow writing 1 to the
target bit.

Table 36.3 Protection Unlock Data for Test Functions

Test
Function Protection Unlock Data 1 Protection Unlock Data 2 Target Bit
RAM test 7575h 8A8Ah GTSTCTRL.RTME bit

Writing data to the CAN's register area (000A 8300h to 000A 839Fh) except the RAM area after protection is unlocked
enables protection again.
Protection is not enabled even by reading data from the CAN's register area or reading/writing data from/to other areas.

36.2.82 RAM Test Register r (RPGACC) (r = 0to 127)

Address(es): RSCAN.RPGACCO to RSCAN.RPGACC127 000A 8580h to 000A 867Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RDTA[15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description R/W
Data can be read and written in CAN RAM. R/W

Modify the RPGACCr register in global test mode with the GTSTCTRL.RTME bit set to 1 (RAM test isenabled). The
RPGACCr register is readable and writable when the GTSTCTRL.RTME bit is set to 1.
Thisregister can be read/written when the GRWCR.RPAGE bit is 0.
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36.3

CAN Modes

The CAN module has four global modes to control entire CAN module status and four channel modes to control
individual channel status.
Details of global modes are described in section 36.3.1, Global Modes, and details of channel modes are described in
section 36.3.2, Channel Modes.

36.3.1

Global stop mode: Stops clocks of entire module to achieve low power consumption.

Global reset mode: Performsinitial settings for entire module.

Global test mode: Performs test settings and performs RAM test.

Global operating mode: Makes entire modul e operable.

Channel stop mode: Stops channel clock.

Channel reset mode: Performsinitial settings for channels.
Channel halt mode: Stops CAN communication and enables channel test.

Channel communication mode: Performs CAN communication.

Global Modes

Figure 36.2 shows the transitions of global modes.

CAN reset

GSLPR =0

)

Global stop mode

GMDC[1:0] = 00b

GSLPR =1

Global reset mode |

Lt

GSLPR, GMDCJ1:0]: Bits in the GCTRL register

" GMDC[L:0] = 01b

Global operating
mode

A

Global test mode

Figure 36.2

Transitions of Global Modes

Channel modes transition in some cases with transitions of global modes. Table 36.4 shows the transitions of channel
modes depending on the global mode setting by the GCTRL.GMDCJ 1:0] bits and the GSLPR bit.

Table 36.4

Bits)

Transitions of Channel Modes Depending on Global Mode Setting (GCTRL.GMDCJ[1:0] and GSLPR

Channel Mode before
Setting

Channel Mode after Setting

GMDCJ1:0] = 00b
GSLPR =0
(Global Operation)

GMDCI1:0] = 10b
GSLPR =0
(Global Test)

GMDC[1:0] = 01b
GSLPR =0
(Global Reset)

GMDCI1:0] = 01b
GSLPR=1
(Global Stop)

Channel communication

Channel communication

Channel communication

Channel reset

Transition prohibited

Channel halt

Channel halt

Channel halt

Channel reset

Transition prohibited

Channel reset

Channel reset

Channel reset

Channel reset

Channel stop

Channel stop

Channel stop

Channel stop

Channel stop

Channel stop
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Table 36.5 shows the global mode transition time.

Table 36.5 Global Mode Transition Time

Mode before Transition Mode after Transition Maximum Transition Time
Global stop Global reset 3 PCLK cycles

Global reset Global stop 3 PCLK cycles

Global reset Global test 10 PCLK cycles

Global reset Global operating 10 PCLK cycles

Global test Global reset 3 PCLK cycles

Global test Global operating 3 PCLK cycles

Global operating Global reset 3 PCLK cycles

Global operating Global test Two CAN frames

(1) Global Stop Mode

In global stop mode, clocks of the CAN do not run and therefore power consumption is reduced. CAN registers can be
read, but writing data to them is prohibited. Register values are retained.

After the operation of the CAN module is enabled, the CAN module transitions to global stop mode. Setting the
GCTRL.GSLPR hit to 1 (global stop mode) in global reset mode sets the CTRL.CSLPR hit to 1 (channel stop mode). If
all channelsareforcibly caused to transition to channel stop mode, the CAN module transitionsto global stop mode. The
GCTRL.GSLPR hit should not be modified in global operating mode and global test mode.

(2) Global Reset Mode

In global reset mode, CAN module settings are performed. When the CAN module transitionsto global reset mode, some
registersareinitialized. Table 36.8 and Table 36.9 list the registersto be initialized.

Setting the GCTRL.GMDCJ[ 1:0] bitsto 01b sets each of the CTRL.CHMDCJ[1:0] bits to 01b (channel reset mode). If all
channels are forcibly caused to transition to channel reset mode, the CAN module transitions to global reset mode.
Channelsthat are aready in channel reset mode or channel stop mode do not transition (because the
CTRL.CHMDCJ[1:0] hits have already been set to 01b).

(3) Global Test Mode

In global test mode, settings for test-related registers are performed. When the CAN module transitions to global test
mode, all CAN communications are disabled.

Setting the GCTRL.GMDC[1:0] hitsto 10b sets each of the CTRL.CHMDC[1:0] bits to 10b (channel halt mode). If all
channels are forcibly caused to transition to channel halt mode, the CAN module transitions to global test mode.
Channelsthat are in channel stop mode, channel reset mode, or channel halt mode do not transition.

(4) Global Operating Mode

In global operating mode, entire CAN modul e operates.
When the GCTRL.GMDCJ[ 1:0] bits are set to 00b, the CAN module transitions to global operating mode.
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36.3.2

Channel Modes

Figure 36.3 shows a channel mode state transition chart. Table 36.6 shows the channel mode transition time.

CAN reset
e N
Channel stop mode
NS /
A
CSLPR =0 CSLPR =1
A
4 N cHMDC[L0]=10b [~
>
Channel reset mode P Channel halt mode
~ CHMDC[1:0] = 01b
\ J (ol \

CHMDCI1:0] = 00b

7y 7'y
CHMDCI[1:0] = 01b CHMDCI[1:0] = 00b

s

-

A A
Channel communication mode \
Reception Transmission
BOSTS =0 — BOSTS =0
TRMSTS =0 < Arbitration lost TRMSTS =1
RECSTS =1 RECSTS =0
COMSTS =1 COMSTS =1
A A 11 consecutive
SOF recessive bits have been
detected ) detected 128 times
Reception ‘(\Q\?f (BOMI[1:0] bits are set
completed TEC > 255 to 00b) and transmission
v k start
Idle Bus off
BOSTS =0 BOSTS=1
TRMSTS =0 - —— TRMSTS =1
RECSTS =0 11 consecutive recessive bits RECSTS =0
COMSTS =1 have been detected 128 times COMSTS =1
(BOM[1:0] bits are set to 00b)

CHMDCI[1:0] = 10b™

CHMDCJ[1:0], CSLPR: Bits in the CTRL register
BOM[1:0]: Bits in the CTRH register
BOSTS, TRMSTS, RECSTS, COMSTS: Bits in the STSL register

Note 1. Timing of transition from bus off state to channel halt mode

* When BOM[1:0] = 01b: Transition to channel halt mode when TEC exceeds 255

* When BOM[1:0] = 10b: Transition to channel halt mode when 11 consecutive recessive bits have been detected 128 times
* When BOM[1:0] = 11b: Transition to channel halt mode when the CHMDC[1:0] bits are set to 10b
Note 2. While the CAN bus is locked at the dominant level, transition to channel halt mode is not made. In that case, enter channel reset mode.

Figure 36.3

Table 36.6

Channel Mode Transition Time

Channel Mode State Transition Chart

Mode before Transition

Mode after Transition

Maximum Transition Time

Channel stop

Channel reset

3 PCLK cycles

Channel reset

Channel stop

3 PCLK cycles

Channel reset

Channel halt

3 CAN bit times

Channel reset

Channel communication

2 CAN bit times

Channel halt

Channel reset

3 PCLK cycles

Channel halt

Channel communication

3 CAN bit times

Channel communication

Channel reset

3 PCLK cycles

Channel communication

Channel halt

2 CAN frames
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(1) Channel Stop Mode

In channel stop mode, clocks are not supplied to channels and therefore power consumption is reduced. CAN registers
can be read, but writing data to them is prohibited. Register values are retained.

Each channel enters channel stop mode after the operation of the CAN module is enabled. The channel transitions to
channel stop mode when the CTRL.CSLPR bit is set to 1 (channel stop mode) in channel reset mode.

The CSLPR bit should not be maodified in channel communication mode and channel halt mode.

(2) Channel Reset Mode

In channel reset mode, channel settings are performed. When a channel transitions to channel reset mode, some channel-
related registers are initialized. Table 36.8 liststhe registers to be initialized.

When the CTRL.CHMDC]J1:0] bits are set to 01b (channel reset mode) during CAN communication,

communication isterminated before it is completed and the channel transitions to channel reset mode. Table 36.7 shows
the operation when the CTRL.CHMDCJ[1:0] hits are set to 01b (channel reset mode) during CAN communication.

(3) Channel Halt Mode

In channel halt mode, settings for test-related registers of channels are performed. When a channel transitions to channel
halt mode, CAN communication of the channel stops.

Table 36.7 shows operation when the CTRL.CHMDCJ 1:0] bits are set to 10b (channel halt mode) during CAN
communication.

Table 36.7 Operation when a Channel Transitions to Channel Reset Mode/Channel Halt Mode

Mode During Reception During Transmission Bus Off State
Channel reset Transitions to channel reset Transitions to channel reset Transitions to channel reset mode before
(CHMDC[1:0] = 01b) mode before reception is mode before transmission is bus off recovery.
completed.*1 completed.*1
Channel halt*3 Transitions to channel halt Transitions to channel halt [When BOM[1:0] = 00b]
(CHMDC[1:0] =10b)  mode after reception is mode after transmission is Transitions to channel halt mode
completed.*2 completed.*2 (CHMDC[1:0] = 10b) only after bus off
recovery.

[When BOM[1:0] = 01b]

Transitions to channel halt mode
automatically when the condition for
transition to bus off state is met.
[When BOM[1:0] = 10b]

Transitions to channel halt mode
automatically after bus off recovery.
[When BOM[1:0] = 11b]

Transitions to channel halt mode
immediately after the CHMDCJ1:0] bits are
set to 10b before bus off recovery.

Note 1. To allow transition to channel reset mode after communication is completed, set the CHMDC[1:0] bits to 10b and confirm that
communication has been completed and transition to channel halt mode has been made, and then set the CHMDC[1:0] bits to
01b.

Note 2. While the CAN bus is locked at the dominant level, transition to channel halt mode is not made. In that case, enter channel reset
mode. The CAN bus status can be confirmed with the ERFLL.BLF flag that becomes 1 when dominant lock is detected.

Note 3. In case of a transition from channel reset mode to channel halt mode, transition to channel halt mode after setting the CFGL and
CFGH registers in channel reset mode.

(4) Channel Communication Mode
In channel communication mode, CAN communication is performed. Each channel has the following communication
states during CAN communication.

e |dle: Neither reception nor transmission isin progress.

¢ Reception: Receiving a message sent from another node.

e Transmission: Transmitting a message.
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e Busoff: Isolated from CAN communication.
When the CTRL.CHMDCJ[ 1:0] hits are set to 00b, the channel transitions to channel communication mode. After that,
when 11 consecutive recessive bits have been detected, the STSL.COMSTS flag becomes 1 (communication is ready)
and transmission and reception are enabled on the CAN network as an active node. At this time, transmission and
reception of messages can be started.

(5) Bus Off State

A channel transitionsto the bus off state according to the transmit/receive error counter increment/decrement rules of the
SO 11898-1 standard.
How to return from the bus off stateis set by the CTRH.BOM[1:0] hits.

e When CTRH.BOM[1:0] = 00b:
Bus off recovery is compliant with the ISO 11898-1 standard. After 11 consecutive recessive hits have been
detected 128 times, a channel returns from the bus off state to the CAN communication ready state (error active
state).
At that time, the STSH.TEC[7:0] and STSH.REC[7:0] flags are initialized to 00h and the ERFLL.BORF flag
becomes 1 (bus off recovery is detected). When the CTRL.CHMDCJ1:0] bits are set to 10b (channel halt mode) in
the bus off state, the channel transitions to channel halt mode after bus off recovery has been completed (11
consecutive recessive bits have been detected 128 times).

e When CTRH.BOM[1:0] = O1b:
When a channel transitions to the bus off state, the CTRL.CHMDC[1:0Q] bits are set to 10b and the channel
transitions to channel halt mode. At that time, the STSH.TEC[7:0] and STSH.REC[7:0] flags are initialized to 00h
but the ERFLL.BORF flag isnot set to 1.

e When CTRH.BOM[1:0] = 10b:
When a channel has transitioned to the bus off state, the CTRL.CHMDC[1:0] bits are set to 10b. After bus off
recovery has been completed (11 consecutive recessive bits have been detected 128 times), the channel transitions
to channel halt mode. At that time, the STSH.TEC[7:0] and STSH.REC[7:0] flags are initialized to 00h and the
ERFLL.BORF flag becomes 1.

e When CTRH.BOMJ[1:0] = 11b:
When the CHMDCJ 1:0] bits are set to 10b in the bus off state, the channel transitions to channel halt mode before
bus off recovery iscompleted. At that time, the STSH.TEC[7:0] and STSH.REC[7:0] flags are initialized to 00h but
the ERFLL.BORF flag isnot set to 1.
However, the BORF flag becomes 1 if a CAN module transitions to error active state (by detecting 128 times of 11
consecutive recessive bits) before the CTRL.CHMDC[1:0] bits are set to 10b.

If the channel transitions to channel halt mode simultaneously when the program writes a value to the
CTRL.CHMDCJ[1:0Q] bits, writing by the program takes precedence. An automatic transition to channel halt mode when
the CTRH.BOM[1:0] hits are set to 01b or 10b is made only when the CTRL.CHMDC[1:0] bits are 00b (channel
communication mode).

Furthermore, setting the CTRL.RTBO bit to 1 allows forcible return from the bus off state. As soon asthe CTRL.RTBO
bit is set to 1, the state changes to the error active state. After 11 consecutive recessive hits have been detected, the
condition of CAN module becomes ready for communication. In this case, the ERFLL.BORF flag is not set to 1 and the
STSH.TEC[7:0] and STSH.REC[7:0] flags are initialized to 00h. Write 1 to the CTRL.RTBO bit when the
CTRH.BOM[1:0] value is 00b.
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Table 36.8 Registers Initialized in Global Reset Mode or Channel Reset Mode

Register Bit/Flag

CTRL CHMDCJ[1:0]

CTRH CTMSJ[1:0], CTME

STSL CHLTSTS, EPSTS, BOSTS, TRMSTS, RECSTS, COMSTS

STSH REC[7:0], TEC[7:0]

ERFLL ADERR, BOERR, B1ERR, CERR, AERR, FERR, SERR, ALF, BLF, OVLF, BORF, BOEF, EPF, EWF, BEF

ERFLH CRCREG[14:0]

CFCCLO When transmit/receive FIFO buffer is in transmit mode: CFE

CFSTSO When transmit/receive FIFO buffer is in transmit mode: CFMC[5:0], CFTXIF, CFRXIF, CFMLT, CFFLL,
CFEMP

TMCp TMOM, TMTAR, TMTR

TMSTSp TMTARM, TMTRM, TMTRF[1:0], TMTSTS

TMTRSTS TMTRSTSp

TMTCSTS TMTCSTSp

TMTASTS TMTASTSp

THLCCO THLE

THLSTSO THLMCI3:0], THLIF, THLELT, THLFLL, THLEMP

GTINTSTS THIFO, CFTIFO, TAIFO, TSIFO

Table 36.9 Registers Initialized Only in Global Reset Mode

Register Bit/Flag

GSTS GHLTSTS

GERFLL THLES, MES, DEF

GTSC TS[15:0]

RMNDO RMNSnN

RFCCm RFE

RFSTSm RFMC[5:0], RFIF, RFMLT, RFFLL, RFEMP

CFCCLO When transmit/receive FIFO buffer is in receive mode: CFE

CFSTSO When transmit/receive FIFO buffer is in receive mode: CFMC[5:0], CFTXIF, CFRXIF, CFMLT, CFFLL,
CFEMP

RFMSTS RFmMMLT

CFMSTS CFOMLT

RFISTS RFmIF

CFISTS CFOIF

GTSTCFG RTMPS[2:0]

GTSTCTRL RTME
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36.4 Reception Function

There are two reception types.

¢ Reception by receive buffers:
Zeroto 16 receive buffers can be shared by all channels. Since messages stored in receive buffers are overwritten at
each reception, the latest receive data can always be read.

¢ Reception by receive FIFO buffers and transmit/receive FIFO buffers (receive mode):
Two receive FIFO buffers can be shared by all channels and one dedicated transmit/receive FIFO buffer is provided
for each channel. The FIFO buffers can hold the number of received messages set by the RFCCm.RFDC[2:0] bits
and CFCCLO0.CFDC[2:0] bits, and messages can be read sequentially from the oldest.

36.4.1 Data Processing Using the Receive Rule Table

Data processing using the receive rule tabl e all ows sel ected messages to be stored in the specified buffer. Data processing
includes acceptance filter processing, DL C filter processing, routing processing, label addition processing, and mirror
function processing.

Up to 16 receiverules can beregistered per channel. If receive rules are not set, no message can be received. Figure 36.4
illustrates how receive rules are registered.

Receive rule 0

Receive rule 1 Channel 0 receive rules 0 to j

i The value of RNCO[4:0] - 1

Receive rule j Boundary is determined by

/
47" the RNCO[4:0] bits

Receive rule 15

RNCO[4:0]: Bits in the GAFLCFG register

Figure 36.4 Entry of Receive Rules

Each receiverule consists of 12 bytesinthe GAFLIDLj, GAFLIDHj, GAFLMLj, GAFLMHj, GAFLPLj, and GAFLPH]j
registers. The GAFLIDLj and GAFLIDH;j registers are used to set ID, IDE bit, RTR bit, and the mirror function, the
GAFLML| and GAFLMH]j registers are used to set mask, the GAFLPL| and GAFLPH;j registers are used to set label
information to be added, DL C value, and storage receive buffer, and storage FIFO buffer.

(1) Acceptance Filter Processing

In the acceptance filter processing, the ID data, IDE bit, and RTR bit in areceived message are compared with the ID
data, IDE bit, and RTR bit set in the receive rule of the corresponding channel. When al these bits match, the message
passes through the acceptance filter processing. The ID data, IDE bit, and RTR bit in a received message which
correspond to bits that are set to O (bits are not compared) in the GAFLMLj and GAFLMH;j registers are not compared
and are regarded as matched.

Check begins with the receive rule with the smallest rule number of the corresponding channel. When all the bitsto be
compared in areceived message match the bits set in the receive rule or when al the receive rules are compared without
any match, filter processing stops. If there is no matching receive rule, the received message is not stored in the receive
buffer or FIFO buffer.
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ID value in Mask bit value
received message GAFLIDHj, GAFLIDL] GAFLMHj, GAFLML] 0: Bits are not compared.
(receive rule entry register JAH/AL) (receive rule entry register jBH/BL) 1: Bits are compared.
GAFL | GAFL GAFL | GAFL
IDE | RTR GAFLID IDEM |RTRM GAFLIDM
: Acceptance

] determination signal
>
H S
D)
"n/

GAFLIDE, GAFLRTR, GAFLID: Bits in the GAFLIDHj and GAFLIDLj registers
GAFLIDEM, GAFLRTRM, GAFLIDM: Mask bits in the GAFLMHj and GAFLML] registers

Acceptance determination signal

0: Does not pass the acceptance filter processing.
(Not stored in the buffer)

1: Passes the acceptance filter processing.

Figure 36.5 Acceptance Filter Function

(2) DLC Filter Processing

When the GCFGL.DCE bitissetto 1 (DLC check is enabled), DLC filter processing is added to messages that passed
through the acceptance filter processing. When the DLC value in amessage is equal to or larger

than the DLC value set in the receive rule, the message passes through the DLC filter processing.

When a message has passed through the DL C filter processing with the GCFGL.DRE bit set to O (DLC replacement is
disabled), the DLC value in the received message is stored in the buffer. In this case, all the data bytesin the received
message are stored in the buffer.

When a message has passed through the DL C filter processing with the GCFGL.DRE bit set to 1 (DLC replacement is
enabled), the DLC value in the receive ruleis stored in the buffer instead of the DLC value in the received message. In
this case, avalue of 00h iswritten to data bytes that are larger than the DLC value in the receiverule.

When the DLC value in the received message is smaller than that in the receive rule, the message does not pass through
the DL C filter processing. In this case, the message is not stored in the receive buffer or the FIFO buffer and the
GERFLL .DEF flag becomes 1 (aDLC error is present).

(3) Routing Processing

M essages that passed through the acceptance filter processing and the DL C filter processing are stored in receive
buffers, receive FIFO buffers, or transmit/receive FIFO buffers (set to receive mode). Message storage destination is set
by the GAFLPLj.GAFLRMV, GAFLRMDP[6:0], GAFLFDP4, GAFLFDP1, and GAFLFDPO bits. Messages that passed
through the acceptance filter processing and the DL C filter processing can be stored in up to two buffers.

(4) Label Addition Processing

It ispossible to add 12-hit label information to messages that passed through the filter processing and storethem in
buffers. This label information is set in the GAFLPHj.GAFLPTR[11:0] bits.

(5) Mirror Function Processing

The mirror function allows reception of messages transmitted from the own CAN node. The mirror function is made
available by setting the GCFGL.MME bit to 1 (mirror function is enabled).

When the mirror function isin use, receive rules for which the GAFLIDHj.GAFLLB bit is set to 0 are used for data
processing when receiving messages transmitted from other CAN nodes. When receiving messages transmitted

from the own CAN node, receive rules for which the GAFLIDHj.GAFLLB bit is set to 1 are used for data processing.
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36.4.2 Timestamp

The timestamp counter is a 16-bit free-running counter used for recording message receive time. The timestamp
counter value is fetched at the start-of-frame (SOF) timing of a message and is then stored in areceive buffer or aFIFO
buffer together with the message |D and data. PCLK or the CAN bit time clock is selectable as a timestamp counter clock
source from the GCFGL.TSSS bit. The clock obtained by dividing the selected clock source by the GCFGL.TSP[3:0]
value is used as the timestamp counter count source.

When the CAN bit time clock is used as a clock source, the timestamp counter stops when the corresponding channel
transitions to channel reset mode or channel halt mode. When PCLK is used as a clock source, the timestamp function is
not affected by channel mode.

The timestamp counter value is reset to 0000h by setting the GCTRH.TSRST hit to 1.

TSSSbit  TSP[3:0] bits

0 )
PCLK o~ ] — Timestamp counter
CAN bit time clock 1 m (16 bits)

TSSS, TSP[3:0]: Bits in the GCFGL register

Figure 36.6 Timestamp Function Block Diagram
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36.5 Transmission Functions

There are two types of transmission.
e Transmission using transmit buffers:
Each channel has 4 buffers.
e Transmission using transmit/receive FIFO buffers (transmit mode):
Each channel has one FIFO buffer. Up to 16 messages can be contained in asingle FIFO buffer. Each FIFO buffer
isused with alink to atransmit buffer. Only the message to be transmitted next in a FIFO buffer becomes the target
of transmit priority determination. Messages are transmitted sequentially on afirst-in, first-out basis.

Figure 36.7 shows the allocation of transmit/receive FIFO buffer link.

Transmit buffer 0 Transmit buffer 0
Transmit buffer 1 Transmit/receive FIFO buffer 0
Transmit buffer 2 Transmit buffer 2
Transmit buffer 3 Transmit buffer 3
Only transmit buffers are used Transmit buffers and a transmit'receive FIFO buffer are used

(The transmit/receive FIFO buffer is linked to transmit buffer 1)

Figure 36.7 Allocation of Transmit/Receive FIFO Buffer Links

36.5.1 Transmit Priority Determination

If transmit requests are issued from multiple buffersin the same channel, transmit priority is determined.
The priority is determined by using one of the following methods.

e |D priority (GCFGL.TPRI bit = 0)

e Transmit buffer number priority (GCFGL.TPRI bit = 1)
The setting of the GCFGL.TPRI bit isenabled in all CAN channels.
When the GCFGL.TPRI bit is set to 0, messages are transmitted according to the priority of stored message IDs. Priority
of IDs conformsto the CAN bus arbitration specification defined in the 1ISO 11898-1 standard. |Ds of messages stored in
transmit buffers and transmit/receive FIFO buffers (set to transmit mode) are targets of priority determination. When
transmit/receive FIFO buffers are used, the oldest message in a FIFO buffer becomes the target of priority determination.
When amessage is being transmitted from atransmit/receive FIFO buffer, the next message in the FIFO buffer becomes
the target of priority determination. When the GCFGL.TPRI bit is set to 1, the message in the transmit buffer of the
minimum number among buffers with a transmit request is transmitted first. When transmit/receive FIFO buffers are
linked to transmit buffers, transmit priority is determined according to linked transmit buffer numbers.
When messages are retransmitted due to an arbitration lost or an error, transmit priority determination is made again
regardless of the GCFGL.TPRI bit setting.
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36.5.2 Transmission Using Transmit Buffers

Setting the transmit request bit (TMCp. TMTR bit) in atransmit buffer to 1 (transmission is requested) allows
transmission of data frames or remote frames.

Transmit result is shown by the corresponding TMSTSp. TMTRF[1:0] flags. When transmit completes successfully, the
TMSTSp.TMTRF[1:0] flags become 10b (transmission has been completed (without transmit abort request)) or 11b
(transmission has been completed (with transmit abort request)).

(1) Transmit Abort Function

With respect to transmit buffers for which the TMSTSp. TMTRM flag is 1 (atransmit request is present), when the
TMCp.TMTAR bit is set to 1 (transmit abort is requested), the transmit request is canceled. When transmit abort is
completed, the TMSTSp. TMTRF 1.0] flags become 01b (transmit abort has been completed) and the transmit request is
canceled (the TMSTSp.TMTRM flag becomes 0).

A message that is being transmitted or a message to be transmitted next according to the transmit priority determination
cannot be aborted. However, when an arbitration lost or an error has occurred while a message for which the
TMCp.TMTAR bitisset to 1 is being transmitted, retransmission is not performed.

(2) One-Shot Transmission Function (Retransmission Disabling Function)

When the TMCp.TMOM bhit is set to 1 (one-shot transmission is enabled), transmission is performed only once. Even if
an arbitration lost or an error occurs, retransmission is not performed.

One-shot transmit result is shown by the corresponding TMSTSp. TM TR 1:0] flags. When one-shot transmit completes
successfully, the TMSTSp.TMTRF[1:0] flags become 10b or 11b. When an arbitration lost or an error has occurred, the
TMSTSp. TMTRF[1:0] flags become 01b (transmit abort has been completed).

36.5.3 Transmission Using FIFO Buffers

Messages of avolume of the FIFO buffer depth set by the CFCCLO0.CFDC[2:0] bits can be stored in a single transmit/
receive FIFO buffer. Messages are transmitted sequentially on afirst-in, first-out basis.
Transmit/receive FIFO buffers are linked to transmit buffers selected by the CFCCHO.CFTML[1:0] bits.
When the CFCCLO.CFE bit is set to 1 (transmit/receive FIFO buffers are used), transmit/receive FIFO buffers become
targets of transmit priority determination. Priority determination is made for only the message to be transmitted next in a
FIFO buffer.
When the CFCCL0.CFE bit is set to O (no transmit/receive FIFO buffer is used), the CFSTS0.CFEMP flag becomes 1
(the transmit/receive FIFO buffer contains no message (buffer empty)) at the timing bel ow.

e Thetransmit/receive FIFO buffer becomes empty immediately when the message in it is not being transmitted or is

not to be transmitted next.

e The transmit/receive FIFO buffer becomes empty after transmission completion, CAN bus error detection, or
arbitration lost when the message in it is being transmitted or to be transmitted next.
When the CFCCLO.CFE bit is set to 0, all messages in transmit/receive FIFO buffers are lost and messages cannot be
stored in FIFO buffers. Confirm that the CFSTS0.CFEM P flag becomes 1 before setting the CFCCLO0.CFE bit to 1 again.

(1) Interval Transmission Function

To transmit messages from the same FIFO buffer while atransmit/receive FIFO buffer that is set to transmit modeisin
use, message transmission interval time can be set.

Immediately after the first message has been transmitted successfully from the FIFO buffer with the CFCCLO.CFE hit
set to 1, theinterval timer starts counting (after EOF7 of the CAN protocol). After that, when the interval time has
passed, the next message is transmitted. The interval timer stopsin channel reset mode or by setting the CFCCLO0.CFE
bit to 0.

Theinterval timeis set by the CFCCHO.CHITT[7:0] bits. When the interval timer is not used, set the
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CFCCHO.CHITT[7:0] bitsto 00h.

Select aninterval timer count source by the CFCCHO.CFI TR and CFITSS bits. When the CFCCHO.CFITR and CFITSS
bits are set to 00b, the clock obtained by frequency-dividing PCLK by the GCFGH.I TRCP[15:0] value is used as a count
source. When the CFCCHO.CFITR and CFITSS bits are set to 10b, the clock obtained by frequency-dividing PCLK by
the GCFGH.ITRCP[15:0] value x 10 is used as a count source. When the CFCCHO.CFITR and CFITSS bits are set to
x1b, the CAN bit time clock is used as a count source.

Theinterval timeis calculated by the following equations where M isthe set GCFGH.ITRCP[15:0] value and N isthe set
CFCCHO.CFITT[7:0] value.

e When CFCCHO.CFITR and CFITSS = 00b

1
poLk *MxN

e When CFCCHO.CFITR and CFITSS = 10b

PCLKXMXlOXN

e When CFCCHO.CFITR and CFITSS = x1b
(FCANBIT is CAN bit time clock frequency)

1

icanar <N

Figure 36.8 showsthe interval timer block diagram.

ITRCP[15:0] \W / CFITR, CFITSS CFITT[7:0] \
PCLK—‘ Prescaler 00b Interval timer g
J ) \(Setting range: 0 to 255) =
x1b Count enable signal
CAN bit time clock
- J
ITRCP[15:0]: Bits in the GCFGH register
CFITR, CFITSS, CFITT[7:0]: Bits in the CFCCHO register
Figure 36.8 Interval Timer Block Diagram
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Figure 36.9 showstheinterval timer timing chart.

ITRCP[15:0]: Bits in the GCFGH register (The set value is 500 in this figure.)
CFITT[7:0]: Bits in the CFCCHO register (The set value is 10 in this figure.)

) EOF INT
Low it i I I '
ACK P :
Prescaler of
ITROP[15:0] | 499--0 | 499 -0 | 499-+-0 | 499---0 | [ [499"»0 | 4990 | 499-+-0 | 499 -0
] 1 ) )
. 1 ' : :
Transmit complete 0 | 1 1
. L 1 1 1
signal ' I ) '
) 1 | :
Count enable signal 0 i !
] ] \ ] '
Interval timer | 0 10 9 | 8 | ’ ’ | 1 0 |
. L ’
FIFO transmit request 0 ! ! Transmit priority determination
: : ' and internal_ processing
@D @ 3) ()]
Interval time (logical value) = PClLK x m (ITRCP[15:0] value) x CFITT[7:0] value

Figure 36.9 Interval Timer Timing Chart

(1) Theinterval timer starts counting upon completion of transmission. Since the prescaler isnot initialized at the time
of transmission completion, the first interval time contains an error of up to one count of the interval timer.

(2) Theinterval timer is decremented by the next count enable signal.

(3) When the interval timer has decreased to 0, the transmit/receive FIFO buffer issues a transmit request.

(4) The transmit/receive FIFO buffer is determined for the next transmission by the priority determination, it starts
transmitting data. Transmission starts with adelay of three CAN hit time clock cycles or less from the issue of

transmit request.
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36.5.4 Transmit History Function

Information of transmitted messages can be stored in the transmit history buffer. Each channel has a single transmit
history buffer that can contain 8 sets of transmit history data.
A message transmit source buffer type can be selected by the THLCCO.THLDTE bit. Whether to store transmit history
data for each message can be set by the CFIDHO.THLEN bit.
After transmit completes successfully, information of the following transmit messages is stored in the transmit history
buffer as transmit history data. After successful completion of transmit, process may be delayed by up to 38 clocks of
PCLK before the transmit history datais stored.
e Buffertype  01b: Transmit buffer
10b: Transmit/receive FIFO buffer
e Buffer number Number of source transmit buffer or transmit/receive FIFO buffer.
This number depends on buffer types. See Table 36.10.

e Label data Label information of transmit message

Table 36.10 Transmit History Data Buffer Numbers

Buffer Type

Buffer Number 01b 10b
00b Transmit buffer 0 Numbers of transmit buffers linked to transmit/receive FIFO buffers by
01b Transmit buffer 1 the CFCCHO.CFTML][1:0] bits.
10b Transmit buffer 2
11b Transmit buffer 3

Label dataisused to identify each message. A unique label data can be added to each message transmitted from a
transmit buffer or transmit/receive FIFO buffer.

Transmit history data can be read from the THLACCO register. If it is attempted to store new transmit history datawhile
the buffer isfull, the buffer overflows and the new data is discarded.
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36.6 Test Function

Thetest function is classified into communication tests and global tests.
Communication tests: Performed for each channel.

Standard test mode
Listen-only mode
Self-test mode O (external loopback mode)

Self-test mode 1 (internal 1oopback mode)
Global tests: Performed in entire module

RAM test (read/write test)

36.6.1 Standard Test Mode
Standard test mode allows CRC test.

36.6.2 Listen-Only Mode

Listen-only mode allows reception of data frames and remote frames. Only recessive bits are transmitted on the CAN
bus, and the ACK bit, overload flag, and active error flag are not transmitted. Listen-only mode is available for detecting
the communi cation speed.

Do not make a transmit request from any buffer in listen-only mode.
Figure 36.10 shows the connection when listen-only mode is selected.

CTXDO CRXDO

Recessive level

A\ 4

J
CTXDO CRXDO
(intt‘arnal) (internal)

\

Transmits the ACK bit, overload flag,

and active error flag.

Figure 36.10  Connection When Listen-Only Mode is Selected
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36.6.3 Self-Test Mode (Loopback Mode)

In self-test mode, transmitted messages are compared with the receive rule of the own channel and the messages are
stored in abuffer if they have passed through the filter processing. M essages transmitted from other CAN nodes are
compared only with the receive rule for which the GAFLIDHj.GAFLLB bit is set to 0 (when amessage transmitted from
another CAN node is received).

If the mirror function and self-test mode are both enabled, the self-test mode setting takes precedence.

(1) Self-Test Mode 0 (External Loopback Mode)

Self-test mode O is used to perform aloopback test within a channel including the CAN transceiver.

In self-test mode 0, transmitted messages are handled as messages received through the CAN transceiver and are stored
in abuffer. An ACK hit is generated to receive messages transmitted from the own CAN node.

Figure 36.11 shows the connection when self-test mode O is selected.

CAN transceiver

A
ctxoof CRXDO

ACK

>
CTXDO CRXDO
(internal) (internal)

Figure 36.11  Connection When Self-Test Mode 0 is Selected

(2) Self-Test Mode 1 (Internal Loopback Mode)

In self-test mode 1, transmitted messages are handled as received messages and are stored in a buffer. An ACK bitis
generated to receive messages transmitted from the own CAN node.

In self-test mode 1, internal feedback from the internal CTXDO pin to theinternal CRXDO pinis performed. The external
CRXDO pin input isisolated. The external CTXDO pin outputs only recessive hits.

Figure 36.12 shows the connection when self-test mode 1 is selected.

CTXDO CRXDO

|
Recessive level

ACK
CTXDO CRXDO
(internal) (internal)

Figure 36.12  Connection When Self-Test Mode 1 is Selected

36.6.4 RAM Test

The RAM test function allows accessesto all CAN RAM addresses.

When the RAM test function is used, the RAM is divided into pages of 256 bytes each. RAM test page is set by the
GTSTCFG.RTMPS[2:0] hits. Data in the set page can be read from and written to the RPGACCr register. The available
total RAM size is 544 bytes (0220h).
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36.7 Interrupt

The CAN module has 5 interrupts that are grouped into global interrupts and channel interrupts.

Global interrupts (2 interrupts):
e Global receive FIFO interrupt (RXFINT)
e Global error interrupt (GLERRINT)
Channel interrupts (3 interrupts per channel):
e Channel transmit interrupt (TXINT)
- Transmit complete interrupt
- Transmit abort interrupt
- Transmit/receive FIFO transmit complete interrupt (transmit mode)
- Transmit history interrupt
e Transmit/receive FIFO receive interrupt (COMFRXINT)
e Channel error interrupt (CHERRINT)

When an interrupt request is generated, the corresponding CAN module interrupt request flag becomes 1 (interrupt
request present). In that case, when the interrupt enable bit is set to 1 (enabling interrupts), an interrupt request is output
from the CAN module. (Generation of interrupts also is controlled by the interrupt function.)

Setting the interrupt request flag to 0 (no interrupt request present) or setting the interrupt enable bit to 0 (disabling
interrupts) clears the current interrupt request. The next interrupt request is not generated until the interrupt request is
cleared.

For details on the setting of the interrupt functions, refer to section 15, Interrupt Controller (ICUDb).
In the following pages, Table 36.11 lists the CAN interrupt sources, Figure 36.13 showsthe CAN global interrupt
block diagram, and Figure 36.14 shows the CAN channel interrupt block diagram.
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Table 36.11  List of CAN Interrupt Sources
Corresponding Interrupt Request Corresponding Interrupt Enable Bit
Item Interrupt Source Flag*! *1
Global Global receive Receive FIFO 0 RFSTSO.RFIF RFCCO.RFIE
interrupts FIFO Receive FIFO1  RFSTSLRFIF RFCCLRFIE
Global error GERFLL.DEF GCTRL.DEIE
GERFLL.MES GCTRL.MEIE
GERFLL.THLES GCTRL.THLEIE
Channel Channel Transmit complete  TMSTSp.TMTRF[1:0] TMIEC.TMIEp
interrupts transmit Transmit abort TMSTSp. TMTRF[L:0] CTRH.TAIE

Transmit/receive
FIFO transmit

CFSTSO0.CFTXIF

CFCCLO.CFTXIE

Transmit history

THLSTSO.THLIF

THLCCO.THLIE

Transmit/receive FIFO receive

CFSTSO0.CFRXIF

CFCCLO.CFRXIE

Channel error ERFLL.BEF CTRL.BEIE
ERFLL.ALF CTRL.ALIE
ERFLL.BLF CTRL.BLIE
ERFLL.OVLF CTRL.OLIE
ERFLL.BORF CTRL.BORIE
ERFLL.BOEF CTRL.BOEIE
ERFLL.EPF CTRL.EPIE
ERFLL.EWF CTRL.EWIE

Wakeup None None

Note 1. For details on the interrupt request flags and interrupt enable bits, refer to section 15, Interrupt Controller (ICUb).

RFSTSO0.RFIF

RFCCO.RFIE
RFESTS1.RFIF

RFCC1.RFIE
GERFLL.DEF

GCTRL.DEIE
CFSTS0.CFMLT

RFESTSm.REMLT

GERFLL.MES

THLSTSO.THLELT

GCTRL.MEIE

GERFLL.THLES
GCTRL.THLEIE

Global receive FIFO interrupt request

Global error interrupt request

Figure 36.13

CAN Global Interrupt Block Diagram
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CESTSO0.CFRXIF

CFCCLO.CFRXIE

TMIEC.TMIEp

TMSTSp.TMTRFO
TMSTSp.TMTRF1 |—<

CTRH.TAIE

CESTS0.CFTXIF
CFCCLO.CFTXIE

THLSTSO.THLIF

THLCCO.THLIE
ERFLL.BEF

CTRL.BEIE

ERFLL.EWF
CTRL.EWIE

Transmit/receive FIFO receive interrupt

Channel transmit interrupt

Channel error interrupt

Figure 36.14

CAN Channel Interrupt Block Diagram
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36.8 RAM Window

The CAN area from 000A 83A0h to 000A 8681h consists of two windows. The GRWCR.RPAGE bit is used to switch

the allocation of registers.

¢ Registers allocated when the GRWCR.RPAGE bhit is set to 0 (window O selected)
Receive rule entry registers. GAFLIDLj, GAFLIDHj, GAFLMLj, GAFLMHj, GAFLPL], GAFLPH;j

RAM test registers: RPGACCr

e Registers allocated when the GRWCR.RPAGE bit is set to 1 (window 1 selected)
Receive buffer registers: RMIDLn, RMIDHn, RMTSn, RMPTRn, RMDFOn to RMDF3n

Receive FIFO access registers: RFIDLm, RFIDHmM, RFTSm, RFPTRm, RFDFOm to RFDF3m

Transmit/receive FIFO access registers: CFIDLO, CFIDHO, CFTS0, CFPTRO, CFDF00 to CFDF30
Transmit buffer registers: TMIDLp, TMIDHp, TMPTRp, TMDFOp to TMDF3p
Transmit history buffer accessregister: THLACCO

<

Internal peripheral bus

)

RAM window select bit

Window 0

Window 1

Receive rule
entry registers

RAM test registers

Receive buffer
registers

Receive FIFO
access registers

Transmit/receive
FIFO access registers

Transmit buffer
registers

Transmit history
buffer access register

Figure 36.15 RAM Window
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36.9 Initial Settings

The CAN module initializes the CAN RAM after the operation of the CAN module is enabled. The RAM initialization
timeis 276 cycles of PCLK. The GSTS.GRAMINIT flag becomes 1 (CAN RAM initialization is ongoing) during the
RAM initialization and becomes 0 (CAN RAM initialization is finished) when the initialization is completed. Make

CAN settings after the GSTS.GRAMINIT flag becomes 0.

Figure 36.16 showsthe CAN setting procedure after the operation of the CAN module is enabled.

( Start )

Is the GSTS.GRAMINIT flag 0?

Transition from global stop mode to
global reset mode
(Set the GCTRL.GSLPR bit to 0)

Transition from channel stop mode to
channel reset mode
(Set the CTRL.CSLPR bit to 0)

Setting of GCFGH and GCFGL registers

| Setting of CFGH and CFGL registers |

Receive rule setting

| Buffer setting |

| GCTRL register setting |

| CTRL register setting |

| Interrupt setting |

| Transition to global operating mode™ |

l¢
<

s transition to
global operating mode
completed?™

Is transition to
channel communication mode
completed?? 3

Yes

( End )

Note 2.
Note 3.

time, transmission and reception of messages can be started.

| GAFLCFG register,
| | GAFLIDLj, GAFLIDHj, GAFLMLj, GAFLMH;j, and
| GAFLPLj, GAFLPHj register

Receive buffer, receive FIFO buffer, transmit/receive
FIFO buffer, transmit buffer, transmit history buffer

Global interrupt
Channel interrupt, bus off recovery, error indication

Interrupt control registers of interrupt controller

Note 1. When global mode is changed by the GCTRL.GSLPR and GMDCJ1:0] bits, use the GSTS register to confirm that the mode is switched.
Do not modify the GCTRL.GMDCJ[1:0] bits until the mode is switched.

When channel mode is changed by the CTRL.CSLPR and CHMDC]J1:0] bits, use the STSL register to confirm that the mode is switched.
Do not modify the CTRL.CHMDC]J1:0] bits until the mode is switched.

After the channel transitions to channel communication mode, when 11 consecutive recessive bits have been detected, communication is
ready (the STSL.COMSTS flag becomes 1) and transmission and reception are enabled on the CAN network as an active node. At this

« Clock

« Bit timing

« Communication speed
* Timestamp

« Mirror function

« DLC filter

« Transmit priority

Figure 36.16

CAN Setting Procedure after the Operation of the CAN Module is Enabled
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36.9.1 Clock Setting

Set the CAN clock source (fCAN) as a clock source of the CAN module. Select PCLK or CANMCLK with the
GCFGL.DCS hit.

36.9.2 Bit Timing Setting

In the CAN protocol, one bit of a communication frame consists of three segments, SS, TSEG1, and TSEG2. Two of the
segments, TSEG1 and TSEG2, can be set by the CFGH register for each channel. Sample point timing can be determined
by setting two segments. This timing can be adjusted in units of 1 Time Quantum (referred to as Tq hereinafter). 1 Tq
equalsto one CAN Tq clock cycle. The CAN Tq clock is obtained by selecting the clock source with the GCFGL.DCS
bit and selecting the clock division ratio with the CFGL.BRP[9:0] bits.

Figure 36.17 shows the bit timing chart. Table 36.12 shows an example of bit timing setting.

Sample point (80%)

SS TSEG1 TSEG2

SIW ' SJw

80%

A

Sample point
SS =1 Tq fixed
Set TSEG1 to a range of 4 Tq to 16 Tq.
Set TSEG2 to arange of 2 Tq to 8 Tq.
Set SJW to arange of 1 Tq to 4 Tq.
Set SS + TSEG1 + TSEG2 to a range of 8 Tq to 25 Tq.
TSEG1 > TSEG2 > SIW

* SS (synchronization segment):
The SS is a segment that performs synchronization by monitoring the edge from recessive to dominant bits in the
Interframe Space.
Interframe Space consists of Intermission, Suspend Transmission, and Bus Idle. All nodes can start transmission during
Bus Idle.

* TSEG1 (time segment 1):
TSEGL1 is a segment that absorbs physical delay on the CAN network. The physical delay on the CAN network is twice
of the total of the delay on the CAN bus, the delay in the input comparator, and the delay in the output driver.

* TSEG2 (time segment 2):
TSEG2 is a segment that compensates phase error due to an error in frequency .

* SJW (resynchronization jump width)
The SJW is a length to extend or reduce time segment to compensate an error in phase due to phase error .

Figure 36.17  Bit Timing Chart

Table 36.12 Example of Bit Timing Setting

Set Value (Tq) Sample Point (%)
1 Bit SS TSEG1 TSEG2 SIW Note: See Figure 36.17
8Tq 1 4 3 1 62.50
1 5 2 1 75.00
10 Tq 1 6 3 1 70.00
1 7 2 1 80.00
16 Tq 1 10 5 1 68.75
1 11 4 1 75.00
20Tq 1 13 6 1 70.00
1 15 4 3 80.00
24 Tq 1 15 8 1 66.67
1 16 7 1 70.83
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36.9.3 Communication Speed Setting

Set the CAN communication speed for each channel using the fCAN, baud rate prescaler division value
(CFGL.BRP[9:0] hits), and Tq count per bit time.
Figure 36.18 showsthe CAN clock control block diagram, and Table 36.13 shows an example of the communication

Speed setting.

Communication speed =

9 fCANTQ

BRP[9:0]
0
PCLK -0\ fCAN Baud rate prescaler
CANMCLK —— 105 V(P +1)
DCS P =0to0 1023
fCAN

Baud rate prescaler division value x (Tq count of 1 bit time)

DCS: Bit in the GCFGL register
BRP[9:0]: Bits in the CFGL register
fCAN: CAN clock

fCANTQ: CANT(q clock

Figure 36.18  CAN Clock Control Block Diagram

Table 36.13 Example of Communication Speed Setting

fCAN

Communication Speed 16 MHz 8 MHz

1 Mbps 8Tq(2) 8Tq (1)
16 Tq (1)

500 kbps 8Tq (4) 8Tq (2)
16 Tq (2) 16 Tq (1)

250 kbps 8Tq (8) 8Tq (4)
16 Tq (4) 16 Tq (2)

83.3 kbps 8Tq (24) 8Tq (12)
16 Tq (12) 16 Tq (6)

33.3 kbps 8 Tq (60) 8 Tq (30)
10 Tq (48) 10 Tq (24)
16 Tq (30) 16 Tq (15)
20 Tq (24) 20 Tq (12)

Note:  Values in () are baud rate prescaler division values.
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36.9.4 Receive Rule Setting

Receive rules can be set using receive rule-related registers.
Up to 16 receive rules can be registered.
Figure 36.19 shows the receive rule setting procedure.

C | )

Set the number of receive rules by the
GAFLCFG.RNCO[4:0] bits.

Switch to window O for access to
receive rules
(Set the GRWCR.RPAGE bit to 0.)

i
hl

Set receive rules by the
GAFLIDLj, GAFLIDHj, GAFLML],
GAFLMHj, GAFLPLj, and GAFLPHj
registers.

Has setting for all rules
to be used been completed?

Switch to window 1
(Set the GRWCR.RPAGE bitto 1.)

=

Figure 36.19  Receive Rule Setting Procedure
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36.9.5 Buffer Setting

Set sizes and interrupt sources of buffers. For transmit/receive FIFO buffers that are set to transmit mode, set transmit

buffers to be linked.

Figure 36.20 shows the buffer configuration. Figure 36.21 shows the buffer setting procedure.

Receive buffer 0

Receive buffers

Maximum 16 buffers 4

Receive buffer n

Receive FIFO 0

- Receive FIFO buffers
Receive FIFO 1

Transmit/receive FIFO 0 }Transmit/receive FIFO buffer

2lg

Transmit buffer 0

4 buffers fixed <

Transmit buffers

Transmit buffer 3

Note: Receive buffers, receive FIFO buffers, transmit/receive FIFO buffer, and transmit buffers are located in succession.

Figure 36.20  Buffer Configuration

Start

C )

Set receive buffer (the RMNB register)

« Set the number of receive buffers (0 to 16) by the NRXMB[4:0] bits.

Set receive FIFO buffer
(the RFCCm register)

« Select interrupt request timing by the RFIGCV/[2:0] bits.
« Select an interrupt source by the RFIM bit.

« Set the FIFO buffer depth by the RFDC[2:0] bits.

Set transmit/receive FIFO buffer
(the CFCCHO and CFCCLO registers)

« Set the number of transmit buffer to be linked by the CFTML[1:0] bits.
« Select an interval timer count source by the CFITR and CFITSS bits.
« Select a mode by the CFM[1:0] bits.

« Select receive interrupt request timing by the CFIGCV[2:0] bits.

« Select an interrupt source by the CFIM bit.

« Set the FIFO buffer depth by the CFDCJ[2:0] bits.

Set transmit history buffer
(the THLCCO register)

« Select a message transmit source buffer type by the THLDTE bit.
« Select an interrupt source by the THLIM bit.

Enable interrupt of buffer to be used

« Enable receive FIFO interrupts by the RFCCm.RFIE bit.

« Enable transmit/receive FIFO transmit interrupts by the CFCCLO.CFTXIE bit.
« Enable transmit/receive FIFO receive interrupts by the CFCCL0.CFRXIE bit.
« Enable transmit abort interrupts by the CTRH.TAIE bit.

« Enable transmit complete interrupts by the TMIEC.TMIEp bit.

« Enable transmit history interrupts by the THLCCO.THLIE bit.

End

C )

Figure 36.21  Buffer Setting Procedure
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36.10 Reception Procedure

36.10.1 Receive Buffer Reading Procedure

When the processing to store received messages in areceive buffer starts, the RMNDO.RMNSh flag becomes 1 (receive
buffer n contains a new message). Messages can be read from the RMIDLn, RMIDHn, RMTSn, RMPTRn, and
RMDFOn to RMDF3n registers. If the next message has been received before the current message is read from the
receive buffer, the message is overwritten. Figure 36.22 shows the receive buffer reading procedure.

=

Has a new message been received?
(Is the RMNDO.RMNSn flag 17?)

Yes
d

| Set the RMNDO.RMNSn to 0

Read messages when the Read messages from registers RMIDHn, RMIDLn,
GRWCR.RPAGE bit is set to 1. RMPTRnN, RMTSn, and RMDFOn to RMDF3n.

Are all RMNDO.RMNSn flags 0?

Yes

A

= O

Figure 36.22  Receive Buffer Reading Procedure
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High o Control , . delimiter __EOF INT 1D, Control EOF INT
CAN bus | g\||\3_ |_|||_B\| |\3|_||
Low ) r el ))e | R i, :d Pli o)) I RN
SOF ACK iSOF ACK H
> P > > S ]
Acceptance Routing and storage Acceptance Routing and storage
filter processing processing filter processing processing
1 . H
RMNSh flag gg gg SS SS l
0 7 4 T
(6)) 2 O 4) ® / ®

Cleared by the program
RMNSnR: Flag in the RMNDO register

Figure 36.23 Receive Buffer Reception Timing Chart

(1) When the ID field in a message has been received, the acceptance filter processing starts.

(2) When the message matches the receive rule of the corresponding channel and the message has been successfully
received, the routing processing to transfer the message to the specified buffer starts. When the GCFGL.DCE bit is
setto 1 (DLC check is enabled), the DLC filter processing starts at thistime.

(3) When the message has passed through the DL C filter processing, the processing to store the message in the
specified receive buffer starts.

When the message storage processing starts, the corresponding RMNDO.RMNSh flag becomes 1 (receive buffer
contains a new message). If other channels are performing filter processing or transmit priority determination
processing, the routing processing and the storage processing may be delayed.

(4) When the ID field of the next message has been received, the acceptance filter processing starts.

(50 When the message matches the receive rule of the corresponding channel and the message has been successfully
received, the routing processing to transfer the message to the specified buffer starts. When the GCFGL.DCE hit is
setto 1 (DLC check is enabled), the DLC filter processing starts at thistime.

(6) When the corresponding RMNDO.RMNSh flag becomes O (receive buffer contains no new message), this flag
becomes 1 again when the message storage processing starts. Even if the RMNDO.RMNSh flag remains 1, a new
message is overwritten to the receive buffer. The RMNDO.RMNSh flag should not be set to 0 during storage of
messages.
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36.10.2  FIFO Buffer Reading Procedure

When received messages have been stored in one or more receive FIFO buffers or atransmit/receive FIFO buffer that is
set to receive mode, the corresponding message count display counter (RFSTSm.RFMC[5:0] flags or
CFSTS0.CFMC[5:0] flags) isincremented. At this time, when the RFCCm.RFIE bit (receive FIFO interrupt is enabled)
or the CFCCLO.CFRXIE hit (transmit/receive FIFO receive interrupt is enabled) is set to 1, an interrupt request is
generated. Received messages can be read from the RFIDLm, RFIDHm, RFTSm, RFPTRm, and RFDFOm to RFDF3m
registers (receive FIFO buffers) or the CFIDLO, CFIDHO, CFTS0, CFPTRO, and CFDF00 to CFDF30 registers (transmit/
receive FIFO buffers). Messagesin FIFO buffers can be read sequentially on afirst-in, first-out basis.

When the message count display counter value matches the FIFO buffer depth (a value set by the RFCCm.RFDC[2:0]
bits or the CFCCLO0.CFDC[2:0] bits), the RFFLL or CFFLL flag becomes 1 (the receive FIFO buffer isfull).

When all messages have been read out of the FIFO buffer, the RFSTSm.RFEMP flag or CFSTS0.CFEMP flag becomes
1 (the receive FIFO buffer contains no unread message (buffer empty)).

If the RFCCm.RFE bit or the CFCCLO.CFE bit is set to 0 (no receive FIFO buffer is used) with the interrupt request flag
(RFSTSM.RFIF flag or CFSTS0.CFRXIF flag) set to 1 (areceive FIFO interrupt request is present), the interrupt request
flag is not automatically set to 0. Set the interrupt request flag to 0 by the program.

=

»
Lt

Is transmit/receive FIFO buffer empty? Yes
(Is the CFSTS0.CFEMP bit 1?)

No

CFPTRO, and CFDFO0O to CFDF30. GRWCR.RPAGE bitis setto 1.

Read messages from registers CFIDLO, CFIDHO, CFTSO, :| Read messages when the

Set the CFPCTRO register to FFh. |

= O

Figure 36.24  Transmit/Receive FIFO Buffer Reading Procedure

RO1UHO0823EJ0110 Rev.1.10 ENESAS Page 1297 of 1852
Nov 30, 2020



RX23W Group 36. CAN Module (RSCAN)
CRC

Hih ID Control delimiter EOF INT ID Control EOF INT
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: Acceptance Routing and storage Acceptance Routing and storage
! filter processing processing filter processing processing

[Transmit/receive FIFO buffer (receive mode)] H
1 Il

CFDC[2:0] bits 0 1 E i i
crEbt i i i
’ : I

CFMC[5:0] flags \ \ \ \ 0 \ \ X 1 \ Oi XE
11 | || i ] 1 A
CFEMP flag , } ) ) ) J ) ! ! i l|
CFRXIF flag : /| | iy i :I J

[Receive FIFO buffer] Cleared by the program

] |

RFDC[2:0] bits 0

w

RFE bit

RFMC[5:0] flags \ \ \ \ \ \ 0 \ \ \
animEin

TS

(YT SSPEpIVEpEpIYE Pl PEEpE PIpEpEpHy Mgl NNyl SPIpEpEpEy SpEPIPENpEypEpS PRy PEPHpH MpHPEPEpE Myl HpHpH SpNp
(ORI SISV Y PP NUPRpI M NI S SP——— P RN NI S S, S
O e e R e o L e o e R e s e

=
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3
3

CFDCJ2:0], CFE: Bits in the CFCCLO register
CFMC[5:0], CFEMP, CFRXIF: Bits in the CFSTSO register
RFDC]J2:0], RFE: Bits in the RFCCm register
RFMCI5:0], RFEMP, RFIF: Flags in the RFSTSm register

Figure 36.25 FIFO Buffer Reception Timing Chart

(1) When theID field in a message has been received, the acceptance filter processing starts.

(2) When the message matches the receive rule of the corresponding channel and the message has been successfully
received, the routing processing to transfer the message to the specified buffer starts. When the GCFGL.DCE bit is
set to 1 (DLC check is enabled), the DLC filter processing starts at thistime.

(3) When the message has passed through the DL C filter processing and the CFCCLO.CFE valueis 1 (transmit/receive
FIFO buffers are used) and the CFCCLO.CFDC[2:0] value is 001b or more, the message is stored in the transmit/
receive FIFO buffer that is set to receive mode. The CFSTS0.CFMC[5:0] value is incremented and becomes 01h.
When the CFCCLO.CFIM hitisset to 1 (aFIFO receive interrupt request is generated each time a message has been
received), the CFSTS0.CFRXIF flag becomes 1 (a transmit/receive FIFO receive interrupt request is present). The
CFSTS0.CFRXIF flag can be reset to O by the program.

(4) When theID field of the next message has been received, the acceptance filter processing starts.

(5) Read received messages from the CFIDLO, CFIDHO, CFT S0, CFPTRO, and CFDFO0 to CFDF30 registers and write
FFh to the CFPCTRO register. Thereby the CFSTS0.CFMCI5:0] flags are decremented and become 00h, and the
CFSTS0.CFEMP flag becomes 1 (the transmit/receive FIFO buffer contains no message (buffer empty)).

(6) When the message matches the receive rule of the corresponding channel and the message has been successfully
received, the routing processing to transfer the message to the specified buffer starts. When the GCFGL.DCE bit is
set to 1 (DLC check is enabled), the DLC filter processing starts at thistime.

(7) The messageis stored in the transmit/receive FIFO buffer set in receive mode, when the message has passed
through the DL C filter processif the CFCCLO.CFE bit is set to 1 (transmit/receive FIFO buffers are used) and the
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CFCCLO.CFDCJ[2:0] bits are set to 001b or more.

The CFSTS0.CFMC[5:0] value isincremented to 01h. When the CFCCLO.CFIM bit is set to 1 (an interrupt occurs
each time a message has been received), the CFSTS0.CFRXIF flag becomes 1 (atransmit/receive FIFO receive
interrupt request is present).

The message is stored in the receive FIFO buffer, if the RFCCm.RFE bit is set to 1 (receive FIFO buffers are used)
and RFCCm.RFDC[2:0] hits are set to 001b or more. The RFSTSM.RFM C[5:0] value isincremented to 01h. When
the RFCCm.RFIM bit is set to 1 (an interrupt occurs each time a message has been received), the RFSTSm.RFIF
flag becomes 1 (areceive FIFO interrupt request is present).

36.11 Transmission Procedure

36.11.1 Procedure for Transmission from Transmit Buffers

Figure 36.26 shows the procedure for transmission from transmit buffers.

Figure 36.27 shows atiming chart where messages are transmitted from two transmit buffers and transmission has been
successfully completed. Figure 36.28 shows atiming chart where messages are transmitted from two transmit buffers
and transmit abort has been completed.

(s )

Write messages when the Store messages in transmit buffers
GRWCR .RPAGE bit is 1. (TMIDLp, TMIDHp_i_"\I'AI\éI'I:;';p, and TMDFOp to

Set the corresponding TMCp. TMTR bit to 1
(transmission is requested)

o

Figure 36.26  Procedure for Transmission from Transmit Buffers
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Example of transmission from transmit buffers a and b |

Determine next Determine next
transmit priority transmit priority

Hoh 4=  r( (T T T T T T s T Ty
CAN bus S|5!Eiiiiiiiiiii|_|5!iisi|
o S PEELEEREEIE ] [ i

[Transmit buffer a]

TMTR bit

1
TMTSTS flag
0 —i

TMTRF[1:0] flags 00b

TMTCSTSa flag

TMTASTSa flag

[Transmit buffer b]
TMTR bit

1
TMTSTS flag
0

TMTRF[1:0] flags 00b

TMTCSTSb flag

e

TMTASTSD flag

0
11 11

@ 2 (©)} 4
a=0to3,b=0t03

TMTR: Bit in the TMCa or TMCb register

TMTSTS, TMTRF[1:0]: Flags in the TMSTSa or TMSTSb register
TMTCSTSa, TMTCSTSh: Flags in the TMTCSTS register
TMTASTSa, TMTASTSh: Flags in the TMTASTS register

Figure 36.27  Transmit Buffer Transmission Timing Chart (Transmission Completed Successfully)

() Whenthe TMCaTMTR bit (a=0to 3) isset to 1 while the CAN busisidle, the transmit priority determination
processing starts to determine the highest-priority transmit buffer. If transmit buffer ais determined to be the
highest-priority transmit buffer, the corresponding TMSTSaTMTSTS flag becomes 1 (transmission isin progress)
and the CAN channdl starts transmitting data.

(2) When atransmit request from a buffer is present, the priority determination starts with the CRC delimiter for the
next transmission.

(3) When transmit compl etes successfully, the TMSTSa.TMTRF[1:0] flags become 10b (transmission has been
completed (without transmit abort request)), the TMSTSaTMTSTS flag and the TMCaTM TR bit become 0, and
the TMTCSTS.TMTCST Saflag becomes 1. When the TMIEC. TMIEavaueis 1 (transmit buffer interrupt is
enabled), atransmit interrupt request is generated. To clear the interrupt request, set the TMSTSa. TMTRF[1:0] flags
to 00b (transmission isin progress or no transmit request is present).

(4) Before starting the next transmission, set the TMSTSa.TMTRF[1:0] flags to 00b. Write the next message to the
transmit buffer, and then set the TMCaTMTR bit to 1 (transmission is requested). The TMCa.TM TR bit can be set
to 1 only when the TMSTSaTMTRF[1:0] flag value is 00b.

If an arbitration lost has occurred after transmission is started, the TMSTSaTMTSTS flag becomes 0. The transmit
priority determination is reexecuted at the beginning of the CRC delimiter to search the highest-priority transmit
buffer. If an error has occurred during transmission or after arbitration lost, the priority determination processing is
reexecuted during transmission of an error frame.
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Example of transmission from transmit buffers a and b
Determine next Determine next Determine next
ytransmit priority . ,transmit priority . ,transmit priority
! | —p >
Hgh =——— (T T 77 T T T T T t TT I3 T
CANbus | HEHH [
I e A e e R ! H H AR B
. ] SOF ) CRC delimiter EOF INT SOF CRC delimiter EOF INT
[Transmit buffer a] ) ] 1 1
T t
TMTR bit _I ! !
0 I 1
1 ) 1
1 : +
TMTAR bit i l i
[ ]
i ' i
TMTSTS flag  * ! i !
0— ! !
: : 1 1
1 J
TMTRF[L:0] flags : 1 ob X 11b X 00b
: T ]
1 11 1 1
11 1 |
TMTCSTSa flag : ' : | |
0 r
] 1 1 1
b ! : !
TMTASTSa flag H H H H
0 H H 1
] ) 1 1
: - : :
]
[Transmit buffer b] ) : : ! !
TMTR bit i ! i i
0L 1 1 1
T | 1 1
» - : : ]
TMTAR bit i , i i
o ) 1 '
T 1 T T
] ) 1 1 H
TMTSTS flag  * | ! i : !
] 1 1 1
0 t + I
! i 1 1 [
T t T :
TMTRF[1:0] flags H ! H oob | ) !om
+ M 1
1 H 1
y i | | T
TMTCSTSb flag H ! i i i i
0 H 1 1 ! 1
1! | ! H :
TMTASTSb flag i ) i ] ! |
1 1 1 ]
0 +
i ' i i ' ' i
()] (@) ®) 4) (5) (6)
a=0to3,b=0to3
TMTR, TMTAR: Bits in the TMCa or TMCb register
TMTSTS, TMTRF[1:0]: Flags in the TMSTSa or TMSTSb register
TMTCSTSa, TMTCSTSh: Flags in the TMTCSTS register
TMTASTSa, TMTASTSb: Flags in the TMTASTS register

Figure 36.28  Transmit Buffer Transmission Timing Chart (Transmit Abort Completed)

)

2

3

(4)

When the TMCa.TMTR bit (a=0to 3) is set to 1 while the CAN busisidle, the transmit priority determination
processing starts to determine the highest-priority transmit buffer. If transmit buffer ais determined to be the
highest-priority transmit buffer, the corresponding TMSTSaTMTSTS flag becomes 1 (transmission isin progress)
and the CAN channdl starts transmitting data.

When it is determined that the transmit buffer is used for the next transmission or transmission isin progress,
message transmission is not aborted unless an error or arbitration lost occurs even if the TMCaTMTAR bit is set to
1 (transmit abort is requested).

The priority determination starts with the CRC delimiter for the next transmission. In this timing chart, buffer bis
not selected as the next transmit buffer.

When transmit completes successfully, the TMSTSa. TMTRF[1:0] flags become 11b (transmission has been
completed (with transmit abort request)), the TMSTSaTMTSTS flag and the TMCaTMTR bit become O, and the
TMTCSTS.TMTCSTSaflag becomes 1.

When the TMIEC. TMIEavaueis 1 (transmit buffer interrupt is enabled), atransmit interrupt request is generated.
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To clear the interrupt request, set the TMSTSa TMTRF[1:0] flags to 00b (transmission isin progress or no transmit
request is present).

(5) While another CAN nodeis transmitting data on the CAN bus (TMSTSa.TMTSTSflag = 0), if the TMCaTMTAR
bit is set to 1 while the corresponding channel is determining transmit priority, the TMCaTMTR bit cannot be set to
0.

(6) After theinternal processing time has passed, the transmission is terminated and the TMSTSa.TMTRF[1:0] flags
become 01b and the TMTASTS.TMTAST Sa flag becomes 1. When the transmit buffer is not transmitting data and
is not selected as the next transmit buffer and priority determination is not being made, an abort request is
immediately accepted and the TMSTSa. TMTREF flag becomes 01b. At thistime, the TMCaTMTR and TMTAR
bits become 0.

When transmit abort is completed with the CTRH.TAIE hit set to 1 (transmit abort interrupt is enabled), an interrupt
request is generated. To clear the interrupt request, set the TMSTSa.TMTRF[1:0] flags to 00b.

If an arbitration lost has occurred after the CAN channel started transmission, the TMSTSaTMTST S flag becomes 0.
The transmit priority determination is reexecuted at the beginning of the CRC delimiter to search the highest-priority
transmit buffer. If an error has occurred during transmission or after arbitration lost, the priority determination processing
is reexecuted during transmission of an error frame.

36.11.2 Procedure for Transmission from Transmit/Receive FIFO Buffers

Figure 36.29 shows the procedure for transmission from transmit/receive FIFO buffers.

Figure 36.30 shows atiming chart where messages are transmitted from the transmit/receive FIFO buffers and
transmission has been successfully completed. Figure 36.31 shows atiming chart where messages are transmitted from
the transmit/receive FIFO buffers and transmit abort has been completed.

=

Is transmit/receive FIFO full?
(Is the CFSTSO0.CFFLL flag 1?)

Write messages when the Store messages in registers CFIDLO, CFIDHO, CFPTRO, and
GRWCR.RPAGE bit is 1. CFDFO0O0 to CFDF30.

| Set the CFPCTRO register to FFh.

—

Figure 36.29  Procedure for Transmission from Transmit/Receive FIFO Buffers
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[Transmit/receive FIFO buffer 0]

Example of transmission from transmit/receive FIFO buffer O CRC

High -
CAN bus
Low
— SOF

Determine next
transmit priority

CRC
delimiter EOF INT delimiter EOF INT

Determine next
transmit priority

Determine next
transmit priority

CFDC[2:0] bits 0 X
1
CFE bit
0

CFMCI5:0] flags 0 Y1

—

1] —

CFEMP flag
0

1

CFTXIF flag

-1 1 —
—

0

@ (

CFDCJ[2:0], CFE: Bits in the CFCCLO register
CFMCI[5:0], CFEMP, CFTXIF: Flags in the CFSTSO register

Figure 36.30  Transmit/Receive FIFO Buffer Transmission Timing Chart (Transmission Completed

@

2

©)

(4)
()

Successfully)

While the CAN busisidle, when the CFCCLO.CFE value is 1 (transmit/receive FIFO buffer 0 is used) and the
CFCCLO0.CFDC[2:0] valueis 001b (4 messages) or more and the CFSTS0.CFMC[5:0] valueis 01h or more, the
priority determination processing starts to determine the highest-priority transmit message. When the highest-
priority transmit message has been determined, transmission of the message starts.

When atransmit request from a buffer is present, the priority determination starts with the CRC delimiter for the
next transmission.

When transmit completes successfully, the CFSTS0.CFMC[5:0] value is decremented. Setting the CFCCLO.CFIM
bit to 1 (a FIFO transmit interrupt request is generated each time a message has been transmitted) sets the
CFSTS0.CFTXIF flag to 1 (atransmit/receive FIFO transmit interrupt request is present).

The CFSTS0.CFTXIF flag can be cleared by the program.

Message transmission from transmit/receive FIFO buffer 0 has been completed and the CFSTS0.CFMCI[5:0] value
is decremented. The CFSTS0.CFM C[5:0] flags become 00h and therefore the CFSTS0.CFEM P flag becomes 1 (the
transmit/receive FIFO buffer contains no message (buffer empty)).

Transmission is continued until the CFSTS0.CFEMP flag becomes 1. It is possible to continuously store transmit
messages in FIFO buffers until the CFSTS0.CFFLL flag becomes 1 (the transmit/receive FIFO buffer isfull).
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Example of transmission from transmit/receive FIFO buffer O CRC CRC
" delimiter EOF INT delimiter EOF INT
Hig| I
CAN bus |
Low
— SOF : ¢ > SOF

Determine next
transmit priority

Determine next :
transmit priority |

Determine next

. . transmit priorit;
[Transmit/receive FIFO buffer 0] P Y

CFDC[2:0] bits 0 X
1
CFE bit
0

CFMC[5:0] bits 0 X1

—

1 —

I | L

CFEMP flag
0

1

-~ 1 1 —

CFTXIF flag
0

-

N =fmmeet e e
N
P ST T T Ty [Ny PEpEgH FIpE NIpRySp Syl [pEpEypp—

=

()

CFDC[2:0], CFE: Bits in the CFCCLO register
CFMC[5:0], CFEMP, CFTXIF: Flags in the CFSTSO register

Figure 36.31  Transmit/Receive FIFO Buffer Transmission Timing Chart (Transmit Abort Completed)

(1) Whilethe CAN busisidle, when the CFCCLO.CFE valueis 1 (transmit/receive FIFO buffer 0 is used) and the
CFCCLO0.CFDCJ[2:0] value is 001b (4 messages) or more and the CFSTS0.CFMC[5:0] value is 01h or more, the
priority determination processing starts to determine the highest-priority transmit message. When the highest-
priority transmit message has been determined, transmission of the message starts.

(2) When transmission isin progress or it is determined that the transmit/receive FIFO buffer is used for the next
transmission, message transmission is not aborted unless an error or arbitration lost occurs even if the CFCCLO.CFE
bit is set to 0 (no transmit/receive FIFO buffer 0 is used).

(3) When atransmit request from abuffer is present, the priority determination starts with the CRC delimiter for the
next transmission. In this figure, transmit/receive FIFO buffer 0 is not selected as a buffer for the next transmission.

(4) When transmit completes successfully, the CFSTS0.CFMC[5:0] value becomes 00h. Setting the CFCCLO.CFIM bit
to 1 (aFIFO transmit interrupt request is generated each time a message has been transmitted) setsthe
CFSTS0.CFTXIF flag to 1 (atransmit/receive FIFO transmit interrupt request is present). The CFSTS0.CFTXIF
flag can be cleared by the program.

(5) If another CAN node on the CAN bus is transmitting data (not from transmit/receive FIFO buffer 0), transmit/
receive FIFO buffer 0 cannot be disabled immediately even if the CFCCLO.CFE bit is set to 0 (no transmit/receive
FIFO buffer 0 is used) during transmit priority determination. (The CFSTS0.CFEMPflag is not set to 1 (the
transmit/receive FIFO buffer contains no message (buffer empty)) immediately.)

(6) After theinternal processing time has passed, transmit/receive FIFO buffers are disabled and the
CFSTS0.CFMCI5:0] flags become 00h and the CFSTS0.CFEM P flag becomes 1. When the transmit/receive FIFO
buffer 0 isnot transmitting data and is not selected as the next transmit buffer and priority determination isnot in
progress, the transmit/receive FIFO buffer 0 isimmediately disabled. (The CFSTS0.CFMCJ[5:0] flags become 00h
and the CFSTS0.CFEMP flag becomes 1.)
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36. CAN Module (RSCAN)

36.11.3  Transmit History Buffer Reading Procedure

Transmit history data can be read from the THLACCO register. The next data can be accessed by writing FFh to the
corresponding THLPCTRO register after reading a set of data. Figure 36.32 shows the transmit history buffer reading

procedure.

Is transmit history buffer empty ?
(Is the THLSTSO.THLEMP flag 1?)

Read transmit history data form
the THLACCO register.

Set the THLPCTRO register to FFh.

]

Yes

Read data when the

GRWCR.RPAGE bit is 1.

v

=

Figure 36.32  Transmit History Buffer Reading Procedure
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36.12 Test Settings
36.12.1  Self-Test Mode Setting Procedure

Self-test mode allows communication test on a channel basis by receiving messages transmitted from the own node.

Figure 36.33 shows the self-test mode setting procedure.

C o )

| Set the CTRL.CHMDC]J1:0] bit to 10b. | Channel halt mode

d

Is the STSL.CHLTSTS flag 1
(in channel halt mode)?

Set the CTRH.CTME bitto 1. Communication test mode is enabled.
Set the CTMSJ1:0] bits to 10b or 11b. Self-test mode 0 (10b) or 1 (11b).
Set the CTRL.CHMDC]J1:0] bits to 00b. Channel communication mode
<
hl

Are all STSL.CSLPSTS, CHLTSTS, and

CRSTSTS flags 0? No
| Perform self-test in channel 0. |
| Set the CTRL.CHMDC]J1:0] to 10b. | Channel halt mode

l¢
l

Is the STSL.CHLTSTS flag 1
(channel halt mode)?

Set the CTMS[1:0] bits to 00b. Standard test mode

=

Set the CTRH.CTME bit to 0. Communication test mode is disabled.

Figure 36.33  Self-Test Mode Setting Procedure
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36.12.2 Protection Unlock Procedure

Since the global test functions shown in Table 36.14 are protected, write unlock data 1 and unlock data 2 in succession
to the GLOCKK.LOCK[15:0] hits, and then set each test function bit to 1.

Table 36.14  Protection Unlock Data for Test Functions

Test Function Protection Unlock Data 1 Protection Unlock Data 2 Target Bit
RAM test 7575h 8A8Ah GTSTCTRL.RTME bit

If an incorrect value has been written to the GLOCKK.LOCK][15:0] bits, retry the procedure above from writing of
unlock data 1.
Figure 36.34 shows the protection unlock procedure.

o

| Set the GCTRL.GMDCJ1:0] bits to 10b. | Global test mode

dl
<«

Is the GSTS.GHLTSTS flag 1
(in global test mode)?

Write protection unlock data 1 to
the GLOCKK.LOCK]15:0] bits.

Write protection unlock data 2 to Perform these three processes in succession.
the GLOCKK.LOCK]15:0] bits.

| Set the target test function bit to 1. |

| Set the test function. |

C =

Figure 36.34  Protection Unlock Procedure
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36.12.3 RAM Test Setting Procedure

RAM testsinclude CAN RAM read/write test. The read/write test verifies that data written to the RAM isread correctly.
Before closing the RAM test, write 0000h to all pages of the CAN RAM.
Figure 36.35 shows the RAM test setting procedure.

C S| )

| Set the GCTRL.GMDCJ1:0] bits to 10b. | Global test mode

>
<«

Transition to

global test mode
Is the GSTS.GHLTSTS flag 1
(in global test mode)?

Protection unlock data 1 for RAM test

Set the GLOCKK.LOCK[15:0] bits to 7575h. .
Set the GLOCKK.LOCK[15:0] bits to 8ASA. Protection unlack data 2 for RAM test
Set the GTSTCTRL.RTME bit to 1. RAM test enable bit

(Execute these three instructions in succession.)

RAM read/write Switch to window 0 for access to CAN RAM register.
test (Set the GRWCR.RPAGE bit to 0.)

Select a RAM page by the GTSTCFG.RTMPS[2:0] bits.

| Test all RAM pages.

Perform RAM read/write test using
the RPGACCT register.

Initialize RAM Write 0000h to all pages of the RAM.

Switch to window 1.
(Set the GRWCR.RPAGE bit to 1.)

| Set the GTSTCTRL.RTME bit to 0. | RAM test is disabled.

C =

Figure 36.35 RAM Test Setting Procedure
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36.13 Notes on the CAN Module

¢ When changing a global mode, check the GSTS.GSLPSTS, GHLTSTS, and GRSTSTS flags for transitions. When
changing a channel mode, check the STSL.CSLPSTS, CHLTSTS, and CRSTSTS flags for transitions.

e The acceptance filter processing checks receive rules sequentially in ascending order from the minimum rule
number. If the same D, IDE bit, or RTR bit value is set for multiple receive rules, the minimum number of receive
ruleis used for the acceptance filter processing. If the message does not pass through the subsequent DLC filter
processing, the data processing is terminated without returning to the acceptance filter processing and the message
is not stored in the buffer.

e When linking transmit buffers to transmit/receive FIFO buffers, set the control register (TCMp) of the
corresponding transmit buffer to 00h. The status register (TM ST Sp) of the corresponding transmit buffer should not
be used. Flagsin other status registers (registers TMTRSTS, TMTCSTS, and TMTASTS), which correspond to
transmit buffers linked to transmit/receive FIFO buffers remain unchanged. Set the enable bit in the corresponding
interrupt enable register (the TMIEC register) to O (transmit buffer interrupt is disabled).

e Whenthe CAN bit time clock is selected as atimestamp counter clock source, the timestamp counter stops when the
corresponding channel has transitioned to channel reset mode or channel halt mode.

e Incase of an attempt to store a new receive message when the receive FIFO buffer and the transmit/receive FIFO
buffer are full, the new message is discarded. If you wish to store a new transmit message in the transmit/receive
FIFO buffer, check that the transmit/receive FIFO buffer is not full.

¢ Since an interrupt request flag in the CAN module is not automatically set to 0 when an interrupt is accepted, the
flags must be set to 0 by software. After the corresponding interrupt request flag has been set to 1, an interrupt is not
generated even if an interrupt source condition is satisfied.

o |norder to generate the CAN related interrupt that several interrupt sources are gathered, the following condition
should be met:

All interrupt request flags corresponding to these interrupt sourcesin the CAN module are set to O (note that this
only appliesto those interrupt request flags for which the corresponding interrupt enable bits shown in Table 36.11
aresettol).

e Thevalues of unused receive buffer registers (RMIDLn, RMIDHn, RMTSn, RMPTRn, and RMDFOn to RMDF3n
(n=0to 15)), receive FIFO accessregisters (RFIDLm, RFIDHm, RFTSm, RFPTRm, and RFDFOm to RFDF3m (m
=0, 1)), and transmit/receive FIFO access registers (CFIDLO, CFIDHO, CFTS0, CFPTRO, and CFDFO00 to
CFDF30) become undefined once the CAN module exits from global reset mode and enters global operating mode
or global test mode.
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37. Serial Sound Interface (SSI)

37. Serial Sound Interface (SSI)

This MCU integrates one channel of the serial sound interface (SSI) compliant with the 12S bus specification. The SSI
supports 12S data format and M SB-first and left-justified/right-justified formats, so it can be used to send or receive audio

data with various devices.

37.1 Overview

Table 37.1 SSI Specifications

Item

Specifications

Number of channels

One channel (SSI0)

Operating mode

Non-compressed mode

Transmission formats

e 12S format supported
o MSB-first supported
Left-justified/right-justified formats selectable

Function

e Serves as both a transmitter and a receiver
Channel 0 supports full-duplex communications.
e Capable of various audio formats
e SSISCKO (serial bit clock) can be selected from among 16, 32, 48, and 64 fs (fs: Sampling rate)
e The master clock (MCLK) can be selected from either of the following:
Master clock pin for audio (AUDIO_MCLK): 1 to 25 MHz
Main clock
e Includes 8-stage FIFO buffers in transmitter and receiver
o Capable of selecting whether to stop word select (SSIWSO0) or not when data transmission is stopped

Interrupt sources

Three sources
e Communication error
Transmit underflow, transmit overflow, receive underflow, receive overflow, and idle
¢ Receive data full
e Transmit data empty

Low power consumption
function

Module stop state can be set.
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Figure 37.1 shows ablock diagram of SSI (SSI0).

< Internal peripheral bus

! |

1

h 4 A 4

Control Registers SSIFTDR
SSICR (8-stage FIFO)

circuit

SSIFRDR
(8-stage FIFO)

SSISR
SSIFCR
SSIFSR

SSITDMR

s 1
SSITXDO O—q——' MSB Transmit shift register LSB

7'y
| MSB Receive shift register LSB }4—‘
[
SSIRXDO O ™~
L I/ Bit clock control
< Divider |« —(O AUDIO_MCLK
- - -_—
SSISCKO o—c>—<} k Q:_ Main clock
MCLK
I
<—| Bit counter
SSIWS0 o—->—<} E |
» SSIFO interrupt request
» SSIRXIO interrupt request
» SSITXIO interrupt request
SSICR: Control register SSIFSR: FIFO status register
SSISR: Status register SSIFTDR: Transmit FIFO data register
SSITDMR: TDM mode register SSIFRDR: Receive FIFO data register
SSIFCR: FIFO control register MCLK: Master clock
Figure 37.1 Block Diagram of SSI (SSI0)
Table 37.2 liststhe I/O pins of the SSI.
Table 37.2 SSI1/0 Pins
Channel Pin Name 1/0 Description
SSIo SSISCKO /0 Serial bit clock pin
SSIWS0 /0 Word selection pin
SSITXDO Qutput Serial data output pin
SSIRXDO Input Serial data input pin
AUDIO_MCLK Input Master clock for audio pin (input master clock)
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37.2 Register Descriptions

37.2.1 Control Register (SSICR)

Address(es): SSI0.SSICR 0008 A500h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— CKS | TUIEN | TOIEN |RUIEN |[ROIEN | IIEN — CHNL[1:0] DWL[2:0] SWL[2:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SCKD | SWSD | SCKP | SWSP | SPDP | SDTA | PDTA | DEL CKDVI[3:0] MUEN — TEN REN
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 REN Receive Enable 0: Disables receive operation. R/W
1: Enables receive operation.
bl TEN Transmit Enable 0: Disables transmit operation. R/W
1: Enables transmit operation.
b2 — Reserved This bit is read as 0. The write value should be 0. R/W
b3 MUEN Mute Enable*1 0: Not muted. R/IW
1: Muted.
b7 to b4 CKDV[3:0] Serial Bit Clock Frequency b7 b4 R/W
Setting*3 0 0 0 0: MCLK
0 0 0 1: MCLK/2
0 0 1 0: MCLK/4
0 0 1 1: MCLK/8
0 1 0 0: MCLK/16
0 1 0 1: MCLK/32
0 1 1 0: MCLK/64
0 1 1 1:MCLK/128
1 0 0 0: MCLK/6
1 0 0 1: MCLK/12
1 0 1 0:MCLK/24
1 0 1 1: MCLK/48
1 1 0 0:MCLK/96
Settings other than above are prohibited.
b8 DEL Serial Data Delay*3 0: 12S format compatibility R/W
One clock cycle delay between SSIWS0 and SSITXDO0/
SSIRXDO
1: MSB-first left-justified/right-justified format compatibility
No delay between SSIWS0 and SSITXD0/SSIRXDO
b9 PDTA Parallel Data Allocation*3 When data word length is 8 or 16 bits: R/W
0: The lower bits of parallel data (SSIFTDR, SSIFRDR) are
transferred prior to the upper bits.
1: The upper bits of parallel data (SSIFTDR, SSIFRDR) are
transferred prior to the lower bits.
When data word length is 18, 20, 22, or 24 bits:
0: Parallel data (SSIFTDR, SSIFRDR) is left-justified.
1: Parallel data (SSIFTDR, SSIFRDR) is right-justified.
b10 SDTA Serial Data Alignment*3 0: Transmitting and receiving in the order of serial data and R/W
padding bits
1: Transmitting and receiving in the order of padding bits and
serial data
b1l SPDP Serial Padding Polarity*3 0: Padding data is 0. R/W

: Padding data is 1.
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Bit Symbol Bit Name Description R/W
b12 SWSP Word Select Polarity 0: SSIWSO is low for the 1st system word, high for the 2nd R/W
system word.
1: SSIWSO is high for the 1st system word, low for the 2nd
system word.
b13 SCKP Serial Bit Clock Polarity*3 0: SSIWSO0 and SSITXDO change at the SSISCKO falling edge R/W
(SSIWSO0 and SSIRXDO are sampled at the SSISCKO rising
edge).
1: SSIWSO0 and SSITXDO0 change at the SSISCKO rising edge
(SSIWSO0 and SSITXDO are sampled at the SSISCKO falling
edge).
b14 SWSD Word Select Direction*2, *3 0: SSIWSO pin is input (slave mode). R/IW
1: SSIWSO pin is output (master mode).
b15 SCKD Serial Bit Clock Direction*2, *3 0: SSISCKO pin is input (slave mode). R/W
1: SSISCKO pin is output (master mode).
b18to bl16 SWL[2:0] System Word Length*3 Set the system word length to the bit clock frequency/2 fs. R/W
bl8  bl6
0 O O: 8 bits (serial bit clock frequency = 16 fs)
0 O 1: 6 bits (serial bit clock frequency = 32 fs)
0 1 O0: 24 bits (serial bit clock frequency = 48 fs)
0 1 1: 32 bits (serial bit clock frequency = 64 fs)
Settings other than above are prohibited.
b21tobl9 DWL[2:0] Data Word Length*3 b2l bl9 R/W
0 O O:8bhits
0 0 1:16 bits
0 1 O0:18 hits
0 1 1:20 bits
1 0 0:22hits
1 0 1:24bits
Settings other than above are prohibited.
b23, b22 CHNL[1:0] Channels*3 b23 b22 R/IW
0 0: One channel
Settings other than above are prohibited.
b24 — Reserved This bit is read as 0. The write value should be 0. R/W
b25 IIEN Idle Interrupt Enable 0: Disables an idle interrupt. R/W
1: Enables an idle interrupt.
b26 ROIEN Receive Overflow Interrupt 0: Disables a receive overflow interrupt. R/W
Enable 1: Enables a receive overflow interrupt.
b27 RUIEN Receive Underflow Interrupt 0: Disables a receive underflow interrupt. R/W
Enable 1: Enables a receive underflow interrupt.
b28 TOIEN Transmit Overflow Interrupt 0: Disables a transmit overflow interrupt. R/W
Enable 1: Enables a transmit overflow interrupt.
b29 TUIEN Transmit Underflow Interrupt 0: Disables a transmit underflow interrupt. R/W
Enable 1: Enables a transmit underflow interrupt.
b30 CKS Audio Clock Select*3 0: AUDIO_MCLK input R/W
1: Main clock
b31 — Reserved This bit is read as 0. The write value should be 0. R/W

Note 1. While this module is muted, low is transmitted regardless of the value of serial data, but data transmission is not stopped. Since
the number of data in the transmit FIFO decreases, write dummy data to the SSIFTDR register to prevent the generation of a
transmit underflow. When the MUEN bit is set to 1, the SSITXDO pin immediately becomes low without synchronizing SSIWS0

pin.
Note 2.
Note 3.

Set the SCKD and SWSD bits to the same value. Other settings are prohibited.
Rewriting is allowed only in the idle state.
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REN Bit (Receive Enable)
This bit enables or disables receive operation. Setting this bit to 1 starts receive operation.

TEN Bit (Transmit Enable)

This bit enables or disables transmit operation. Setting this bit to 1 starts transmit operation.

SSITXDO pin of SSI0 is set as output while SSITXDO is selected by the multi-function pin controller (MPC), regardless
of the TEN bit setting.

Table 37.3 SSITXDO0 and SSIRXDO Pin States

Register Settings SSI0
MPC setting TEN REN SSITXDO SSIRXDO
SSI function 0 0 Output Input
0 1 Output Input
1 0 Output Input
1 1 Output Input
Other than SSI function | x X Depends on the Depends on the
selected function selected function

x: Don't care
—: Settings prohibited.

CKDV[3:0] Bits (Serial Bit Clock Frequency Setting)

These hits select the frequency of the serial bit clock in master mode. Since theinput clock from the SSISCKO pinisused
in slave mode, the setting of these bitsisignored. The serial bit clock is used as the operating clock of the shift register.

Calculation Example:

When fs (sampling rate) = the SSIWS0 frequency = 96 kHz and the system word length = 32 bits

The bit clock frequency = 96 kHz x 32 bits x 2 = 6.144 MHz is hecessary, so set CKDV[3:0] = 0001b (MCLK/2) when
MCLK =12.288 MHz.

PDTA Bit (Parallel Data Allocation)

The setting of this bit specifies the allocation of data to be stored in the SSIFRDR register in receive mode and the
SSIFTDR register in transmit mode.

During receive operation, the SSI stores the data received from the serial busin the SSIFRDR register according to the
PDTA bit setting.

During transmit operation, the SSI stores the data stored in the SSIFTDR register in the transmit shift register, and
transmits the data to the serial bus according to the PDTA bit setting.
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(1) When PDTA bitis0

DWL[2:0] Bits SSIFTDR and SSIFRDR Registers
31 24 23 16 15 8 7 0
000b [ 4thword 3rdword | 2nd word istword |
31 16 15 0
001b | 2nd word | 1st word |
31 1413 0
010b [ Valid [ Invalid |
31 1211 0
011b | Valid [ Invalid |
31 10 9 0
100b [ Valid [ Invalid |
31 8 7 0
101b | Valid [ Invalid |
(2) When PDTA bitis1
DWL[2:0] Bits SSIFTDR and SSIFRDR Registers
31 24 23 16 15 8 7 0
000b [ 1stword 2ndword | 3rd word 4th word |
31 16 15 0
001b | 1st word | 2nd word |
31 18 17 0
010b [ Invalid [ Valid |
31 20 19 0
011b [ Invalid Valid |
31 2221 0
100b [ Invalid [ Valid |
31 24 23 0
101b [ Invalid | Valid |

SCKP Bit (Serial Bit Clock Polarity)
Thisbit is used to select the polarity of SSISCKO signal.
Table 37.4 lists the setting of SCKP bit and signal 1/0O timing.

Table 37.4

Setting of SCKP Bit and Signal Timing

SCKP Bit=0

SCKP Bit=1

SSIRXDO input sampling timing for reception

SSISCKO rising edge

SSISCKO falling edge

SSITXDO output changing timing for transmission

SSISCKO falling edge

SSISCKO rising edge

SSIWSO input sampling timing in slave mode (SWSD bit = 0)

SSISCKO rising edge

SSISCKO falling edge

SSIWSO0 output changing timing in master mode (SWSD bit = 1)

SSISCKO falling edge

SSISCKO rising edge

CHNL[1:0] Bits (Channels)
These bits select the number of channels to be decoded in each system word. Set these bits to 00b in this module.
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37.2.2 Status Register (SSISR)

Address(es): SSI0.SSISR 0008 A504h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

— — | TUIRQ | TOIRQ |RUIRQ [ROIRQ| IIRQ — — — — — — — — —

Value after reset: 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

_ _ — — — — — — — | TcHNo[o] | TSWN| RreHNO[1:0] |RSWN| psT

O (6]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1
Bit Symbol Bit Name Description R/W
b0 IDST Idle Status Flag 0: SSI communication is in progress. R

1: SSI communication is idle.
bl RSWNO Receive System Word Number  Receive word number R
Flag
b3, b2 RCHNOJ[1:0] Receive Channel Number Flag  These bits are read as 00b.
b4 TSWNO Transmit System Word Number  Transmit word number R
Flag
b6, b5 TCHNOJ1:0] Transmit Channel Number Flag These bits are read as 00b. R
b24tob7 — Reserved These bits are read as 0. The write value should be 0. R/W
b25 IIRQ Idle Interrupt Status Flag 0: Not in idle state R
1: In idle state
b26 ROIRQ Receive Overflow Interrupt 0: No receive overflow has occurred. R/(W)
Status Flag 1: Areceive overflow has occurred. *1
b27 RUIRQ Receive Underflow Interrupt 0: No receive underflow has occurred. R/(W)
Status Flag 1: Areceive underflow has occurred. *1
b28 TOIRQ Transmit Overflow Interrupt 0: No transmit overflow has occurred. R/(W)
Status Flag 1: A transmit overflow has occurred. *1
b29 TUIRQ Transmit Underflow Interrupt 0: No transmit underflow has occurred. R/(W)
Status Flag 1: Atransmit underflow has occurred. *1
b31, b30 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Writing O after confirming the flag to be 1 clears the flag. To clear flags, write 0 only to the flags to be cleared; write 1 to the other
flags. Do not write O to a status flag indicating 0.

IDST Flag (Idle Status Flag)

This status flag indicates that the SSI isin idle state where communication is stopped.

Thisflag is set to 0 when communication starts after the SSICR.TEN bit or SSICR.REN bit isset to 1. Also, thisflagis
set to 1 if both the TEN and REN bits are set to 0 and system word communication is completed.

If the external device stops inputting the serial bit clock before communication is completed, thisflag is not set to 1.

RSWNO Flag (Receive System Word Number Flag)

Theinitial value of thisflagis 1, and itsvalue isinverted when the datais transferred from the receive shift register to the
SSIFRDR register.

Thisflag isinitialized to 1 when the SSICR.REN bit value is changed from O to 1.

When the data word length specified by the SSICR.DWL[2:0] bitsis 18 bits or more, this flag indicates which system
word the data in the SSIFRDR register represents.
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TSWNO Flag (Transmit System Word Number Flag)

This status flag indicates the current word number.

Theinitial value of thisis 1, and its value is inverted when the data is transferred from the SSIFTDR register to the
transmit shift register.

Thisflag isinitialized to 1 when the SSICR.TEN bit value is changed from 0 to 1.

When the data word length specified by the SSICR.DWL[2:0] bitsis 18 bits or more, this flag indicates the system word
that isin the data transferred from the SSIFTDR register to the transmit shift register.

IIRQ Flag (Idle Interrupt Status Flag)

This status flag indicates whether this module isin idle state.

Thisflag is set regardless of the value of the SSICR.IIEN hit to allow polling.

Theinterrupt can be masked by setting the SSICR.IIEN bit to 0, but the interrupt cannot be cleared by writing O to this
flag.

If IIRQ flag = 1 and SSICR.IIEN bit = 1, an interrupt occurs.

ROIRQ Flag (Receive Overflow Interrupt Status Flag)

This status flag indicates that receive datawas supplied at a higher rate than was required. If areceive overflow occurs,
stop reception and start from the beginning of the flowchart again.

Thisflag is set to 1 regardless of the setting of the SSICR.ROIEN bit. This flag can be set to 0 by writing O after
confirming it to be 1.

If ROIRQ flag = 1 and SSICR.ROIEN bit = 1, an interrupt occurs.

If ROIRQ flag = 1, the data was transferred from the transmit shift register to the SSIFRDR register while the receive
FIFO isfull (SSIFSR.RDC[3:0] flags = 8h). This may lead to the loss of data.

Note:  When an overflow occurs, the current data in the data buffer of this module is overwritten by the next incoming
data from the SSl interface.

RUIRQ Flag (Receive Underflow Interrupt Status Flag)

This status flag indicates that receive data was supplied at alower rate than was required. If areceive underflow occurs,
stop reception and start the flowchart again from the beginning.

Thisflag is set to 1 regardless of the setting of the SSICR.RUIEN bit. This flag can be set to 0 by writing O after
confirming it to be 1.

If RUIRQ flag = 1 and SSICR.RUIEN bit = 1, an interrupt occurs.

If RUIRQ flag = 1, the SSIFRDR register was read while the receive FIFO is empty (SSIFSR.RDC[3:0] flags = 0h). This
may cause invalid receive data to be stored.

TOIRQ Flag (Transmit Overflow Interrupt Status Flag)

This status flag indicates that transmit data was supplied at a higher rate than was required. If atransmit overflow occurs,
stop transmission and start from the beginning of the flowchart again.

Thisflag is set to 1 regardless of the setting of the SSICR.TOIEN bit. This flag can be set to 0 by writing O after
confirming it to be 1.

If TOIRQ flag = 1 and SSICR.TOIEN bit = 1, an interrupt occurs.

If TOIRQ flag = 1, the SSIFTDR register had datawritten to it while the transmit FIFO isfull (SSIFSR.TDC[3:0] flags=
8h). This may lead to the loss of data

TUIRQ Flag (Transmit Underflow Interrupt Status Flag)

This status flag indicates that transmit datawas supplied at alower rate than was required. If atransmit underflow occurs,
stop transmission and start from the beginning of the flowchart again.

Thisflag is set to 1 regardless of the setting of the SSICR.TUIEN bit. This flag can be set to 0 by writing O after
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confirming it to be 1.

If TUIRQ flag = 1 and SSICR.TUIEN bit = 1, an interrupt occurs.

If TUIRQ flag = 1, the SSIFTDR register did not have datawritten to it before it was required for transmission. This may
lead to the same data being transmitted once more.

Note:  When a transmit underflow occurs, the last data input to the SSIFTDR register is transmitted until this module is
in the idle state after transmission is stopped.

37.2.3 FIFO Control Register (SSIFCR)

Address(es): SSI0.SSIFCR 0008 A510h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

AUCKE| — _ _ _ _ _ _ _ _ _ _ _ _ _ SSIRS
T
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — TTRG[1:0] RTRG[1:0] TIE RIE |TFRST |RFRST
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 RFRST Receive FIFO Data Register 0: Release the receive FIFO data reset. R/W
Reset*4 1: Initiates the receive FIFO data reset.
bl TFRST Transmit FIFO Data Register 0: Release the transmit FIFO data reset. R/W
Reset*4 1: Initiates the transmit FIFO data reset.
b2 RIE Receive Data Full Interrupt 0: Receive data full interrupt (RXI) request is disabled. R/W
Enable 1: Receive data full interrupt (RXI) request is enabled.*1
b3 TIE Transmit Data Empty Interrupt 0: Transmit data empty interrupt (TXI) request is disabled. R/W
Enable 1: Transmit data empty interrupt (TXI) request is enabled.*2
b5, b4 RTRG[1:0] Receive FIFO Threshold Setting b5 b4 R/W
*4 0 0:1
0 1:2
1 0:4
1 1:6
b7, b6 TTRG[1:0] Transmit FIFO Threshold Setting b7 b6 R/W
x4 0 0:7 (13
0 1:6(2)3
1 0:4(4)3
1 1:2(6)*3
bl5tob8 — Reserved These bits are read as undefined. The write value should be 0. R/W
b16 SSIRST SSI Software Reset 0: Clears the SSI software reset. R/W
1: Initiates the SSI software reset.
b30to b17 — Reserved These bits are read as undefined. The write value should be 0. R/W
b31 AUCKE Master Clock Enable*4 0: The master clock is disabled. R/W

1: The master clock is enabled.

Note 1. The RXI request can be cleared by setting the SSIFSR.RDF flag to 0 (see the description of the SSIFSR.RDF flag for details) or
RIE bit to 0.

Note 2. The TXI request can be cleared by setting the SSIFSR.TDE flag to O (see the description of the SSIFSR.TDE flag for details) or
TIE bit to 0.

Note 3. The values in parenthesis are the number of empty stages in SSIFTDR at which the SSIFSR.TDE flag is set.

Note 4. Rewriting is allowed only in the idle state.

The SSIFCR register resets the number of the data bytes stored in the SSIFTDR and SSIFRDR registers, and specifies
transmit FIFO and receive FIFO threshold val ues.
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RFRST Bit (Receive FIFO Data Register Reset)
Thisbit invalidates the data in the SSIFRDR register to reset the FIFO to an empty state.

TFRST Bit (Transmit FIFO Data Register Reset)
Thisbit invalidates the datain the SSIFTDR register to reset the FIFO to an empty state.

RIE Bit (Receive Data Full Interrupt Enable)
Thisbit enables or disables generation of receive datafull interrupt (RX1) requests when the SSIFSR.RDF flagissetto 1
during reception.

TIE Bit (Transmit Data Empty Interrupt Enable)
This bit enables or disables generation of transmit data empty interrupt (TXI1) requests when the SSIFSR.TDE flag is set
to 1 during transmit operation.

RTRG[1:0] Bits (Receive FIFO Threshold Setting)

These bits specify the receive FIFO threshold value. When the number of received data bytes stored in the SSIFRDR
register (receive FIFO) has become equal to or greater than the value specified by the RTRG[1:0] bits, the SSIFSR.RDF
flag is set to 1 and reading the received datais requested. If the SSIFCR.RIE bit is 1 at thistime, areceive datafull
interrupt (RXI) request is generated.

TTRG[1:0] Bits (Transmit FIFO Threshold Setting)

These hits specify the transmit FIFO threshold value. When the number of transmit data bytes stored in the SSIFTDR
register (transmit FIFO) has become equal to or less than the value specified by the TTRG[1:0], the SSIFSR.TDE flag is
set to 1 and writing the transmit datais requested. If the SSIFCR.TIE bit is 1 at thistime, atransmit data empty interrupt
(TXI) request is generated.

SSIRST Bit (SSI Software Reset)

Writing 1 to thisbit initializes the SSI internal status, registers other than the SSIFCR register, and bits other than this bit
in the SSIFCR register. Since thisbit is not automatically cleared to 0, confirm that 1 iswritten to it before writing 0. Do
not write O to this bit and 1 to other bits at the same time. After modifying this bit, confirm that its value is modified
before proceeding to the next processing.
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37.2.4 FIFO Status Register (SSIFSR)

Address(es): SSI0.SSIFSR 0008 A514h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

— — — — TDC[3:0] — — — — — — — | TDE

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — RDCI[3:0] — — — — — — — | RDF
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 RDF Receive Data Full Flag 0: Number of received data bytes in the SSIFRDR register is R/(W)
*1

less than the specified receive FIFO threshold value.
1: Number of received data bytes in the SSIFRDR register is
equal to or greater than the specified receive FIFO threshold

value.
b7 to bl — Reserved These bits are read as 0. The write value should be 0. R/W
b1l to b8 RDC[3:0] Receive Data Indicate Flag Indicate the number of data units stored in the SSIFRDR R
register.
bl5tobl2 — Reserved These bits are read as 0. The write value should be 0. R/W
b16 TDE Transmit Data Empty Flag 0: Number of data bytes for transmission in the SSIFTDR R/(W)
register is greater than the specified transmit FIFO threshold ~ *1
value.

1: Number of data bytes for transmission in the SSIFTDR
register is equal to or less than the specified transmit FIFO
threshold value.*2

b23to bl7 — Reserved These bits are read as 0. The write value should be 0. R/W

b27 to b24 TDCJ3:0] Transmit Data Indicate Flag Indicate the number of data units stored in the SSIFTDR R
register.

b31tob28 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Writing O after confirming the flag to be 1 clears the flag. To clear flags, write 0 only to the flags to be cleared; write 1 to the other
flags. Do not write O to a status flag indicating 0.

Note 2. Since the SSIFTDR register is an 8-stage FIFO register, the amount of data that can be written to it while TDE flag =1 is “8 -
specified transmit FIFO threshold value” bytes at maximum. Writing more data will be ignored. The number of data bytes in the
SSIFTDR register is indicated in the TDC[3:0] flags.

The SSIFSR register consists of status flags indicating the operating status of the SSIFTDR register and SSIFRDR
register.

RDF Flag (Receive Data Full Flag)
Thisflag indicates that, when the received data is transferred to the SSIFRDR register, the number of data bytesin the
SSIFRDR register has become equal to or greater than the receive FIFO threshold value, and thus reading the received
data from the SSIFRDR register has been enabled.
[Setting condition]
e The number of receive data bytes that is equal to or greater than the value specified by the SSIFCR.RTRG[ 1:0] bits
is stored in the SSIFRDR register.
[Clearing conditions]
e Oiswritten to the RDF flag after the RDF flag is confirmed to be 1.
e Received dataisread from the SSIFRDR register using DMA or DTC transfer (transfer of the last block in block
transfer). Do not clear the RDF flag to O during DMA or DTC transfer.
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Note:  Since the SSIFRDR register is a 32-byte FIFO register, the maximum number of data bytes that can be read from
it while the RDF flag is 1 is indicated in the RDC[3:0] flags. If reading data from the SSIFRDR register is
continued after all the data is read, undefined values will be read.

RDCJ[3:0] Flags (Receive Data Indicate Flag)

These flags indicate the number of data bytes stored in the SSIFRDR register.

RDC[3:0] flags = Oh indicates no received data. RDC[3:0] flags = 8h indicates that 32 bytes of received datais stored in
the SSIFRDR register.

TDE Flag (Transmit Data Empty Flag)
Thisflag indicates that, when datais transferred from the SSIFTDR register to the transmit shift register, the number of
data bytesin the SSIFTDR register has become less than the transmit FIFO threshold value, and thus writing transmit
data to the SSIFTDR register has been enabled.
[Setting condition]
e The number of the transmit data bytes written to the SSIFTDR register is equal to or less than the value specified by
the SSIFCR.TTRG[ 1:0] hits.
[Clearing conditions]
e Oiswritten to the TDE flag after the TDE flag is confirmed to be 1.
e Transmit dataiswritten to the SSIFTDR register using DMA or DTC transfer (transfer of the last block in block
transfer). Do not clear the TDE flag to O during DMA or DTC transfer.

Note:  Since the SSIFTDR register is a 32-byte FIFO register, the maximum number of bytes that can be written to it
while the TDE flag is 1 is 8 — TDC[3:0]. If writing data to the SSIFTDR register is continued after all the data is
written, writing will be invalid and an overflow occurs.

TDCJ[3:0] Flags (Transmit Data Indicate Flag)

These flags indicate the number of data bytes stored in the SSIFTDR register.

TDCJ3:0] flags = Oh indicates no data for transmission. TDC[3:0] flags = 8h indicates that 32 bytes of datafor
transmission is stored in the SSIFTDR register.
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37.2.5 Transmit FIFO Data Register (SSIFTDR)

Address(es): SSI0.SSIFTDR 0008 A518h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: — — — — —_ — — — — — — — — — — _

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: — — — — — — — — — — — _ _ — — _

The SSIFTDR register isawrite-only FIFO register consisting of eight stages of 32-bit registersfor storing transmit data.
Write transmit data to the SSIFTDR register in 64-bit (two stages of FIFO) units regardless of the data word length
setting. If transmit data ends on a 32-bit boundary, write 00000000h for the other 32 bits, and stop transmission while 64-
bit writing is completed. When the transmit shift register is empty, the SSI transfers the transmit data written to the
SSIFTDR register to start serial transmission, which can be continued until the SSIFTDR register becomes empty.

Note that when the SSIFTDR register isfull of data (32 bytes), the next data cannot be written to it. If writing is
attempted, it will be ignored and an overflow occurs.

37.2.6 Receive FIFO Data Register (SSIFRDR)

Address(es): SSI0.SSIFRDR 0008 A51Ch

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: — — — — —_ —_ — — — — — — — _ — _

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: — — — — —_ — — — — — — — — — — _

The SSIFRDR register isaread-only FIFO register consisting of eight stages of 32-bit registersfor storing received data.
Each time 4 bytes of serial datais received, the SSI stores the received serial datain the SSIFRDR register from the
receive shift register according to the PDTA bit setting. Receive operation can be continued until a maximum 32 bytes of
data have been stored to in the SSIFRDR register. The SSIFRDR register can be read but cannot be written to. Note that
when the SSIFRDR register is read when it stores no received data, undefined values will be read and areceive
underflow occurs.

After the SSIFRDR register becomes full of received data, the data received thereafter will be lost and areceive overflow
OCCuUrs.
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37.2.7 TDM Mode Register (SSITDMR)

Address(es): SSI0.SSITDMR 0008 A520h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — |CONT| — — — — — — — —

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b8 CONT WS Continue Mode*1 0: Disables WS continue mode. R/W

1: Enables WS continue mode.

b31to b9 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. This bit can be set only in master mode (SSICR.SCKD bit = 1 and SSICR.SWSD bit = 1).

The SSITDMR register is a readable/writable 32-bit register that enables or disables WS continue mode.
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37.3 Operation
37.3.1 Bus Format

This module can operate as atransmitter or areceiver and can be configured into many serial busformatsin either mode.
The bus format can be selected from one of the six modes shown in Table 37.5.

Table 37.5 Bus Format

sl |9

al|z Zlzl|lZ2|Z2|-|a o |9 | <

zlz|Q|olGlzl@glalg|lg|E2|al=|S 215|888

[ w wi=[(s|5|3 w i e e

Elglol2|2|8|o|5|o|2|Q|=|lale|ao|a|Q =

Nl | 2|7 |FlF|l|lx|O|® c|o|o|o|2|3|E

%) [a] O

Non-compression slave receiver o|l1(0]|0 Control bits Configuration bits

Non-compression slave transmitter 1/0|0]|O0
Non-compression slave transceiver 1/1)0]|O0
Non-compression master receiver o111
Non-compression master transmitter 11011
Non-compression master transceiver | 1 | 1| 1 | 1

37.3.2 Non-Compressed Mode

This SSI supports non-compressed mode only. It supports the 12S compatible format as well as MSB-first and
left-justified/right-justified.

(1) Slave Receiver

This mode allows the module to receive serial data from another device. The clock and word select signal used for the
serial data stream is also supplied from an external device. If these signals do not conform to the format specified in the
configuration fields of this module, operation is not guaranteed.

(2) Slave Transmitter

This mode allows the module to transmit serial datato another device. The clock and word select signal used for the
serial data stream is also supplied from an external device. If these signals do not conform to the format specified in the
configuration fields of this module, operation is not guaranteed.

(3) Slave Transceiver

This mode allows serial data transmission and reception between this module and another device. The clock and word
select signal used for the serial datastream isalso supplied from an external device. If these signals do not conform to the
format specified in the configuration fields of this module, operation is not guaranteed.

(4) Master Receiver

This mode allows the modul e to receive seria datafrom another device. The clock and word select signals are internally
derived from the master clock. The format of these signalsis defined in the configuration fields of this module. If the
incoming data does not follow the configured format, operation is not guaranteed.

(5) Master Transmitter

This mode allows the module to transmit serial datato another device. The clock and word select signals are internally
derived from the master clock. The format of these signalsis defined in the configuration fields of this module.
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(6) Master Transceiver

This mode allows serial data transmission and reception between this module and another device. The clock and word
select signals are internally derived from the master clock. The format of these signalsis defined in the configuration
fields of this module.

(7) Operating Settings Related to Word Length

All bits related to the SSICR register's word length are valid in non-compressed modes. There are many configurations
this modul e supports, but some of the combinations are shown below for the I2S compatible format, M SB-first and left-
justified format, and M SB-first and right-justified format.

In this section SSITXDO and SSIRXDO are referred to SSIDATA.

e 12S Compatible Format
Figure 37.2 and Figure 37.3 show the 12S compatible format both without and with padding.
Padding occurs when the dataword length is smaller than the system word length.

SSICR.SCKP bit = 0, SSICR.SWSP bit = 0, SSICR.DEL bit = 0, SSICR.CHNL[1:0] bits = 00b
System word length = data word length

e | [T UL T Y

SSIWS
SSIDATA Prev. sample | MSB |LSB+1 LSB | MSB |LSB+1 LSB | Nextsample
System word 1 = System word 2 =
data word 1 data word 2

Figure 37.2 I2S Compatible Format (without Padding)

SSICR.SCKP bit = 0, SSICR.SWSP bit = 0, SSICR.DEL bit = 0, SSICR.CHNL][1:0] bits = 00b, SSICR.SPDP bit = 0,
SSICR.SDTA bit=0
System word length > data word length

e ooy ey i £ £oeeees i
sssck | [ T LML LT
ni : i
SSIws } i : I
SSIDATA MSB LSB MSB LSB ‘ Nextl
Data word 1 Padding Data word 2 Padding
System word 1 System word 2

Figure 37.3 I12S Compatible Format (with Padding)
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e MSB-First and Left-Justified Format
Figure 37.4 shows the M SB-first and left-justified format with padding.

SSICR.SCKP bit = 0, SSICR.SWSP bit = 1, SSICR.DEL bit = 1, SSICR.CHNL[1:0] bits = 00b,
SSICR.SPDP bit = 0, SSICR.SDTA bit =0
System word length > data word length

sssox | LT

SSIWS J

SSIDATA MSBl LSB MSB LSB Next |

Data word 1 Padding Data word 2 Padding

< < »le < »

System word 1 System word 2

Figure 37.4 MSB-First and Left-Justified Format

(Transmitted and Received in the Order of Serial Data and Padding Bits)

e MSB-First and Right-Justified Format
Figure 37.5 shows the MSB-first and right-justified format with padding.

SSICR.SCKP bit = 0, SSICR.SWSP bit = 1, SSICR.DEL bit = 1, SSICR.CHNL[1:0] bits = 00b,
SSICR.SPDP bit = 0, SSICR.SDTA bit =1
System word length > data word length
sssec | [T LE T U LEZ UL
SSIWS i
ssipata [ prev. | mss| [Lss msB| [Lse
Padding Data word 1 Padding Data word 2
System word 1 System word 2
Figure 37.5 MSB-First and Right-Justified Format
(Transmitted and Received in the Order of Padding Bits and Serial Data)
Table 37.6 shows the number of padding bits for each of the valid setting.
Table 37.6 Number of Padding Bits per System Word for Each Valid Setting
SSICR.DWL[2:0] Bits (Data Word Length)
SSICR.CHNL[1:0] Bits
(Decoded Channels per | SSICR.SWL[2:0] Bits 000b 001b 010b 011b 1000 1016
System Word) (System Word Length) 8 bits 16 bits 18 bits 20 bits 22 bits 24 bits
00b 1 channel 000b 8 bits 0 — — — — —
001b 16 bits 8 0 — — — —
010b 24 bits 16 8 6 4 2
011b 32 bits 24 16 14 12 10 8
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(8) Operating Settings Other than Word Length Related Settings

Several more configuration bits in non-compressed mode are shown below. These bits are not mutually exclusive, but
some combinations may not be useful.

These configuration bits are described below with reference to the basic format sample in Figure 37.6.
In Figure 37.6 to Figure 37.14, asystem word length of 6 bits and a data word length of 4 bits are used for
simplification of these figures.

SSICR.SWLJ[2:0] bits = 6 bits (This is a bit length for description only and cannot be set for actual applications)
SSICR.DWL[2:0] bits = 4 bits (This is a bit length for description only and cannot be set for actual applications)
SSICR.CHNL[1:0] bits = 00b, SSICR.SCKP bit = 0, SSICR.SWSP bit = 0, SSICR.SPDP bit = 0, SSICR.SDTA bit = 0,
SSICR.PDTA bit = 0, SSICR. DEL bit = 0, SSICR.MUEN bit = 0

SSIWS | System word 1 | System word 2 |
SSIDATA

Key for this and following diagrams:

| I Arrow head indicates sampling point of receiver
TDn n bit in transmit data
\ 0 / Means alow level on the serial bus (padding or mute)

/71 \  Means a high level on the serial bus (padding)

Figure 37.6 Basic Format Sample (Transmit Mode)

¢ Inverted Clock

Same as basic format sample configuration except SSICR.SCKP bit = 1

SSIWS | System word 1 | System word 2 |

SSIDATA

Figure 37.7 Inverted Clock
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¢ |nverted Word Select

Same as basic format sample configuration except SSICR.SWSP bit =1

SSIWS I System word 1 | System word 2 |

SSIDATA

Figure 37.8 Inverted Word Select

¢ Inverted Padding Polarity

Same as basic format sample configuration except SSICR.SPDP bit = 1

SSIWS | System word 1 | System word 2 |

SSIDATA

Figure 37.9 Inverted Padding Polarity

e Transmitting and Receiving in the Order of Padding Bits and Serial Data; with Delay

Same as basic format sample configuration except SSICR.SDTA bit = 1

SSIWS | System word 1 | System word 2 |
SSIDATA TD28 TD28

Figure 37.10  Transmitting and Receiving in the Order of Padding Bits and Serial Data; with Delay

e Transmitting and Receiving in the Order of Padding Bits and Serial Data; without Delay

Same as basic format sample configuration except SSICR.SDTA bit = 1 and SSICR.DEL bit = 1

SSIWS | System word 1 | System word 2 |
SSIDATA 0

Figure 37.11  Transmitting and Receiving in the Order of Padding Bits and Serial Data; without Delay
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e Transmitting and Receiving in the Order of Serial Data and Padding Bits; without Delay

Same as basic format sample configuration except SSICR.DEL bit = 1

SSIWS | System word 1 | System word 2 |

SSIDATA

Figure 37.12  Transmitting and Receiving in the Order of Serial Data and Padding Bits; without Delay

e Parallel Right-Justified with Delay

Same as basic format sample configuration except SSICR.PDTA bit = 1

SSIWS | System word 1 | System word 2 |

Figure 37.13  Parallel Right-Justified with Delay

e Mute Enabled
When the SSICR.MUEN bit is set to 1, the SSITXDO pin becomes low (0) without synchronizing SSIWS0.

Same as basic format sample configuration except SSICRMUEN bit = 1 (TD data ignored)

SSIWS | System word 1 | System word 2 |

SSIDATA

Figure 37.14  Mute Enabled
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37.3.3 WS Continue Mode

In WS continue mode, the SSIWS0 signal continues to be toggled irrespective whether data transmission is enabled or
disabled. Thismode can be set using the SSITDMR.CONT bit. With this mode enabled, the SSIWS0 signal does not stop
but continues toggling even if the SSICR.TEN and REN bits are both set to 0 (transmission disabled). With this mode
disabled, the SSIWSO0 signal stops if the SSICR.TEN and REN bits are both set to 0.

Figure 37.15 and Figure 37.16 show the operations with WS continue mode enabled and disabled, respectively.

Data transfer disabled period (SSICR.TEN bit = 0, SSICR.REN bit = 0)
" »>
SSISCK J'IJ'I_[IIII'I_I'IJ'I_[I]'LHU'I_[IZI'LHLI'SS_[III'LI'LI'I.[ZII'LHU'I_[ZIII'LI'IJ’
1

SSIWS S [ [
1

|

SSIDATA |Lssjvss] LSB « . vis | LsBlmse|
i
|

1

Figure 37.15 WS Continue Mode Enabled

Data transfer disabled period (SSICR.TEN bit = 0, SSICR.REN bit = 0)

ssisck ML LML oAU T oL UL o e

ssiws | \3

SSIDATA |sejvsy] LsB « g |Lsejwsg]
)

Figure 37.16 WS Continue Mode Disabled
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37.3.4 Operating States

There are three states of operation: idle, communication, and waiting for idle. Figure 37.17 shows the operating state
transitions.

Idle
(after reset)

SSICR.TEN bit = 1
or
SSICR.REN bit = 1
(SSISR.IDST flag = 0)

SSICR.TEN bit=0
d

an
SSICR.REN bit=0
(SSISR.IDST flag = 1)

Waiting for idle Communication

SSICR.TEN bit=0
and
SSICR.REN bit=0
(SSISR.IDST flag = 0)

Figure 37.17  Operating State Transitions

(1) Idle State

This modul e enters this state when the MSTPCRD.M STPD14 and MSTPD15 hits are set to 0 after areset isreleased. All
required configuration fields in the control register should be defined in this state. After the settings are made, the module
enters communication state when the SSICR.TEN bit or SSICR.REN hit isset to 1.

(2) Communication State

Communication in this state depends on the selected operating state. For details, refer to section 37.3.5, Transmit
Operation and section 37.3.6, Receive Operation.

(3) Waiting for Idle

This module enters this state when both the SSICR.TEN and SSICR.REN bits are set to 0 in communication state. If
system word communication is completed in this state, the SSISR.IDST flag is set to 1 and this module entersthe idle
state.
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37.3.5 Transmit Operation

Transmission can be controlled either by DMA/DTC transfer or interrupt.

DMAC/DTC control is preferred to reduce the processor load. In transmission using the DMAC/DTC, the processor will
only receive interruptsif there is an underflow or overflow of dataor if DMA/DTC transfer has been completed. In
transmission using DMA/DTC transfer, set the number of DMA/DTC transfersto multiples of 2 to write transmit data to
the SSIFTDR register in 64-bit (two stages of FIFO) units.

The alternative method is using the interrupts that this modul e generates to supply data as required. In transmission using
interrupts, write transmit data in 64-bit units regardless of the data format. If transmit data ends on a 32-bit boundary,
write 00000000h after the last transmit data is written, and complete writing on a 64-bit boundary.

When stopping transmission, stop writing to the SSIFTDR register while 64-bit writing is completed. After writing is
stopped, wait until atransmit underflow occurs before setting the SSICR.TEN bit to 0. During transmit underflow, the
last datainput to SSIFTDR register is continuously transmitted until this module enters the idle state. After setting the
TEN bit to 0, continue to supply the clock*1 until the SSISR.IIRQ flag becomes 1 (inidle state). If atransmit underflow
error or transmit overflow error occurs during datatransmission, transmit datato SSIFTDR register may not be writtenin
a 64-bit units. In that case, stop writing data, wait until atransmit underflow error occurs, and check the SSISR.TSWNO
flag when the transmit underflow has occurred. When the TSWNO flag is 1, write 00000000h to SSIFTDR register and
wait until an underflow occurs again. Once the TSWNO flag is confirmed to be 0, Set the TEN bit to 0 and continue to
supply the clock*1 until the SSISR.IIRQ flag becomes 1 (in idle state).

Figure 37.18 shows transmission flow using the DMA/DTC, and Figure 37.19 shows transmission flow using
interrupts.

Note 1. Input clock from the SSISCKO pin when SSICR.SCKD bit = 0.
Master clock when SSICR.SCKD bit = 1.
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(1) Transmission Using the DMAC/DTC

Set the SSIFCR.AUCKE bit to 1 in master
mode.

v

Set the SSICR register
configuration bits.

I

Enable an error interrupt,
setup and enable the DMAC/DTC,
enable transmit operation.

!

Enable a transmit interrupt,
enable the DMAC/DTC.

'

—> Wait for an interrupt.

A 4

Yes

Error interrupt?

No

End of DMA/DTC transfer?

Yes v

Disable of DMA/DTC transfer
More data to be sent?

No

WA 4

Disable of DMA/DTC transfer

Transmit underflow occurred?”

Y
Yes
Transmit underflow occurred?”

Write 32-bit 0-data to the SSIFTDR register.

A4

Disable transmit operation,
disable an error interrupt, i
enable an idle interrupt.

Clear the transmit underflow error interrupt
¢ status flag.

Wait for an idle interrupt |
from this module

v

Note 1. When restarting transmission after transmit operation is disabled (TEN = 0) while WS continue mode is
disabled, execute a software reset and go back to the start of the flowchart again.

Note 2. Stop writing transmit data to the SSIFTDR register and wait until a transmit underflow occurs.
During transmit underflow, the last data input to SSIFTDR register is continuously transmitted until the module is
in the idle state.

Figure 37.18  Transmission Using the DMAC/DTC
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(2) Transmission Using Interrupts

Set the SSIFCR.AUCKE bit to 1 in master
mode.

v

Set the SSICR register
configuration bits.

I

Setup the interrupt controller.

v

Enable an error interrupt,
enable a transmit interrupt,

A 4

enable transmit operation.

'

Wait for an interrupt.

Yes

Error interrupt?

Write transmit data”,
clear the SSIFSR.TDE flag

More data to be sent?

No

v

Transmit underflow occurred?”

Transmit underflow occurred?”

Disable transmit operation,
disable an error interrupt,
enable an idle interrupt.

v

Wait for an idle interrupt
from this module

Write 32-bit 0-data to the SSIFTDR register.

!

Clear the transmit underflow error interrupt
status flag.

Note 1. When restarting transmission after transmit operation is disabled (TEN = 0) while WS continue mode is
disabled, execute a software reset and go back to the start of the flowchart again.
Note 2. Write transmit data in 64-bit units regardless of the data word setting.
Note 3. Stop writing transmit data to the SSIFTDR register and wait until a transmit underflow occurs.
During transmit underflow, the last data input to SSIFTDR register is continuously transmitted until the module is
in the idle state.
Figure 37.19  Transmission Using Interrupts
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37.3.6

Receive Operation

Like transmission, reception can be controlled either by DMA/DTC transfer or interrupt.
Figure 37.20 and Figure 37.21 show the flow of operation.
When stopping reception, set the SSICR.REN bit to 0 and continue to supply the clock*L until the SSISR.IIRQ flag

becomes 1 (in idle state).

Note 1. Input clock from the SSISCKO pin when SSICR.SCKD bit = 0.
Master clock when SSICR.SCKD bit = 1.

(1) Reception Using the DMAC/DTC

Set the SSIFCR.AUCKE bit to 1 in master
mode.

v

Set the SSICR register
configuration bits.

v

Setup and enable the DMAC/DTC,
enable an error interrupt,
enable receive operation.

v

A 4

Note 1.

Enable a receive interrupt,
enable the DMAC/DTC

y

Wait for an interrupt.

Error interrupt?

No

End of DMA/DTC transfer?

Yes

More data to be received?

A 4

Disable receive operation,
disable the DMAC/DTC,

disable an error interrupt,
enable an idle interrupt.

y

Wait for an idle interrupt
from this module

If an error interrupt (underflow/overflow) occurs, go back to the start in the flowchart again.

Figure 37.20

Reception Using the DMAC/DTC
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(2) Reception Using Interrupts

Set the SSIFCR.AUCKE bit to 1 in master
mode.

!

Set the SSICR register
configuration bits.

!

Setup the interrupt controller.

!

Enable an error interrupt,
enable a receive interrupt,
enable receive operation.

!

—>] Wait for an interrupt.

Error interrupt?

No

Read receive data,
clear the SSIFSR.RDF flag

Receive more data?

_No

<

A

Disable receive operation,
disable an error interrupt,
enable an idle interrupt.

!

Wait for an idle interrupt
from this module

v

Note 1. If an error interrupt (underflow/overflow) occurs, go back to the start in the flowchart again.

Figure 37.21  Reception Using Interrupts
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37.3.7 Serial Bit Clock Control

The SSI controls and selects the serial bit clock, according to the SSICR.SCKD and CKDV[3:0] bits setting.
If the serial bit clock direction is set to input (SCKD bit = 0), thismodule is in slave mode and the shift register usesthe
clock that was input to the SSISCKO pin as the bit clock.

If the serial bit clock direction is set to output (SCKD bit = 1), this module isin master mode, and the shift register uses
the master clock (MCLK) or adivided master clock asthe bit clock. The master clock is divided by the ratio specified by

the SSICR.CKDV[3:0] bitsfor use asthe bit clock by the shift register.
In either case the module pin, SSISCKO, is the same as the bit clock.

37.4 Interrupt Sources

Table 37.7 liststhe interrupt sources of the SSI. Each interrupt source can be enabled or disabled by the SSICR.TUIEN,
TOIEN, RUIEN, ROIEN and IIEN bits, and the SSIFCR.TIE and RIE bits.

Table 37.7 SSl Interrupt Sources
Interrupt Interrupt Status Interrupt Enable DMAC/DTC
Channel Source Description Flag Bit Start Trigger
SSIo SSIFO Transmit underflow interrupt SSISR.TUIRQ SSICR.TUIEN Not available
Transmit overflow interrupt SSISR.TOIRQ SSICR.TOIEN
Receive underflow interrupt SSISR.RUIRQ SSICR.RUIEN
Receive overflow interrupt SSISR.ROIRQ SSICR.ROIEN
Idle interrupt SSISR.IIRQ SSICR.IIEEN
SSIRXIO Receive data full interrupt (RXI) SSIFSR.RDF SSIFCR.RIE Available
SSITXIO Transmit data empty interrupt (TXI) SSIFSR.TDE SSIFCR.TIE Available
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37.5 Usage Notes

37.5.1 Setting the Module Stop Function

Module stop state can be entered or released using the MSTPCRD register. The initial setting of the SSI isin the module
stop state. SSI register access is enabled by releasing the module stop state.
For details on the MSTPCRD register, refer to section 11, Low Power Consumption.

37.5.2 Notes on Changing Transmission Modes

For mode transitions between the transmitter, receiver, and transceiver while WS continue mode is disabled
(SSITDMR.CONT = 0), set the SSICR.TEN and SSICR.REN bits to 0 and make atransition to the idle state once. Set
the SSICR.TEN and SSICR.REN bits again while the module isin the idle state and restart transmission.

37.5.3 Limits on WS Continue Mode

If WS continue mode setting is changed, the operation of the SSISCK 0 and SSIWSO0 signalsimmediately after switching
are not guaranteed. If it affects the device to be connected, do not change the setting dynamically.
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38.  Serial Peripheral Interface (RSPIa)
In this section, “PCLK” is used to refer to PCLKB.

38.1 Overview

This MCU includes one channel of Serial Peripheral Interface (RSPI).

The RSPI channels are capable of high-speed, full-duplex synchronous serial communications with multiple processors
and peripheral devices.

Table 38.1 lists the specifications of the RSPI, and Figure 38.1 shows a block diagram of the RSPI.

In this section, m as used with the RSPI command registers (SPCMDm) indicatesOto 7.

Table 38.1 RSPI Specifications (1/2)

Item Description
Number of channels One channel
RSPI transfer functions e Use of MOSI (master out/slave in), MISO (master in/slave out), SSL (slave select), and RSPCK (RSPI

clock) signals allows serial communications through SPI operation (4-wire method) or clock
synchronous operation (3-wire method).

Transmit-only operation is available.

Communication mode: Full-duplex or transmit-only can be selected.

Switching of the polarity of RSPCK

Switching of the phase of RSPCK

MSB first/LSB first selectable

Transfer bit length is selectable as 8, 9, 10, 11, 12, 13, 14, 15, 16, 20, 24, or 32 bits.

128-hit transmit/receive buffers

Up to four frames can be transferred in one round of transmission/reception (each frame consisting of
up to 32 bits).

Data format

Bit rate

In master mode, the on-chip baud rate generator generates RSPCK by frequency-dividing PCLK (the
division ratio ranges from divided by 2 to divided by 4096).

In slave mode, the minimum PCLK clock divided by 8 can be input as RSPCK (the maximum frequency
of RSPCK is that of PCLK divided by 8).

Width at high level: 4 cycles of PCLK; width at low level: 4 cycles of PCLK

Buffer configuration Double buffer configuration for the transmit/receive buffers

128 bits for the transmit/receive buffers

Mode fault error detection
Overrun error detection*1
Parity error detection

Three SSL pins (SSLAO, SSLAL, and SSLA3) for each channel

In single-master mode, SSLAO, SSLA1, and SSLA3 pins are output.

In multi-master mode:

SSLAO pin for input, and SSLA1, SSLA3 pins for either output or unused.

In slave mode:

SSLAO pin for input, and SSLA1, SSLA3 pins for unused.

Controllable delay from SSL output assertion to RSPCK operation (RSPCK delay)
Range: 1 to 8 RSPCK cycles (set in RSPCK-cycle units)

Controllable delay from RSPCK stop to SSL output negation (SSL negation delay)
Range: 1 to 8 RSPCK cycles (set in RSPCK-cycle units)

Controllable wait for next-access SSL output assertion (next-access delay)
Range: 1 to 8 RSPCK cycles (set in RSPCK-cycle units)

Function for changing SSL polarity

Error detection

SSL control function

Control in master transfer o A transfer of up to eight commands can be executed sequentially in looped execution.

For each command, the following can be set:

SSL signal value, bit rate, RSPCK polarity/phase, transfer data length, MSB/LSB first, burst, RSPCK
delay, SSL negation delay, and next-access delay

A transfer can be initiated by writing to the transmit buffer.

MOSI signal value specifiable in SSL negation

RSPCK auto-stop function
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Table 38.1 RSPI Specifications (2/2)

Item

Description

Interrupt sources

Interrupt sources

Receive buffer full interrupt

Transmit buffer empty interrupt

RSPI error interrupt (mode fault, overrun, or parity error)
RSPI idle interrupt (RSPI idle)

Event link function (output)

The following events can be output to the event link controller. (RSPI0)
Receive buffer full signal

Transmit buffer empty signal

Mode fault, overrun, or parity error signal

RSPI idle signal

Transmission-completed signal

Others

Function for switching between CMOS output and open-drain output
Function for initializing the RSPI
Loopback mode

Low power consumption
function

Module stop state can be set.

Note 1. In master reception and when the RSPCK auto-stop function is enabled, an overrun error does not occur because the transfer
clock is stopped at the timing of overrun error detection.
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SPCR: RSPI control register SSLND: RSPI slave select negation delay register
SPCR2: RSPI control register 2 SPND: RSPI next-access delay register
SSLP: RSPI slave select polarity register SPCMD: RSPI command registers 0 to 7 (eight registers)
SPPCR: RSPI pin control register SPBR: RSPI bit rate register
SPSR: RSPI status register SPTX: RSPI transmit buffer
SPDR: RSPI data register SPRX: RSPI receive buffer
SPSCR: RSPI sequence control register SPTI: RSPI transmit interrupt
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SPDCR: RSPI data control register SPIl: RSPI idle interrupt
SPCKD: RSPI clock delay register SPEI: RSPI error interrupt
Figure 38.1 RSPI Block Diagram
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Table 38.2 liststhe I/O pins used in the RSPI.

The RSPI automatically switchesthe I/O direction of the SSLAO pin. SSLAO is set as an output when the RSPI isasingle
master and as an input when the RSPI is a multi-master or aslave. Pins RSPCKA, MOSIA, and MISOA are
automatically set asinputs or outputs according to the setting of master or slave and the level input on the SSLAO pin.
Refer to section 38.3.2, Controlling RSPI Pins for details.

Table 38.2 RSPI Pin Configuration

Channel Pin Name 110 Function

RSPIO RSPCKA I/0 Clock 1/0
MOSIA 110 Master transmit data I/O
MISOA 110 Slave transmit data I/O
SSLAO 110 Slave selection I/O
SSLA1 Output Slave selection output
SSLA3 Output Slave selection output
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38.2 Register Descriptions
38.2.1 RSPI Control Register (SPCR)

Address(es): RSPI0.SPCR 0008 8380h

b7 b6 b5 b4 b3 b2 b1l b0

SPRIE| SPE | SPTIE | SPEIE | MSTR | MODF | txMmD | sPms

EN
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 SPMS RSPI Mode Select 0: SPI operation (4-wire method) R/W
1: Clock synchronous operation (3-wire method)
bl TXMD Communications Operating Mode  0: Full-duplex synchronous serial communications R/W
Select 1: Serial communications consisting of only transmit operations
b2 MODFEN Mode Fault Error Detection Enable  0: Disables the detection of mode fault error R/W
1: Enables the detection of mode fault error
b3 MSTR RSPI Master/Slave Mode Select 0: Slave mode R/W
1: Master mode
b4 SPEIE RSPI Error Interrupt Enable 0: Disables the generation of RSPI error interrupt requests R/W
1: Enables the generation of RSPI error interrupt requests
b5 SPTIE Transmit Buffer Empty Interrupt 0: Disables the generation of transmit buffer empty interrupt R/W
Enable requests
1: Enables the generation of transmit buffer empty interrupt
requests
b6 SPE RSPI Function Enable 0: Disables the RSPI function R/W
1: Enables the RSPI function
b7 SPRIE RSPI Receive Buffer Full Interrupt ~ 0: Disables the generation of RSPI receive buffer full interrupt R/W
Enable requests
1: Enables the generation of RSPI receive buffer full interrupt
requests

Do not change the SPCR.MSTR, SPCR.MODFEN, or SPCR.TXMD hit while the SPCR.SPE bit is 1.

SPMS Bit (RSPI Mode Select)

The SPMS hit selects SPI operation (4-wire method) or clock synchronous operation (3-wire method).

The SSLAOQ, SSLA1, and SSLA3 pins are not used in clock synchronous operation. The RSPCKA, MOSIA, and MISOA
pins handle communications. If clock synchronous operation is to proceed in master mode (SPCR.MSTR = 1), the
SPCMDm.CPHA bit can be set to either 0 or 1. Set the CPHA bit to 1 if clock synchronous operation isto proceed in
slave mode (SPCR.MSTR = 0). Do not set the CPHA bit to 0 when clock synchronous operation isto proceed in slave
mode (SPCR.MSTR = 0).

TXMD Bit (Communications Operating Mode Select)

The TXMD bit selects full-duplex synchronous serial communications or transmit operations only.

When performing communications with the TXMD bit set to 1, the RSPI performs only transmit operations and not
receive operations (refer to section 38.3.6, Communications Operating Mode).

When the TXMD bit is set to 1, receive buffer full interrupt requests cannot be used.
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MODFEN Bit (Mode Fault Error Detection Enable)

The MODFEN bit enables or disables the detection of mode fault error (refer to section 38.3.8, Error Detection). In
addition, the RSPI determines the I/O direction of the SSLAO, SSLA 1, and SSLA3 pins based on combinations of the
MODFEN and MSTR bits (refer to section 38.3.2, Controlling RSPI Pins).

MSTR Bit (RSPI Master/Slave Mode Select)
The MSTR bit selects master/slave mode of the RSPI. According to MSTR bit settings, the RSPl determines the
direction of pins RSPCKA, MOSIA, MISOA, SSLAO, SSLA1, and SSLA3.

SPEIE Bit (RSPI Error Interrupt Enable)

The SPEIE hit enables or disables the generation of RSPI error interrupt requests when the RSPI detects a mode fault
error and sets the SPSR.MODF flag to 1, when the RSPI detects an overrun error and sets the SPSR.OVRF flag to 1, or
when the RSPI detects a parity error and sets the SPSR.PERF flag to 1 (refer to section 38.3.8, Error Detection).

SPTIE Bit (Transmit Buffer Empty Interrupt Enable)

The SPTIE bit enables or disables the generation of transmit buffer empty interrupt requests when the RSPI detects when
the transmit buffer is empty.

A transmit buffer empty interrupt request when transmission starts is generated by setting the SPE and SPTIE bitsto 1 at
the same time or by setting the SPE bit to 1 after setting the SPTIE bit to 1.

Note that atransmit buffer interrupt is generated when the SPTIE bit is 1 even if the RSPl function isdisabled (the SPTIE
bit is changed to 0).

SPE Bit (RSPI Function Enable)

The SPE bit enables or disables the RSPI function.

When the SPSR.MODF flag is 1, the SPE hit cannot be set to 1. For details, refer to section 38.3.8, Error Detection.
Setting the SPE hit to 0 disables the RSPI function, and initializes a part of the module function. For details, refer to
section 38.3.9, Initializing RSPI. Furthermore, atransmit buffer empty interrupt request is generated by the state of the
SPE bit changing from 0to 1 or from 1to 0.

SPRIE Bit (RSPI Receive Buffer Full Interrupt Enable)
If the RSPI has detected a receive buffer full write after completion of a serial transfer, the SPRIE bit enables or disables
the generation of an RSPI receive buffer full interrupt request.
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38.2.2

Address(es): RSPI0.SSLP 0008 8381h

RSPI Slave Select Polarity Register (SSLP)

b7 b6 b5 b4 b3 b2 b1l b0
— — — — SSL3P| — |SSL1P |SSLOP
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 SSLOP SSLO Signal Polarity Setting ~ 0: SSLO signal is active low R/W
1: SSLO signal is active high
bl SSL1P SSL1 Signal Polarity Setting  0: SSL1 signal is active low R/W
1: SSL1 signal is active high
b2 — Reserved This bit is read as 0. The write value should be 0. R/W
b3 SSL3P SSL3 Signal Polarity Setting ~ 0: SSL3 signal is active low R/W
1: SSL3 signal is active high
b7tob4 — Reserved These bits are read as 0. The write value should be 0. R/W

Do not change the SSL P register while the SPCR.SPE bit is 1.
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38.2.3

Address(es): RSPI0.SPPCR 0008 8382h

RSPI Pin Control Register (SPPCR)

b7 b6 b5 b4 b3 b2 bl b0
— — |MOIFE|MOIFV| — — | SPLP2| SPLP
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
b0 SPLP RSPI Loopback 0: Normal mode R/W
1: Loopback mode (data is inverted for transmission)
bl SPLP2 RSPI Loopback 2 0: Normal mode R/W
1: Loopback mode (data is not inverted for transmission)
b3, b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b4 MOIFV MOSI Idle Fixed Value 0: The level output on the MOSIA pin during MOSI idling corresponds  R/W
to low
1: The level output on the MOSIA pin during MOSI idling corresponds
to high
b5 MOIFE MOSI Idle Value Fixing 0: MOSI output value equals final data from previous transfer R/W
Enable 1: MOSI output value equals the value set in the MOIFV bit
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/IW

Do not change the SPPCR register while the SPCR.SPE bitis 1.

SPLP Bit (RSPI Loopback)

The SPLP bit selects the mode of the RSPI pins.

When the SPLP bit is set to 1, the RSPI shuts off the path between the MISOA pin and the shift register if the
SPCR.MSTR hit is 1, and between the MOSIA pin and the shift register if the SPCR.MSTR hit is 0, and connects
(inverts) the input path and output path for the shift register (loopback mode).

SPLP2 Bit (RSPl Loopback 2)

The SPLP2 bit selects the mode of the RSPI pins.

When the SPLP2 hit is set to 1, the RSPI shuts off the path between the MISOA pin and the shift register if the
SPCR.MSTR hit is 1, and between the MOSIA pin and the shift register if the SPCR.MSTR bit is 0, and connects the
input path and output path for the shift register (loopback mode).

MOIFV Bit (MOSI Idle Fixed Value)
If the MOIFE bit is 1 in master mode, the MOIFV bit determines the MOSIA pin output value during the SSL negation
period (including the SSL retention period during a burst transfer).

MOIFE Bit (MOSI Idle Value Fixing Enable)

The MOIFE bit fixesthe MOSIA output value when the RSPl in master modeisin an SSL negation period (including the
SSL retention period during a burst transfer). When the MOIFE bit is 0, the RSPI outputs the |ast data from the previous
serial transfer during the SSL negation period to the MOSIA pin. When the MOIFE bit is 1, the RSPI outputs the fixed
value set in the MOIFV hit to the MOSIA pin.
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38.24 RSPI Status Register (SPSR)

Address(es): RSPI0.SPSR 0008 8383h

b7 b6 b5 b4 b3 b2 b1l b0

SPRF| — |SPTEF| — | PERF | MODF | IDLNF | OVRF
Value after reset: 0 0 1 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b0 OVRF Overrun Error Flag 0: No overrun error occurs R/(W)
1: An overrun error occurs *1

bl IDLNF RSPI Idle Flag 0: RSPl is in the idle state R
1: RSPl is in the transfer state

b2 MODF Mode Fault Error Flag 0: No mode fault error occurs R/(W)
1: A mode fault error occurs *1

b3 PERF Parity Error Flag 0: No parity error occurs R/(W)
1: A parity error occurs *1

b4 — Reserved This bit is read as 0. The write value should be 0. R/W

b5 SPTEF Transmit Buffer Empty Flag  0: Transmit buffer has valid data R*2
1: Transmit buffer has no valid data

b6 — Reserved This bit is read as 0. The write value should be 0. R/W

b7 SPRF Receive Buffer Full Flag 0: Receive buffer has no valid data R*2

1: Receive buffer has valid data

Note 1. Only 0 can be written to clear the flag after reading 1.
Note 2. The write value should be 1.

OVRF Flag (Overrun Error Flag)

The OVRF flag indicates the occurrence of an overrun error. In master mode (when the SPCR.MSTR bit is 1) and when

the RSPCK clock auto-stop function is enabled (the SPCR2.SCKASE hit is 1), an overrun error does not occur;

accordingly this flag does not become 1. For details, refer to section 38.3.8.1, Overrun Error.
[Setting condition]

e When the next serial transfer ends while the SPCR.TXMD bit is 0 and the receive buffer is full.
[Clearing condition]

e When SPSR isread while the OVRF flag is 1, and then 0 is written to the OVRF flag.

IDLNF Flag (RSPI Idle Flag)

The IDLNF flag indicates the transfer status of the RSPI.
[Setting condition]

Master mode

e Condition 1 and condition 2 are not satisfied in master mode under the [ Clearing condition] below.

Slave mode
e The SPCR.SPE bit is 1 (enables the RSPI function)

[Clearing condition]

Master mode
e Thefollowing 1 issatisfied (condition 1) or al of the following 2 to 4 are satisfied (condition 2).

1. The SPCR.SPE bit is 0 (disables the RSPI function)

2. Thetransmit buffer (SPTX) is empty (datafor the next transfer is not set)

3. The SPSSR.SPCP[2:0] hits are 000b (beginning of sequence control)
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4. The RSPI internal sequencer has entered the idle state (status in which operations up to the next-access delay have
finished)
Slave mode
e The SPCR.SPE hit is 0 (disables the RSPI function)

MODF Flag (Mode Fault Error Flag)
Indicates the occurrence of a mode fault error.
[Setting condition]

Multi-master mode

¢ Whentheinput level of the SSLAI pin changesto the active level whilethe SPCR.MSTR bitis 1 (master mode) and
the SPCR.MODFEN bit is 1 (mode fault error detection is enabled), the RSPl detects a mode fault error

Slave mode

e Whenthe SSLAI pinisnegated before the RSPCK cycle necessary for datatransfer ends while the SPCR.MSTR hit
is 0 (slave mode) and the SPCR.MODFEN hit is 1 (mode fault error detection is enabled), the RSPI detects a mode
fault error

The active level of the SSLAI signal is determined by the SSLP.SSLiP bit (SSLi signal polarity setting bit).

[Clearing condition]
e When SPSR isread while the MODF flag is 1, and then O is written to the MODF flag

PERF Flag (Parity Error Flag)
Indicates the occurrence of a parity error.
[Setting condition]
e When aseria transfer ends while the SPCR.TXMD bit is 0 and the SPCR2.SPPE hit is 1, the RSPI detects a parity
error
[Clearing condition]
¢ When SPSR isread while the PERF flag is 1, and then O is written to the PERF flag

SPTEF Flag (Transmit Buffer Empty Flag)
Indicates whether the transmit buffer (SPTX) in the RSPI dataregister has valid data.
[Setting condition]
e When the SPCR.SPE hit is 0 (disables the RSPI function)
e When dataistransferred from the transmit buffer to the shift register
[Clearing condition]
¢ When the number of frames of transmit data specified by the SPDCR.SPFC[1:0] bitsiswritten to the SPDR register

The SPDR register can be set only when the SPTEF flag is 1. The datain the transmit buffer is not updated when the
SPDR register is set while the SPTEF flag is 0.

SPRF Flag (Receive Buffer Full Flag)
Indicates whether the receive buffer (SPRX) in the RSPI data register has valid data.
[Setting condition]
e When the number of frames of receive data specified by the SPDCR.SPFC[1:0] bitsistransferred from shift register
to the receive buffer (SPRX) while the SPCR.TXMD bit is 0 (full duplex) and the SPRF flagis 0.
Note that the SPRF flag does not become 1 when the OVRF flag is 1.
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[Clearing condition]
e When all of the received data are read from the SPDR register
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38.2.5 RSPI Data Register (SPDR)

e When accessing in longword size

Address(es): RSPI0.SPDR 0008 8384h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

e When accessing in word size

Address(es): RSPI0.SPDR.H 0008 8384h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SPDR isthe interface with the buffers that hold data for transmission and reception by the RSPI.

When accessing in longwords (the SPLW bit is 1), access SPDR in 32-bit units.

When accessing in words (the SPLW bit is 0), access SPDR.H in 16-bit units.

The transmit buffer (SPTX) and receive buffer (SPRX) are independent but are both mapped to SPDR. Figure 38.2
shows the Configuration of SPDR.

PR If RSPI data register = — — — — — — — \
| Transmit buffer |
/ \ |
i | SPTXO0 | |
| ] -
*1 SPTX1 a | Shift .
] L
E -t P: SPTX2 i ; - register ——» Transmit data
g [ SPTX3 [ I
\ /
x —_—— —
SNo . :
g_\j_V & , Receive buffer \ |
g I SPRX0 | | :
E | | *1 A
= - SPRX1 ' Shift —— Receive data
- B I SPRX2 :‘ I register
| SPRX3 | |
| (N ——— / :
~~ N e - -
Note 1. The destination buffer and stage for access is automatically switched by hardware.

Figure 38.2 Configuration of SPDR

The transmit and receive buffers each have four stages. The number of stages to be used is selectable by the number of
frames specification bitsin the RSPI data control register (SPDCR.SPFC[1:0]). The eight stages of the buffer are all
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mapped to the single address of SPDR.

Datawritten to SPDR are written to a transmit-buffer stage (SPTXn) (n = 0 to 3) and then transmitted from the buffer.
The receive buffer holds received data on completion of reception. The receive buffer is not updated if an overrunis
generated.

Furthermore, if the data length is other than 32 bits, bits not referred to in SPTXn (n=0to 3) are stored in the
corresponding bitsin SPRXn. For example, if the datalength is 9 bits, received data are stored in the SPRXn[8:0] bits
and the SPTXn[31:9] bits are stored in the SPRXn[31:9] bits.

(1) Bus Interface

SPDR isthe interface with 32-bit wide transmit and receive buffers, each of which hasfour stages, for atotal of 32 bytes.
In other words, the 32 bytes are mapped to the 4-byte address space for SPDR. Furthermore, the unit of access for SPDR
is selected by the SPDCR.SPLW bit.

Data for transmission should be flush with the LSB end of the register. Received data are stored flush with the LSB end.
Operations involved in writing to and reading from SPDR are described bel ow.

(&) Writing

Data written to SPDR are written to atransmit buffer (SPTXn). Thisis not influenced by the value of the
SPDCR.SPRDTD hit unlike when reading from SPDR.

Thetransmit buffer includes atransmit buffer write pointer which is automatically updated to indicate the next stage each
time data are written to SPDR.

Figure 38.3 shows the configuration of the bus interface with the transmit buffer in the case of writing to SPDR.

O

o SPTXE |

L Write access + Setting of the SPFC[1:0] bits

SPDR

Figure 38.3 Configuration of SPDR (Writing)

The sequence for switching the transmit buffer write pointer differs with the setting of the number of frames specification
bits in the RSPI data control register (SPDCR.SPFC[1.0]).

e Settings of the SPFC[1:0] bits and sequence of switching the pointer among SPTX0 to SPTX3.
When the SPFC[1:0] bits are 00b: SPTX0 — SPTX0 — SPTX0 — ...
When the SPFC[1:0] bits are 01b: SPTX0 — SPTX1 — SPTX0 — SPTX1 — ...
When the SPFC[1:0] bits are 10b: SPTX0 — SPTX1 — SPTX2 — SPTX0 — SPTX1 — ...
When the SPFC[1:0] bits are 11b: SPTX0 — SPTX1 — SPTX2 — SPTX3 — SPTX0 — SPTX1 — ...

When 1 iswritten to the RSPI function enable bit in the RSPI control register (SPCR.SPE) whilethebit’scurrent valueis
0, SPTXO0 will be the destination the next time writing proceeds.

When writing to the transmit buffer (SPTXn) after generation of the transmit buffer empty interrupt (after the
SPSR.SPTEF flag becomes 1), write the number of frames set by the number of frames specification bits (SPFC[1:0]) in
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the RSPI data control register (SPDCR). Even if the number of frames is written to the transmit buffer (SPTXn), the
value of the buffer is not updated after completion of the writing and before generation of the next transmit buffer empty
interrupt (while the SPSR.SPTEF flag is 0).

(b) Reading

SPDR can be read to read the value of areceive buffer (SPRXn) or atransmit buffer (SPTXn). The setting of the RSP
receive/transmit data select bit in the RSPI data control register (SPDCR.SPRDTD) selects whether reading is of the
receive or transmit buffer.

The sequence of reading the SPDR register is controlled by independent pointers, receive buffer read pointer and
transmit buffer read pointer.

Figure 38.4 shows the configuration of the bus interface with the receive and transmit buffersin the case of reading
from SPDR.

O
O SPRX1

O SPRX2
O SPRX3

< L Read access to receive buffer +
Setting of the SPFC[1:0] bits

SPDR

O SPTX1
O SPTX2
O SPTX3

SPRDTD L Read access to transmit buffer +

Setting of the SPFC[1:0] bits

Figure 38.4 Configuration of SPDR (Reading)

Reading the receive buffer switches the receive buffer read pointer to the next buffer automatically.

The sequence of switching the receive buffer read pointer is the same as that for the transmit buffer write pointer.
However, when 1 iswritten to the RSPI function enable bit in the RSPI control register (SPCR.SPE) while the bit's
current valueis 0, SPRX0 will be indicated by the buffer read pointer the next time reading proceeds.

The transmit buffer read pointer is updated when writing to SPDR, and not updated when reading from the transmit
buffer. When reading from the transmit buffer, the value most recently written to SPDR is read. However, after
generation of the transmit buffer empty interrupt, the values read from the transmit buffer are al 0 in the interval after
completion of writing the number of frames of data specified in the number of frames specification bits
(SPDCR.SPFC[1:0]) and before generation of the next buffer empty interrupt (while the SPSR.SPTEF flag is 0).
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38.2.6 RSPI Sequence Control Register (SPSCR)

Address(es): RSPI0.SPSCR 0008 8388h

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — SPSLN[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2 to b0 SPSLN[Z;O] RSPI Sequence Length b2 b0 Sequence Length  Referenced SPCMDO to SPCMD7 (No.) R/W
Specification 000 1 0—-0—...
001 2 0—-1-0—...
010 3 0—-1-2—-0—...
011 4 0—-1-2—-3—-0—...
100: 5 0—-1-2—-3—4—0—...
101 6 0—-1-52—-3—-4-55-0—...
110 7 0—-1-2—-3—-4—-5—6—-0—...
111 8 0—-1-52—-3—-4—-5—-6—-7—0—...
The order in which the SPCMDO to SPCMDY registers are to be
referenced is changed according to the sequence length that is set in
these bits. The relationship among the setting of these bits, sequence
length, and SPCMDO to SPCMD?7 registers referenced by the RSPl is
shown above. However, the RSPI in slave mode references SPCMDO.
b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

SPSCR sets the sequence length when the RSPI operates in master mode. When changing the SPSCR.SPSLN[2:0] bits
while both the SPCR.MSTR and SPCR.SPE hits are 1, the bits should be changed while the SPSR.IDLNF flag is 0.

SPSLN[2:0] Bits (RSPI Sequence Length Specification)

The SPSLN[2:0] hits specify a sequence length when the RSPI in master mode performs sequential operations. The RSP
in master mode changes SPCM DO to SPCM D7 registers to be referenced and the order in which they are referenced

according to the sequence length that is set in the SPSLN[2:0] bits.
In slave mode, SPCMDO is referred.
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38.2.7 RSPI Sequence Status Register (SPSSR)

Address(es): RSPI0.SPSSR 0008 8389h

b7 b6 b5 b4 b3 b2 b1l b0

— SPECM[2:0] — SPCP[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0  SPCP[2:0] RSPI Command Pointer b2 b0 R
0 0 0: SPCMDO
0 0 1: SPCMD1
0 1 0: SPCMD2
01 1: SPCMD3
1 0 0: SPCMD4
10 1: SPCMD5
1 1 0: SPCMD6
11 1: SPCMD7
b3 — Reserved This bit is read as 0.
b6tob4 SPECM[2:0] RSPI Error Command b6 b4
0 0 0: SPCMDO
0 0 1: SPCMD1
0 1 0: SPCMD2
01 1: SPCMD3
1 0 0: SPCMD4
10 1: SPCMD5
1 1 0: SPCMD6
11 1: SPCMD7
b7 — Reserved This bit is read as 0. R

SPSSR indicates the sequence control status when the RSPI operates in master mode.
Any writing to SPSSR isignored.

SPCP[2:0] Bits (RSPl Command Pointer)
The SPCP[2:0] bitsindicate SPCMDm that is currently pointed to by the pointer during sequence control by the RSPI.
For the RSPI’ s sequence control, refer to section 38.3.10.1, Master Mode Operation.

SPECM][2:0] Bits (RSPI Error Command)

The SPECM[2:0] bitsindicate SPCMDm that is specified by the SPCP[2:0] bits when an error is detected during
seguence control by the RSPI. The RSPI updates the SPECM[2:0] bits only when an error is detected. If both the
SPSR.OVRF and SPSR.MODF flags are 0 and there is no error, the values of the SPECM[2:0] bits have no meaning.
For the RSPI’ s error detection function, refer to section 38.3.8, Error Detection. For the RSPI’ s sequence control, refer
to section 38.3.10.1, Master Mode Operation.
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38.2.8 RSPI Bit Rate Register (SPBR)

Address(es): RSPI0.SPBR 0008 838Ah

b7 b6 b5 b4 b3 b2 b1l b0

Value after reset: 1 1 1 1 1 1 1 1

SPBR setsthe bit rate in master mode. Do not change the SPBR register while both the SPCR.MSTR and SPCR.SPE bits
arel.

When the RSPI is used in slave mode, the bit rate depends on the bit rate of the input clock (bit rate satisfying the
electrical characteristics should be used) regardless of the settings of SPBR and the SPCMDm.BRDV[1:0] bits (bit rate
division setting hits).

The bit rate is determined by combinations of the SPBR setting and the SPCMDm.BRDV[1:0] bit setting. The equation
for calculating the bit rate is given below. In the equation, n denotes an SPBR setting (0, 1, 2, ..., 255), and N denotes a
BRDV[1:0] hit setting (0, 1, 2, 3).

Bit rate = f(PCLK <
2x(n+1)yx2

Table 38.3 lists examples of the relationship among the SPBR settings, the BRDV[1:0] settings, and bit rates.
Use the bit rate that meets electrical characteristics based on the AC specifications of the target device.

Table 38.3 Relationship among SPBR Settings, BRDV[1:0] Settings, and Bit Rates

Division Bit Rate
SPBR (n) BRDV[1:0] Bits (N) | Ratio PCLK =32 MHz
0 0 2 16.0 Mbps
1 0 4 8.00 Mbps
2 0 6 5.33 Mbps
3 0 8 4.00 Mbps
4 0 10 3.20 Mbps
5 0 12 2.67 Mbps
5 1 24 1.33 Mbps
5 2 48 667 kbps
5 3 96 333 kbps
255 3 4096 7.81 kbps
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38.2.9 RSPI Data Control Register (SPDCR)

Address(es): RSPI0.SPDCR 0008 838Bh

b7 b6 b5 b4 b3 b2 b1l b0

— — | sPw SPSDT — — SPFC[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 SPFC[1:0]  Number of Frames b1 bo R/W
Specification 0 0:1frame
0 1: 2 frames
1 0: 3 frames
1 1: 4 frames
b3, b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b4 SPRDTD RSPI Receive/Transmit Data 0: SPDR values are read from the receive buffer R/W
Select 1: SPDR values are read from the transmit buffer
(but only if the transmit buffer is empty)
b5 SPLW RSPI Longword Access/ 0: SPDR is accessed in words R/W

Word Access Specification 1: SPDR is accessed in longwords

b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/W

Up to four frames can be transmitted or received in one round of transmission or reception activation. The amount of data
in each transfer is controlled by the combination of the SPCMDm.SPB[3:0] bits, the SPSCR.SPSLN[2:0] bits, and the
SPDCR.SPFC[1:0] hits.

When changing the SPDCR.SPFCJ[ 1:0] bits while the SPCR.SPE bit is 1, the bits should be changed while the
SPSR.IDLNF flag is 0.

SPFC[1:0] Bits (Number of Frames Specification)

The SPFC[1:0] bits specify the number of frames that can be stored in SPDR (per transfer activation). Up to four frames
can be transmitted or received in one round of transmission or reception, and the amount of datais determined by the
combination of the SPSCR.SPSLN[2:0] bits, and the SPDCR.SPFC[1:0] bits. Furthermore, the setting of the SPFC[1:0]
bits adjusts the number of frames for generation of RSPI receive buffer full interrupt, and start of transmission or
generation of transmit buffer empty interrupts.

When the number of frames of transmit data specified by SPFC[1:0] bitsis written to the SPDR register, the
SPSR.SPTEF flag becomes 0 and transmission starts. Then, when the specified number of frames of transmit data has
been transferred to the shift register, the SPTEF flag becomes 1 and the RSPI transmit buffer empty interrupt is
generated.

When the number of frames specified by the SPFC[1:0] bits are received, the SPSR.SPRF flag becomes 1 and the RSPI
receive buffer full interrupt is generated.

Table 38.4 lists the frame configurations that can be stored in SPDR and examples of combinations of settings for
transmission and reception. Do not select the combinations of settings other than those shown in the examples.
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Table 38.4

Settable Combinations of SPSLN[2:0] Bits and SPFC[1:0] Bits

Number of Frames in

Number of Frames at which Transmit Buffer or Receive

Setting SPSLN[2:0] SPFC[1:0] a Single Sequence Buffer Status Becomes “Has Valid Data”
1-1 000b 00b 1 1
1-2 000b 01b 2 2
1-3 000b 10b 3 3
1-4 000b 11b 4 4
2-1 001b 01b 2 2
2-2 001b 11b 4 4
3 010b 10b 3 3
4 011b 11b 4 4
5 100b 00b 5 1
6 101b 00b 6 1
7 110b 00b 7 1
8 111b 00b 8 1

SPRDTD Bit (RSPI Receive/Transmit Data Select)
The SPRDTD bit selects whether the SPDR reads values from the receive buffer or from the transmit buffer.

If reading is from the transmit buffer, the value written to SPDR register immediately beforehand is read.

When reading the transmit buffer, do so before writing of the number of frames set in the SPFC[1:0] bitsis finished and
after generation of the transmit buffer empty interrupt (While the SPSR.SPTEF flag is 1).

For details, refer to section 38.2.5, RSPI Data Register (SPDR).

SPLW Bit (RSPI Longword Access/Word Access Specification)

The SPLW hit specifies the access width for SPDR. Access to the SPDR register in words when the SPLW bitisO andin
longwords when the SPLW bit is 1.
Also, when the SPLW hit is 0, set the SPCMDm.SPB[3:0] bits (RSPI data length setting bits) to 8 to 16 bits. Do not

select 20, 24,

or 32 bits.

RO1UHO0823EJ0110 Rev.1.10

Nov 30, 2020

RENESAS

Page 1357 of 1852



RX23W Group

38. Serial Peripheral Interface (RSPla)

38.2.10 RSPI Clock Delay Register (SPCKD)

Address(es): RSPI0.SPCKD 0008 838Ch

b7 b6 b5

b4

b3

b2 b1l b0

SCKDL[2:0]

Value after reset: 0 0 0

0

0 0 0

Bit Symbol Bit Name

Description

R/W

b2to b0  SCKDL[2:0] RSPCK Delay Setting

b2 b0
0 0 0: 1 RSPCK
1: 2 RSPCK
0: 3 RSPCK
1: 4 RSPCK
0: 5 RSPCK
1: 6 RSPCK
0: 7 RSPCK
11 1:8RSPCK

PR, PEP OOO
P OORFrRRF OO

R/W

b7tob3 — Reserved

These bits are read as 0. The write value should be 0. R/W

SPCKD sets a period from the beginning of SSLAI signal assertion to RSPCK oscillation (RSPCK delay) when the
SPCMDm.SCKDEN bit is 1. Do not change the SPCKD register while both the SPCR.MSTR and SPCR.SPE bits are 1.

SCKDL[2:0] Bits (RSPCK Delay Setting)

The SCKDL[2:0] bits set an RSPCK delay value when the SPCMDm.SCKDEN bit is 1.
When using the RSPI in slave mode, set the SCKDL[2:0] bits to 000b.
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38.2.11 RSPI Slave Select Negation Delay Register (SSLND)

Address(es): RSPI0.SSLND 0008 838Dh

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — SLNDL[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0  SLNDL[2:0] SSL Negation Delay Setting b2 bo R/W
0 0: 1 RSPCK
0 0 1: 2 RSPCK
0 1 0: 3RSPCK
0 1 1:4RSPCK
1 0 0: 5RSPCK
1 0 1: 6 RSPCK
11 0:7RSPCK

11 1:8RSPCK

b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

SSLND sets a period (SSL negation delay) from the transmission of afinal RSPCK edge to the negation of the SSLAI
signal during aserial transfer by the RSPI in master mode. Do not change the SSLND register while both the
SPCR.MSTR and SPCR.SPE hitsare 1.

SLNDL[2:0] Bits (SSL Negation Delay Setting)
The SLNDL[2:0] bits set an SSL negation delay value when the RSPI isin master mode.
When using the RSPI in slave mode, set the SLNDL[2:0] bits to 000b.
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38.2.12 RSPI Next-Access Delay Register (SPND)

Address(es): RSPI0.SPND 0008 838Eh

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — SPNDL[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0  SPNDL[2:0] RSPI Next-Access Delay Setting b2 b0 R/W
0 0 0: 1 RSPCK + 2 PCLK
0 0 1: 2 RSPCK + 2 PCLK
0 1 0: 3RSPCK + 2 PCLK
01 1: 4 RSPCK + 2 PCLK
1 0 0:5RSPCK + 2 PCLK
1 0 1: 6 RSPCK + 2 PCLK
11 0:7RSPCK +2PCLK
11 1: 8RSPCK + 2 PCLK
b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

SPND sets a non-active period (next-access delay) of the SSLAI signal after termination of a serial transfer when the
SPCMDm.SPNDEN bit is 1. Do not change the SPND register while both the SPCR.MSTR and SPCR.SPE bits are 1.

SPNDL[2:0] Bits (RSPI Next-Access Delay Setting)

The SPNDL[2:0] bits set a next-access delay when the SPCMDm.SPNDEN bit is 1.
When using the RSPI in slave mode, set the SPNDL[2:0] bits to 000b.
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38.2.13  RSPI Control Register 2 (SPCR2)

Address(es): RSPI0.SPCR2 0008 838Fh

b7 b6 b5 b4 b3 b2 b1l b0

— — — |SCKAS| PTE | SPIE | SPOE | SPPE

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 SPPE Parity Enable 0: Does not add the parity bit to transmit data and does not check the R/W

parity bit of receive data

1: Adds the parity bit to transmit data and checks the parity bit of
receive data (when SPCR.TXMD = 0)
Adds the parity bit to transmit data but does not check the parity bit
of receive data (when SPCR.TXMD = 1)

bl SPOE Parity Mode 0: Selects even parity for use in transmission and reception R/W
1: Selects odd parity for use in transmission and reception

b2 SPIIE RSPI Idle Interrupt Enable 0: Disables the generation of idle interrupt requests R/W
1: Enables the generation of idle interrupt requests

b3 PTE Parity Self-Diagnosis 0: Disables the self-diagnosis function of the parity circuit R/W
1: Enables the self-diagnosis function of the parity circuit

b4 SCKASE RSPCK Auto-Stop Function  0: Disables the RSPCK auto-stop function R/W

Enable 1: Enables the RSPCK auto-stop function
b7tob5 — Reserved These bits are read as 0. The write value should be 0. R/W

Do not change the SPPE, SPOE, and SCKASE bitsin the SPCR2 register while the SPCR.SPE bit is 1.

SPPE Bit (Parity Enable)

The SPPE bit enables or disables the parity function.

The parity bit is added to transmit data and parity checking is performed for receive data when the SPCR.TXMD bitis0
and the SPCR2.SPPE hit is 1.

The parity bit is added to transmit data but parity checking is not performed for receive data when the SPCR.TXMD bhit
is 1 and the SPCR2.SPPE bit is 1.

SPOE Bit (Parity Mode)

The SPOE hit specifies odd or even parity.

When even parity is set, parity bit addition is performed so that the total number of 1-bitsin the transmit/receive
character plus the parity bit is even. Similarly, when odd parity is set, parity bit addition is performed so that the total
number of 1-bitsin the transmit/receive character plus the parity bit is odd.

The SPOE hit isvalid only when the SPPE bit is 1.

SPIIE Bit (RSPI Idle Interrupt Enable)
The SPIIE bit enables or disables the generation of RSPl idle interrupt requests when the RSPI beingintheidle state is
detected and the SPSR.IDLNF flag is set to O.

PTE Bit (Parity Self-Diagnosis)
The PTE hit enables the self-diagnosis function of the parity circuit in order to check whether the parity functionis
operating correctly.
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SCKASE Bit (RSPCK Auto-Stop Function Enable)

The SCKASE bit enables or disables the RSPCK auto-stop function. When this function is enabled, the RSPCK clock is
stopped before an overrun error occurs when datais received in master mode. For details, refer to section 38.3.8.1,
Overrun Error.
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38.2.14

RSPI Command Register m (SPCMDm) (m=0to 7)

Address(es): RSPI0.SPCMDO 0008 8390h, RSPI0.SPCMD1 0008 8392h, RSPI0.SPCMD2 0008 8394h,
RSPI0.SPCMD3 0008 8396h, RSPI0.SPCMD4 0008 8398h, RSPI0.SPCMD5 0008 839Ah,

Value after reset:

RSPI10.SPCMD6 0008 839Ch, RSPI0.SPCMD7 0008 839Eh

b15 b14 b13 b12 b1l

b8 b7

b6

b5 b4 b3 b2 bl b0

SCKDE LSBF

SLNDE |SPNDE
N N

SSLKP

SSLA[2:0]

T T
BRDV[1:0]

CPOL | CPHA

0 0 0 0 0 1 1

0 0 1 1 0 1

Bit

Symbol

Bit Name

Description

R/IW

b0

CPHA

RSPCK Phase Setting

0: Data sampling on odd edge, data variation on even edge

R/IW

1: Data variation on odd edge, data sampling on even edge

bl

CPOL

RSPCK Polarity Setting

0: RSPCK is low when idle
1: RSPCK is high when idle

R/IW

b3, b2

BRDV[1:0]

Bit Rate Division Setting

o

3 b
These hits select the base bit rate

2
0 0:

0 1: These bits select the base bit rate divided by 2
1 0: These bits select the base bit rate divided by 4
1 1: These bits select the base bit rate divided by 8

R/IW

b6 to b4

SSLA[2:0]

SSL Signal Assertion Setting

bl

)

b4
00O0:
00 1:

01 1:SSL3
1 x x: Setting prohibited

R/IW

b7

SSLKP

SSL Signal Level Keeping

0: Negates all SSL signals upon completion of transfer

R/IW

1: Keeps the SSL signal level from the end of transfer until the

beginning of the next access

b1l to b8

SPB[3:0]

RSPI Data Length Setting

bi1 b8
0100 to 0111: 8 bits

10 9 bits
: 10 bits
11 bits
12 bits
13 bits
14 bits
15 bits
: 16 bits
: 20 bits
0 0 1: 24 bits
0010, 0011: 32 bits

COoORRRRREREREER
ORrRRRLROOO
OrPRPOORROO
eroroRroORO

R/IW

b12

LSBF

RSPI LSB First

MSB first
LSB first

R/W

b13

SPNDEN

RSPI Next-Access Delay
Enable

A next-access delay of 1 RSPCK + 2 PCLK

PQIRQ

access delay register (SPND)

RIW

A next-access delay is equal to the setting of the RSPI next-

b14

SLNDEN

SSL Negation Delay Setting
Enable

=4

An SSL negation delay of 1 RSPCK

RIW

1: An SSL negation delay is equal to the setting of the RSPI slave

select negation delay register (SSLND)

b15

SCKDEN

RSPCK Delay Setting Enable

0: An RSPCK delay of 1 RSPCK

R/W

1: An RSPCK delay is equal to the setting of the RSPI clock delay

register (SPCKD)

x: Don't care
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SPCMDm register is used to set atransfer format for the RSPl in master mode. Each channel has eight RSPI command
registers (SPCM DO to SPCMD7). Some of the bitsin SPCMDO register is used to set atransfer mode for the RSPI in
slave mode. The RSPI in master mode sequentially references SPCMDm register according to the settings in the
SPSCR.SPSLN[2:0] bits, and executes the serial transfer that is set in the referenced SPCMDm register.

SPCMDm register should be set while the transmit buffer isempty (datafor the next transfer is not set) and before setting
of the datathat is to be transmitted when that SPCMDm register is referenced.

SPCMDm that is referenced by the RSPI in master mode can be checked by means of the SPSSR.SPCP[2:0] bits. Do not
change the SPCMDm register while the SPCR.MSTR bit is 0 and the SPCR.SPE bit is 1.

CPHA Bit (RSPCK Phase Setting)
The CPHA hit sets an RSPCK phase of the RSPI in master mode or slave mode. Data communi cations between RSPI
modules require the same RSPCK phase setting between the modules.

CPOL Bit (RSPCK Polarity Setting)
The CPOL bit sets an RSPCK polarity of the RSPI in master mode or slave mode. Data communi cations between RSP
modules require the same RSPCK polarity setting between the modules.

BRDV[1:0] Bits (Bit Rate Division Setting)

The BRDV[1:0] bits are used to determine the bit rate. A bit rate is determined by combinations of the settingsin the
BRDV[1:0] bits and SPBR (refer to section 38.2.8, RSPI Bit Rate Register (SPBR)). The settingsin SPBR
determine the base bit rate. The settingsin the BRDV[1:0] bits are used to select a bit rate which is obtained by dividing
the base bit rate by 1, 2, 4, or 8. In SPCMDm register, different BRDV[1:0] bit settings can be specified. This enables
execution of serial transfers at a different bit rate for each command.

SSLA[2:0] Bits (SSL Signal Assertion Setting)

The SSLA[2:0] bits control the SSLAI signal assertion when the RSPI performs serial transfersin master mode.
Setting the SSLA[2:0] bits controls the assertion for the SSLAI signal. When an SSLAI signal is asserted, its polarity is
determined by the set value in the corresponding SSLP. When the SSLA[2:0] bits are set to 000b in multi-master mode,
serial transfers are performed with all the SSL signalsin the negated state (as the SSLAO pin acts as input).

When using the RSPI in dave mode, set the SSLA[2:0] bits to 000b.

SSLKP Bit (SSL Signal Level Keeping)

When the RSPI in master mode performs a serial transfer, the SSLKP bit specifies whether the SSLAI signal level for the
current command is to be kept or negated between the SSL negation timing associated with the current command and the
SSL assertion timing associated with the next command.

Setting the SSLKPbit to 1 enables aburst transfer. For details, refer to section 38.3.10.1, Master Mode Operation (4)
Burst Transfer.

When using the RSPI in slave mode, the SSLKP bit should be set to 0.

SPBJ[3:0] Bits (RSPI Data Length Setting)
The SPB[3:0] bits set atransfer datalength for the RSPI in master mode or slave mode. When the SPDCR.SPLW hit is0,
set the SPB[3:0] bitsto 0100b (8 bits) to 1111b (16 bits).

LSBF Bit (RSPI LSB First)
The LSBF bit sets the dataformat of the RSPl in master mode or slave mode to MSB first or LSB first.
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SPNDEN Bit (RSPI Next-Access Delay Enable)

The SPNDEN bit sets the period from the time the RSPl in master mode terminates a serial transfer and sets the SSLAI
signal inactive until the RSPI enablesthe SSLAI signal assertion for the next access (next-access delay). If the SPNDEN
bitis 0, the RSPl sets the next-access delay to 1 RSPCK + 2 PCLK. If the SPNDEN bit is 1, the RSPl inserts a next-
access delay in compliance with the SPND setting.

When using the RSPI in slave mode, the SPNDEN hit should be set to 0.

SLNDEN Bit (SSL Negation Delay Setting Enable)

The SLNDEN bit sets the period from the time the RSPI in master mode stops RSPCK oscillation until the RSPI setsthe
SSLAI signal inactive (SSL negation delay). If the SLNDEN bit is 0, the RSPI setsthe SSL negation delay to 1 RSPCK.
If the SLNDEN hit is 1, the RSPl negates the SSL signal at an SSL negation delay in compliance with the SSLND
Setting.

When using the RSPl in slave mode, the SLNDEN bit should be set to O.

SCKDEN Bit (RSPCK Delay Setting Enable)

The SCKDEN hit sets the period from the point when the RSPl in master mode activates the SSLAI signal until the
RSPCK starts oscillation (RSPI clock delay). If the SCKDEN bit is0, the RSPI setsthe RSPCK delay to 1 RSPCK. If the
SCKDEN hit is 1, the RSPI startsthe oscillation of RSPCK at an RSPCK delay in compliance with the SPCKD setting.
When using the RSPI in slave mode, the SCKDEN bit should be set to 0.
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38.3  Operation
In this section, the serial transfer period means a period from the beginning of driving valid data to the fetching of the
final valid data.
38.3.1 Overview of RSPI Operations

The RSP is capable of synchronous serial transfersin slave mode (SPI operation), single-master mode (SPI operation),
multi-master mode (SPI operation), slave mode (clock synchronous operation), and master mode (clock synchronous
operation). A particular mode of the RSPI can be selected by using the MSTR, MODFEN, and SPMS hitsin SPCR.
Table 38.5 lists the relationship between RSPl modes and SPCR settings, and a description of each mode.

Table 38.5 Relationship between RSPI Modes and SPCR Settings and Description of Each Mode

SPI Operation Clock Synchronous Operation
Mode Slave Single-Master Multi-Master Slave Master
MSTR bit setting 0 1 1 0 1
MODFEN bit setting Oorl 0 1 0 0
SPMS bit setting 0 0 0 1 1
RSPCKA signal Input Output Output/Hi-Z Input Output
MOSIA signal Input Output Output/Hi-Z Input Output
MISOA signal Output/Hi-Z Input Input Output Input
SSLAO signal Input Output Input Hi-Z*1 Hi-Z*1
SSLA1, SSLAS signals Hi-z*1 Output Output/Hi-Z Hi-z*1 Hi-z*1
SSL polarity change Supported Supported Supported — —
function
Transfer rate Up to PCLK/8 Up to PCLK/2 Up to PCLK/2 Up to PCLK/8 Up to PCLK/2
Clock source RSPCK input On-chip baud rate On-chip baud rate RSPCK input On-chip baud rate

generator generator generator
Clock polarity Two
Clock phase Two Two Two | One (CPHA =1) | Two
First transfer bit MSB/LSB
Transfer data length 810 16, 20, 24, 32 bits
Burst transfer Possible Possible Possible — —
(CPHA =1) (CPHA =0,1) (CPHA=0,1)

RSPCK delay control Not supported Supported Supported Not supported Supported
SSL negation delay control | Not supported Supported Supported Not supported Supported
Next-access delay control | Not supported Supported Supported Not supported Supported

Transfer activation method

SSLinputactive

Transmit buffer is

Transmit buffer is

RSPCK oscillation

Transmit buffer is

or RSPCK written to when a written to when a written to when a
oscillation transmit buffer empty | transmit buffer empty transmit buffer empty
interrupt request is interrupt request is interrupt request is
generated or the generated or the generated or the
SPTEF flag is 1 SPTEF flag is 1 SPTEF flag is 1
Sequence control Not supported Supported Supported Not supported Supported
Transmit buffer empty Supported
detection
Receive buffer full Supported*2
detection
Overrun error detection Supported*2 | Supported*2, *4 Supported*2, *4 Supported*2 Supported*2
Parity error detection Supported*2, *3
Mode fault error detection Supported Not supported Supported Not supported Not supported
(MODFEN = 1)

Note 1.
Note 2.
Note 3.
Note 4.

This function is not supported in this mode.
When the SPCR.TXMD bit is 1, receiver buffer full detection, overrun error detection, and parity error detection are not performed.
When the SPCR2.SPPE bit is 0, parity error detection is not performed.

When the SPCR2.SCKASE bit is 1, overrun error detection does not proceed.
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38.3.2 Controlling RSPI Pins

According to the MSTR, MODFEN, and SPM S bitsin SPCR and the ODRn.Bi bit for 1/0 ports, the RSPI can switch pin
states. Table 38.6 lists the relationship between pin states and bit settings. Setting the ODRnN.BI bit for an I/O port to 0
selects CMOS output; setting it to 1 selects open-drain output. The 1/0 port settings should follow this relationship.

Table 38.6 Relationship between Pin States and Bit Settings
Pin State*2
Mode Pin ODRn.Bi Bit for I/0 Ports = 0 | ODRn.Bi Bit for I/O Ports = 1
Single-master mode (SPI operation) RSPCKA CMOS output Open-drain output
(MSTR =1, MODFEN =0, SPMS = 0) SSLAQ, SSLAL, CMOS output Open-drain output
SSLA3
MOSIA CMOS output Open-drain output
MISOA Input Input
Multi-master mode (SPI operation) RSPCKA*3 CMOS output/Hi-Z Open-drain output/Hi-Z
(MSTR =1, MODFEN =1, SPMS =0) SSLAO Input Input
SSLAL, SSLA3*3 CMOS output/Hi-Z Open-drain output/Hi-Z
MOSIA*3 CMOS output/Hi-Z Open-drain output/Hi-Z
MISOA Input Input
Slave mode (SPI operation) RSPCKA Input Input
(MSTR =0, SPMS =0) SSLAO Input Input
SSLAL, SSLA3*S Hi-z*1 Hi-z*1
MOSIA Input Input

MISOA*4 CMOS output/Hi-Z Open-drain output/Hi-Z
Master mode RSPCKA CMOS output Open-drain output
(Clock synchronous operation) - -
SSLAO, SSLA1, Hi-z*1 Hi-z*1
(MSTR =1, MODFEN =0, SPMS = 1) SSLA3S
MOSIA CMOS output Open-drain output
MISOA Input Input
Slave mode RSPCKA Input Input
(Clock synchronous operation) - -
SSLAOQ, SSLA1, Hi-z*1 Hi-z*1
(MSTR =0, SPMS = 1) SSLAZS
MOSIA Input Input
MISOA CMOS output Open-drain output

Note 1. This function is not supported in this mode.

Note 2. RSPI settings are not reflected in the multiplex pins for which the RSPI function is not selected.
Note 3. When SSLAQ is at the active level, the pin state is Hi-Z.

Note 4. When SSLAO is at the non-active level or the SPCR.SPE bit is 0, the pin state is Hi-Z.
Note 5. These pins are available for use as I/O port pins.

The RSPI in single-master mode (SPI operation) or multi-master mode (SPI operation) determines MOSI signal values
during the SSL negation period (including the SSL retention period during a burst transfer) according to MOIFE and
MOIFV bit settingsin SPPCR, aslisted in Table 38.7.

Table 38.7 MOSI Signal Value Determination during SSL Negation Period
MOIFE Bit MOIFV Bit MOSIA Signal Value during SSL Negation Period
0 0,1 Final data from previous transfer
1 0 Low
1 1 High
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38.3.3 RSPI System Configuration Examples

38.3.3.1 Single Master/Single Slave (with This MCU Acting as Master)

Figure 38.5 shows asingle-master/single-slave RSPl system configuration example when thisMCU is used as amaster.
In the single-master/single-slave configuration, the SSLAO, SSLA1, and SSLA3 output of this MCU (master) are not
used. The SSL input of the SPI slaveis fixed to the low level, and the SPI dave is maintained in a select state.*!
ThisMCU (master) drives the RSPCKA and MOSIA. The SPI slave drives the MISO.

Note 1. In the transfer format corresponding to the case where the SPCMDm.CPHA bit is 0, there are slave devices for
which the SSL signal cannot be fixed to the active level. In situations where the SSL signal cannot be fixed, the
SSLAI output of this MCU should be connected to the SSL input of the slave device.

This MCU (master) SPI slave
RSPCKA »| SPCK
MOSIA »| MOSI
MISOA | «—| MISO
SSLAO SSL
el
SSLA3

Figure 38.5 Single-Master/Single-Slave Configuration Example (This MCU = Master)
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38.3.3.2

Single Master/Single Slave (with This MCU Acting as Slave)

Figure 38.6 shows a single-master/single-slave RSPI system configuration example when this MCU is used as aslave.
When this MCU isto operate as a slave, the SSLAO pinis used as SSL input. The SPI master drives the RSPCK and
MQOSI. This MCU (slave) drives the MISOA.*1
In the single-slave configuration in which the SPCMDm.CPHA bit is set to 1, the SSLAO input of thisMCU (slave) is
fixed to the low level, this MCU (slave) is maintained in a select state, and in this manner it is possible to execute serial

transfer (Figure 38.7).

Note 1. When SSLAO is at the non-active level, the pin state is Hi-Z.

SPI master This MCU (slave)
SPCK »| RSPCKA
MOSI » MOSIA
MISO |« MISOA
SSL > SSLAO
SSLAL
SSLA3

Figure 38.6 Single-Master/Single-Slave Configuration Example (This MCU = Slave, CPHA = 0)
SPI master This MCU (slave, CPHA = 1)
SPCK »| RSPCKA
MOSI »| MOSIA
MISO | ¢——| MISOA
SSL SSLAO
7—,/: SSLAl
SSLA3
Figure 38.7 Single-Master/Single-Slave Configuration Example (This MCU = Slave, CPHA = 1)
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38.3.3.3

Single Master/Multi-Slave (with This MCU Acting as Master)

Figure 38.8 shows a single-master/multi-slave RSPl system configuration example when this MCU is used as a master.
In the example of Figure 38.8, the RSPI system is comprised of thisMCU (master) and three slaves (SPI slave 0 to SPI

dave 2).

The RSPCKA and MOSIA outputs of thisMCU (master) are connected to the RSPCK and MOS! inputs of SPI slave 0 to
SPI slave 2. The MISO outputs of SPI slave 0to SPI slave 3 are all connected to the MISOA input of thisMCU (master).
SSLAOQ, SSLA1, and SSLA3 outputs of this MCU (master) are connected to the SSL inputs of SPI slave 0to SPI dave 2,

respectively.

ThisMCU (master) drives RSPCKA, MOSIA, SSLAO, SSLA1, and SSLA3. Of the SPI slave 0 to SPI slave 2, the slave

that receives low-level input into the SSL input drives MI1SO.

This MCU (master)

RSPCKA
MOSIA
MISOA
SSLAO
SSLA1
SSLA3

Y

A4

Y

SPI slave 0

SPCK
MOSI

MISO

SSL

Y VY

Yy

SPI slave 1

SPCK
MOSI
MISO
SSL

Y_N

Y

SPI slave 2

SPCK
MOSI
MISO
SSL

Figure 38.8

Single-Master/Multi-Slave Configuration Example (This MCU = Master)
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38.3.34 Single Master/Multi-Slave (with This MCU Acting as Slave)

Figure 38.9 showsasingle-master/multi-slave RSPI system configuration example when thisMCU isused asadave. In
the example of Figure 38.9, the RSPI system is comprised of an SPl master and two MCUs (dave X and slaveY).

The SPCK and MOSI outputs of the SPI master are connected to the RSPCKA and MOSIA inputs of the MCUs (slave X
and daveY). The MISOA outputs of the MCUs (slave X and slave Y) are all connected to the M1SO input of the SPI
master. SSLX and SSLY outputs of the SPI master are connected to the SSLAOQ inputs of the MCUs (slave X and lave
Y), respectively.

The SPI master drives SPCK, MOSI, SSLX, and SSLY. Of the MCUs (dave X and slaveY), the slave that receives low-
level input into the SSLAOQ input drives MISOA.

SPI master This MCU (slave X)
SPCK »| RSPCKA
MOSI »| MOSIA
MISO |« MISOA
SSLX »| SSLAO
SSLY SSLA1
SSLA3

This MCU (slave Y)

Y

RSPCKA
MOSIA
MISOA
SSLAO
SSLA1
SSLA3

\4

\4

Figure 38.9 Single-Master/Multi-Slave Configuration Example (This MCU = Slave)
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38.3.35 Multi-Master/Multi-Slave (with This MCU Acting as Master)

Figure 38.10 shows amulti-master/multi-slave RSPI system configuration example when thisMCU is used as amaster.
In the example of Figure 38.10, the RSPI system is comprised of two MCUs (master X and master Y) and two SPI
daves (SPI slave 1 and SPI slave 2).

The RSPCKA and MOSIA outputs of the MCUs (master X and master Y)) are connected to the RSPCK and MOSI inputs
of SPI daves 1 and 2. The MISO outputs of SPI slaves 1 and 2 are connected to the MISOA inputs of the MCUs (master
X and master Y). Any generic port Y output from this MCU (master X) is connected to the SSLAO input of thisMCU
(master Y). Any generic port X output of thisMCU (master Y) is connected to the SSLAO input of thisMCU (master X).
The SSLA1 and SSLA3 outputs of the MCUs (master X and master Y) are connected to the SSL inputs of the SPI slaves
land 2.

This MCU drives RSPCKA, MOSIA, SSLA1, and SSLA3 when the SSLAO input level is high. When the SSLAQ input
level islow, thisMCU detects a mode fault error, sets RSPCKA, MOSIA, SSLA1, and SSLA3 to Hi-Z, and releases the
RSPI bus right to the other master. Of the SPI slaves 1 and 2, the slave that receives low-level input into the SSL input
drives MISO.

This MCU (master X) This MCU (master Y)
RSPCKA RSPCKA
MOSIA MOSIA
MISOA »| MISOA
SSLAO »| SSLAO
SSLAL SSLA1
SSLA3 SSLA3
PortY — Port X
SPI slave 1
»| SPCK
»| MOSI
MISO
SSL
SPI slave 2
»| SPCK
»| MOSI
MISO
»| SSL

Figure 38.10  Multi-Master/Multi-Slave Configuration Example (This MCU = Master)
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38.3.3.6 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(with This MCU Acting as Master)

Figure 38.11 shows amaster (clock synchronous operation)/slave (clock synchronous operation) RSPl system
configuration example when this MCU is used as a master. In the master (clock synchronous operation)/dave (clock
synchronous operation) configuration, SSLAO, SSLA1, and SSLA3 of thisMCU (master) are not used.

This MCU (master) drives the RSPCKA and MOSIA. The SPI dave drives the MI1SO.

This MCU (master) SPI slave
RSPCKA SPCK
MOSIA MOSI
MISOA |[«—{ MISO
SSLAO SSL
SSLAL
SSLA3

Figure 38.11  Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation) Configuration
Example (This MCU = Master)

38.3.3.7 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(with This MCU Acting as Slave)

Figure 38.12 shows a master (clock synchronous operation)/dave (clock synchronous operation) RSPl system
configuration example when this MCU is used as a slave. When this MCU isto operate as a slave (clock synchronous
operation), thisMCU (slave) drives the MISOA and the SPI master drives the SPCK and MOSI. In addition, SSLAO,
SSLA1, and SSLA3 of thisMCU (slave) are not used.

Only in the single-slave configuration in which the SPCMDm.CPHA bit is set to 1, this MCU (slave) can execute serial
transfer.

SPI master This MCU (slave)

SPCK ——»| RSPCKA
MoOS| —— | MOSIA
MISO |«———| MISOA
SSL SSLAO
SSLA1
SSLA3

Figure 38.12  Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation) Configuration
Example (This MCU = Slave, CPHA = 1)
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38.3.4 Data Format

The RSPI’s data format depends on the settings in RSPI command register m (SPCMDm) (m = 0 to 7) and the parity
enable bit in RSPI control register 2 (SPCR2.SPPE). Regardless of whether the MSB or LSB isfirst, the RSP treats the
range from the LSB bit in the RSPI data register (SPDR) to the selected data length as transfer data.

The format of one frame of data before or after transfer is shown bel ow.

(@) With Parity Disabled

When parity is disabled, transmission or reception of data proceeds with the length in bits selected in the RSPI data
length setting bitsin RSPl command register m (SPCMDm.SPB[3:0]).

(b) With Parity Enabled

When parity is enabled, transmission or reception of data proceeds with the length in bits selected in the RSPI datalength
setting bits in RSPI command register m (SPCMDm.SPB[3:0]). In this case, however, the last bit is a parity bit.

[ L
With parity disabled DO D1 D2 \ \ Dn-2 Dn-1 Dn
)/

A
Y

SPCMDM.SPB[3:0] (M = SPSSR.SPCP[2:0])

[ L
With parity enabled DO D1 D2 \ \ Dn-2 Dn-1 P
]/

-—q--
-y _

SPCMDm.SPB[3:0] (m = SPSSR.SPCP[2:0])

Figure 38.13  Outline of the Data Format (with Parity Disabled/Enabled)
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38.34.1 When Parity is Disabled (SPCR2.SPPE = 0)

When parity is disabled, datafor transmission are copied to the shift register with no prior processing. A description of
the connection between the RSPI data register (SPDR) and the shift register in terms of the combination of MSB or LSB
first and datalength is given below.

(1) MSB First Transfer (32-Bit Data)

Figure 38.14 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
disabled, an RSPl datalength of 32 bits, and MSB first selected.

In transmission, bits T31 to TOO from the current stage of the transmit buffer are copied to the shift register. Data for
transmission are shifted out from the shift register in order from T31, through T30, and so on to TQO.

In reception, received data are shifted in bit by bit through bit O of the shift register. When bits R31 to RO0 have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer.

Transfer start

- Transmit buffer >
Bit 31 Bit 0

: |
1 1
1 1
1 1
! 1]
[ 731 | 30 [ 120 | 128 | 727 | 726 | 725 | 124 | 723 [\ \| 708 | T07 | 706 | 705 | T04 | 703 | T02 | TO1 | TOO |

I
Copy
\ *
| T31 | T30 | T29 | T28 | T27 | T26 | T25 | T24| T23 h\l T08 |T07 |T06 |T05 |T04 | T03 | T02 | TO1 | T0O
i Bit 31 , ’ , BitO |
- Shift register >
Transfer end
< Shift register >
Bit 31 Bit 0

1 1
i o :
|R31 | R30|R29 | R28 | R27 | R26 | R25 | R24| R23 h\l R08|R07 | R06| R05|R04|R03|R02 | R01|R00 |<'“p_“‘/
I

Copy

v

A4 L
| R31 | R30 | R29 | R28 | R27 | R26 | R25 | R24| R23 h\l RO8 | RO7 | RO6 | RO5 | RO4 | RO3 | RO2 | ROL | ROO |
| /
'
'
|
v

Bit 31 _ BitO |
< Receive buffer >

Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.14  MSB First Transfer (32-Bit Data, Parity Disabled)
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(2) MSB First Transfer (24-Bit Data)

Figure 38.15 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
disabled, 24 bits as the RSPI data length for an example that is not 32 bits, and MSB first selected.

In transmission, the lower-order 24 bits (T23 to TOO) from the current stage of the transmit buffer are copied to the shift
register. Data for transmission are shifted out from the shift register in order from T23, through T22, and so on to TOO.
In reception, received data are shifted in bit by bit through bit O of the shift register. When bits R23 to ROO have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer. At thistime, the higher-order 8 bits of the transmit buffer are stored in the higher-order 8 bits of the receive buffer.
Writing 0 to bits T31 to T24 at the time of transmission leads to 0 being inserted in the higher-order 8 bits of the receive
buffer.

Transfer start

1
- Transmit buffer >

Bit 31 Bit 23 Bit0

1
1
1

L
e w2 [\ oo [ o7 [ o6 [ 705 | 704 | 703 | 702 [ 701 [ 700 |
<Output C(IJPY

A\ A\

_Tngm 700 [ o7 [ 708 [ 705 [ ro¢ [ 703 [ 702 [ vox [ 7od

/

1
1 Bit31 Bit 23 Bit0 |
- Shift register >
Transfer end
E: Shift register :E
! Bit31 Bit 24 Bit 23 , Bit0 |
1]
R23 |\\| R08 | RO7 | R06 | R05 | R04 | RO3 | R02 | RO1 | R0O |<'”ﬂf
7/
|
Copy

y

r23 [\\|| ros | ro7 | ros | ros | roa | ro3 | roz | Rot | roo

Bit 31 Bit 24 Bit 23 BitO |
- Receive buffer >

Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.15  MSB First Transfer (24-Bit Data, Parity Disabled)
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(3) LSB First Transfer (32-Bit Data)

Figure 38.16 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
disabled, an RSPI datalength of 32 bits, and L SB first selected.

In transmission, bits T31 to TOO from the current stage of the transmit buffer are reordered bit by bit to obtain the order
TOO to T31 for copying to the shift register. Data for transmission are shifted out from the shift register in order from
TOO, through T01, and so on to T31.

In reception, received data are shifted in bit by bit through bit O of the shift register. When bits R00 to R31 have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer.

Transfer start

L Transmit buffer >
Bit 31 Bit 0

' |
1 1
1 1
1 1
! 1]
[ 731 | 130 | 720 | 728 | 27 | 26 | 725 | 724 | 728 [\\\] T08 | T07 | T06 | TO5 | T04 | T03 | T02 | TO1 | TOO |

Colpy  —

j N
Output| | TOO | TO1l | TO2 | TO3 | TO4 | TO5 | TO6 | TO7 | TO8 |\\| T23 | T24 | T25 | T26 | T27 | T28 | T29 | T30 | T31
/

I Bit31 o BitO |
- Shift register >

Transfer end

< Shift register >
Bit 31 Bit 0

1 1

1 1

1 1

1 / 1

[o0 [ mox [ oz | ros [ e | s | m0s | w0 | oo [\ 7z | o | eos | e | v | ez | eos | oo | v |<L
B e ——

Copy

v

| R31| R30| R29| R28| R27| R26| R25| R24| R23 |\\| RO8 | RO7 | RO6 | RO5 | RO4 | RO3 | R02 | RO1 | ROO |
i Bit 31 ./ ’ Bit 0 i
- Receive buffer gl

Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.16 = LSB First Transfer (32-Bit Data, Parity Disabled)
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(4) LSB First Transfer (24-Bit Data)

Figure 38.17 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
disabled, 24 bits as the RSPI data length for an example that is not 32 bits, and L SB first selected.

In transmission, the lower-order 24 bits (T23 to T00) from the current stage of the transmit buffer are reordered bit by bit
to obtain the order TOO to T23 for copying to the shift register. Datafor transmission are shifted out from the shift register
in order from TOO, through TO1, and so on to T23.

In reception, received data are shifted in bit by bit through bit 8 of the shift register. When bits RO0 to R23 have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer.

At thistime, the higher-order 8 hits of the transmit buffer are stored in the higher-order 8 bits of the receive buffer.
Writing O to bits T31 to T24 at the time of transmission leadsto O being inserted in the higher-order 8 bits of the receive
buffer.

Transfer start

E: Transmit buffer :E
1 Bit31 Bit0

Yy
0 o o o o R ) e e e e e e R R
Copy  ’

v

T0O | T01 | T02 | T03 | TO4 | T05 | T06 | TO7 | To8 |\\| T23 _

1
i Bit31 BitO |
- Shift register >

Transfer end
| Input |

Bit 31 Bit 0

/L i
2 e I I Y 7 - i o e |
Copy  ’

= s e [ e [ [ o o
/7

1
| Bit3l _ Bit0 |
e Receive buffer >

1
- Shift register l >
1
1

Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.17  LSB First Transfer (24-Bit Data, Parity Disabled)
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38.3.4.2 When Parity is Enabled (SPCR2.SPPE = 1)

When parity is enabled, the lowest-order bit of the data for transmission becomes a parity bit. Hardware calcul ates the
value of the parity bit.

(1) MSB First Transfer (32-Bit Data)

Figure 38.18 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
enabled, an RSPI data length of 32 bits, and MSB first selected.

In transmission, the value of the parity bit (P) is calculated from bits T31 to TOL. This replaces the final bit, TOO, and the
wholeis copied to the shift register. Data are transmitted in the order T31, T30, ..., TO1, and P.

In reception, received data are shifted in bit by bit through bit 0 of the shift register. When bits R31 to P have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer. On copying of datato the shift register, the data from R31 to P are checked by judging the parity.

Transfer start
E‘ — Transmit buffer Bito ‘E
| C
I T31 I T30 I T29 I T28 I T27 I T26 I T25 I T24 I T23 hal TO?Smll TO7 I TO6 I TO5 I TO4 I TO3 I TO2 I TOl_
N N
\\\\\\\\\\\\ an rity calculated Parity added
I T31 I T30 I T29 I T28 I T27 I T26 I T25 I T24 I T23 /h\l TO8 IT07 ITOG I TO5 I TO4 I TO3 I TO2 I T(;.~I~‘P I
7/
COlpy
v
IT31 I T30IT29IT28IT27 I T26I T25IT24I T23 h\ITO8 IT07 ITOG IT05 ITOAIT03IT02IT01I P I
Bit 31 ) ’ ) Bit 0
’ Shift register >
Transfer end
:~ Shift register =:
; Bit 31 .y Bit 0 i
I R31 I R30 I R29 I R28 I R27 I R26 I R25 I R24 I R23 h\l R0O8 I RO7 I R06 I RO5 I R04 I R0O3 I R02 I RO1 I P I Input
Copy
v
A Yy 3
lRSl I R30 IR29 IR28 I R27 I R26I R25 I R24I R23 h\l ROBI RO7 I R06 I R0O5 I RO4I ROSI R02 I ROlI P I
1 7 1
i Bit31 . Bito |
- Receive buffer >
Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)
Figure 38.18  MSB First Transfer (32-Bit Data, Parity Enabled)
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(2) MSB First Transfer (24-Bit Data)

Figure 38.19 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
enabled, 24 bits as the RSPl datalength for an example that is not 32 bits, and M SB first selected.

In transmission, the value of the parity bit (P) is calculated from bits T23 to TO1. This replaces the final bit, TOO, and the
wholeis copied to the shift register. Data are transmitted in the order T23, T22, ..., TO1, and P.

In reception, received data are shifted in bit by bit through bit O of the shift register. When bits R23 to P have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer. On copying of datato the shift register, the datafrom R23 to P are checked by judging the parity. At thistime, the
higher-order 8 bits of the transmit buffer are stored in the higher-order 8 bits of the receive buffer. Writing 0 to bits T31
to T24 at the time of transmission leadsto 0 being inserted in the higher-order 8 bits of the receive buffer.

Transfer start

- Transmit buffer >
! Bit3l Bit 23 Bit0 |
R R : 1w v [ [ e [ [ [ e o il
\ (\\
Tl Parity added
S~

_ T23 h/\/ITOS IT07 ITOG IT05 ITO4IT03IT02IT01I P I

|
<Output C?py
\ A\
_J‘;S‘I‘g\l TO8 I TO7 I TO6 lTOS I TO4 I TO3 I TO2 I TO1 I P
7/

1
| Bit31 Bit 23 Bit 0
’ Shift register
Transfer end
E‘ Shift register :E
| Bit31 Bit 24 Bit 23 , Bit0 |
1 !
R23 I\\I R08 I RO7 I R06 I RO5 I R04 I RO3 I R02 I RO1 I P |<'"";“‘l
7
|
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2 0 e e S e -

Bit 31 Bit24  Bit23 Bit 0

1
1
1
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Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.19  MSB First Transfer (24-Bit Data, Parity Enabled)
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(3) LSB First Transfer (32-Bit Data)

Figure 38.20 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
enabled, an RSPl datalength of 32 bits, and L SB first selected.

In transmission, the value of the parity bit (P) is calculated from bits T30 to TOO. This replaces the final bit, T31, and the
wholeis copied to the shift register. Data are transmitted in the order TQO, TO1, ..., T30, and P.

In reception, received data are shifted in bit by bit through bit O of the shift register. When bits ROO to P have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer. On copying of datato the shift register, the data from R0O to P are checked by judging the parity.
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E Transmit buffer >
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Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.20  LSB First Transfer (32-Bit Data, Parity Enabled)
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(4) LSB First Transfer (24-Bit Data)

Figure 38.21 shows details of operations by the RSPI data register (SPDR) and the shift register in transfer with parity
enabled, 24 bits as the RSPI datalength for an example that is not 32 bits, and L SB first selected.

In transmission, the value of the parity bit (P) is calculated from bits T22 to TOO. This replaces the final bit, T23, and the
wholeis copied to the shift register. Data are transmitted in the order TQOO, TO1, ..., T22, and P.

In reception, received data are shifted in bit by bit through bit 8 of the shift register. When bits ROO to P have been
collected after input of the required number of cycles of RSPCK, the value in the shift register is copied to the receive
buffer. On copying of datato the shift register, the datafrom ROO to P are checked by judging the parity. At thistime, the
higher-order 8 bits of the transmit buffer are stored in the higher-order 8 bits of the receive buffer. Writing 0 to bits T31
to T24 at the time of transmission leadsto 0 being inserted in the higher-order 8 bits of the receive buffer.
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—
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Note: Output = MOSI (master)/MISO (slave), input = MISO (master)/MOSI (slave)

Figure 38.21  LSB First Transfer (24-Bit Data, Parity Enabled)
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38.3.5 Transfer Format

38.3.5.1 CPHA=0

Figure 38.22 shows a sample transfer format for the serial transfer of 8-bit data when the SPCMDm.CPHA bit is 0.
Note that clock synchronous operation (the SPCR.SPMS hit is 1) should not performed when the RSPl operatesin slave
mode (SPCR.MSTR = 0) and the CPHA bit is 0. In Figure 38.22, RSPCKA (CPOL = 0) indicates the RSPCKA signal
waveform when the SPCMDm.CPOL bit is 0; RSPCKA (CPOL = 1) indicates the RSPCKA signal waveform when the
CPOL bhit is 1. The sampling timing represents the timing at which the RSPI fetches serial transfer data into the shift
register. The I/O directions of the signals depend on the RSPl settings. For details, refer to section 38.3.2, Controlling
RSPI Pins.

When the SPCMDm.CPHA bit is 0, the driving of valid datato the MOSIA and MISOA signals commences at an SSLAI
signal assertion timing. Thefirst RSPCK A signal change timing that occurs after the SSLAI signal assertion becomes the
first transfer data fetch timing. After thistiming, datais sampled at every 1 RSPCK cycle. The change timing for MOSIA
and MISOA signalsis 1/2 RSPCK cycles after the transfer data fetch timing. The CPOL bit setting does not affect the
RSPCKA signal operation timing; it only affects the signal polarity.

t1 denotes a period from an SSLAI signal assertion to RSPCKA oscillation (RSPCK delay). t2 denotes a period from the
termination of RSPCKA oscillation to an SSLAI signal negation (SSL negation delay). t3 denotes a period in which
SSLA. signal assertion is suppressed for the next transfer after the end of serial transfer (next-access delay). t1, t2, and t3
are controlled by a master device running on the RSPI system. For adescription of t1, t2, and t3 when the RSPI of this
MCU isin master mode, refer to section 38.3.10.1, Master Mode Operation.

Stfirt Serial transfer period Ii?d
» >
oo Lt lzlslalslelsls]
i ! I i i
RspokA | (e e O
(CPOL = 0) ! | | | |
| I e e o
(CPOL=1) : , | |
1 | | | H
S N N N N N N M N I S S
MOSIA—K XXX XX XX } : :D
| : E ) )
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SSLAI i | | | |
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! e

Figure 38.22  RSPI Transfer Format (CPHA = 0)
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38.3.5.2 CPHA =1

Figure 38.23 shows a sample transfer format for the serial transfer of 8-bit data when the SPCMDm.CPHA bit is 1.
However, when the SPCR.SPMS hit is 1, the SSLAI signals are not used, and only the three signals RSPCKA, MOSIA,
and MISOA handle communications. In Figure 38.23, RSPCK (CPOL = 0) indicates the RSPCKA signal waveform
when the SPCMDm.CPOL bit is0; RSPCKA (CPOL = 1) indicates the RSPCKA signal waveform when the CPOL bit is
1. The sampling timing represents the timing at which the RSPI fetches seria transfer datainto the shift register. The 1/O
directions of the signals depend on the RSPl mode (master or slave). For details, refer to section 38.3.2, Controlling
RSPI Pins.

When the SPCMDm.CPHA bit is 1, the driving of invalid data to the MISOA signal commences at an SSLAI signal
assertion timing. The output of valid datato the MOSIA and MISOA signals commences at the first RSPCKA signal
change timing that occurs after the SSLAI signal assertion. After thistiming, datais updated at every 1 RSPCK cycle.
The transfer data fetch timing is 1/2 RSPCK cycles after the data update timing. The SPCMDm.CPOL bit setting does
not affect the RSPCK A signal operation timing; it only affects the signal polarity.

t1, t2, and t3 are the same as those in the case of CPHA = 0. For a description of t1, t2, and t3 when the RSPI of this
MCU isin master mode, refer to section 38.3.10.1, Master Mode Operation.
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Figure 38.23  RSPI Transfer Format (CPHA =1)
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38.3.6 Communications Operating Mode

Full-duplex synchronous serial communications or transmit operations only can be selected by the communications
operating mode select bit (SPCR.TXMD). The SPDR access shown in Figure 38.24 and Figure 38.25 indicate the
condition of access to the SPDR register, where W denotes awrite cycle.

38.3.6.1 Full-Duplex Synchronous Serial Communications (SPCR.TXMD = 0)

Figure 38.24 shows an example of operation when the communications operating mode select bit (SPCR.TXMD) is set
to 0. In the example in Figure 38.24, the RSPI performs an 8-bit serial transfer in which the SPDCR.SPFC[1:0] bits are
00b, the SPCMDm.CPHA bit is 1, and the SPCMDm.CPOL hit is 0. The numbers given under the RSPCKA waveform
represent the number of RSPCK cycles (i.e., the number of transferred bits).

SPDR access < X W ><§j X W X
RSPCKA
(CPHA =1, CPOL = 0)

AN
-

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
TXMD
(TXMD = 0) $ d
Q
) ::j
Receive buffer status Empty Full
«
Py
SPRI a
)
@
SPRF 5

72l

OVRF I_

@)

=
=

Figure 38.24  Operation Example of SPCR.TXMD =0

The operation of the flags at timings shown in steps (1) and (2) in the figure is described bel ow.

(1) When aserial transfer endswith the receive buffer of SPDR empty, the RSPI generates areceive buffer full interrupt
request (SPRI) (sets the SPSR.SPRF flag to 1) and copies the received datain the shift register to the receive buffer.

(2) When aserial transfer ends with the receive buffer of SPDR holding data that was received in the previous serial
transfer, the RSPI sets the SPSR.OVRF flag to 1 and discards the received datain the shift register.

When full-duplex synchronous serial communications (SPCR.TXMD = 0) is selected, reception occurs simultaneously
with transmit operations. As such, the SPRF and OV RF flagsin the SPSR register become 1 at the timing described in
(1) and (2), respectively, according to the state of the receive buffer.
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38.3.6.2 Transmit Operations Only (SPCR.TXMD = 1)

Figure 38.25 shows an example of operation when the communications operating mode select bit (SPCR.TXMD) is set
to 1. In the examplein Figure 38.25, the RSPI performs an 8-bit serial transfer in which the SPDCR.SPFC[1:0] bits are
00b, the SPCMDm.CPHA hit is 1, and the SPCMDm.CPOL hit is 0. The numbers given under the RSPCKA waveform
represent the number of RSPCK cycles (i.e., the number of transferred bits).

(C
D
SPDR access < X w ><§ X w X A >
)
RSPCKA
(CPHA =1, CPOL = 0)
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
TXMD 5 5
(TXMD = 1)
1)
5 S
Receive buffer status < Empty >
g 5
SPRI 5 G
@
SPRF 5 5
OVRF $ 5
(©)]

Figure 38.25  Operation Example of SPCR.TXMD =1

The operation of the flags at timings shown in steps (1) to (3) in the figure is described bel ow.

(1) Makesurethereisno dataleft in the receive buffer and the SPSR.SPRF, OV RF flags are 0 before entering the mode
of transmit operations only (SPCR.TXMD = 1).

(2) When aseria transfer ends with the receive buffer of SPDR empty, if the mode of transmit operations only is
selected (SPCR.TXMD = 1), the SPRF flag remains 0 and the RSPI does not copy the data from the shift register to
the receive buffer.

(3) Sincethereceive buffer of SPDR does not hold data that was received in the previous serial transfer, even when a

seria transfer ends, the SPSR.OV RF flag retains the value of 0, and the datain the shift register is not copied to the
receive buffer.

When performing transmit operations only (SPCR.TXMD = 1), the RSPI transmits data but does not receive data.
Therefore, the SPSR.SPRF, OV RF flags remain O at the timings of (1) to (3).
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38.3.7 Transmit Buffer Empty/Receive Buffer Full Interrupts

Figure 38.26 shows an example of operation of the transmit buffer empty interrupt (SPTI) and the receive buffer full
interrupt (SPRI). The SPDR register access shown in Figure 38.26 indicates the condition of accessto the SPDR
register, where W denotes awrite cycle, and R aread cycle. In the examplein Figure 38.26, the RSPI performs an 8-bit
serial transfer in which the SPCR.TXMD bit is 0, the SPDCR.SPFC[1:0] bits are 00b, the SPCMDm.CPHA bitis 1, and
the SPCMDm.CPOL hit is 0. The numbers given under the RSPCKA waveform represent the number of RSPCK cycles
(i.e., the number of transferred bits).

SIS

SPDR access < w (g w >< R X >
SPoL -0 ] UL UL
(CPHA =1, CPOL = 0)

1 2 3 4 5:i6 7 8 1 2 3 4.5 6 7 8
Transmit buffer status Empty { Full Empty Full <:2 Empty
@ (3
SPTI
@ 4)
SPTEF

Empty { Full Empty Full

®)

Receive buffer status

AN

SPRI

SPRF

Figure 38.26  Operation Example of SPTI and SPRI Interrupts

The operation of the interrupts at timings shown in steps (1) to (5) in the figure is described below.

(1) When transmit datais written to SPDR when the transmit buffer of SPDR is empty (data for the next transfer is not
set), the RSPl writes data to the transmit buffer and sets the SPSR.SPTEF flag to 0.

(2) If the shift register is empty, the RSPI copies the data from the transmit buffer to the shift register and generates a
transmit buffer empty interrupt request (SPTI1) and sets the SPSR.SPTEF flag to 1. How a serial transfer is started
depends on the mode of the RSPI. For details, refer to section 38.3.10, SPI Operation, and section 38.3.11,
Clock Synchronous Operation.

(3) When transmit dataiswritten to SPDR in the transmit buffer empty interrupt routine or in the transmit buffer empty
detecting process by polling the SPTEF flag, the datais transferred to the transmit buffer and the SPSR.SPTEF flag
becomes 0. Because the data being transmitted is stored in the shift register, the RSPI does not copy the data from
the transmit buffer to the shift register.

(4) When the serial transfer ends with the receive buffer of SPDR being empty, the RSPI copies the receive data from
the shift register to the receive buffer, generates areceive buffer full interrupt request (SPRI), and sets the
SPSR.SPRF flag to 1. Since the shift register becomes empty upon completion of serial transfer, when the transmit
buffer had been full before the seria transfer ended, the RSPI sets the SPSR.SPTEF flag to 1 and copies the data
from the transmit buffer to the shift register. Even when received datais not copied from the shift register to the
receive buffer in an overrun error status, upon completion of the serial transfer, the RSPI determines that the shift
register is empty, thus data transfer from the transmit buffer to the shift register is enabled.
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(5) When SPDR isread in the receive buffer full interrupt routine or in the receive buffer full detecting process by
polling the SPRF flag, the receive data can be read. When the receive data is read, the SPRF flag becomes 0.

If transmit datais written to SPDR while the transmit buffer holds data that has not yet been transmitted (the SPTEF flag
is0), the RSPI does not update the data in the transmit buffer. Transmit data should be written to SPDR in the transmit
buffer empty interrupt request routine or in the transmit buffer empty detecting process by polling the SPTEF flag. To use
atransmit buffer empty interrupt, set the SPTIE bitin SPCR to 1.

When setting the SPCR.SPE bit to 0 (RSPI disabled), the SPCR.SPTIE bit should also be set to 0. Otherwise (if the
SPCR.SPE bit is 0 and the SPCR.SPTIE is 1), atransmit buffer empty interrupt request will occur.

When serial transfer ends with the receive buffer being full (the SPRF flag is 1), the RSPI does not copy data from the
shift register to the receive buffer, and detects an overrun error (refer to section 38.3.8, Error Detection). To prevent a
receive data overrun error, read the received data using a receive buffer full interrupt request before the next serial
transfer ends. To use an RSPI receive buffer full interrupt, set the SPCR.SPRIE bit to 1.

Transmit and receive interrupts or the corresponding IRn.IR flags (where n is the interrupt vector number) in the ICU can
be used to confirm the states of the transmit and receive buffers. Refer to section 15, Interrupt Controller (ICUb), for
the interrupt vector numbers. The status of the transmit and receive buffers can be also confirmed by the SPTEF and
SPRF flags.
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38.3.8 Error Detection

In the normal RSPl serial transfer, the data written to the transmit buffer of SPDR is transmitted, and the received data
can be read from the receive buffer of SPDR. If access is made to SPDR, depending on the status of the transmit/receive
buffer or the status of the RSPl at the beginning or end of serial transfer, in some cases non-normal transfers can be
executed.

If anon-normal transfer operation occurs, the RSPI detects the event as an overrun error, parity error, or mode fault error.
Table 38.8 lists the relationship between non-normal transfer operations and the RSPI’ s error detection function.

Table 38.8 Relationship between Non-Normal Transfer Operations and RSPI Error Detection Function

Occurrence Condition RSPI Operation Error Detection
1 SPDR is written when the transmit buffer is full. e The contents of the transmit buffer are kept. None
o Missing write data.
2 SPDR is read when the receive buffer is empty. Data received previously is output to the bus.  None
3 Serial transfer is started in slave mode when transmit Data received in previous serial transfer is None
data is still not loaded on the shift register. transmitted.
4 Serial transfer terminates when the receive buffer is full. e The contents of the receive buffer are kept.  Overrun error

e Missing receive data.

5 An incorrect parity bit is received when performing full-  The parity error flag is asserted. Parity error
duplex synchronous serial communications with the
parity function enabled.

6 The SSLAOQ input signal is asserted when the serial e Driving of the RSPCKA, MOSIA, SSLAL, Mode fault error
transfer is idle in multi-master mode. SSLA3 output signals is stopped.
¢ RSPI function is disabled.
7 The SSLAO input signal is asserted during serial transfer e Serial transfer is suspended. Mode fault error
in multi-master mode. e Missing transmit/receive data.

Driving of the RSPCKA, MOSIA, SSLAL,
SSLA3 output signals is stopped.
e RSPI function is disabled.

8 The SSLAO input signal is negated during serial transfer e Serial transfer is suspended. Mode fault error
in slave mode. Missing transmit/receive data.

Driving of the MISOA output signal is

stopped.

e RSPI function is disabled.

On operation 1 described in Table 38.8, the RSPI does not detect an error. To prevent data omission during the writing to
SPDR, the SPDR register should be written when a transmit buffer empty interrupt request occurs or while the
SPSR.SPTEF flag is 1.

Likewise, the RSPI does not detect an error on operation 2. To prevent extraneous data from being read, the SPDR
register should be read when an RSPI receive buffer full interrupt request occurs or while the SPSR.SPRF flag is 1.
Similarly, the RSPI does not detect an error on operation 3. In a serial transfer that was started before the shift register
was updated, the RSPI sends the data that was received in the previous serial transfer, and does not treat the operation
indicated in 3 as an error. Note that the received data from the previous seria transfer is retained in the receive buffer of
SPDR, thusit can be correctly read (if SPDR is not read before the end of the serial transfer, an overrun error may occur).
An overrun error shown in 4 is described in section 38.3.8.1, Overrun Error. A parity error shown in 5isdescribed in
section 38.3.8.2, Parity Error. A mode fault error shownin 6 to 8 is described in section 38.3.8.3, Mode Fault Error.
For the transmit and receive interrupts, refer to section 38.3.7, Transmit Buffer Empty/Receive Buffer Full
Interrupts.
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38.3.8.1 Overrun Error

If aserial transfer ends when the receive buffer of SPDR isfull, the RSPI detects an overrun error, and sets the
SPSR.OVRFflag to 1. When the OVRF flag is 1, the RSPI does not copy data from the shift register to the receive buffer
so that the data prior to the occurrence of the error is retained in the receive buffer. To set the OVRF flag to 0, write 0 to
the OVREF flag after the CPU has read SPSR with the OVRF flag set to 1.

Figure 38.27 shows an example of operations of the SPRF and OV RF flags. The SPSR and SPDR accesses shown in
Figure 38.27 indicate the condition of accessesto SPSR and SPDR, respectively, where W denotes awrite cycle, and R
aread cycle. In the examplein Figure 38.27, the RSPI performs an 8-hit serial transfer in which the SPCM Dm.CPHA
bit is 1 and the SPCMDm.CPOL hit is 0. The numbers given under the RSPCKA waveform represent the number of
RSPCK cycles (i.e., the number of transferred bits).

SPSR access (

XX

SAISAI AN
R R R

SPDR access <

RSPCKA
crra=rcrozo JUUUUUU UL THUHTUU UL

@ ©)

« I
Receive buffer status (l; Full é) Empt
D )
SPRF
5
4
OVRF S ) 4

Figure 38.27  Operation Example of SPRF and OVRF Flags

The operation of the flags at the timing shown in steps (1) to (4) in the figure is described below.

(1) If aserid transfer terminates with the receive buffer full (the SPRF flag is 1), the RSPI detects an overrun error, and
setsthe OVRF flag to 1. The RSPI does not copy the datain the shift register to the receive buffer. Even if the SPPE
bitis 1, parity errors are not detected. In master mode, the RSPI copies the pointer value to SPCMDm register to the
SPSSR.SPECM[2:0] bits.

(2) When SPDR isread, the RSPI outputs the data in the receive buffer. At this time the SPRF flag becomes 0. Even if
the receive buffer becomes empty, the OV RF flag does not become 0.

(3) If the seria transfer ends with the OV RF flag being 1 (an overrun error occurs), the RSPl does not copy the datain
the shift register to the receive buffer (the SPRF flag remains 0). A receive buffer full interrupt is not generated.
Even if the SPPE bit is 1, parity errors are not detected. When in master mode, the RSPl does not update the
SPSSR.SPECM[2:0] bits. When in an overrun error state and the RSPI does not copy the received data from the
shift register to the receive buffer, upon termination of the serial transfer, the RSPl determines that the shift register
is empty; in this manner, datatransfer from the transmit buffer to the shift register is enabled.

(4) If Oiswritten to the OVRF flag after SPSR is read when the OVRF flag is 1, the OVRF flag is set to 0.

The occurrence of an overrun can be checked either by reading SPSR or by using an RSPI error interrupt and reading
SPSR. When executing a serial transfer, measures should be taken to ensure the early detection of overrun errors, such as
reading SPSR immediately after SPDR is read. When the RSP is used in master mode, the pointer value to SPCMDm
register at the occurrence of the error can be checked by reading the SPSSR.SPECM[2:0] hits.

If an overrun error occurs and the OVRF flag is set to 1, normal reception operations cannot be performed until the
OVRFflagissetto 0.
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When the RSPCK auto-stop function is enabled in master mode, an overrun error does not occur. Figure 38.28 and
Figure 38.29 show the clock stop waveform when a seria transfer continues while the receive buffer is full in master
mode.

Start Serial transfer period End Start Serial transfer period End
SPDR access ( )
RSPCK RSPCK :
oe | 1] 2[3[4]5[6]7]8 ooe |11 2[3]4[5][6][7] 8
Clogk is stoppe:
RSPCKA
(CPOL =0) |
@
RSPCKA
(CPOL=1) _J U U U U U U 7J
Sampling timing I I I ) N ) B I I I N N I I
wosin —XC )X X X X XX XX —
mson —X )X X X XXX XX —
SSLAi
[PE—
t 2 [&] t 2
Receive buffer status Empty X Full = Full
SPRF
(Receive buffer full flag) [
OVRF
R dat d
(Overrun error flag) Low @ eceive dafa s rea
RSPI transfer format (CPHA = 1) t1: RSPI clock delay register (SPCKD) ?r:lplﬁlﬂ g::s'(‘:r:_: ©ory
12: RSPI slave select delay register (SSLND)
t3: RSPI next-access delay register (SPND)

Figure 38.28  Clock Stop Waveform When a Serial Transfer Continues While the Receive Buffer is Full in Master
Mode (CPHA = 1)

Start Serial transfer period End Start Serial transfer period End
SPDR access < XE >
e [(fl2]s[4a[5]6]7s8 e [T12[3[a[5]6]7 8
RSPCKA Clogk is stoppe:
(CPOL =0) J U U U U F
(2)
RSPCKA
(cPOL=1) NN EEEEE NN LML L oy
Sampling timing I N I B I N I O B I
s —( Y XX X X XN o
Mson — (XXX K T XXX o
SSLAI 7| [
a [ [€] [ NI
Receive buffer
status Empty X Full Full

SPRF
(Receive buffer full flag) [

OVRF Receive data is read

L 1
(Overrun error flag) sl - ‘

output: Undefined (0 or 1)

RSPI transfer format (CPHA = 1) t1: RSPI clock delay register (SPCKD) Input:  Don't care

t2: RSP slave select delay register (SSLND)
t3: RSPI next-access delay register (SPND)

Figure 38.29  Clock Stop Waveform When a Serial Transfer Continues While the Receive Buffer is Full in Master
Mode (CPHA = 0)

The operation of the flags at the timings shown in steps (1) and (2) in the figure is described bel ow.

(1) When the receive buffer isfull, an overrun error does not occur because the RSPCK clock is stopped.

(2) If SPDRisread whilethe clock is stopped, data in the receive buffer can be read. The RSPCK clock restarts after
reading the receive buffer (after the SPRF flag becomes 0).
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38.3.8.2 Parity Error

If full-duplex synchronous serial communications is performed with the SPCR.TXMD bit set to 0 and the SPCR2.SPPE
bit set to 1, when serial transfer ends, the RSPI checks whether there are parity errors. Upon detecting a parity error inthe
received data, the RSPl sets the SPSR.PERF flag to 1. Since the RSPI does not copy the datain the shift register to the
receive buffer when the SPSR.OVRF flag is set to 1, parity error detection is not performed for the received data. To set
the PERF flag to O, write O to the PERF flag after SPSR register is read with the PERF flag set to 1.

Figure 38.30 shows an example of operation of the OVRF and PERF flags. The SPSR access shown in Figure 38.30
indicates the condition of accessto SPSR register, where W denotes awrite cycle, and R aread cycle. In the example of
Figure 38.30, full-duplex synchronous serial communicationsis performed while the SPCR.TXMD bit is 0 and the
SPCR2.SPPE hit is 1. The RSPI performs an 8-hit seria transfer in which the SPCMDm.CPHA hit is 1 and the
SPCMDm.CPOL bit is 0. The numbers given under the RSPCK A waveform represent the number of RSPCK cycles (i.e.,
the number of transferred bits).

SPSR access < :D R >< W X >
)
RSPCKA !
criactoro-o) — U UULJTHHUHHUHTE
PERF I_(E )

OVRF (3)

=

Figure 38.30  Operation Example of PERF Flag

The operation of the flags at the timing shown in steps (1) to (3) in the figure is described below.

(1) If aserial transfer terminates with the RSPI not detecting an overrun error, the RSPI copies the data in the shift
register to the receive buffer. The RSPI judges the received data at thistiming, and setsthe PERF flag to 1 if a parity
error is detected. In master mode, the RSPI copies the pointer value to SPCMDm register to the
SPSSR.SPECM[2:0] bits.

(2) If Oiswritten to the PERF flag after SPSR register is read when the PERF flag is 1, the PERF flag is set to 0.

(3) When the RSPI detects an overrun error and serial transfer isterminated, the datain the shift register is not copied to
the receive buffer. The RSPl does not perform parity error detection at this timing.

The occurrence of a parity error can be checked either by reading the SPSR register or by using an RSPI error interrupt
and reading the SPSR register. When executing a seria transfer, measures should be taken to ensure the early detection
of parity errors, such as reading SPSR. When the RSP is used in master mode, the pointer value to SPCMDm register at
the occurrence of the error can be checked by reading the SPSSR.SPECM[2:0] bits.
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38.3.8.3 Mode Fault Error

The RSPI operates in multi-master mode when the SPCR.MSTR bit is 1, the SPCR.SPMS bit is 0, and the
SPCR.MODFEN hit is 1. If the active level isinput with respect to the SSLAO input signal of the RSPI in multi-master
mode, the RSPI detects amode fault error irrespective of the status of the seria transfer, and setsthe SPSR.MODF flag to
1. Upon detecting the mode fault error, the RSPI copies the value of the pointer to SPCMDm to the SPSSR.SPECM[2:0]
bits. The active level of the SSLAQ signa is determined by the SSLP.SSLOP hit.

When the MSTR bit is 0, the RSPI operates in slave mode. The RSPI detects a mode fault error if the MODFEN bit of
the RSPl in slave modeis 1, and the SPM S bit is 0, and if the SSLAO input signal is negated during the serial transfer
period (from the time the driving of valid datais started to the time the final valid datais fetched).

Upon detecting a mode fault error, the RSPI stops driving of the output signals and clears the SPCR.SPE bit to O (refer to
section 38.3.9, Initializing RSPI). In the case of multi-master configuration, detection of a mode fault error is used to
stop driving of the output signals and the RSPI function, which allows the master right to be released.

The occurrence of amode fault error can be checked either by reading SPSR or by using an RSPI error interrupt and
reading SPSR. Detecting mode fault errors without utilizing the RSPI error interrupt requires polling of SPSR. When
using the RSPI in master mode, the pointer value to SPCMDm register at the occurrence of the error can be checked by
reading the SPSSR.SPECM[2:0] bits.

When the MODF flag is 1, writing of the value 1 to the SPE bit isignored by the RSPI. To enable the RSPI function after
the detection of a mode fault error, set the MODF flag to 0.
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38.3.9 Initializing RSPI

If 0 iswritten to the SPCR.SPE hit or the RSPI sets the SPE hit to 0 because of the detection of a mode fault error, the
RSPI disables the RSPI function, and initializes some of the module functions. When a system reset is generated, the
RSPI initializes al of the module functions. The following describes initialization by the clearing of the SPCR.SPE bit
and initialization by a system reset.

38.3.9.1 Initialization by Clearing the SPE Bit

When the SPCR.SPE bit is set to 0, the RSPI performs the following initialization:
e Suspending any seria transfer that is being executed
e Stopping the driving of output signals (Hi-Z) in slave mode
e [nitializing the internal state of the RSPI
e |nitializing the transmit buffer of the RSPl (Set the SPTEF flag to 1)

Initialization by the clearing of the SPE bit does not initialize the control bits of the RSPI. For this reason, the RSPI can
be started in the same transfer mode as prior to theinitialization if the SPE bit is set to 1 again.

The SPSR.SPRF, SPSR.OVRF, SPSR.MODF, and SPSR.PERF flags are not initialized, nor is the value of the RSPI
sequence status register (SPSSR) initialized. For this reason, even after the RSPI isinitialized, data from the receive
buffer can be read in order to check the status of error occurrence during an RSPI transfer.

The transmit buffer isinitialized to an empty state (the SPTEF flag is 1). Therefore, if the SPCR.SPTIE bitissetto 1
after RSP initialization, atransmit buffer empty interrupt is generated. When the RSPI isinitialized, in order to disable
any transmit buffer empty interrupt, O should be written to the SPTIE bit simultaneously with the writing of 0 to the SPE
bit.

38.3.9.2 System Reset

Theinitialization by asystem reset completely initializes the RSPI through the initialization of all bitsfor controlling the
RSPI, initiaization of the status bits, and initialization of data registers, in addition to the requirements described in
section 38.3.9.1, Initialization by Clearing the SPE Bit.
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38.3.10  SPI Operation

38.3.10.1 Master Mode Operation

The only difference between single-master mode operation and multi-master mode operation liesin mode fault error
detection (refer to section 38.3.8, Error Detection). When operating in single-master mode, the RSPI does not detect
mode fault errors whereas the RSPI running in multi-master mode does detect mode fault errors. This section explains
operations that are common to single-master mode and multi-master mode.

(1) Starting a Serial Transfer

The RSPI updates the data in the transmit buffer (SPTX) when data is written to the RSP data register (SPDR) with the
RSPI transmit buffer being empty (the SPTEF flag is 1 and data for the next transfer is not set). When the shift register is
empty after the number of frames set in the SPDCR.SPFC[1:0] bits are written to the SPDR, the RSPI copies data from
the transmit buffer to the shift register and starts serial transfer. Upon copying transmit datato the shift register, the RSP
changes the status of the shift register to “full”, and upon termination of serial transfer, it changes the status of the shift
register to “empty”. The status of the shift register cannot be referenced.

For details on the RSPl transfer format, refer to section 38.3.5, Transfer Format. The polarity of the SSLAI output
pins depends on the SSLP register settings.

(2) Terminating a Serial Transfer

I rrespective of the SPCMDm.CPHA bit, the RSPI terminates the serial transfer after transmitting an RSPCKA edge
corresponding to the final sampling timing. If free space is available in the receive buffer (SPRX) (the SPRF flag is 0),
upon termination of serial transfer, the RSPI copies data from the shift register to the receive buffer of the SPDR register.
It should be noted that the final sampling timing varies depending on the bit length of transfer data. In master mode, the
RSPI data length depends on the SPCMDm.SPB[3:0] bit setting. The polarity of the SSLAI output pin depends on the
SSLPregister settings.

For details on the RSPl transfer format, refer to section 38.3.5, Transfer Format.
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(3) Sequence Control

Thetransfer format that is employed in master mode is determined by SPSCR, SPCMDm, SPBR, SPCKD, SSLND, and
SPND registers.

SPSCR is aregister used to determine the sequence configuration for serial transfers that are executed by the RSPI in
master mode. The following items are set in SPCMDm register: SSLAI pin output signal value, MSB/LSB first, data
length, some of the bit rate settings, RSPCK polarity/phase, whether SPCKD isto be referenced, whether SSLND isto be
referenced, and whether SPND isto be referenced. SPBR holds some of the hit rate settings; SPCKD, an RSPI clock
delay value; SSLND, an SSL negation delay; and SPND, a next-access delay value.

According to the sequence length that is assigned to SPSCR, the RSPI makes up a sequence comprised of apart or al of
SPCMDm register. The RSPI contains a pointer to the SPCMDm register that makes up the sequence. The value of this
pointer can be checked by reading the SPSSR.SPCP[2:0] bits. When the SPCR.SPE bit is set to 1 and the RSPI function
is enabled, the RSPI loads the pointer to the commandsin SPCMDO, and incorporates the SPCM DO settings into the
transfer format at the beginning of seria transfer. The RSPI increments the pointer each time the next-access delay
period for adata transfer ends. Upon completion of the serial transfer that corresponds to the final command comprising
the sequence, the RSPI sets the pointer in SPCM DO, and in this manner the sequence is executed repeatedly.

Sequence length setting |:> Determining reference command |:> Loading transfer format settings
SPSCR
__i
r Command |
| pointer control I
pd SPCMDO
1| SPCMD1 |—O
I : SPCMD2 |—O
| | [spcvDs_ o
| SPCMD4 [—O ¢ SCKDEN v SLNDEN ¢SPNDEN
: : SPCMD5 O CPHA sckp || sstno || senp |
vy SPCMD6  —O g;g\';[m]
- PCMD7 |—O -
SPC SSLA[2:0]
SSLKP
SPB[3:0]
ylSBF v v v
" Transfer format determiner "

Figure 38.31  Procedure for Determining the Form of Serial Transfer in Master Mode

In this section, aframe is the combination of the data (SPDR) and the settings (SPCMDm).

Data
(SPDR) Frame
Data

+ |:‘I > s ————1
: Settings

Settings

(SPCMD)

Figure 38.32  Concept of a Frame
RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 1396 of 1852

Nov 30, 2020



RX23W Group

38. Serial Peripheral Interface (RSPla)

Figure 38.33 shows the relationship between the command and the transmit and receive buffers in the sequence of

operations specified by the settings in Table 38.4.

SPTX0/SPRX0
Setting 1-1
SPCMDO
Y
Only 1 frame
SPTX0/SPRX0 | SPTX1/SPRX1
Setting 1-2
SPCMDO SPCMDO
1st Prrame 2nd ?r(ame
SPTX0/SPRX0 | SPTX1/SPRX1 | SPTX2/SPRX2
Setting 1-3
SPCMDO SPCMDO SPCMDO
N Vv N
1st frame 2nd frame 3rd frame
SPTX0/SPRX0 SPTX1/SPRX1 SPTX2/SPRX2 SPTX3/SPRX3
Setting 1-4
SPCMDO SPCMDO SPCMDO SPCMDO
Y A\ Y Y
1st frame 2nd frame 3rd frame 4th frame
. SPTX0/SPRX0 | SPTX1/SPRX1
Setting 2-1
SPCMDO SPCMD1
1st fYame 2nd ?rfame
SPTX0/SPRX0 | SPTX1/SPRX1 | SPTX2/SPRX2 | SPTX3/SPRX3
Setting 2-2
SPCMDO SPCMD1 SPCMDO SPCMD1
N Vv N Y
1st frame 2nd frame 3rd frame 4th frame
SPTX0/SPRX0 | SPTX1/SPRX1 | SPTX2/SPRX2
Setting 3
SPCMDO SPCMD1 SPCMD2
N Vv N
1st frame 2nd frame 3rd frame
SPTX0/SPRX0 SPTX1/SPRX1 SPTX2/SPRX2 SPTX3/SPRX3
Setting 4
SPCMDO SPCMD1 SPCMD2 SPCMD3
\E v g Y
1st frame 2nd frame 3rd frame 4th frame
Setting 5 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRXO0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4
Y g Y g Y
1st frame 2nd frame 3rd frame 4th frame 5th frame
Setting 6 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4 SPCMD5
N Vv N Y N N
1st frame 2nd frame 3rd frame 4th frame 5th frame 6th frame
Setting 7 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4 SPCMD5 SPCMD6
N Vv N Y N N Y
1st frame 2nd frame 3rd frame 4th frame 5th frame 6th frame 7th frame
Setting 8 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRXO0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4 SPCMD5 SPCMD6 SPCMD7
Y g Y g Y Y Y Y
1st frame 2nd frame 3rd frame 4th frame 5th frame 6th frame 7th frame 8th frame
Figure 38.33  Correspondence between the RSPI Command Register and Transmit/Receive Buffers in

Sequence Operations
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(4) Burst Transfer

If the SPCMDm.SSLKP bit that the RSPI references during the current serial transfer is 1, the RSPl keeps the SSLAI
signal level during the serial transfer until the beginning of the SSLAI signal assertion for the next serial transfer. If the
SSLA. signal level for the next serial transfer isthe same asthe SSLAI signal level for the current seria transfer, the
RSPI can execute continuous serial transfers while keeping the SSLAI signal assertion status (burst transfer).

Figure 38.34 shows an example of an SSLAI signal operation for the case where a burst transfer isimplemented using
SPCMDO0 and SPCMD1 register settings. The text below explains the RSPI operations (1) to (7) as shown in Figure
38.34. It should be noted that the polarity of the SSLAI output signal depends on the SSLP register settings.

1 1 1
RSPCKA ' | | |
(CPHA=1, ! ! !

)

|

SSLAI ;
T 7
1

HOH @ (6)

i i
1 1
(« i i (
| |
1 1

Figure 38.34  Example of Burst Transfer Operation Using SSLKP Bit

(1) Based on SPCMDO, the RSPI asserts the SSLAI signal and inserts RSPCK delays.

(2) TheRSPI executes seria transfers according to SPCMDO.

(3) The RSPI inserts SSL negation delays.

(4) Sincethe SPCMDO0.SSLKP bit is 1, the RSPI keeps the SSLAI signal value on SPCMDO. This period is sustained,
at the shortest, for a period equal to the next-access delay of SPCMDO. If the shift register isempty after the passage
of aminimum period, this period is sustained until the transmit datais stored in the shift register for the next
transfer.

(5) Based on SPCMD1, the RSPI asserts the SSLAI signal and inserts RSPCK delays.

(6) The RSPI executes serial transfers according to SPCMD1.

(7) Becausethe SPCMD1.SSLKP bit is 0, the RSPI negates the SSLAI signal. In addition, a next-accessdelay is
inserted according to SPCMD1.

If the SSLAI signal output settings in the SPCMDm register in which 1 is assigned to the SSLKP bit are different from
the SSLAI signal output settings in the SPCMDm register to be used in the next transfer, the RSPI switches the SSLAI
signal statusto SSLAI signal assertion ((5) in Figure 38.34) corresponding to the command for the next transfer. Note
that if such an SSLAI signa switching occurs, the slaves that drive the MISOA signal compete, and collision of signal
levels may occur.

The RSPI in master mode references the SSLAI signal operation within the module for the case where the SSLKP hit is
not used. Even when the SPCMDm.CPHA bit is 0, the RSPI can accurately start serial transfers by using the SSLAI
signal assertion for the next transfer that is detected internally.
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(5) RSPCK Delay (t1)

The RSPCK delay value of the RSPI in master mode depends on the SPCMDm.SCKDEN bit setting and the SPCKD
register setting. The RSPI determines the SPCMDm register to be referenced during seria transfer by pointer control,
and determines an RSPCK delay value during serial transfer by using the SPCMDm.SCKDEN bit and SPCKD, as listed
in Table 38.9. For adefinition of RSPCK delay, refer to section 38.3.5, Transfer Format.

Table 38.9 Relationship among SCKDEN Bit, SPCKD, and RSPCK Delay Value

SPCMDm.SCKDEN Bit SPCKD.SCKDL[2:0] Bits RSPCK Delay Value
0 000b to 111b 1 RSPCK
1 000b 1 RSPCK

001b 2 RSPCK

010b 3 RSPCK

011b 4 RSPCK

100b 5 RSPCK

101b 6 RSPCK

110b 7 RSPCK

111b 8 RSPCK

(6) SSL Negation Delay (t2)

The SSL negation delay value of the RSPI in master mode depends on the SPCMDm.SLNDEN bit setting and the
SSLND register setting. The RSPI determines the SPCM Dm register to be referenced during serial transfer by pointer
control, and determines an SSL negation delay value during serial transfer by using the SPCMDm.SLNDEN bit and
SSLND, aslisted in Table 38.10. For adefinition of SSL negation delay, refer to section 38.3.5, Transfer Format.

Table 38.10 Relationship among SLNDEN Bit, SSLND, and SSL Negation Delay Value

SPCMDm.SLNDEN Bit SSLND.SLNDL[2:0] Bits SSL Negation Delay Value
0 000b to 111b 1 RSPCK
1 000b 1 RSPCK

001b 2 RSPCK

010b 3 RSPCK

011b 4 RSPCK

100b 5 RSPCK

101b 6 RSPCK

110b 7 RSPCK

111b 8 RSPCK
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(7) Next-Access Delay (t3)

The next-access delay value of the RSPl in master mode depends on the SPCMDm.SPNDEN bit setting and the SPND
setting. The RSPI determines the SPCMDm register to be referenced during serial transfer by pointer control, and
determines a next-access delay value during seria transfer by using the SPCMDm.SPNDEN bit and SPND, aslisted in
Table 38.11. For adefinition of next-access delay, refer to section 38.3.5, Transfer Format.

Table 38.11 Relationship among SPNDEN Bit, SPND, and Next-Access Delay Value

SPCMDm.SPNDEN Bit SPND.SPNDL[2:0] Bits Next-Access Delay Value
0 000b to 111b 1 RSPCK + 2 PCLK
1 000b 1 RSPCK + 2 PCLK

001b 2 RSPCK + 2 PCLK

010b 3 RSPCK + 2 PCLK

011b 4 RSPCK + 2 PCLK

100b 5 RSPCK + 2 PCLK

101b 6 RSPCK + 2 PCLK

110b 7 RSPCK + 2 PCLK

111b 8 RSPCK + 2 PCLK
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(8) Initialization Flowchart

Figure 38.35 isaflowchart illustrating an example of initialization in SPI operation when the RSPI is used in master
mode. For a description of how to set up the interrupt controller, DMAC, and I/O ports, refer to the descriptions given in

the individual blocks.

Start of initialization in
master mode

Set RSPI slave select polarity
register (SSLP)

l

Set RSPI pin control register
(SPPCR)

l

Set RSPI bit rate register (SPBR)

l

Set RSPI data control register
(SPDCR)

l

Set RSPI clock delay register
(SPCKD)

l

Set RSPI slave select negation
delay register (SSLND)

l

Set RSPI next-access delay register
(SPND)

l

Set RSPI control register 2 (SPCR2)

l

RSPI sequence control register
(SPSCR)

Set RSPI command registers 0 to 7
(SPCMDO to SPCMD7)

Set interrupt controller

[

Set DMAC

[

Set I/O ports

[

Set RSPI control register (SPCR)

l

Read RSPI control register (SPCR)

End of initialization in
master mode

« Sets polarity of SSL signal.

« Sets output mode (CMOS/open-drain).

« Sets MOSI signal value when transfer is in idle state.

« Sets transfer bit rate.

* Sets number of frames to be used.

« Sets RSPCK delay value.

 Sets SSL negation delay value.

« Sets next-access delay value.

« Sets parity function.
« Sets interrupt mask.

« Sets sequence length.

« Sets SSL signal level.

 Sets RSPCK delay enable.

« Sets SSL negation delay enable.
« Sets next-access delay enable.
* Sets MSB or LSB first.

« Sets data length.

* Sets transfer bit rate.

« Sets clock phase.

« Sets clock polarity.

* Sets SSL assertion signal.

(when using an interrupt)

(when using the DMAC)

* Sets master mode.

« Sets interrupt mask.
* Sets RSPI mode.

Figure 38.35

Example of Initialization Flowchart in Master Mode (SPI Operation)
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(9) Software Processing Flow

Figure 38.36 to Figure 38.38 show examples of the flow of software processing.

(@) Transmit Processing Flow

When transmitting data, the CPU will be notified of the completion of data transmission by enabling the SPI interrupt

after the last writing of datafor transmission.

The completion of data transmission can also be checked by polling to seeif the SPSR.IDLNF flag has become O, instead
of using the SPII interrupt. However, one cycle of PCLK isrequired for the time from when data for transmission is
written in the SPDR register to when the IDLNF flag becomes 1. After the last data is written in the SPDR register,
discard the value of the SPSR register once not to judge the condition with the IDLNF flag which has not yet become 1,
and read and use the value of the SPSR.IDLNF flag to confirm the completion of data transmission.

Pre-transfer processing
‘ End of initial settings '

Clear the SPSR.MODF, OVRF,
and PERF flags

[1] Clear error sources.

Set SPCR2.SPIIE =0 [2] Disable SPII interrupts.

[3] Set the SPE bit to “enabled”.
Enable the required interrupts at the
same time (Disables the related
interrupt when using a polling).

Proceed to Proceed to Proceed to
processing for processing for error
transmission reception processing

Set SPCR.SPE =1 and set bits
SPTIE, SPRIE, and SPEIE

Note 1.

Processing for transmission

Start processing
for transmission

Write data for transmission to
SPDR

[4] Each time the handling routine

ave the last of the data bee
written?

Yes

runs, access to the number of
frames set in the
SPDCR.SPFC[1:0] bits proceeds.

SPCR.SPTIE =0,
SPCR2.SPIE=1

SPIl interrupt?

Yes

No

SPCR.SPE =0,
SPCR2.SPIIE=0

End of
processing for
transmission

When using a polling for the SPTEF flag, proceed to the transmit data writing process after reading the SPTEF flag as 1.

Figure 38.36  Flowchart in Master Mode (Transmission)
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(b)

Receive Processing Flow

The RSPI does not handle receive-only operation, so processing for transmission is required.

Pre-transfer processing

‘ End of initial settings '

Clear the SPSR.MODF, OVRF,
and PERF flags

[1] Clear error sources.

Set SPCR2.SPIIE =0

[2] Disable SPII interrupts.

[3] Set the SPE bit to “enabled”.

Set SPCR.SPE = 1 and set bits
SPTIE, SPRIE, and SPEIE

Enable the required interrupts at
the same time (Disables the related

interrupt when using a polling).

Proceed to

Grocessing foD G
transmission

Proceed to
error.
processing

Proceed to
rocessing for
reception

Processing for reception

Start processing
for reception

PRI interrupt generated
or SPSR.SPRF = 1?

Read receive data from SPDR I [4] | [4] Each time the handling routine runs,
access to the number of frames set
in the SPDCR.SPFC[1:0] bits

proceeds.

| SPCR.SPRIE = 0 |

End of [5] Prohibition of operation is handled by

prc:gigsilri]gnfor processing for transmission.
Figure 38.37  Flowchart in Master Mode (Reception)
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(c) Flow of Error Processing

The RSPI has three types of error. When a mode fault error is generated, the SPCR.SPE bit is automatically cleared,
stopping operations for transmission and reception. For errors from other sources, however, the SPCR.SPE bit is not
cleared and operations for transmission and reception continue; accordingly, we recommend clearing of the SPCR.SPE
bit to stop operations in the case of errors other than mode fault errors. Not doing so will lead to updating of the
SPSSR.SPECM[2:Q] bits.

When interrupts are used and an error occurs, if the ICU.IRn.IR flag for the SPTI or SPRI interrupt request is set to 1,
clear the ICU.IRN.IR flag in the error processing routine. If the SPRI interrupt request isindicated, read the receive buffer
and initialize the sequencer in the RSPI.

Pre-transfer processing Error processing

L . Start error
End of initial settings processing
SPEI interrupt? u

Clear the SPSR.MODF, OVRF,

and PERF flags [1] Clear error sources.
Yes
| Set SPCR2.SPIIE =0 | [2] Disable SPIl interrupts. No
‘ SPSR.MODF =0
[3] Set the SPE bit to “enabled”.
Set SPCR.SPE =1 and set bits Enable the required interrupts at the
SPTIE, SPRIE, and SPEIE same time (Disables the related SSLO = inactive?
interrupt when using a polling). [ SPCR.SPE =0 ] 2
Gr?)l;:%cses?r?gt?oa Grzgcses?r?gt?oa ( Proec;,?g:j © ) Set SPER'SPTIE :_O' [4] Read the port register and confirm that
transmission reception processing iic?gp_cgzsggllllé Z % the SSLO pin is at the inactive level.
[5] Clear the ICU.IRN.IR flag

corresponding to SPTI, SPRI, etc.

Clear the SPSR.MODF, OVRF,
and PERF flags

|

|

|

|

|

|

! -
| [ Error processing ] [5]
|

|

|

|

|

|

I Repeat the transfer processing I [6] Run the initialization processing again, etc.

L___JI The order of processing can be changed.
processing
Figure 38.38  Flowchart for Master Mode (Error Processing)
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38.3.10.2  Slave Mode Operation

(1) Starting a Serial Transfer

If the SPCMDO.CPHA bit is 0, when detecting an SSLAO input signal assertion, the RSPI needs to start driving valid
data to the MISOA output signal. For this reason, when the CPHA bit is 0, the assertion of the SSLAQ input signal
triggersthe start of a serial transfer.

If the CPHA bit is 1, when detecting the first RSPCKA edge in an SSLAOQ signal asserted condition, the RSPl needs to
start driving valid data to the MISOA output signal. For this reason, when the CPHA hit is 1, the first RSPCKA edgein
an SSLAO signal asserted condition triggers the start of a serial transfer.

When detecting the start of aseria transfer in acondition in which the shift register is empty, the RSPI changesthe status
of the shift register to “full”, so that data cannot be copied from the transmit buffer to the shift register when serial
transfer isin progress. If the shift register was full before the serial transfer started, the RSPI |eaves the status of the shift
register unchanged, in the full state.

Irrespective of the CPHA bit setting, the timing at which the RSPI starts driving of the MISOA output signal isthe
SSLAOQ signal assertion timing. The data which is output by the RSPI is either valid or invalid, depending on the CPHA
bit setting.

For details on the RSPl transfer format, refer to section 38.3.5, Transfer Format. The polarity of the SSLAO input
signal depends on the setting of the SSLP.SSLOP hit.

(2) Terminating a Serial Transfer

Irrespective of the SPCMDO.CPHA bit, the RSPI terminates the serial transfer after detecting an RSPCKA edge
corresponding to the final sampling timing. When free space is available in the receive buffer (the SPRF flag is 0), upon
termination of serial transfer the RSPI copies received data from the shift register to the receive buffer of the SPDR
register. Upon termination of a serial transfer the RSPI changes the status of the shift register to “empty”, regardless of
thereceive buffer state. A mode fault error occursif the RSPI detects an SSLAO input signal hegation from the beginning
of serial transfer to the end of serial transfer (refer to section 38.3.8, Error Detection).

The final sampling timing changes depending on the bit length of transfer data. In slave mode, the RSPI data length
depends on the SPCM DO0.SPB[3:0] bit setting. The polarity of the SSLAOQ input signal depends on the SSLP.SSLOP bit
setting.

For details on the RSPI transfer format, refer to section 38.3.5, Transfer Format.

(3) Notes on Single-Slave Operations

If the SPCMDO.CPHA bit is 0, the RSPI starts serial transfers when it detects the assertion edge for an SSLAOQ input
signal. In the type of configuration shown in Figure 38.7 as an example, if the RSPl is used in single-slave mode, the
SSLAO signal isfixed at the active state. Therefore, when the CPHA bit is set to 0, the RSPI cannot correctly start a serial
transfer. To correctly execute transmit/receive operations by the RSPl in slave mode in a configuration in which the
SSLAOinput signal isfixed at the active state, the CPHA bit should be set to 1. If thereis aneed for setting the CPHA bit
to 0, the SSLAO input signal should not be fixed.
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(4) Burst Transfer

If the SPCMDO.CPHA bit is 1, continuous serial transfer (burst transfer) can be executed while retaining the assertion
state for the SSLAO input signal . If the CPHA bit is 1, the period from the first RSPCKA edge to the sampling timing for
the reception of the final bit in an SSLAO signal active state corresponds to a seria transfer period. Even when the
SSLAOQ input signal remains at the active level, the RSPl can accommodate burst transfers because it can detect the start
of an access.

If the CPHA bit is 0, the second and subsequent serial transfers during burst transfer cannot be executed correctly.

(5) Initialization Flowchart

Figure 38.39 isaflowchart illustrating an example of initialization in SPI operation when the RSPI is used in slave
mode. For a description of how to set up the interrupt controller, DMAC, and /O ports, refer to the descriptions givenin
the individual blocks.

Start of initialization in
slave mode

Set RSPI slave select polarity
register (SSLP)

v

Set RSPI data control
register (SPDCR)

v

« Sets polarity of SSLAI input signal

« Sets number of frames to be used.

« Sets parity function.

Set RSPI control register 2 (SPCR2)

v

Set RSPI command register 0
(SPCMDO)

v

Set interrupt controller

v

Set DMAC

v

Set I/O ports

v

Set RSPI control register
(SPCR)

v

Read RSPI control register (SPCR)

End of initialization in
slave mode

« Sets interrupt mask.

» Sets MSB or LSB first.
« Sets data length.

« Sets clock phase.

« Sets clock polarity.

(when using an interrupt)

(when using the DMAC)

« Sets slave mode.

« Sets mode fault error detection.
« Sets interrupt mask.

* Sets RSPI mode.

Figure 38.39  Example of Initialization Flowchart in Slave Mode (SPI Operation)
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(6) Software Processing Flow
Figure 38.40 to Figure 38.42 show examples of the flow of software processing.

(@) Transmit Processing Flow

Pre-transfer processing

End of initial settings ’

Clear the SPSR.MODF, OVRF,
and PERF flags

[1] Clear error sources.

Set SPCR2.SPIIE=0

[2] Disable SPII interrupts.

[3] Set the SPE bit to “enabled”.

Set SPCR.SPE =
SPTIE, SPRIE,

1 and set bits
and SPEIE

Enable the required interrupts at the
same time (Disables the related

interrupt when using a polling).

processi

Proceed to

Proceed to Proceed to
ng for processing for error
transmission reception processing

Note 1.

Processing for transmission

Start processing
for transmission

PTI interrupt generated
or SPSR.SPTEF = 17+,

Write data for transmission to 4]

SPDR [4] Each time the handling routine

runs, access to the number of
frames set in the
SPDCR.SPFCJ1:0] bits proceeds.

written?

End of
processing for
transmission

When using a polling for the SPTEF flag, proceed to the transmit data writing process after reading the SPTEF flag as 1.

Figure 38.40

(b)

Flowchart in Slave Mode (Transmission)

Receive Processing Flow

The RSPI does not handle receive-only operation, so processing for transmission is required.

Pre-transfer processing

‘ End of initial settings ’

Clear the SPSR.

and PERF flags

MODF, OVRF, [1] Clear error sources.

Set SPCR2

SPIE=0 [2] Disable SPII interrupts.

[3] Setthe SPE bit to “enabled”.

Set SPCR.SPE

SPTIE, SPRIE, and SPEIE

Enable the required interrupts at
the same time (Disables the related

=1 and set bits

interrupt when using a polling).

Proceed to Proceed to Proceed to
processing for processing for error
transmission reception processing

Processing for reception

Start processing
for reception

PRI interrupt generated
or SPSR.SPRF =1?

Read receive data from SPDR I [4] | [4] Each time the handling routine runs,

access to the number of frames set
in the SPDCR.SPFC[1:0] bits
proceeds.

ave the last ofd the data bee
2

Yes

SPCR.SPRIE = 0 |

End of
processing for
reception

Figure 38.41

Flowchart in Slave Mode (Reception)
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(©)
In slave operation, even when amode fault error is generated, the SPSR.MODF flag can be cleared regardless of the
status of the SSLAO pin.

When interrupts are used and an error occurs, if the ICU.IRN.IR flag for the SPTI or SPRI interrupt request isset to 1,
clear the ICU.IRN.IR flag in the error processing routine. If the SPRI interrupt request isindicated, read the receive buffer
and initialize the sequencer in the RSPI.

Flow of Error Processing

Pre-transfer processing

‘ End of initial settings ’

Clear the SPSR.MODF, OVRF,
and PERF flags

[1] Clear error sources.

| Set SPCR2.SPIIE =0

| [2] Disable SPII interrupts.

|

[3] Set the SPE bit to “enabled”.

Set SPCR.SPE =1 and set bits
SPTIE, SPRIE, and SPEIE

Enable the required interrupts at the
same time (Disables the related

interrupt when using a polling).

Error processing

Start error
processing

SPEI interrupt?

Proceed to
processing for pi
transmission

error.
processing

| |
)

Proceed to Proceed to
rocessing for
reception

Set SPCR.SPTIE =0,
SPRIE =0, SPEIE =0,
and SPCR2.SPIIE =0

Error processing [4] Clear the ICU.IRN.IR flag

|
corresponding to SPTI, SPRI, etc.

Clear the SPSR.MODF, OVRF,
and PERF flags

I Repeat the transfer processing I [5] Run the initialization processing again, etc.

End of error
processing

v JI The order of processing can be changed.

Figure 38.42

Flowchart for Slave Mode (Error Processing)
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38.3.11  Clock Synchronous Operation

Setting the SPCR.SPM S bit to 1 selects clock synchronous operation of the RSPI. In clock synchronous operation, the
SSLAI pinisnot used, and the three pins of RSPCKA, MOSIA, and MISOA handle communications. The SSLAI pinis
available as 1/0 port pins.

Although clock synchronous operation does not require use of the SSLAI pin, operation of the module isthe same asin
SPI operation. That is, in both master and slave operations, communications can be performed with the same flow asin
SPI operation. However, mode fault errors are not detected because the SSLAI pin is hot used.

Furthermore, do not set the SPCMDm.CPHA bit to 0 if clock synchronous operation isto proceed in slave mode
(SPCR.MSTR =0).

38.3.11.1 Master Mode Operation

(1) Starting a Serial Transfer

The RSPI updates the data in the transmit buffer (SPTX) of SPDR when datais written to the SPDR register with the
transmit buffer being empty (the SPTEF flag is 1 and data for the next transfer is not set). When the shift register is
empty after the number of frames set in the SPDCR.SPFC[1:0] bits are written to the SPDR, the RSPI copies data from
the transmit buffer to the shift register and starts serial transmission. Upon copying transmit data to the shift register, the
RSPI changes the status of the shift register to “full”, and upon termination of serial transfer, it changes the status of the
shift register to “empty”. The status of the shift register cannot be referenced.

For details on the RSPI transfer format, refer to section 38.3.5, Transfer Format.

However, transfer in clock synchronous operation is conducted without the SSLAO output signal.

(2) Terminating a Serial Transfer

The RSPI terminates the serial transfer after transmitting an RSPCKA edge corresponding to the sampling timing. If free
space is available in the receive buffer (SPRX) (the SPRF flag is 0), upon termination of serial transfer, the RSPl copies
data from the shift register to the receive buffer of the RSPI data register (SPDR).

It should be noted that the final sampling timing varies depending on the bit length of transfer data. In master mode, the
RSPI data length depends on the SPCMDm.SPB[3:0] bit setting.

For details on the RSPl transfer format, refer to section 38.3.5, Transfer Format.

However, transfer in clock synchronous operation is conducted without the SSLAO output signal.

(3) Sequence Control

Thetransfer format employed in master mode is determined by SPSCR, SPCMDm, SPBR, SPCKD, SSLND, and SPND
registers. Although the SSLAI signals are not output in clock synchronous operation, these settings are valid.

SPSCR is aregister used to determine the sequence configuration for serial transfers that are executed by the RSPI in
master mode. The following items are set in SPCMDm register: SSLAI output signal value, MSB/LSB firgt, data length,
some of the bit rate settings, RSPCKA polarity/phase, whether SPCKD isto be referenced, whether SSLND isto be
referenced, and whether SPND isto be referenced. SPBR holds some of the bit rate settings; SPCKD, an RSPI clock
delay value; SSLND, an SSL negation delay; and SPND, a next-access delay value.

According to the sequence length that is assigned to SPSCR, the RSPI makes up a sequence comprised of apart or all of
SPCMDm register. The RSPI contains a pointer to the SPCM Dm register that makes up the sequence. The vaue of this
pointer can be checked by reading the SPSSR.SPCP[2:0] bits. When the SPCR.SPE bit is set to 1 and the RSPI function
is enabled, the RSPI loads the pointer to the commandsin SPCMDO register, and incorporates the SPCMDO register
setting into the transfer format at the beginning of serial transfer. The RSPl increments the pointer each time the next-
access delay period for adatatransfer ends. Upon completion of the serial transfer that correspondsto the final command
comprising the sequence, the RSPI sets the pointer in SPCM DO register, and in this manner the sequence is executed
repeatedly.
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Sequence length Determining . .
setting —) reference command —) Loading transfer format settings

», [ SPCMDO
SPCMD1
SPCMD2
SPCMD3

SPCMD4

CPHA ¢ SCKDEN ¢ SLNDEN

¢ SPNDEN

CPOL

SPCMD5 Brov[L:0]] SPCKD || SSLND |

| SPND |

|

|

|

|

|

|

i SPCMD6
-Y [ SPCMD7

SSLA[2:0]
SSLKP
SPB[3:0]
LSBF

\ 4 A 4 A4

FOLEELS

l Transfer format determiner

Figure 38.43

Procedure for Determining the Form of Serial Transmission in Master Mode

In this section, aframe is the combination of the data (SPDR) and the settings (SPCMDm).

Data
(SPDR) Frame
Data
* T Fotings |
Settings
(SPCMD)
Figure 38.44  Concept of a Frame
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Figure 38.45 shows the relationship between the command and the transmit and receive buffers in the sequence of

operations specified by the settings in Table 38.4.

SPTX0/SPRX0
Setting 1-1
SPCMDO
Y
Only 1 frame
SPTX0/SPRX0 | SPTX1/SPRX1
Setting 1-2
SPCMDO SPCMDO
1st Prrame 2nd ?r(ame
SPTX0/SPRX0 | SPTX1/SPRX1 | SPTX2/SPRX2
Setting 1-3
SPCMDO SPCMDO SPCMDO
N Vv N
1st frame 2nd frame 3rd frame
SPTX0/SPRX0 SPTX1/SPRX1 SPTX2/SPRX2 SPTX3/SPRX3
Setting 1-4
SPCMDO SPCMDO SPCMDO SPCMDO
Y A\ Y Y
1st frame 2nd frame 3rd frame 4th frame
. SPTX0/SPRX0 | SPTX1/SPRX1
Setting 2-1
SPCMDO SPCMD1
1st fYame 2nd ?rfame
SPTX0/SPRX0 | SPTX1/SPRX1 | SPTX2/SPRX2 | SPTX3/SPRX3
Setting 2-2
SPCMDO SPCMD1 SPCMDO SPCMD1
N Vv N Y
1st frame 2nd frame 3rd frame 4th frame
SPTX0/SPRX0 | SPTX1/SPRX1 | SPTX2/SPRX2
Setting 3
SPCMDO SPCMD1 SPCMD2
N Vv N
1st frame 2nd frame 3rd frame
SPTX0/SPRX0 SPTX1/SPRX1 SPTX2/SPRX2 SPTX3/SPRX3
Setting 4
SPCMDO SPCMD1 SPCMD2 SPCMD3
\E v g Y
1st frame 2nd frame 3rd frame 4th frame
Setting 5 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRXO0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4
Y g Y g Y
1st frame 2nd frame 3rd frame 4th frame 5th frame
Setting 6 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4 SPCMD5
N Vv N Y N N
1st frame 2nd frame 3rd frame 4th frame 5th frame 6th frame
Setting 7 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4 SPCMD5 SPCMD6
N Vv N Y N N Y
1st frame 2nd frame 3rd frame 4th frame 5th frame 6th frame 7th frame
Setting 8 SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRX0 | SPTX0/SPRXO0
etting
SPCMDO SPCMD1 SPCMD2 SPCMD3 SPCMD4 SPCMD5 SPCMD6 SPCMD7
Y g Y g Y Y Y Y
1st frame 2nd frame 3rd frame 4th frame 5th frame 6th frame 7th frame 8th frame
Figure 38.45 Correspondence between the RSPl Command Register and Transmit/Receive Buffers in

Sequence Operations
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(4) Initialization Flowchart

Figure 38.46 isaflowchart illustrating an example of initialization in clock synchronous operation when the RSP is
used in master mode. For a description of how to set up the interrupt controller, DMAC, and 1/O ports, refer to the
descriptions given in the individual blocks.

Start of initialization in
master mode

Set RSPI pin control register
(SPPCR)

Set RSPI bit rate register (SPBR)

« Sets transfer bit rate.

Set RSPI data control register
(SPDCR)

« Sets number of frames to be used.

Set RSPI clock delay register
(SPCKD)

« Sets RSPCK delay value.

Set RSPI slave select negation
delay register (SSLND)

» Sets SSL negation delay value.

Set RSPI next-access delay register
(SPND)

* Sets next-access delay value.

Set RSPI control register 2 (SPCR2)

« Sets parity function.
« Sets interrupt mask.

RSPI sequence control register
(SPSCR)

« Sets sequence length.

» Sets RSPCK delay enable.

Set RSPl command registers 0 to 7
(SPCMDO to SPCMD7)

* Sets SSL negation delay enable.
« Sets next-access delay enable.
* Sets MSB or LSB first.

« Sets data length.
« Sets transfer bit rate.
« Sets clock polarity.

Set interrupt controller

(when using an interrupt)

Set DMAC

(when using the DMAC)

Set I/O ports

Set RSPI control register (SPCR)

» Sets master mode.
« Sets interrupt mask.
* Sets RSPI mode.

Read RSPI control register (SPCR)

End of initialization in
master mode

« Sets MOSI signal value when transfer is in idle state.

« Sets the value of SSL negation delay.

Figure 38.46

Example of Initialization Flowchart in Master Mode (Clock Synchronous Operation)
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(5) Flow of Software Processing

Software processing during clock-synchronous master operation is the same as that for SPI master operation. For details,
refer to section 38.3.10.1, (9) Software Processing Flow. Note that mode fault errors will not occur.

38.3.11.2 Slave Mode Operation

(1) Starting a Serial Transfer

When the SPCR.SPM S bit is 1, the first RSPCKA edge triggers the start of a serial transfer in the RSPI.

When detecting the start of aserial transfer in acondition in which the shift register is empty, the RSPI changes the status
of the shift register to “full”, so that data cannot be copied from the transmit buffer to the shift register when serial
transfer isin progress. If the shift register was full before the seria transfer started, the RSPl keeps the status of the shift
register unchanged, in the full state.

When the SPMSbit is 1, the RSPI drives the MISOA output signal.

For details on the RSPI transfer format, refer to section 38.3.5, Transfer Format.

It should be noted that the SSLAO input signal is not used in clock synchronous operation.

(2) Terminating a Serial Transfer

The RSPI terminates the serial transfer after detecting an RSPCKA edge corresponding to the final sampling timing.
When free space is available in the receive buffer (the SPRF flag is 0), upon termination of serial transfer the RSPI
copies received data from the shift register to the receive buffer of the SPDR register. Upon termination of a seria
transfer the RSPI changes the status of the shift register to “empty” regardless of the receive buffer status. The fina
sampling timing changes depending on the bit length of transfer data. In slave mode, the RSPI datalength depends on the
SPCMDO0.SPB[3:0] hit setting.

For details on the RSPI transfer format, refer to section 38.3.5, Transfer Format.
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®3)

Initialization Flowchart

Figure 38.47 isaflowchart illustrating an example of initialization in clock synchronous operation when the RSP is
used in slave mode. For a description of how to set up the interrupt controller, DMAC, and /O ports, refer to the
descriptions given in the individual blocks.

Start of initialization in
slave mode

A\ 4

Set RSPI data control
register (SPDCR)

v

Set RSPI control register 2 (SPCR2)

A

Set RSPI command register 0
(SPCMDO)

v

Set interrupt controller

v

Set DMAC

v

Set I/O ports

v

Set RSPI control register
(SPCR)

v

Read RSPI control register (SPCR)

End of initialization in
slave mode

« Sets number of frames to be used.

* Sets parity function.
« Sets interrupt mask.

» Sets MSB or LSB first.
* Sets data length.

« Sets clock phase.

« Sets clock polarity.

(when using an interrupt)

(when using the DMAC)

« Sets slave mode.
* Sets interrupt mask.
* Sets RSPI mode.

Figure 38.47

(4)

Flow of Software Processing

Example of Initialization Flowchart in Slave Mode (Clock Synchronous Operation)

Software processing during clock-synchronous slave operation is the same as that for SPI slave operation. For details,
refer to section 38.3.10.2, (6) Software Processing Flow. Note that mode fault errors will not occur.

RO1UHO0823EJ0110 Rev.1.10

Nov 30, 2020

RENESAS

Page 1414 of 1852



RX23W Group 38. Serial Peripheral Interface (RSPla)

38.3.12  Loopback Mode

When 1 iswritten to the SPPCR.SPL P2 bit or SPPCR.SPLP bit, the RSPI shuts off the path between the MISOA pin and
the shift register if the SPCR.MSTR bit is 1, and between the MOSIA pin and the shift register if the SPCR.MSTR hit is
0, and connects the input path and output path of the shift register. The RSPI does not shut off the path between the
MOSIA pin and the shift register if the SPCR.MSTR bit is 1, and between the MISOA pin and the shift register if the
SPCR.MSTR hit is0. Thisis called loopback mode. When a serial transfer is executed in loopback mode, the transmit
datafor the RSPl or the reversed transmit data becomes the received data for the RSPI.

Table 38.12 lists the relationship among the SPLP2 and SPLP bits and the received data. Figure 38.48 showsthe
configuration of the shift register I/O paths for the case where the RSPI in master mode is set in loopback mode
(SPPCR.SPLP2 = 0, SPPCR.SPLP = 1).

Table 38.12 SPLP2 and SPLP Bit Settings and Received Data

SPPCR.SPLP2 Bit SPPCR.SPLP Bit Received Data
0 0 Input data from the MOSIA pin or MISOA pin
0 1 Inverted transmit data
1 0 Transmit data
1 1 Transmit data
Transmission - -
(MOSIA/MISOA) <——| Shift register
Loopback
Loopback 2
>0
. Normal
Reception )
(MISOA/MOSIA) -

Figure 38.48  Configuration of Shift Register I/0O Paths in Loopback Mode (Master Mode)
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38.3.13  Self-Diagnosis of Parity Bit Function

The parity circuit consists of a parity bit adding unit used for transmit data and an error detecting unit used for received
data. In order to detect defectsin the parity bit adding unit and error detecting unit of the parity circuit, self-diagnosisis

executed for the parity circuit following the flowchart shown in Figure 38.49.

Start of self-diagnosis of
parity circuit

Enable the parity circuit self-diagnosis function (SPCR2.PTE = 1).
Enable the parity function (SPCR2.SPPE = 1).
Select loopback mode (SPPCR.SPLP2 =1).

Add correct parity bit to Parity error occurred

Select full-duplex synchronous serial communications (SPCR.TXMD = 0).

transmit data and transfer it

No parity error

Add incorrect parity bit to No parity error

transmit data and transfer it

Parity error occurred

Loopback operation with
the parity bit added at
normal operation

Parity error occurred

No parity error

Incorrect parity bit is
added

Check the data that is stored in
the transmit data register

Correct parity bit is added

Disable the parity circuit self-diagnosis function (SPCR2.PTE = 0).

Normal end Erroneous end
No defect in parity circuit

Defect found in parity bit adding unit
No defect in error detecting unit

Erroneous end

Defect found in error
detecting unit

Figure 38.49  Flowchart for Self-Diagnosis of Parity Circuit
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38.3.14  Interrupt Sources

The RSPI hasinterrupt sources of receive buffer full, transmit buffer empty, mode fault, overrun, parity error, and RSPI
idle. In addition, the DTC or DMAC can be activated by the receive buffer full or transmit buffer empty interrupt to
perform data transfer.

Since the vector address for SPEI is alocated to interrupt requests due to mode fault, overrun, and parity errors, the
actual interrupt source must be determined from the flags. Interrupt sources for the RSPl are listed in Table 38.13. An
interrupt is generated on satisfaction of an interrupt condition in Table 38.13. Clear the receive buffer full and transmit
buffer empty sources through data transfer.

When using the DTC or DMAC to perform data transmission/reception, the DTC or DMAC must be set up first to bein
astatusin which transfer is enabled before making the RSPI settings. For the method for setting the DTC or DMAC,
refer to section 18, DMA Controller (DMACA), or section 19, Data Transfer Controller (DTCa).

If the conditions for generating atransmit buffer empty or receive buffer full interrupt are generated while the
ICU.IRN.IR flag is 1, the interrupt is not output as a request for ICU but is retained internally (the capacity for retention
is one request per source). A retained interrupt request is output when the ICU.IRN.IR flag becomes 0. A retained
interrupt request is automatically discarded once it is output as an actual interrupt request. The interrupt enable bit (the
SPCR.SPTIE or SPCR.SPRIE bit) for an internally retained interrupt request can also be cleared to 0.

Table 38.13  Interrupt Sources of RSPI

Interrupt Source Symbol Interrupt Condition DMAC/DTC Activation

Receive buffer full SPRI The receive buffer becomes full (the SPRF flag  Possible
becomes 1) while the SPCR.SPRIE bit is 1.

Transmit buffer empty SPTI The transmit buffer becomes empty (the Possible
SPTEF flag becomes 1) while the
SPCR.SPTIE bitis 1.

RSPI errors (mode fault, SPEI The SPSR.MODF, OVRF, or PERF flag is set  Impossible
overrun and parity error) to 1 while the SPCR.SPEIE bit is 1.
RSPI idle SPIl The SPSR.IDLNF flag is set to 0 while the Impossible

SPCR2.SPIIE bit is 1.
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38.4  Link Operation by Event Linking

The RSPIO supports the following event output for the event link controller (ELC). The event link output signal is output
regardless of the interrupt enable bit setting.

38.4.1 Receive Buffer Full Event Output

Thisevent signal is output when received data have been transferred from the shift register to the SPDR on compl etion of
serial transfer.

38.4.2 Transmit Buffer Empty Event Output

Thisevent signal is output when data for transmission have been transferred from the transmit buffer to the shift register
and when the value of the SPE bit has changed from 0 to 1.

38.4.3 Mode Fault, Overrun, or Parity Error Event Output

(1) Mode Fault
Table 38.14 lists the occurrence conditions of a mode fault event.

Table 38.14 Occurrence Conditions of Mode Fault Event

SPCR.MODFEN Bit SSLAO Pin Remarks

Master 1 Active Under the condition (the SPCR.MSTR bit is 1 and the

(SPCR.MSTR bit = 1) MODFEN bit is 1), if the SPCR.SPMS bit is 0, mode fault
error, overrun error, and parity error event output cannot be
used.
Do not set the ELSRn register to 52h.

Slave 1 Not active Event is output only when the pin is deactivated during

(SPCR.MSTR hit = 0) transmission.

(2) Overrun

The condition for this event signal being output in response to an overrun is completion of seria transfer while the
receive buffer contains data that have not been read and the value of the SPCR.TXMD hit is0, in which case the OVRF
flagissetto 1.

(3) Parity Error

The condition for this event signal being output in response to a parity error is detection of a parity error on completion
of serial transfer while the value of the TXMD bit in SPCR is 0 and the value of the SPPE bit in SPCR2 is 1.
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38.4.4 RSPI Idle Event Output

(1) In Master Mode

In master mode, an event is output when the condition for setting the IDLNF flag (RSPI idle flag) to O is satisfied.

(2) In Slave Mode

In slave mode, an event is output when the SPCR.SPE bit is set to O (RSPI isinitialized).

38.4.5 Transmission-Completed Event Output

During both SPI operation and clock synchronous operation in master mode, an event is output under the condition for
setting the IDLNF flag (RSP idle flag) from 1 to 0.

Table 38.15 Conditions for Generation of a Transmission-Completed Event (Slave)

Transmit Buffer State

Shift Register State

Others

SPI operation (SPMS = 0)

Empty

Empty

Negation of SSLAO input

Clock synchronous operation

(SPMS = 1)

Empty

Empty

Edge detection of the last RSPCKA

Whether the operation isin master mode or slave mode, an event is not output if 0 iswritten to the SPCR.SPE bit in
transmission or the SPCR.SPE bit is cleared by the mode fault error.
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38.5 Usage Notes

38.5.1 Setting Module Stop Function

Module stop control register B (MSTPCRB) can be used to enable or disable the RSPI. Immediately after areset,
operation of the RSPI is disabled. Register access is enabled by releasing the module stop state. For details, refer to
section 11, Low Power Consumption.

38.5.2 Note on Low Power Consumption Functions

When using the module stop function and entering alow power consumption mode other than sleep mode, set the
SPCR.SPE bhit to 0 before completing communication.

38.5.3 Notes on Starting Transfer

If the ICU.IRN.IR flag is 1 at the time transfer is to be started, an interrupt request isinternaly retained after transfer
starts, and this can lead to unanticipated behavior of the ICU.IRn.IR flag.

When the ICU.IRN.IR flag is 1 at the time transfer is to start, follow the procedure below to clear interrupt requests
before enabling operations (by setting the SPCR.SPE hit to 1).

Confirm that transfer has stopped (i.e. that the SPCR.SPE bit is 0).

Set the relevant interrupt enable bit (the SPCR.SPTIE or SPCR.SPRIE hit) to 0.

Read the relevant interrupt enable bit (the SPCR.SPTIE or SPCR.SPRIE hit) and confirm that itsvalue is 0.
Set the ICU.IRn.IR flag to O.

AW DNpRE

38.5.4 Notes on the SPRF and SPTEF flags
When polling the SPSR.SPRF flag and/or SPSR.SPTEF flag, set the SPCR.SPRIE bit and/or SPCR.SPTIE hit to 0.
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39. CRC Calculator (CRC)
The CRC (Cyclic Redundancy Check) calculator generates CRC codes.

39.1 Overview
Table 39.1 lists the specifications of the CRC calculator, and Figure 39.1 shows ablock diagram of the CRC calculator.

Table 39.1 CRC Specifications

Item Description
Data for CRC calculation*! CRC codes are generated for any desired data in 8n-bit units (where n is a whole number)
CRC processor unit 8-bit parallel processing
CRC generating polynomial One of three generating polynomials is selectable
¢ 8-bit CRC
X8+ X2+X+1
e 16-bit CRC

X16 + X15 + X2 + 1
X16 + X12 + X5+ 1

CRC calculation switching The bit order of CRC calculation results can be switched for LSB first or MSB first communication

Low power consumption function  Module stop state can be set.

Note 1. The circuit does not have a function to divide data for calculation into CRC calculation units. Write data in 8-bit units.

Control signal
CRCCR —
(2]
a
©
@
= CRC code
A CRCDIR ——————————] generation
2 circuit
©
o
i3
(=R
CRCDOR
CRCCR: CRC control register
CRCDIR: CRC data input register
CRCDOR: CRC data output register
Figure 39.1 CRC Block Diagram
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39.2 Register Descriptions
39.2.1 CRC Control Register (CRCCR)

Address(es): 0008 8280h

b7 b6 b5 b4 b3 b2 bl b0

DOSCL — — — — | wvs GPSI[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 GPS[1:0] CRC Generating Polynomial bl b0 o R/W
Switching 0 0: No calculation is executed.
0 1:8-hit CRC (X8+ X2+ X+1)
1 0:16-bit CRC (X16 + X15 + X2 + 1)

1 1:16-bit CRC (X16 + X12 + X5 + 1)

b2 LMS CRC Calculation Switching 0: Generates CRC for LSB first communication. R/W
1: Generates CRC for MSB first communication.

b6tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

b7 DORCLR CRCDOR Register Clear 1: Clears the CRCDOR register. R/W*1
This bit is read as 0.

Note 1. Only 1 can be written.

LMS Bit (CRC Calculation Switching)

This bit selects the bit order of generated 16-bit CRC code. Transmit the lower-order byte (b7 to b0) of the CRC code
first for LSB first communication and the higher-order byte (b15 to b8) first for MSB first communication. For details on
the transmission and reception of CRC codes, refer to section 39.3, Operation.

DORCLR Bit (CRCDOR Register Clear)
Write 1 to this bit so that the CRCDOR register is set to 0000h.
Thishitisread as0. Only 1 can be written.

39.2.2 CRC Data Input Register (CRCDIR)

Address(es): 0008 8281h

b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0

CRCDIR is areadable and writable register. Write datafor CRC calculation to this register.
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39.2.3 CRC Data Output Register (CRCDOR)

Address(es): 0008 8282h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CRCDOR is areadable and writable register.

Sinceitsinitia valueis 0000h, rewrite the CRCDOR register to perform calculation using a value other than the initial
value.

Datawritten to the CRCDIR register is CRC calculated and the result is stored in the CRCDOR register. If the CRC code
is calculated following the transferred data and the result is 0000h, there is no CRC error.

When an 8-bit CRC (X8 + X2 + X + 1 polynomial) isin use, the valid CRC code is obtained in the low-order byte (b7 to
b0). The high-order byte (b15 to b8) is not updated.
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39.3 Operation

The CRC calculator generates CRC codes for usein LSB first or MSB first transfer.

The following shows examples of generating the CRC code for input data (FOh) using the 16-bit CRC generating
polynomial (X16 + X12 + X5 + 1). In these examples, the value of the CRC data output register (CRCDOR) is cleared
before CRC calculation.

When an 8-bit CRC (with the polynomial X8 + X2 + X + 1) isin use, the valid bits of the CRC code are obtained in the
lower-order byte of the CRCDOR register.

1. Write 83h to the CRC control register (CRCCR)

CRCCR CRCDOR
7 0 15 8 7 0

[1lofolo oo a]s] —> |ofolofofofofofolojolofolofofo]o]

Clear CRCDOR

2. Write FOh to the CRC data input register (CRCDIR)

CRCDIR CRCDOR
7 0 15 8 7 0

[2laf2lafofofofo] > [alafalaofafafafaiofofo afafala]

CRC code generation

3. Read the calculation result in the CRC data output register (CRCDOR)
CRC code = F78Fh

4. 8-bit serial transmission (LSB first)

P CRC code ol Data -

7 o 7 0‘ 7 0
|1‘1‘1‘1‘0‘ 1‘1‘1|1‘0‘0‘0‘ 1‘1‘ 1‘1| 1‘ 1‘ 1‘ 1‘ 0‘ o‘o‘o|—>0utput

F 7 8 F F 0
Figure 39.2 LSB First Data Transmission

1. Write 87h to the CRC control register (CRCCR)

CRCCR CRCDOR

7 0 15 8 7 0

[1lofolofos]a[s] —> |ofolojofofofofojolofofofofojo]o]

Clear CRCDOR

2. Write FOh to the CRC data input register (CRCDIR)

CRCDIR CRCDOR
7 0 15 8 7 0

[1l2]sfalofolofo] — > [alafafols aiafa ofolofafafafa]s]

CRC code generation

3. Read the calculation result in the CRC data output register (CRCDOR)
CRC code = EF1Fh

4. 8-bit serial transmission (MSB first)

: Data | CRC code >
O‘ 7 0o 7 0
output<—|1\1\1\1\o\o\o\o|1\1\1\0\1\1\1\1|0\ o[ ol1]1]1]1]1]
F E F 1 F
Figure 39.3 MSB First Data Transmission
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1. 8-bit serial reception (LSB first)
P CRC code ol Data .
7 07 0 | 7 0
[LLTelsa[alo o [o[s[s [ la [s[s[aTsTo o oo —wmm
F 7 8 F 0
2. Write 83h to the CRC control register (CRCCR)
CRCCR CRCDOR
7 0 15 8 7 0
[aofofofofofafa] ==>[ofofofolofofolofo[olo[ofofofo]o]
Clear CRCDOR
3. Write FOh to the CRC data input register (CRCDIR)
CRCDIR CRCDOR
7 0 15 8 7 0
[2[slalafofofofof = [alalafafofalafafafofofolala]als]
CRC code generation
4. Write 8Fh to the CRC data input register (CRCDIR)
CRCDIR CRCDOR
7 0 15 8 7 0
[s[ofofofsla]aTa] = [ofoTofolo o o o s[e]a]alolsa]1]
CRC code generation
5. Write F7h to the CRC data input register (CRCDIR)
CRCDIR CRCDOR
7 0 15 8 0
[2lefa]2fofafafa} > [ojofofofofojofofofofofofofoo]o]
CRC code generation
6. Read the calculation result in the CRC data output register (CRCDOR)
CRC code = 0000h — no error
Figure 39.4 LSB First Data Reception
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1. 8-bit serial reception (MSB first)

CRC code
07
mput€— [ 1221 0 0 o o 2]2]1]o]1]]]1]0]

F 0 E F 1 F

Data

<
7

oV
~ A

o
o |
N
N
-
|
.

2. Write 87h to the CRC control register (CRCCR)

CRCCR CRCDOR

7 0 15 8 7 0

[2[ofofofolalala] = [ofofofofofofofofofofofofofo]o]0]
Clear CRCDOR

3. Write FOh to the CRC data input register (CRCDIR)

CRCDIR CRCDOR

7 0 15 8 7 0

[2[2]alrfofofofof = [alafafofalafalafofofolalalalals]
CRC code generation

4. Write EFh to the CRC data input register (CRCDIR)

CRCDIR CRCDOR

7 0 15 8 7 0

[s[s]sfolsTalala] = [ofoJolaa[s[s]s]oT0oTo o 0 o o]o]

CRC code generation

5. Write 1Fh to the CRC data input register (CRCDIR)
CRCDIR CRCDOR

7 0 15
Lofofofafsfafafe]| == [e]o]o]

CRC code generation

o
o |
o |
o |
B
B
B
o |
B
o |
B
B
B

6. Read the calculation result in the CRC data output register (CRCDOR)
CRC code = 0000h — no error

Figure 39.5 MSB First Data Reception
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39.4 Usage Notes

39.4.1 Module Stop Function Setting

Operation of the CRC calculator can be disabled or enabled using the modul e stop control register B (M STPCRB). After
areset, the CRC isin the module stop state. Register accessis enabled by releasing the module stop state. For details,
refer to section 11, Low Power Consumption.

39.4.2 Note on Transmission

Note that the sequence of transmission for the CRC code differs according to whether transmission is LSB first or MSB

first.

When transmitting 32-bit data

1. CRC code

After specifying the method for generation calculation, write data to CRCDIR register in the order of (1), (2), (3), and (4).

OUtpUt

7 0
CRCDIR | ) |
7 v 0
CRCDIR | @) |
7 v 0
CRCDIR | @) |
7 ¢ 0
CRCDIR | 4) |
& CRC code generation
15 8 7 0
CRCDOR CRC code (H) CRC code (L)
2. Transmit data
(i) When transmission is LSB first
| CRC code N
‘7 07 0‘ 7 07 07 07 0
(H) L 4) ©) @ @ = Output
(i) When transmission is MSB first P CRC code N
7 07 07 07 0‘7 07 0‘

(€Y &)

(©)

4) (H)

L

Figure 39.6 LSB First and MSB First Data Transmission
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40. SD Host Interface (SDHIla)

This MCU incorporates an SD host interface (SDHI) which is compliant with the SD Specifications. When developing
host devices that are compliant with the SD Specifications, the user must enter into the SD Host/Ancillary Product
License Agreement (SD HALA).

40.1 Overview
Table 40.1 lists the SDHI specifications.

Table 40.1  SDHI Specifications

Item Description

e Compatible with SD memory card and SDIO card (NOT compatible with the SPI bus interface,
embedded SDIO shared bus, 8-bit SD bus, or SDIO suspend/resume functions)

» Transfer bus mode selectable from 4-bit wide bus mode or 1-bit default bus mode

e Compatible with SD, SDHC, and SDXC formats

Transfer modes Supports default speed mode

The SDHI clock is generated by dividing peripheral module clock B (PCLKB) by n, wheren=1, 2, 4, 8,

16, 32, 64, 128, 256, or 512

e CRC7 (command/response)

e CRC16 (transfer data)

e Card access interrupt (CACI)

e SDIO access interrupt (SDACI)

e Card detection interrupt (CDETI)

¢ SD buffer access interrupt (SBFAI)

e DMAC and DTC triggerable by the SBFAI interrupt

¢ SD buffer is read and write accessible using the DMAC and DTC

e Card detection

» Write protection

SD bus interface

SDHI clock

Error check functions

Interrupt sources

DMA transfer sources

Other functions

Figure 40.1 shows ablock diagram of the SDHI.

VAN
PCLKB o
o > E % SD card
Al s —AF5 L interface | sD
@ \—V E N— "é b "1 card
DMA interface |2 8 a)
< = > T n
< Interrupt request ‘g;_
©
£
=
SD buffer
N (512 bytes x 2)
Figure 40.1 Block Diagram of the SDHI
Table 40.2 lists the pin configuration of the SDHI.
Table 40.2  Pin Configuration of the SDHI
Pin Name I/O Description
SDHI_CLK Output SDHI clock
SDHI_CMD /10 Command output, response input
SDHI_DO 110 Data 0 (DATO)
SDHI_D1 /10 Data 1 (DAT1), SDIO access interrupt
SDHI_D2 /10 Data 2 (DAT2), read wait
SDHI_D3 1/0 Data 3 (DAT3), SD card detection
SDHI_CD Input SD card detection
SDHI_WP Input SD card write protection
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40.2 Register Details
40.2.1 Command Register (SDCMD)

Address(es): SDHI.SDCMD 0008 AC00Oh

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CMD12AT[1:0] | TRSTP |CMDRW [CMDTP RSPTP[2:0] ACMD[1:0] CMDIDX[5:0]
L L 1 L L 1 1 L L
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W

These bits configure the command index field value. The examples
below include the bit values for the ACMD[1:0] bits.

Command Index Field Value |b7 b0 RIW
Select 00000110:CMD6

00010010:CMD18
01001101: ACMD13
b7 b6

0 0: CMD
b7, b6 ACMD[1:0] [Command Type Select 0 1: ACMD R/W

b5to b0 | CMDIDX[5:0]

Only set the values listed above.

b0 b8

0 O 0: Normal mode. Depending on the command, the response
type and transfer method are selected by setting the
ACMDI1:0] bits and CMDIDX[5:0] bits. At this time, the
values for b15 to b1l in this register are invalid.

: Expansion mode and no response R/W

: Expansion mode and R1, R5, R6, or R7 response

: Expansion mode and R1b response

: Expansion mode and R2 response

1: Expansion mode and R3 or R4 response

Only set the values listed above.

0: Command does not include data transfer (bc, bcr, or ac)

1: Command includes data transfer (adtc)

Data Transfer Direction Select |0: Write data to the SD card

b12 CMDRW 3 1: Read data from the SD card RIW

b10to b8 | RSPTP[2:0] |Response Type Select *1

PR RPRPRO
PRk OOR
oOr OR

b1l CMDTP Data Transfer Select *2 R/W

0: Single block transferred

*3
b13 TRSTP Block Transfer Select 1: Multiple blocks transferred R/W
b15 b14
__|CMD12 Automatic Issue 0 0: CMD12 is automatically issued during multi-block transfer
b15, b14 | CMD12AT[1:0] Select *4 0 1: CMD12 is not automatically issued during multi-block transfer RIW
Only set the values listed above.
b31 to b16 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Some commands cannot be used in normal mode. Refer to Table 40.3 and set the RSPTP[2:0] bits.

Note 2. The CMDTP bit is valid only when the RSPTP[2:0] bits are 011b, 100b, 101b, 110b, or 111b.

Note 3. Bits CMDRW and TRSTP are valid only when the RSPTP[2:0] bits are 011b, 100b, 101b, 110b, or 111b, and the CMDTP bit is 1.
Note 4. The CMD12AT[1:0] bits are valid only when the RSPTP[2:0] bits are 011b, 100b, 101b, 110b, or 111b, and the TRSTP bit is 1.

The command type and response type are set in the SDCMD register. The command type and transfer mode must be set
when the RSPTP[2:0] bits are 011b, 100b, 101b, 110b, or 111b. The sequence starts when a value is written to this
register. Refer to Table 40.3 for setting examples. Do not write to the SDCMD register when the SDSTS2.CBSY flagis
1
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Table 40.3 lists examples of SDCMD register settings.

Table 40.3 Examples of SDCMD Register Settings
Type Cg;nn:nba:)r:d SDCMD Register Setting Remarks
CMDO 0000 0000h
CMD2 0000 0002h
CMD3 |0000 0003h
CMD4 0000 0004h
CMD5 {0000 0705h or 0000 0005h
CMD6 |[0000 1C06h or 0000 0006h
When the card is deselected, the SD card does not return a response, so the
CMD7 10000 0007h SDSTS2.RSPTO flag becomes 1. P
CMD8 0000 0408h or 0000 0008h
CMD9 0000 0009h
CMD10 {0000 000Ah
CMD11 |[0000 040Bh or 0000 000Bh
CMD12 {0000 000Ch
CMD13 {0000 000Dh
CMD15 |0000 000Fh
CMD16 |0000 0010h
CMD17 |0000 0011h
CMD18 |0000 0012h
CMD20 |0000 0514h or 0000 0014h
CMD CMD24 |0000 0018h
CMD25 |[0000 0019h
CMD27 |0000 001Bh
CMD28 |0000 001Ch
CMD29 (0000 001Dh
CMD30 [0000 001Eh
CMD32 [0000 0020h
CMD33 |0000 0021h
CMD38 |0000 0026h
CMD42 |0000 002Ah
CMD52 |0000 0434h or 0000 0034h
0000 1C35h Single block read
0000 0C35h Single block write
0000 7C35h Multi-block read
CMD53 {0000 6C35h Multi-block write
The setting to the left can be used regardless of the transfer being single block
0000 0035h or multi-block. However, the MSB in the SDARG register (RW flag) must be set
to 0 when reading and 1 when writing.
CMD55 |0000 0037h
CMD56 |0000 0038h
ACMD6 |0000 0046h
ACMD13 |0000 004Dh
ACMD22 [0000 0056h
ACMD ACMD23 ({0000 0057h
ACMDA41 {0000 0069h
ACMD42 |0000 006Ah
ACMD51 |0000 0073h
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40.2.2  Argument Register (SDARG)

Address(es): SDHI.SDARG 0008 AC08h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 bl9 bl8 bl7 bl6 bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl bO

L L [ TR TR TR TR TR T N S N S S S S S N S S S S S T S S S
Value afterreset:. O 0 0 0 0 0 0 0O 0 0 O 0 0O O O OO O O OOTU OU OT OO OU OU OU OU OU OO OSFUOO

The SDARG register is used for setting the argument field value. Set the SDARG register before setting the SDCMD
register. The argument field value of the automatically issued CMD12 is 0000 0000h regardiess of the SDARG register
value.

40.2.3 Data Stop Register (SDSTOP)

Address(es): SDSTOP 0008 AC10h

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 bl4 b13 b12 b1l b10 b9 b8
— — — — = — — SDBLKCNTEN
Value after reset: 0 0 0 0 0 0 0 0
b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — STP
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 STP Transfer Stop Data transfer stops when this bit is set to 1. R/W
b7 to bl — Reserved These bits are 0 when read and cannot be modified. R
. 0: SDBLKCNT register value is invalid
*1
b8 SDBLKCNTEN |Block Count Register Value Select 1: SDBLKCNT register value is valid R/W
b31 to b9 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Do not rewrite this bit when the SDSTS2.CBSY flag is 1.

The SDSTOP register stops data transfer. During a multi-block transfer sequence, the SDBLKCNT register value
(number of blocksto be transferred) can be set to valid or invalid by setting the SDSTOP register.

STP Bit (Transfer Stop)

When setting the STP bit to 1, set it after the SDSTS1.RSPEND flag becomes 1; when setting the STP bit to O, set it after
the SDSTS1.ACEND flag becomes 1. After acommand sequence is complete, the SDHI does not issue CMD12 and the
SDSTS1.ACEND flag does not become 1 even if the STP bit is set to 1. When the SDHI isin the busy state after
receiving the R1b response, the SDHI does not issue CMD12 even if the STP bit is 1, and after the SDHI isreleased from
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the busy state, the SDSTS1.ACEND flag becomes 1.

e Performing a multi-block transfer
When the STP bit is set to 1, the SDHI issues CMD12, and the command sequence is stopped. The SD buffer can be
accessed even after the STP hit is set to 1, but a buffer access error occurs and the SDSTS2.ILW flag or
SDSTS2.1LR flag becomes 1. If the command sequence stops due to a communication error or atimeout, the SDHI
does not issue CMD12.

e Performing a single block transfer
When the STP bit is set to 1 during a single block write access, if there is no datain the SD buffer, the
SDSTS1.ACEND flag becomes 1. If thereis datain the SD buffer, after the SDHI is released from the busy state,
the SDSTS1.ACEND flag becomes 1. When the STP hit is set to 1 during a single block read access, the
SDSTS1.ACEND flag becomes 1. Also, CMD12 is not issued even if the STP bit is set to 1 during a single block
read access or single block write access.

SDBLKCNTEN Bit (Block Count Register Value Select)

If the SDBLKCNTEN bit is 1 during amulti-block transfer sequence, the SDHI automatically issues CMD12. When the
SDCMD.RSPTP[2:0] bits are set to 000b and CMD18 or CMD25 isissued, or if the SDCMD.RSPTP[2:0] bits are set to
011b, 100b, 101b, 110b, or 111b and the SDCMD.TRSTP hit is 1 (multiple blocks transferred), if the
SDCMD.CMD12AT[1:0] bitsare 00b (CM D12 is automatically issued during multi-block transfer), and the number of
transfer blocks reaches the value set in the SDBLKCNT register, the SDHI automatically issues CMD12.

If the command sequence is stopped by a communication error or atimeout, CMD12 is not automatically issued.

40.2.4  Block Count Register (SDBLKCNT)

Address(es): SDHI.SDBLKCNT 0008 AC14h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 bl8 bl7 bl6 bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value afterresett 0 0 0 0 0 0 0 0 0O 0 0 0O O O OOOO O O O OO O OW OTU OU OO OO OU OTU®OFDO

When performing a multi-block transfer, SDBLKCNT is a readable/writabl e register used to set the number of blocks to
be transferred. For example, when the register value is 0000 0001h, 1 block is transferred; when the register valueis
0000 FFFFh, 65,535 blocks are transferred; and when the register value is FFFF FFFFh, 4,294,967,295 blocks are
transferred. Do not set this register to 0000 0000h. Do not rewrite the SDBLKCNT register when the SDSTS2.CBSY
flagis 1.
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40.2.5 Response Register 10 (SDRSP10), Response Register 32 (SDRSP32),

Response Register 54 (SDRSP54), Response Register 76 (SDRSP76)

e SDRSP10, SDRSP32, SDRSP54

Address(es): SDHI.SDRSP10 0008 AC18h, SDHI.SDRSP32 0008 AC20h, SDHI.SDRSP54 0008 AC28h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 bl8 bl7 bl6 bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value afterresett. 0 0 0 0 0 0 0 0 0O 0O 0O 0 O O O OO OO O O O OOFWO

e SDRSP76

Address(es): SDHI.SDRSP76 0008 AC30h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 bl9 bl8 bl7 bl6 bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl bO

Value afterreset: 0 0 0 O O O

| IS IS I (N I I S I S S I [ I [ S I S N I S E— —
0 0o 00 OO O OOOOOOOUOOOOTOUOOTOOTOTO OO

Bit Symbol Bit Name Description R/W
b23 to b0 — — This register stores the response from the SD card. R
b31 to b24 — Reserved These bits are 0 when read. R

Registers SDRSP10, SDRSP32, SDRSP54, and SDRSP76 are read-only registers that store the response from the SD
card. Depending on the type of response from the SD card, the SDHI divides and stores the response among the four
registers.

Table 40.4 lists the correspondence between the response type and its storage destination.

Table 40.4 Correspondence Between the Response Type and Its Storage Destination
Response Type SDRSP10 Register SDRSP32 Register SDRSP54 Register SDRSP76 Register

R1 [39:8] — [39:8] 1 —

R1b [39:8] — [39:8] 1 —

R2 [39:8] [71:40] [103:72] [127:104]

R3 [39:8] — — —

R4 [39:8] — — —

R5 [39:8] — — —

R6 [39:8] — — —

R7 [39:8] — — —

Note 1. The response for CMD18 and CMD25 is stored in registers SDRSP10 and SDRSP54. Therefore, even if the SDRSP10 register
is overwritten with the response for the automatically transmitted CMD12, the response for CMD18 or CMD25 can be confirmed
by reading the SDRSP54 register.
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40.2.6

SD Status Register 1 (SDSTS1)

Address(es): SDHI.SDSTS1 0008 AC38h

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 bl4 b13 b12 b1l b10 b9 b8
— — — — — SDD3MON SDD3IN SDD3RM
Value after reset: 0 0 0 0 0 X 0 0
b7 b6 b5 b4 b3 b2 bl b0
SDWPMON — SDCDMON SDCDIN SDCDRM ACEND — RSPEND
Value after reset: X 0 X 0 0 0 0 0
Bit Symbol Bit Name Description R/W
. 0: Response end is not detected 1
b0 RSPEND [Response End Detection Flag 1: Response end is detected R/(W)
bl — Reserved This bit is 0 when read and cannot be modified. R
. 0: Access end is not detected
*1
b2 ACEND |Access End Detection Flag 1: Access end is detected R/(W)
0: SD card removal not detected by the SDHI_CD pin 1
b3 SDCDRM | SDHI_CD Removal Flag 1: SD card removal detected by the SDHI_CD pin RI(W)
. 0: SD card insertion not detected by the SDHI_CD pin 1
b4 SDCDIN | SDHI_CD Insertion Flag 1: SD card insertion detected by the SDHI_CD pin RI(W)
. . 0: SDHI_CD pin level is high *2
b5 SDCDMON | SDHI_CD Pin Monitor Flag 1: SDHI_CD pin level is low 2 R
b6 — Reserved This bit is 0 when read and cannot be modified. R
. . 0: SDHI_WP pin level is high
b7 SDWPMON [SDHI_WP Pin Monitor Flag 1: SDHI_WP pin level is low R
0: SD card removal not detected by the SDHI_D3 pin “
b8 SDD3RM | SDHI_D3 Removal Flag 1: SD card removal detected by the SDHI_D3 pin RI(W)
. 0: SD card insertion not detected by the SDHI_D3 pin “
b9 SDDSIN | SDHI_D3 Insertion Flag 1: SD card insertion detected by the SDHI_D3 pin RI(W)
. . 0: SDHI_D3 pin level is low
b10 SDD3MON [SDHI_D3 Pin Monitor Flag 1: SDHI_D3 pin level is high R
b31 to b1l — Reserved These bits are 0 when read and cannot be modified. R

Note 1. The flag does not change even if set to 1. Writing O changes the flag value to 0.
Note 2. The flag changes when the pin level continues for the period set in the SDOPT.CTOP[3:0] bits or longer.

The SDSTS1 register indicates the detection of aresponse end or access end for acommand sequence. The SDSTS1
register also indicates the detection SD card insertion/removal, and indicates the write protection status.
During amulti-block transfer sequence, if CMD12 or CMD52 (SDIO abort) isissued, the ACEND flag becomes 1, but
the RSPEND flag remains set to 0.
If the command sequence is stopped due to a communication error or timeout, the ACEND flag or RSPEND flag

becomes 1.

After areset isreleased, the SDD3MON flag, SDD3IN flag, and SDD3RM flag values are changed according to the
status of the SDHI_D3 pin, and their values are changed when data is being transferred in wide bus mode.
Flags to be cleared should be set to O; flags not being cleared should be set to 1.
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RSPEND Flag (Response End Detection Flag)
— Thisflag becomes 1 under any of the following conditions:
e A responseis received.
e A command that does not have a response is issued.
o After the R1b responseis received, the SDHI is released from the busy state.
e During amulti-block transmission, after the SDIOMD.C52PUB hit is set to 1, the CM D52 response is received.
e A communication error or timeout causes the command sequence to abort.
— Thisflag becomes O under the following condition:
e TheflagissettoO.

Note: When a command is issued that is absent of data transfer, the RSPEND flag becomes 1 after the command
sequence ends.

ACEND Flag (Access End Detection Flag)
— Thisflag becomes 1 under any of the following conditions:
e During asingle block read sequence, the SD buffer read access is compl eted.
e During amulti-block read sequence, the last block is read from the SD buffer.
o During amulti-block read sequence, if CMD12 is automatically issued, datais read from the SD buffer, and the
response for CMD12 isreceived.
e During asingle block write sequence, after a CRC status token isreceived, the SDHI is released from the busy state.
o During amulti-block write sequence, after a CRC status token is received for the last block, the SDHI isreleased
from the busy state.
e During amulti-block write sequence, when CMD12 is automatically issued, a response busy of the automatically
issued CMD12 isreceived.
e During amulti-block read sequence, when CMD12 is automatically issued, after setting the SDSTOP.STP bit to 1,
aresponse of the automatically issued CMD12 isreceived.
e During amulti-block write sequence, when CMD12 is automatically issued, after setting the SDSTOP.STP bitto 1,
aresponse busy of the automatically issued CMD12 is received.
e During amulti-block read sequence, after the SDIOMD.IOABT bit is set to 1, the response for CMD52 is received.
e During amulti-block write sequence, after the SDIOMD.IOABT bit is set to 1, the response for CM D52 is received.
e A communication error or timeout causes the command sequence to abort.
— Thisflag becomes 0 under the following condition:
e TheflagissettoO.

Note: The ACEND flag becomes 1 after the command sequence ends.

SDCDRM Flag (SDHI_CD Removal Flag)
— Thisflag becomes 1 under the following condition:
e The SDHI_CD pin changes from low to high, and the high period is the period set in the SDOPT.CTOP[3:0] bits or
longer.
— Thisflag becomes 0 under the following condition:
e TheflagissettoO.

SDCDIN Flag (SDHI_CD Insertion Flag)
— Thisflag becomes 1 under the following condition:
e The SDHI_CD pin changes from high to low, and the low period is the period specified in the SDOPT.CTOP[3:0]
bits or longer.
— Thisflag becomes 0 under the following condition:
e TheflagissettoO.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 1435 of 1852
Nov 30, 2020



RX23W Group 40. SD Host Interface (SDHIa)

SDD3RM Flag (SDHI_D3 Removal Flag)
— Thisflag becomes 1 under the following condition:

e The SDHI_D3 pin changes from high to low, and the low period is at least two PCLKB cycles.
— Thisflag becomes O under the following condition:

e TheflagissettoO.

SDD3IN Flag (SDHI_D3 Insertion Flag)
— Thisflag becomes 1 under the following condition:

e The SDHI_D3 pin changes from low to high, and the high period is at least two PCLKB cycles.
— Thisflag becomes O under the following condition:

e TheflagissettoO.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 1436 of 1852
Nov 30, 2020



RX23W Group 40. SD Host Interface (SDHIa)

40.2.7  SD Status Register 2 (SDSTS2)

Address(es): SDHI.SDSTS2 0008 AC3Ch

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 bl4 b13 b12 b1l b10 b9 b8
ILA CBSY SDCLKCREN — — — BWE BRE
Value after reset: 0 0 1 0 0 0 0 0
b7 b6 b5 b4 b3 b2 bl b0
SDDOMON RSPTO ILR ILW DTO ENDE CRCE CMDE
Value after reset: X 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
. 0: Command error not detected
*1
b0 CMDE Command Error Detection Flag 1: Command error detected R/(W)
. 0: CRC error not detected
*1
bl CRCE CRC Error Detection Flag 1: CRC error detected R/(W)
. . 0: End bit error not detected
*1
b2 ENDE End Bit Error Detection Flag 1 End bit error detected R/(W)
. . 0: Data timeout not detected
*1
b3 DTO Data Timeout Detection Flag 1: Data timeout detected R/(W)
ba LW SDBUFR lllegal Write Access 0: lllegal write access to the SDBUFR register not detected RIOW) *1
Detection Flag 1: lllegal write access to the SDBUFR register detected W)
b5 ILR SDBUFR lllegal Read Access 0: lllegal read access to the SDBUFR register not detected RIW) 'L
Detection Flag 1: lllegal read access to the SDBUFR register detected
) . 0: Response timeout not detected
*1
b6 RSPTO Response Timeout Detection Flag 1: Response timeout detected R/(W)
. 0: SDHI_DO pin is low
b7 SDDOMON | SDHI_DO Pin Status Flag 1: SDHI_DO pin is high R
0: Read access to the SDBUFR register disabled 1
b8 BRE SDBUFR Read Enable Flag 1: Read access to the SDBUFR register enabled RI(W)
. 0: Write access to the SDBUFR register disabled
*1
b9 BWE SDBUFR Write Enable Flag 1: Write access to the SDBUFR register enabled RI(W)
b10 — Reserved This bit is 0 when read and cannot be modified. R
b1l — Reserved This bit is 0 when read. Set it to 1 when writing. R/W
b12 — Reserved This bit is 0 when read and cannot be modified. R
0: SD bus (CMD and DAT lines) is busy, so write access to
the SDCLKCR.CLKEN bit and CLKSEL[7:0] bits is
. disabled.
b13 SDCLKCREN | SDCLKCR Write Enable Flag 1: SD bus (CMD and DAT lines) is not busy, so write R
access to the SDCLKCR.CLKEN bit and CLKSEL[7:0]
bits is enabled.
b14 CBSY Command Sequence Status Flag 0 Command sequence _completed R
1: Command sequence in progress (busy)
b15 ILA lllegal Access Error Detection Flag 0 lllegal access error not detected R/(W) *1
1: lllegal access error detected
b31 to b16 — Reserved These bits are 0 when read and cannot be modified. R
Note 1. The flag does not change even if set to 1. Writing O changes the flag value to 0.
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The SDSTS2 register indicates the status of the SD buffer and the status of the SD card. Flags to be cleared should be set
to O; flags not being cleared should be set to 1.

CMDE Flag (Command Error Detection Flag)
The command sequence is stopped when a command error occurs. When the SDIOMD.C52PUB bit is set to 1 and
CMD52 isautomatically issued, if acommunication error or response timeout occurs, the command sequence will not be
completed. Perform the error processing shown in section 40.3.6.8 or section 40.3.6.9 and complete the command
sequence.
— Thisflag becomes 1 under any of the following conditions:
e The command index field value for the command transmitted differs from the command index field value for the
response received.
e The command index field value for the automatically issued CMD12 or CM D52 (which are the commands to stop
transfer) differs from the command index field value for the response received.
— Thisflag becomes 0 under the following condition:
e TheflagissettoO.

CRCE Flag (CRC Error Detection Flag)
The command sequenceis stopped when a CRC error occurs. When the SDIOMD.C52PUB bit isset to 1 and CMD52 is
automatically issued, if acommunication error or response timeout occurs, the command sequence will not be
completed. Perform the error processing shown in section 40.3.6.8 or section 40.3.6.9 and complete the command
sequence.
— Thisflag becomes 1 under any of the following conditions:

e Thereceived CRC statustoken isin error (the value of the CRC statusis a value other than 010b).

e Theread data contains a CRC error.

e The response contains a CRC error.

e The response for the automatically issued CMD12 or CM D52 (which are the commands to stop transfer) contains a

CRC error.

— Thisflag becomes 0 under the following condition:

e TheflagissettoO.

ENDE Flag (End Bit Error Detection Flag)
The command sequence is stopped when an end bit error occurs. When the SDIOMD.C52PUB bit is set to 1 and CMD52
isautomatically issued, if acommunication error or response timeout occurs, the command sequence will not be
completed. Perform the error processing shown in section 40.3.6.8 or section 40.3.6.9 and complete the command
sequence.
— Thisflag becomes 1 under any of the following conditions:

e Theresponse lengthisin error (the end bit could not be detected).

e Theread datalength isin error (the end bit of the enabled bit could not be detected).

¢ The CRC status token length isin error (the end bit could not be detected).

e Theresponse length for the automatically issued CMD12 or CMD52 (which are the commands to stop transfer)

contains an error (the end bit could not be detected).

— Thisflag becomes 0 under the following condition:

e TheflagissettoO.
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DTO Flag (Data Timeout Detection Flag)
Thisflag indicates that the data expected to be received during the period specified (set in the SDOPT.TOP[3:0] bits)
was not received. However, response timeouts are excluded. The command sequence stops when a data timeout occurs.
— Thisflag becomes 1 under any of the following conditions:

o After the R1b response isreceived, the SDHI is busy for the period specified or longer.

e After the CRC status token isreceived, the SDHI is busy for the period specified or longer.

o After dataiswritten, the CRC status token is not received even after the period specified el apsed.

e After aread command isissued, the read datais not received even after the period specified elapsed.

e After CMD12 isissued during a command sequence, the SDHI is busy for the period specified or longer.

e After theread datais received, the next read datais not received even after the period specified elapsed.

o After the SDHI exitsthe read wait state, the next read datais not received even after the period specified elapsed.
— Thisflag becomes 0 under the following condition:

e TheflagissettoO.

ILW Flag (SDBUFR lllegal Write Access Detection Flag)
— Thisflag becomes 1 under any of the following conditions:
e A vaueiswritten to the SDBUFR register while the SDHI is not in the data read or data write command state.
e A valueiswritten to the SDBUFR register while the SD buffer isfull.
e A vaueiswritten to the SDBUFR register while the CRC status token or CRC status token lengthisin error.
e After the CRC status token isreceived, avalue iswritten to the SDBUFR register if the SDHI is busy for the period
set in bits SDOPT.TOP[3:0] or longer.
— Thisflag becomes O under the following condition:
e TheflagissettoO.

ILR Flag (SDBUFR lllegal Read Access Detection Flag)
— Thisflag becomes 1 under any of the following conditions:

e The SDBUFR register isread while the SD buffer is empty.

e Thevalue read from the SDBUFR register includes a CRC error or end bit error.
— Thisflag becomes 0 under the following condition:

e TheflagissettoO.

RSPTO Flag (Response Timeout Detection Flag)
The command sequence is stopped when a response timeout occurs. When the SDIOMD.C52PUB hit is set to 1 and
CMD52 isautomatically issued, if acommunication error or response timeout occurs, the command sequence will not be
completed. Perform the error processing shown in section 40.3.6.8 or section 40.3.6.9 and compl ete the command
sequence.
— Thisflag becomes 1 under the following condition:

e A responseisnot received even after 640 SDHI clock cycles or more have elapsed (including the response for the

automatically issued CMD12 or CMD52 (which are the commands to stop transfer)).

— Thisflag becomes 0 under the following condition:

e TheflagissettoO.

SDDOMON Flag (SDHI_DO Pin Status Flag)

Thisflag indicates the status of the SDHI_DO pin. After an erase command isissued, if the DTO flag is 1 and the RSPTO
flag is 0, polling can be used to monitor the SDDOMON flag change from O to 1, and check that the erase command
sequence is complete. If a communication error or timeout occurs during the write sequence, the SDHI_DO pin may
remain low. When the SDHI clock is stopped, the value before the SDHI clock was stopped is retained.
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BRE Flag (SDBUFR Read Enable Flag)
— Thisflag becomes 1 under any of the following conditions:

e During asingle block transfer, the data size set in the SDSIZE.LEN[9:0] bitsis stored in the SD buffer.

e During amulti-block transfer, the data size set in the SDSIZE.LEN[9:0] bitsis stored in one of the two SD buffers.
— Thisflag becomes O under any of the following conditions:

e ThebitissettoO.

e DMA transfer isused to read 1 block of datafrom the SD buffer.
If the CPU is used to read datafrom the SDBUFR register, set the BRE flag to 0 before reading the datasize *1 set in the
SDSIZE.LEN[9:0] bits. Even if the block of data read contains a CRC error or end bit error, the datais stored in the SD
buffer and the BRE flag becomes 1.

Note 1. If the transfer data size set in the SDSIZE.LEN[9:0] bits is an odd number, the odd numbered byte is ignored.
Refer to section 40.5.2, SDBUFR Register lllegal Write Error for details.

BWE Flag (SDBUFR Write Enable Flag)
— Thisflag becomes 1 under any of the following conditions:
e During asingle block transfer, the SD buffer is empty.
e During amulti-block transfer, bank 1 or bank 2 of the SD buffer is empty.
— Thisflag becomes 0 under any of the following conditions:
e TheflagissettoO.
e DMA transfer isused to write 1 block of datato the SD buffer.
If the CPU is used to write data to the SDBUFR register, set the BWE flag to 0 before writing the datasize *1 set in the
SDSIZE.LEN[9:0] bits.

Note 1. If the transfer data size set in the SDSIZE.LEN[9:0] bits is an odd number, the odd numbered byte is ignored.
Refer to section 40.5.2, SDBUFR Register lllegal Write Error for details.

SDCLKCREN Flag (SDCLKCR Write Enable Flag)

When avalue is written to the SDCMD register, the SDHI starts the command sequence, the SDSTS2.CBSY flag
becomes 1, and the SDSTS2.SDCLKCREN flag becomes 0. When the command sequence is complete, after the

SDSTS2.CBSY flag becomes 0, eight cycles of the SDHI clock elapse and then the SDSTS2.SDCLK CREN flag

becomes 1.

ILA Flag (lllegal Access Error Detection Flag)
— Thisflag becomes 1 under any of the following conditions:
e A valueiswritten to the SDCMD register when the SDSTS2.CBSY flagis 1.
e The SDCMD.CMDTP hit is set to 1 (command accompanying data transfer), the SDCMD.ACMDIJ1:0] bits are set
to 00b, and the SDCMD.CMDIDX[5:0] bits are set to 001100b (CMD12).
— Thisflag becomes O under the following condition:
e TheflagissettoO.
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40.2.8  SD Interrupt Mask Register 1 (SDIMSK1)

Address(es): SDHI.SDIMSK1 0008 AC40h

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0

b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8

— — — — — — SDD3INM SDD3RMM

Value after reset: 0 0 0 0 0 0 1 1
b7 b6 b5 b4 b3 b2 bl o]0]
— — — SDCDINM SDCDRMM ACENDM — RSPENDM
Value after reset: 0 0 0 1 1 1 0 1
Bit Symbol Bit Name Description R/W
bo RSPENDM Response End Interrupt 0: Response end !nterrupt request is not masked RIW
Request Mask 1: Response end interrupt request is masked
bl — Reserved This bit is 0 when read and cannot be modified. R
b2 ACENDM Access End Interrupt Request 0 Access end !nterrupt request is not masked RIW
Mask 1: Access end interrupt request is masked
b3 SDCDRMM SDHI_CD Removal Interrupt |0: SD card removal interrupt request by the SDHI_CD pin not masked RIW
Request Mask 1: SD card removal interrupt request by the SDHI_CD pin masked
ba SDCDINM SDHI_CD Insertion Interrupt  |0: SD card insertion interrupt request by the SDHI_CD pin not masked RIW
Request Mask 1: SD card insertion interrupt request by the SDHI_CD pin masked
b7 to b5 — Reserved These bits are 0 when read and cannot be modified. R
bs SDD3RMM SDHI_D3 Removal Interrupt  |0: SD card removal interrupt request by the SDHI_D3 pin not masked RIW
Request Mask 1: SD card removal interrupt request by the SDHI_D3 pin masked
b9 SDD3INM SDHI_D3 Insertion Interrupt 0: SD card insertion interrupt request by the SDHI_D3 pin not masked RIW
Request Mask 1: SD card insertion interrupt request by the SDHI_D3 pin masked
b31 to b10 — Reserved These bits are 0 when read and cannot be modified. R

The SDIMSK1 register enables and disables the interrupt requests from the status flags in the SDSTSL1 register. Refer to
Table 40.8, Interrupt Sources for details on the rel ationship between the status flags and the requested interrupt source.
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40.2.9

SD Interrupt Mask Register 2 (SDIMSK?2)

Address(es): SDHI.SDIMSK2 0008 AC44h

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8
ILAM — — — — — BWEM BREM
Value after reset: 1 0 0 0 1 0 1 1
b7 b6 b5 b4 b3 b2 bl b0
— RSPTOM ILRM ILWM DTTOM ENDEM CRCEM CMDEM
Value after reset: 0 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
bo CMDEM Command Error Interrupt 0 Command error !nterrupt request not masked RIW
Request Mask 1: Command error interrupt request masked
CRC Error Interrupt Request 0: CRC error interrupt request not masked
bl CRCEM Mask 1: CRC error interrupt request masked RIW
b2 ENDEM End Bit Error Interrupt Request  |0: End b!t detect!on error !nterrupt request not masked RIW
Mask 1: End bit detection error interrupt request masked
b3 DTTOM Data Timeout Interrupt Request 0 Data t!meout !nterrupt request not masked RIW
Mask 1: Data timeout interrupt request masked
0: lllegal write detection interrupt request for the SDBUFR register not
ba ILWM SDBUFR Register lllegal Write . masked _ o _ RIW
Interrupt Request Mask 1: lllegal write detection interrupt request for the SDBUFR register
masked
0: lllegal read detection interrupt request for the SDBUFR register not
b5 ILRM SDBUFR Register lllegal Read masked RIW
Interrupt Request Mask 1: lllegal read detection interrupt request for the SDBUFR register
masked
b6 RSPTOM Response Timeout Interrupt O Response t!meout !nterrupt request not masked RIW
Request Mask 1: Response timeout interrupt request masked
b7 — Reserved This bit is 0 when read and cannot be modified. R
0: Read enable interrupt request for the SDBUFR register not masked
b8 BREM BRE Interrupt Request Mask 1: Read enable interrupt request for the SDBUFR register masked RIW
0: Write enable interrupt request for the SDBUFR register not masked
b9 BWEM | BWE Interrupt Request Mask 1: Write enable interrupt request for the SDBUFR register masked RIW
b10 — Reserved This bit is 0 when read and cannot be modified. R
b1l — Reserved This bit is 1 when read and cannot be modified. R
b14 to b12 — Reserved These bits are 0 when read and cannot be modified. R
lllegal Access Error Interrupt 0: lllegal access error interrupt request not masked
b15 ILAM . R/W
Request Mask 1: lllegal access error interrupt request masked
b31 to b16 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. When the SDIMSK2.BWEM bit is 0 or the SDIMSK2.BREM bit is 0, set the SDDMAEN.DMAEN bit to 0. When the
SDDMAEN.DMAEN bit is 1, set the SDIMSK2.BWEM bit to 1 and the SDIMSK2.BREM bit to 1.

The SDIMSK2 register enables and disables the interrupt requests from the status flags in the SDSTS2 register. Refer to
Table 40.8 for details on the relationship between the status flags and the regquested interrupt source.
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40.2.10 SDHI Clock Control Register (SDCLKCR)

Address(es): SDHI.SDCLKCR 0008 AC48h

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8
— — — — — — CLKCTRLEN CLKEN

Value after reset: 0 0 0 0 0 0 0 0

b7 b6 b5 b4 b3 b2 bl b0

CLKSEL[7:0]

Value after reset: 0 0 1 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b7 b0
0000000 0: PCLKB divided by 2
0000000 1: PCLKB divided by 4
000000 10: PCLKB divided by 8
00000100: PCLKB divided by 16
. 00001000: PCLKB divided by 32
b7 to b0 CLKSEL[7:0] |SDHI Clock Frequency Select *1 0001000 0: PCLKB divided by 64 R/W
0010000 0: PCLKB divided by 128

010000 00: PCLKB divided by 256

1000000 0: PCLKB divided by 512
11111111:PCLKB*2

Only set the values listed above.

0: SDHI clock output is disabled (SDHI_CLK signal fixed low)

*1
b8 CLKEN SDHI Clock Output Control 1: SDHI clock output enabled R/W
SDHI Clock Output Automatic 0: Automatic control of SDHI clock output disabled
b9 CLKCTRLEN Control Select 1: Automatic control of SDHI clock output enabled RIW
b31 to b10 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Bits CLKSEL[7:0] and CLKEN cannot be write accessed when the SDSTS2.SDCLKCREN flag is 0.
Note 2. When setting the CLKSEL[7:0] bits to 11111111b or when changing the CLKSEL[7:0] bit values from 11111111b to another
value, perform the following steps:
(1) Set the CLKEN bit to 0. Do not change the other bit values.
(2) Change the CLKSEL[7:0] bit values. Do not change the other bit values.
(3) Set the CLKEN bit to 1. Do not change the other bit values.

The SDCLKCR register controlsthe SDHI clock frequency settings and output. Set the CLKEN bit to 1 before writing to
the SDCMD register to start acommand sequence. Do not write access the SDCLKCR register when the
SDSTS2.SDCLKCREN flag is 0.

CLKCTRLEN Bit (SDHI Clock Output Automatic Control Select)

The SDHI clock output automatic control is afunction for starting and stopping SDHI clock output only during a
command sequence. When this function is enabled, the SDHI starts outputting the SDHI clock after avalueis set to the
SDCMD register. After the command sequence is complete and eight cycles of the SDHI clock elapse, the SDHI stops
outputting the SDHI clock. When the SDCLK CR.CLKEN bit is 0, output from the SDHI_CLK pin becomes low
regardless of the CLKCTRLEN bit setting.
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40.2.11 Transfer Data Size Register (SDSIZE)

Address(es): SDHI.SDSIZE 0008 AC4Ch

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 bl9 bl8 bl7 bl6 bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl bO

e = = II_EN[9:OI]

| I [ I I [ I I E—
Value afterreset. 0 0 0 0 0 0 0 0 0 0 0 0O O 0 0O OO O OOOU OTUZ1TO0OOOOOUOTU OO OO OTGO

Bit Symbol Bit Name Description R/W

b9 to b0 LEN[9:0] |Transfer Data Size Setting Set the transfer data size. *1 R/W
b1l to b10 — Reserved These bits are 0 when read. Set them to 0 when writing. R
b31 to b12 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Do not rewrite these bits when the SDSTS2.CBSY flag is 1.

The SDSIZE register is used to set the transfer data size.

LENJ[9:0] Bits (Transfer Data Size Setting)

When using single block transfer, the transfer data size can be set from 1 byte to 512 bytes. When CMD12 is
automatically issued during a multi-block transfer sequence (CMD18 and CMD25), the transfer data size can only be set
to 512 bytes. When CMD12 is not automatically issued during amulti-block transfer sequence, the transfer data size can
be set to 32, 64, 128, 256, or 512 bytes. However, a 32-, 64-, 128-, or 256-byte multi-block read transfer can only be
performed during an SDIO mullti-block transfer (CMD53). Do not set these bitsto 0 when using acommand that includes
data transfer.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 1444 of 1852
Nov 30, 2020



RX23W Group 40. SD Host Interface (SDHIa)

40.2.12 Card Access Option Register (SDOPT)

Address SDHI.SDOPT 0008 AC50h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 b16

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

WIDTH| — — — — — — — TOP[3:0] CTOP[3:0]
Value after reset 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 0
Bit Symbol Bit Name Description R/W
b3 b0 b3 b0
000 0: PCLKB x 210 1000: PCLKB x 218
000 1: PCLKB x 211 1001: PCLKB x 219
0010: PCLKB x 212 101 0: PCLKB x 220
b3 to b0 |CTOP[3:0]|Card Detection Time Counter * 001 1: PCLKB x 213 1011: PCLKB x 221 RIW
0100: PCLKB x 214 1100: PCLKB x 222
010 1: PCLKB x 215 1101: PCLKB x 223
0110: PCLKB x 216 1110: PCLKB x 224
011 1: PCLKB x 217 111 1: Do not set this value.
b7 b4 b7 b4
0 0 0 0: SDHI clock x 213 100 0: SDHI clock x 221
000 1: SDHI clock x 214 100 1: SDHI clock x 222
001 0: SDHI clock x 215 101 0: SDHI clock x 223
b7 to b4 | TOP[3:0] | Timeout Counter *1 00 1 1: SDHI clock x 216 101 1: SDHI clock x 224 RIW
01 0 0: SDHI clock x 217 110 0: SDHI clock x 225
010 1: SDHI clock x 218 110 1: SDHI clock x 226
011 0: SDHI clock x 219 111 0: SDHI clock x 227
011 1: SDHI clock x 220 111 1: Do not set this value.
b8 — Reserved This bit is 0 when read. Set it to 0 when writing. R/W
b12 to b9 — Reserved These bits are 0 when read and cannot be modified. R
b13 — Reserved This bit is 0 when read. Set it to 0 when writing. R/W
bl14 — Reserved This bit is 1 when read and cannot be modified. R
. N 0: Wide bus mode (4 bits)
1
b15 WIDTH |SD Bus Width Select 1: Default bus mode (1 bit) R/W
b31to bl6 — Reserved These bits are 0 when read and cannot be modified. R
Note 1. Do not rewrite these bits when the SDSTS2.CBSY flag is 1.
The SD bus width and timeout counter are set in the SDOPT register.
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40.2.13 SD Error Status Register 1 (SDERSTS1)

Address(es): SDHI.SDERSTS1 0008 AC58h

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8
— CRCTK[2:0] CRCTKE RDCRCE RSPCRCE1 | RSPCRCEO
Value after reset: 0 0 1 0 0 0 0 0
b7 b6 b5 b4 b3 b2 bl o]0]
— — CRCLENE RDLENE RSPLENE1 | RSPLENEO CMDE1 CMDEO
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
- - - T -
bo CMDEO Command Error Flag 0 0: Command !ndex f!eld value for a command ) response is error free R
1: Command index field value for a command *! response is in error
0: Command index field value for a command *2 response is error free
1: Command index field value for a command *2 response is in error (by
bl CMDEL | Command Error Flag 1 setting the SDCMD.CMDIDX[5:0] bits, the error that occurs by R
issuing CMD12 is indicated by the CMDEQO flag)
; = -
b2 RSPLENEO Response Length Error Flag O: Command : response length is error free R
0 1: Command *1 response length is in error
0: Command *2 response length is error free
b3 RSPLENE1L Response Length Error Flag |1: Command *2 response length is in error (by setting the R
1 SDCMD.CMDIDX]5:0] bits, the error that occurs by issuing CMD12
is indicated by the RSPLENEQO flag)
0: Read data length error did not occur
b4 RDLENE |Read Data Length Error Flag 1: Read data length error occurred R
CRC Status Token Length 0: CRC status token length error did not occur
bS CRCLENE Error Flag 1: CRC status token length error occurred R

b7, b6 — Reserved These bits are 0 when read. R
0: No CRC error detected in command *1 response

b8 RSPCRCEO | Response CRC Error Flag 0 1: CRC error detected in command *1 response R
0: No CRC error detected in command *2 response
. f *2
b9 RSPCRCE1 |Response CRC Error Flag 1 1: CRC error detected in command “2 response (the error that occurs R

for CMD12 with the setting of the SDCMD.CMDIDX[5:0] bits is
indicated by the RSPCRCEO flag)

b10 RDCRCE |Read Data CRC Error Flag |2 N0 CRC error detected in read data R

=4

1: CRC error detected in read data
0: No error detected in CRC status token
b1l CRCTKE |CRC Status Token Error Flag 1- Error detected in CRC status token R
bl4 to b12| CRCTK[2:0] |CRC Status Token Store the CRC status token value (normal value is 010b) R
b15 — Reserved This bit is 0 when read. R
b31 to b16 — Reserved These bits are undefined when read. R
Note 1. Command other than CMD12 or CMD52 which are automatically issued to stop data transfer.
Note 2. CMD12 or CMD52 which are automatically issued to stop data transfer.
The SDERSTS1 register indicates the CRC status token, CRC error, end bit error, and command error.
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40.2.14 SD Error Status Register 2 (SDERSTS2)

Address(es): SDHI.SDERSTS2 0008 AC5Ch

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8
Value after reset: 0 0 0 0 0 0 0 0
b7 b6 b5 b4 b3 b2 bl o]0]
— CRCBSYTO CRCTO RDTO BSYTO1 BSYTOO RSPTO1 RSPTOO0
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
0: After a command *1 was issued, a response was received in less than
) 640 cycles of the SDHI clock.
b0 RSPTOO  |Response Timeout Flag 0 1: After a command *1 was issued, a response was not received even after R
640 cycles or more of the SDHI clock elapsed.
0: After a command *2 was issued, a response was received in less than
640 cycles of the SDHI clock.
b1 RSPTO1 |Response Timeout Flag 1 1: After a command *2 was issued, a response was not received even after R
P g 640 cycles or more of the SDHI clock elapsed (by setting the
SDCMD.CMDIDX[5:0] bits, the error that occurs by issuing CMD12 is
indicated by the RSPTOO flag).
0: After the R1b response was received, the SDHI was released from the
) busy state during the specified period *3.
b2 BSYTOO  Busy Timeout Flag 0 1: After the R1b response was received, the SDHI was in the busy state R
even after the specified period *3 elapsed.
0: After CMD12 was automatically issued, the SDHI was released from the
busy state during the specified period *3.
. 1: After CMD12 was automatically issued, the SDHI was in the busy state
b3 BSYTOL  |Busy Timeout Flag 1 even after the specified period *3 elapsed (by setting the R
SDCMD.CMDIDX]5:0] bits, the error that occurs by issuing CMD12 is
indicated by the BSYTOO flag).
After a read command is issued, this flag becomes 1 when read data is not
received even after the specified period *3 elapses.
After read data is received, this flag becomes 1 when the next block of
b4 RDTO Read Data Timeout Flag |read data is not received even after the specified period *3 elapses. R
After the SDHI exits the read wait state, this flag becomes 1 when the next
block of read data is not received even after the specified period *3
elapses.
0: After data was written to the SD card, a CRC status token was received
b5 CRCTO CRC Status Token during the specified period *3. R
Timeout Flag 1: After CRC data was written to the SD card, a CRC status token was not
received even after the specified period *3 elapsed.
0: After a CRC status token was received, the SDHI was released from the
CRC Status Token Busy busy state during the specified period *3.
b6 CRCBSYTO Timeout Flag 1: After a CRC status token was received, the SDHI is in the busy state R
even after the specified period *3 elapsed.
b31 to b7 — Reserved These bits are 0 when read. R

Note 1. Command other than CMD12 or CMD52 which are automatically issued to stop data transfer.

Note 2. CMD12 or CMD52 which are automatically issued to stop transfer.
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Note 3. Set the SDOPT.TOP[3:0] bits to select the number of n cycles.

The SDERSTS2 register indicates the timeout status.

40.2.15 SD Buffer Register (SDBUFR)

Address(es): SDHI.SDBUFR 0008 AC60h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b1l9 bl8 bl7 bl6 bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl bo

.
Value after reset: Undefined

The SDBUFR register is used when writing data to the SD card and when reading data from the SD card. The SDBUFR
register is connected to the SDHI’ sinternal SD buffer. Refer to section 40.3.1, Data Block Format of the SD Card

for details on the configuration of the SDBUFR register and the SD buffer.

40.2.16 SDIO Mode Control Register (SDIOMD)

Address(es): SDHI.SDIOMD 0008 AC68h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — |C52PUB| I0ABT | — — — — — [RWREQ| — | INTEN
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
SDIO Interrupt Acceptance 0: SDIO interrupt accept disabled
b0 INTEN Enable "1 1: SDIO interrupt accept enabled RIW
bl — Reserved This bit is 0 when read and cannot be modified. R
. 0: SDHI exits read wait state
b2 RWREQ | Read Wait Request 1: Request for SDHI to enter read wait state RIW
b7 to b3 — Reserved These bits are 0 when read and cannot be modified. R
If this bit is set to 1 during multi-block transfer triggered by CMD53,
b8 IOABT | SDIO Abort CMD52 is immediately issued, and the command sequence is aborted. RIW
If this bit is set to 1 during multi-block transfer triggered by CMD53,
b9 C52PUB |SDIO None Abort CMD52 is issued before the transfer process is complete, and the R/W
command sequence is completed.
b31 to b10 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Do not rewrite this bit when the SDSTS2.CBSY flag is 1.

The SDIOMD register controls reception of the SDIO interrupt, controls CM D52 issuance during multi-block transfer,

and controls the read wait request. Do not set bits C52PUB and IOABT to 1 at the sametime.
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RWREQ Bit (Read Wait Request)
If the RWREQ bit is set to 1 during a multi-block read sequence triggered by issuing CM D53, when the current block is
done being read, the SDHI enters the read wait state. The method for exiting the read wait stateis as follows.

If the RWREQ hit is set to 0 while the SDHI isin the read wait state, the SDHI exits the read wait state.

If the IOABT hit is set to 1 while the SDHI isin the read wait state, after CMD52 isissued, the RWREQ bit
becomes 0 and the SDHI exits the read wait state.

If bits C52PUB and RWREQ are simultaneously set to 1 during a multi-block read sequence triggered by issuing
CMD53*1, the SDHI does not automatically exit the read wait state, so after receiving the CM D52 response, set the
RWREQ bit to 0.

Note 1. Set bits RWREQ and C52PUB to 1 simultaneously.

If the RWREQ bit is set to 1 while the last block is being transferred during a multi-block read sequence triggered by
issuing CM D53, the SDHI will not enter the read wait state, the SDSTS1.ACEND flag becomes 1, and the RWREQ bit
becomes 0. Set the RWREQ bit to 1 after the SDSTS1.RSPEND flag becomes 1.

IOABT Bit (SDIO Abort)

If the IOABT hit is set to 1 during a multi-block transfer sequence triggered by issuing CM D53, the SDHI stops the
CMD53 command sequence, and CM D52 isissued. If the command sequence is stopped due to a communication
error or timeout, the SDHI does not issue CMD52. The SD buffer can be accessed even after the IOABT hit isset to
1, but the SDSTS2.ILR flag or ILW flag becomes 1, and a buffer access error occurs. Write a value to the SDARG
register before setting the IOABT bit to 1.

During asingle block write, if thereis no datain the SD buffer when the IOABT bit is set to 1, the SDHI does not
issue CMD52, and the SDSTS1.ACEND flag becomes 1. If thereis datain the SD buffer when the IOABT bit is set
to 1, the SDHI does not issue CM D52, and after the SDHI exits the busy state, the SDSTS1.ACEND flag becomes
1

If the IOABT bit isset to 1 during asingle block read, the SDHI does not issue CMD52, and the SDSTS1.ACEND
flag immediately becomes 1.

If the SDHI isin the busy state after the R1b response is received and the IOABT bit is set to 1, the SDHI does not
issue CMD52, and after the SDHI exits the busy state, the SDSTS1.ACEND flag becomes 1.

If the IOABT hit is set to 1 after the command sequence is compl eted, the SDHI does not issue CMD52, and the
SDSTS1.ACEND flag does not become 1.

Set the IOABT bhit to 1 after the SDSTS1.RSPEND flag becomes 1.

Set the IOABT bit to O after the SDSTS1.ACEND flag becomes 1.

C52PUB Bit (SDIO None Abort)

If the C52PUB bit is set to 1 during a multi-block write sequence triggered by issuing CMD53, CMD52 is
automatically issued when the SD buffer is empty and the current block write access is complete. The C52PUB bit
becomes 0 after the response for CMD52 isreceived. If the C52PUB bit is 1 while the last block is being
transferred, the SDHI does not issue CM D52, and after the SDSTS1.RSPEND flag becomes 1, the C52PUB bit is
setto 0.

If the C52PUB bit and RWREQ bit are set to 1 during amulti-block read sequence triggered by issuing CMD53, the
SDHI entersthe read wait state after the current block read access is complete, and the SDHI automatically issues
CMD52. The C52PUB hit becomes 0 after the response for CMD52 isreceived. If the C52PUB bit is set to 1 while
the last block is being transferred, the SDHI does not issue CM D52, and after the SDSTS1.RSPEND flag becomes
1, the C52PUB bit is set to 0.

During amulti-block read sequencetriggered by issuing CM D53, if the C52PUB bit is set to 1, also set the RWREQ
bit to 1.

Write avalue to the SDARG register before setting the C52PUB bit to 1.

Set the C52PUB bit to 1 after the SDSTS1.RSPEND flag becomes 1.
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40.2.17 SDIO Status Register (SDIOSTS)

Address(es): SDHI.SDIOSTS 0008 AC6Ch

b31 b30 b29 b28 b27 b26 b25 b24
Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0
b15 bl4 b13 b12 b1l b10 b9 b8
EXWT EXPUB52 — — — — — —
Value after reset: 0 0 0 0 0 0 0 0
b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — IOIRQ
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
0: SDIO interrupt not accepted 1
b0 IOIRQ |SDIO Interrupt Status Flag 1: SDIO interrupt accepted R/(W)
b2, bl — Reserved These bits are undefined when read. Set them to 1 when writing. R/W
b13 to b3 — Reserved These bits are 0 when read and cannot be modified. R
bl4 EXPUB52 | EXPUB52 Status Flag Indicates the status of the EXPUB52 R/(W) *1
b15 EXWT |EXWT Status Flag Indicates the status of the EXWT RI(W) "1
b31to bl6 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. The flag value does not change even when set to 1. If 0 is written to this flag, it becomes 0.

The SDIOST Sregister indicates the status of the SDIO card access. When clearing aflag, bitsto be cleared should be set
to 0; bits not being cleared should be set to 1.

IOIRQ Flag (SDIO Interrupt Status Flag)
— Thisflag becomes 1 under the following condition:

e The SDIO interrupt from the SDIO card is accepted while the SDIOMD.INTEN hit is 1.
— Thisflag becomes 0 under the following condition:

e Theflagissetto0. 1

Note 1. Access the SDIO card, negate the SDIO interrupt from the SDIO card, and then set the IOIRQ flag to 0. If the
SDIO interrupt from the SDIO card is not negated, the I0OIRQ flag might become 1 again.

EXPUB52 Flag (EXPUBS52 Status Flag)
— Thisflag becomes 1 under any of the following conditions:
e When multi-block transfer is triggered by CMD53 being issued, the SDIOMD.C52PUB bit is set to 1 while the last
block is being transferred.
e When multi-block write istriggered by CM D53 being issued, the SDIOMD.C52PUB bit remains set to 1 while the
last block is being transferred.
— Thisflag becomes O under the following condition:
e TheflagissettoO.
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EXWT Flag (EXWT Status Flag)
— Thisflag becomes 1 under the following condition:
e During amulti-block read sequence triggered by CM D53 being issued, the SDIOMD.RWREQ hit is set to 1 while
the last block is being transferred.
— Thisflag becomes O under the following condition:
e TheflagissettoO.

40.2.18 SDIO Interrupt Mask Register (SDIOIMSK)

Address(es): SDHI.SDIOIMSK 0008 AC70h

b31 b30 b29 b28 b27 b26 b25 b24

Value after reset: 0 0 0 0 0 0 0 0
b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8

EXWTM EXPUB52M — — — — — —

Value after reset: 1 1 0 0 0 0 0 0
b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — IOIRQM
Value after reset: 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Description R/W
0: IOIRQ interrupt not masked
b0 IOIRQM IOIRQ Interrupt Mask Control 1: 10IRQ interrupt masked R/W
b2, bl — Reserved These bits are 1 when read. Set them to 1 when writing. R/W
b13to b3 — Reserved These bits are 0 when read and cannot be modified. R
EXPUBS52 Interrupt Request Mask 0: EXPUBS52 interrupt request not masked
bl4 EXPUBS2M Control 1: EXPUBS2 interrupt request masked RIW
EXWT Interrupt Request Mask 0: EXWT interrupt request not masked
b15 EXWTM Control 1: EXWT interrupt request masked RIW
b31 to b16 — Reserved These bits are 0 when read and cannot be modified. R

The SDIOIMSK register enables and disables the interrupt requests from the status flags in the SDIOSTS register. Refer
to Table 40.8, Interrupt Sources for details on the relationship between the status flags and the requested interrupt
source.
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40.2.19 DMA Transfer Enable Register (SDDMAEN)

Address(es): SDHI.SDDMAEN 0008 ADBOh

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — — — — — — — |DMAEN| —

Value after reset: 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 — Reserved This bit is 0 when read. Set it to 0 when writing. R/W

0: Using DMAC and DTC to access the SDBUFR register is
disabled
*1 %2
bl DMAEN | DMA Transfer Enable 1: Using DMAC and DTC to access the SDBUFR register is RIW
enabled

b3, b2 — Reserved These bits are 0 when read. Set them to 0 when writing. R

b4 — Reserved This bit is 1 when read. Set it to 1 when writing. R
b5 — Reserved This bit is 0 when read. Set it to 0 when writing. R/W

b7, b6 — Reserved These bits are 0 when read and cannot be modified. R
b9, b8 — Reserved These bits are 0 when read. Set them to 0 when writing. R/W

bl1, b10 — Reserved These bits are 0 when read and cannot be modified. R

b12 — Reserved This bit is 1 when read. Set it to 1 when writing. R

b31 to b13 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Do not rewrite this bit when the SDSTS2.CBSY bit is 1.
Note 2. When the SDIMSK2.BWEM bit is 0 or the SDIMSK2.BREM bit is 0, set the SDDMAEN.DMAEN bit to 0. When the
SDDMAEN.DMAEN bit is 1, set the SDIMSK2.BWEM bit to 1 and the SDIMSK2.BREM bit to 1.

The SDDMAEN register enables and disables DMA transfer.

DMAEN Bit (DMA Transfer Enable)

When using DMA transfer to access the SD buffer, set the DMAEN bit to 1 before setting the SDCMD register.
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40.2.20 SDHI Software Reset Register (SDRST)

Address(es): SDHI.SDRST 0008 ADCOh

b31

b30

b29

b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — — — — — — — — — |SDRST
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Description R/W
0: SDHI software reset
b0 SDRST |SDHI Software Reset Control 1 SDHI software reset released R/W
b2, bl — Reserved These bits are 1 when read. Set them to 1 when writing. R
b31to b3 — Reserved These bits are 0 when read and cannot be modified. R

Table 40.5 lists the bits and flags initialized by the SDHI software reset.

Table 40.5 Bits and Flags Initialized by the SDHI Software Reset
Register Bit/Flag

SDSTOP SDBLKCNTEN

SDSTS1 RSPEND, ACEND

SDSTS2 CMDE, CRCE, ENDE, DTO, ILW, ILR, RSPTO, SDDOMON, BRE, BWE, SDCLKCREN, ILA

SDCLKCR CLKEN

SDOPT CTOPI[3:0], TOP[3:0], WIDTH
Bits b8 and b13 in the SDOPT register are also initialized by the SDHI software reset.

SDERSTS1 CMDEO, CMDE1, RSPLENEO, RSPLENE1, RDLENE, CRCLENE, RSPCRCEO, RSPCRCE1, RDCRCE, CRCTKE,
CRCTK[2:0]

SDERSTS2 RSPTOO0, RSPTO1, BSYTOO, BSYTO1, RDTO, CRCTO, CRCBSYTO

SDIOSTS I0IRQ, EXPUB52, EXWT
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40.2.21 Swap Control Register (SDSWAP)

Address(es): SDHI.SDSWAP 0008 ADEOh

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — |BRSWP |BWSWP| — — — — — —

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W

b0 — Reserved This bit is 0 when read and cannot be modified. R
bl — Reserved This bit is 0 when read. Set it to 0 when writing. R/W

b2 — Reserved This bit is 0 when read and cannot be modified. R
b4, b3 — Reserved These bits are 0 when read. Set them to 0 when writing. R/W

b5 — Reserved This bit is 0 when read and cannot be modified. R

. 0: Normal write operation
*1
b6 BWSWP | SDBUFR Swap Write 1: Swap the byte endian before writing to the SDBUFR register RIW
0: Normal read operation
*1

b7 BRSWP | SDBUFR Swap Read 1: Swap the byte endian before reading the SDBUFR register RIW

b10 to b8 — Reserved These bits are 0 when read and cannot be modified. R
b12, b11 — Reserved These bits are 0 when read. Set them to 0 when writing. R/W

bl4, b13 — Reserved These bits are 0 when read and cannot be modified. R
b15 — Reserved This bit is 0 when read. Set it to 0 when writing. R/W

b31to bl6 — Reserved These bits are 0 when read and cannot be modified. R

Note 1. Do not rewrite this bit when the SDSTS2.CBSY flag is 1.

The SDSWAP register is used to select whether or not the byte endian is swapped when accessing the SDBUFR register.
Refer to section 40.3.1 for details on the differencesin accessing the SDBUFR register based on the SDSWAP register

value.
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40.3 SDHI Operation

40.3.1 Data Block Format of the SD Card
The SDHI has a default bus mode (1-bit width) that uses just the SDHI_DO pin as a data line and a wide bus mode (4-bit
width) that uses pins SDHI_DO to SDHI_D3. Figure 40.2 shows the transfer format when the SDOPT.WIDTH bitis1
(default bus mode), and Figure 40.3 shows the transfer format when the SDOPT.WIDTH bit is O (wide bus mode).

SDHI_DO
S 7 ....... O 15 ....... 8 23 ....... 16 31 ....... 24 C(Rl(éi-ﬁ C(Rl(jj-ﬁ CR(:I(-:)lG CR(OC)lG E
Start! Byte0 | Bytel | Byte2 | Bye3 - ! Stop
Figure 40.2 Transfer Format in Default Bus Mode
SDHI_ D3| s | 7|3 |15]|11|23|19]31|27 CZ%)”S C?li)le CR(SlG CFES’)m E
“"TCRC16[CRC16] |CRC16[CRC16
SDHI_D2
_D2|s|6|2[14|10[22]|18[30|26 as Jan | | © |E
“"Tcrci6[crRC16] [CRC16[CRC16
SDHI_D1
“"[CRC16[CRC16] |CRC16[CRC16
SDHI_DO
_DO|s|4]0([12]|8|20]|16(28]|24 as Jan | |Tw © |E
Start E Byte O i Byte 1 i Byte 2 E Byte 3 E s i Stop
Figure 40.3 Transfer Format in Wide Bus Mode
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40.3.2 SD Buffer and the SDBUFR Register

The SDHI transfers datato an SD card viaitsinternal SD buffer. The SD buffer is comprised of adouble buffer, and each
buffer is 512 bytes. Figure 40.4 shows the data configuration of asingle buffer of the SD buffer’s double buffer.

\Word mss . HIEEE s
1 ) 1
. !31|30|29|28|27|26|25|24|§|23| ~~~~~~~ |16|§|15| ------- |8|§|7|6|5|4|3|2|1|0|
_____ ... . Byes 4 __Byez i Byel i _______Byel ________|
1 ) 1
) !31|30|29|28|27|26|25|24|§|23| ------- |16|§|15| ------- |8|§|7|6|5|4|3|2|1|0|
_____ S S SRS St U - AU S te S—
_____
[31]30]20]28]27]26]25]2a]i[23] - - [16]i[2s] - [s]i[7]6]s]4]s]2]2]0]
127 | : : :
! Byte 511 ' Byte 510 ' Byte 509 ! Byte 508
Figure 40.4 Data Configuration of Single Buffer in the SD Buffer

Access to the SD buffer is done viathe SDBUFR register. If datais written to the SDBUFR register while the
SDSWAP.BWSWP hit is 1, the SDHI swaps the endian for the byte, and stores the datain the SDBUFR register. If data
isread from the SDBUFR register while the SDSWAP.BRSWP bit is 1, the data of the endian for the byte that was
swapped can be read. Figure 40.5 shows the data alignment when reading the SDBUFR register.

When bytes are not swapped (SDSWAP.BRSWP bit is 0)

1
SDBUFR register | 31| 30| 20| 2827 26| 25| 24| 23] -+ - |16/ 15|

....... |8|7|6|5|4|3|2|1|0|

i Byte (4n + 3)

When bytes are swapped (SDSWAP.BRSWP bit is 1)

i Byte (4n + 2) E Byte (4n + 1) i

Byte (4n)

]
spBUFR register| 7 | 6 [ 5|43 |2|1|o1s] -

--|16|31[30]20[ 28] 27| 26| 25] 24|

i Byte (4n)

I Byte (4n+1) 1 Byte (4n+2) | Byte (4n + 3)

In this diagram, n = 0 to 127.

Figure 40.5 Data Alignment When Reading the SDBUFR Register
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40.3.3 SD Card Detection
The SDHI can detect an SD card using either the SDHI_CD pin or SDHI_D3 pin.

40.3.3.1 Using the SDHI_CD Pin to Detect an SD Card

Figure 40.6 shows the timing chart for SD card detection using the SDHI_CD pin. The SDHI_CD pin is connected to
the card detection switch of the SD card connector, and is pulled-up by the MCU. The pull-up resistance valueis
determined by the specifications of the host device. Note that there are some SD card sockets whose card detection
switches become open when the SD card isinserted.
e Detecting SD card insertion
The signal from the SDHI_CD pin becomes low when an SD card isinserted. This causes the SDSTS1.SDCDIN
flag to become 1 if the SDHI_CD pinislow for the number of cycles set in the SDOPT.CTOP[3:0] bits. The
SDSTS1.SDCDIN flag is cleared by setting it to O.
e Detecting SD card removal
The signal from the SDHI_CD pin becomes high when the SD card isremoved. This causesthe SDSTS1.SDCDRM
flag to become 1 if the SDHI_CD pin is high for the number of cycles set in the SDOPT.CTOP[3:0] bits. The
SDSTS1.SDCDRM flag is cleared by setting it to O.

SDHI_CD pin LLARRRL I

( No SD card X (jsel?eftigé X SD card ready X dSelz::eCcéti(ra?j X No SD card
| CTOP[3:0] _} | CTOP[3:0]
™™ bitvalue ) ™ bitvalue "}
] 1
SDSTS1.SDCDIN flag (SD card |_| H
insertion detected by the SDHI_CD pin) Cleared !
1
SDSTS1.SDCDRM flag (SD card |_|
removal detected by the SDHI_CD pin) Cleared

Figure 40.6 SD Card Detection Using the SDHI_CD Pin

40.3.3.2 Using the SDHI_D3 Pin to Detect an SD Card

Figure 40.7 showsthe timing chart for SD card detection using the SDHI_D3 pin. The SDHI_D3 pin is pulled-down by
the MCU. The pull-down resistance value is determined by the specifications of the host device.
e Detecting SD card insertion
The signal from the SDHI_D3 pin becomes high when an SD card isinserted. This causes the SDSTS1.SDD3IN
flag to become 1. The SDSTS1.SDD3IN flag is cleared by setting it to O.
e Detecting SD card removal
The signal from the SDHI_D3 pin becomes low when the SD card is removed. This causes the SDSTS1.SDD3RM
flag to become 1. The SDSTS1.SDD3RM flag is cleared by setting it to O.

SDHI_D3 pin [ \
1 1 1 )
i ; ; |
Card Card
No card X detected X Card ready X detected X No card
ilszCLKB,E i 2 x PCLKB E
SDSTS1.SDD3IN flag i—| ;
(SD card insertion detected by the SDHI_D3 pin) Cleared :
SDSTS1.SDD3RM flag i—|
(SD card removal detected by the SDHI_D3 pin) Cleared
Figure 40.7 SD Card Detection Using the SDHI_D3 Pin
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40.3.4  SD Card Write Protection
The SDHI can disable writing to an SD card viathe SDHI_WP pin or acommand.

40.3.4.1 Using the SDHI_WP Pin to Enable Write Protection

The SDHI_WP pin is connected to the WP detection switch of the SD card connector, and the SDHI_WP pin is pulled-
down or pulled-up when an SD card isinserted. The resistance value and whether the SDHI_WP pinis pulled-up or
pulled-down are determined by the specifications of the host device. The status of the SDHI_WP pin isreflected in the
SDSTS1.SDWPMON flag. After an SD card isinserted, read the SDSTS1.SDWPMON flag to check if write protection
is enabled or disabled.

40.3.4.2 Using a Command to Enable Write Protection

The SDHI uses the write protect command or the SD card lock command to disable writing to the SD card.
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40.3.5

Communication Errors and Timeouts

When a communication error or timeout error occurs, depending on the type of error, the corresponding status flag in the
SDSTS2 register becomes 1. Also, depending on the source of the error, the corresponding flag in the SDERSTS1 or

SDERSTS2 register becomes 1.
The status flags in registers SDERSTS1 and SDERST S2 become 0 by writing to the SDCMD register, or by setting the
SDRST.SDRST bhit to 0.
Table 40.6 Communication Errors
L Interrupt Flag Error Status Register
Communication Register )
- - - This Occurs When...
Error Register Bit Register .
Bit symbol
symbol symbol symbol
CRCLENE |The CRC status token length is in error
. RDLENE |The read data length is in error
End bit error ENDE — "
RSPLENE1 |The response length is in error *1
RSPLENEO |The response length is in error *2
CRCTKE |The CRC status token is in error
CRC error SDSTS? |CRCE SDERSTS1 RDCRCE [There is a CRC error in the read data
RSPCRCE1 |There is a CRC error in the response *1
RSPCRCEOQ |There is a CRC error in the response *2
The command index field value for the transmitted command
CMDE1 X *
and received response do not match *1
Command error CMDE - - -
The command index field value for the transmitted command
CMDEO X N
and received response do not match *2

Note 1. CMD12 or CMD52 which are automatically issued to stop transfer.
Note 2. A command other than CMD12 or CMD52 which are automatically issued to stop transfer.

Table 40.7 Timeouts
Interrupt Flag Error Status Register
) Register .
Timeout - - - This Occurs When...
Register Bit Register Bit symbol
symbol symbol symbol y
Aresponse is not received even after a minimum of 640 SDHI clock
RSPTO1 1
Response RSPTO cycles elapse
timeout Aresponse is not received even after a minimum of 640 SDHI clock
RSPTOO *
cycles elapse *2
CRCBSYTO After thg CRC *status token is received, the SDHI is busy for at least
the period set *3
After the write data is transmitted, the CRC status token is not
CRCTO . . -
received even after at least the period set *3 elapses
After the read command is issued, the read data is not received
. SDSTS2 SDERSTS2 even after at least the period set *3 elapses
Data timeout - - -
(excluding RDTO After the read data is received, the next block read data is not
response DTO received even after at least the period set *3 elapses
timeout) After the SDHI exits the read wait state, the next block read data is
not received even after at least the period set *3 elapses
After CMD12 is issued during the command sequence, the SDHI is
BSYTO1 ; .
busy for at least the period set *3
After the R1b response is received, the SDHI is busy for at least the
BSYTOO |period set "3 (a command other than CMD12 is issued during the
command sequence)

Note 1. CMD12 or CMD52 which are automatically issued to stop transfer.
Note 2. A command other than CMD12 or CMD52 which are automatically issued to stop transfer.

Note 3. The period is set in the SDOPT.TOP[3:0] bits.
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40.3.6  Examples of Issuing a Command

40.3.6.1 Command Absent of Response Reception and Data Transfer

Figure 40.8 shows an example of no response being received and no data being transferred after the SDHI issuesa

command.

1. Settheflagsinregisters SDSTS1 and SDSTS2to 0.

2. Setthe SDHI clock in the SDCLKCR register, and set the interrupt requests to be masked in registers SDIMSK 1
and SDIMSK 2. Refer to section 40.5.5 for details on setting the SDCLKCR register.

3. After setting the argument field value to the SDARG register, write the command information to be sent to the
SDCMD register. The SDHI issues a command when a value is written to the SDCMD register.

4. After acommand isissued, the SDSTS1.RSPEND flag becomes 1, and a response end interrupt request is
generated.

5. Set the SDSTS1.RSPEND flag to 0.

( Start )

| Clear the flag register |
[
Set the SDCLKCR register.
SDIMSK1 = 0000 FFFEh
SDIMSK2 = 0000 7F80h

SDARG = Argument field value Command is issued that is absent of a response
SDCMD = Command to be issued being received and data being transferred
le
-
Yes
| SDSTS1 = 0000 FFFEh | Clear the flags.
[
( End )
Figure 40.8 Command Issued That Is Absent of Response Reception and Data Transfer
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40.3.6.2 Command Absent of Data Transfer

Figure 40.9 shows an example of no data being transferred after the SDHI issues a command.
Set the flagsin registers SDSTS1 and SDSTS2 to 0.
Set the SDHI clock in the SDCLKCR register, and set the interrupt requests to be masked in registers SDIMSK 1
and SDIMSK 2. Refer to section 40.5.5 for details on setting the SDCLKCR register.

After setting the argument field value in the SDARG register, write the information of the command to be issued to
the SDCMD register. The SDHI issues acommand when avalue is written to the SDCMD register.

After aresponseisreceived, the SDSTS1.RSPEND flag becomes 1, and a response end interrupt request is

1
2.

generated.

Set the SDSTS1.RSPEND flag to 0, and read the response stored in the SDRSP10 register.

Perform error processing (clear the interrupt flag) if acommunication error or timeout occurs.

( Start

)

| Clear the flag register

[
Set the SDCLKCR register
SDIMSK1 = 0000 FFFEh
SDIMSK2 = 0000 7F80h
SDARG = Argument field value
SDCMD = Command to be issued

l¢
<

Command issued in which
data transfer is not performed

Error (communication error or timeout)

Response end or

error occurred?

| SDSTS1 = 0000 FFFEh

A 4 |

Error processing | Read the SDRSP10 register

(clear the interrupt flags)

>

>

( End

)

Clear the flags.

Check the response.

Figure 40.9 Command Issued That Is Absent of Data Transfer
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40.3.6.3 Single Block Read Command (CMD17)

Figure 40.10 shows an example of issuing the single block read command (CMD17).

1. Settheflagsinregisters SDSTS1 and SDSTS2to 0.

2. Set the SDHI clock in the SDCLKCR register, and set the interrupt requests to be masked in registers SDIMSK 1
and SDIMSK 2. Refer to section 40.5.5 for details on setting the SDCLKCR register.

3. After setting the argument field value for CM D17 to the SDARG register, write 0000 0011h to the SDCMD
register. The SDHI issues CM D17 when avalue is written to the SDCMD register.

4. When the response isreceived, the SDSTS1.RSPEND flag becomes 1, and a response end interrupt request is
generated.

5. Setthe SDSTS1.RSPEND flag to 0, and read the response stored in the SDRSP10 register. If the responsereadisin
error, set the SDSTOP.STP bit or SDIOMD.IOABT hit to 1, and the command seguence can be stopped. When the
command sequence is stopped, the SDSTS1.ACEND flag becomes 1. Note that CMD12 and CM D52 are not
automatically issued by stopping this command sequence.

6. After theresponseisreceived, set the SDIMSK1.ACENDM bit to 0 and set the SDIMSK2.BREM bit to 0.

7. After the amount of dataset in the SDSIZE.LEN[9:0] bitsis received from the SD card, the SDSTS2.BRE flag
becomes 1, and the BRE interrupt request is generated.

8. Setthe SDSTS2.BRE flag to 0, and read the amount of data set in the SDSIZE.LEN[9:0] bits from the SDBUFR
register.

9. After data has been read from the SDBUFR register, the SDSTS1.ACEND flag becomes 1, and the access end
interrupt request is generated.

10. Set the SDSTS1.ACEND flagto O.

Perform error processing (clear the interrupt flag) if a communication error or timeout occurs.
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Start
[

| Clear the flag register

Set the SDCLKCR register.
SDSIZE = Transfer data size
SDIMSK1 = 0000 FFFEh
SDIMSK2 = 0000 7F80h

SDARG = Argument field value
SDCMD = 0000 0011h

CMD17 (single block read)
issued

T

<€

Error (communication error or timeout) Response end or

error occurred?

No

| SDSTS1 = 0000 FFFEh

| Clear the flags.

| Read the SDRSP10 register

| Check the response.

[
SDIMSK1 = 0000 FFFBh
SDIMSK?2 = 0000 7E80h

Enable the access end interrupt
Enable the BRE interrupt

[«

Error (communication error or timeout) Is the BRE flag 1 or

did an error occur?

No

SDSTS2 = 0000 FEFFh

Clear the flags.

Read the amount of data set in the
SDSIZE.LEN[9:0] bits from the SDBUFR
register

Read data.

T
<

Yes

A4
Error processing

SDSTS1 = 0000 FFFBh

(clear the interrupt flags) |

| Clear the flags.

( End )
Figure 40.10  Issuing the Single Block Read Command
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40.3.6.4 Single Block Write Command (CMD24)

Figure 40.11 shows an example of issuing the single block write command (CMD24).

1. Settheflagsinregisters SDSTS1 and SDSTS2to 0.

2. Set the SDHI clock in the SDCLKCR register, and set the interrupt requests to be masked in registers SDIMSK 1
and SDIMSK 2. Refer to section 40.5.5 for details on setting the SDCLKCR register.

3. After setting the argument field value for CM D24 to the SDARG register, write 0000 0018h to the SDCMD
register. The SDHI issues CM D24 when avalue is written to the SDCMD register.

4. When the response is received, the SDSTS1.RSPEND flag becomes 1, and the response end interrupt request is
generated.

5. Setthe SDSTS1.RSPEND flag to 0 and read the response stored in the SDRSP10 register. If the read responseisin
error, set the SDSTOP.STP bit or SDIOMD.IOABT hit to 1, and the command seguence can be stopped. When the
command sequence is stopped, the SDSTS1.ACEND flag becomes 1. Note that when this command sequenceis
stopped, CMD12 and CMD52 are not automatically issued.

6. After theresponseisreceived, set the SDIMSK1.ACENDM bit to 0, and set the SDIMSK2.BWEM hit to 0.

7. When the SDBUFR register becomes write accessible, the SDSTS2.BWE flag becomes 1, and the BWE interrupt
request is generated.

8. Setthe SDSTS2.BWE flag to 0, and write the amount of data set in the SDSIZE.LEN[9:0] bits to the SDBUFR
register. After writing to the SDBUFR register, the SDHI transmits write datato the SD card. Also, after writing to
the SDBUFR register, data transmission may cause a communication error or timeout to occur.

9. After al data has been written to the SD card, the SDHI receives the CRC status token, and the SDHI_DO pin line
becomes busy (low). Then, when the SDHI exits the busy state, the SDSTS1.ACEND flag becomes 1, and the
access end interrupt request is generated.

10. Set the SDSTS1.ACEND flagto 0.

Perform error processing (clear the interrupt flag) if a communication error or timeout occurs.
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( Start

| Clear the flag register

Set the SDCLKCR register.
SDSIZE = Transfer data size
SDIMSK1 = 0000 FFFEh
SDIMSK2 = 0000 7F80h

SDARG = Argument field value
SDCMD = 0000 0018h

CMD24 (single
block write) issued

T

<€

Error (communication error or timeout) Response end or

error occurred?

No

| SDSTS1 = 0000 FFFEh

| Clear the flags.

| Read the SDRSP10 register

| Check the response.

[
SDIMSK1 = 0000 FFFBh
SDIMSK?2 = 0000 7D80h

Enable the access end interrupt
Enable the BWE interrupt

[«

Is the BWE flag 1 or
did an error occur?

No

SDSTS2 = 0000 FDFFh

Clear the flags.

Write the amount of data set in the
SDSIZE.LEN[9:0] bits from the SDBUFR
register

Write data.

T
<

Error (communication error or timeout) Access end?

A4
Error processing

SDSTS1 = 0000 FFFBh

(clear the interrupt flags) |

| Clear the flags.

)

Figure 40.11  Issuing the Single Block Write Command
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40.3.6.5 Multi-Block Read Command (CMD18)

Figure 40.12 shows an example of issuing the multi-block read command (CMD18).

1. Settheflagsinregisters SDSTS1 and SDSTS2to 0.

2. Set the SDHI clock in the SDCLKCR register, and set the interrupt requests to be masked in registers SDIMSK 1
and SDIMSK 2. Refer to section 40.5.5 for details on setting the SDCLKCR register. Set the
SDSTOP.SDBLKCNTEN bhit to 1, and set the number of transfer blocks in the SDBLKCNT register.

3. After setting the argument field value for CMD18 to the SDARG register, write 0000 0012h to the SDCMD
register. The SDHI issues CMD18 when avalue iswritten to the SDCMD register.

4. When the response isreceived, the SDSTS1.RSPEND flag becomes 1, and the response end interrupt request is
generated.

5. Set the SDSTS1.RSPEND flag to 0 and read the response stored in the SDRSP54 register. If the read responseisin
error, set the SDSTOP.STP hit to 1, and the command sequence can be stopped. When the SDSTOP.STP bit is set to
1, the SDHI automatically issues CMD12, and the response is received. At this point, the SDSTS1.ACEND flag
becomes 1, and if the access end interrupt request is enabled, the access end interrupt request is generated. Next, set
the SDSTS1.ACEND flag to 0 and read the response.

6. After theresponseisreceived, set the SDIMSK1.ACENDM bit to 0, and set the SDIMSK2.BREM hit to 0.

7. After receiving one block of datafrom the SD card, the SDSTS2.BRE bit becomes 1, and the BRE interrupt request
is generated.

8. Setthe SDSTS2.BRE flag to 0, and read the amount of data set in the SDSIZE.LEN[9:0] bits from the SDBUFR
register. The read access to the SDBUFR register repeats for the amount of transfer blocks set in the SDBLKCNT
register. Also, while reading the SDBUFR register, data reception may cause a communication error or timeout to
occur. After the amount of transfer blocks set in the SDBLKCNT register have been read, the SDHI automatically
issues CMD12, and the response is received. At thistime, the SDHI automatically writes 0000 0000h to the
SDARG register.

9. When all blocks have been received and the CMD12 responseis received, the SDSTS1.ACEND flag becomes 1 and
the access end interrupt request is generated.

10. Set the SDSTS1.ACEND flag to 0 and read the response.

Perform error processing (clear the interrupt flag) if acommunication error or timeout occurs.
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Start
[

| Clear the flag register

Set the SDCLKCR register

SDSIZE = Transfer data size

SDIMSK1 = 0000 FFFEh

SDIMSK2 = 0000 7F80h

SDSTOP = 0000 0100h

SDBLKCNT = Number of transfer blocks

SDARG = Argument field value
SDCMD = 0000 0012h

CMD18 (multi-block
read) issued

[P
<

Error (communication error or timeout) Response end or

error occurred?

No

| SDSTS1 = 0000 FFFEh

| Clear the flags.

| Read the SDRSP54 register

| Check the response.

[
SDIMSK1 = 0000 FFFBh
SDIMSK2 = 0000 7E80h

Enable the access end interrupt
Enable the BRE interrupt

Sle
>

Error (communication error or

| timeout) Is the BRE flag 1 or

did an error occur?

No

SDSTS2 = 0000 FEFFh

Clear the flags.

Read the SDBUFR register
(transfer data size set in the SDSIZE register)

Read data.

Have the number
of blocks set in the SDBLKCNT register
been read?

No

A

Yes

! | SDSTS1 = 0000 FFFBh

| Clear the flags.

Error processing [

(clear the interrupt flags) | Read the SDRSP10 register

| Check the response.

[ |

i

( End )
Figure 40.12  Issuing the Multi-Block Read Command
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40.3.6.6 Multi-Block Write Command (CMD25)

Figure 40.13 shows an example of issuing the multi-block write command (CMD25).

1. Settheflagsinregisters SDSTS1 and SDSTS2to 0.

2. Set the SDHI clock in the SDCLKCR register, and set the interrupt requests to be masked in registers SDIMSK 1
and SDIMSK 2. Refer to section 40.5.5 for details on setting the SDCLKCR register. Set the
SDSTOP.SDBLKCNTEN bhit to 1, and set the number of transfer blocks in the SDBLKCNT register.

3. After setting the argument field value for CMD25 to the SDARG register, write 0000 0019h to the SDCMD
register. The SDHI issues CMD25 when avalue is written to the SDCMD register.

4. When the response isreceived, the SDSTS1.RSPEND flag becomes 1, and the response end interrupt request is
generated.

5. Set the SDSTS1.RSPEND flag to 0 and read the response stored in the SDRSP54 register. If the read responseisin
error, set the SDSTOP.STP hit to 1, and the command sequence can be stopped. When the SDSTOP.STP bit is set to
1, the SDHI automatically issues CMD12, and the response is received. At this point, the SDSTS1.ACEND flag
becomes 1, and if the access end interrupt request is enabled, the access end interrupt request is generated. Next, set
the SDSTS1.ACEND flag to 0 and read the response.

6. After theresponseisreceived, configure the SDIMSK1 register to enable the access end interrupt request, and
configure the SDIMSK 2 register to enable the BWE interrupt request.

7. When the SDBUFR register becomes write accessible, the SDSTS2.BWE flag becomes 1, and the BWE interrupt
request is generated.

8. Setthe SDSTS2.BWE flag to 0, and write the amount of data set in the SDSIZE.LEN[9:0] bits to the SDBUFR
register. After writing to the SDBUFR register, and after the SDHI transmits write data to the SD card, the CRC
status token is received, and the SDHI_DO pin line becomes busy (low). The write access to the SDBUFR register
and CRC status token reception repeat for the amount of transfer blocks set in the SDBLKCNT register. Also, after
writing to the SDBUFR register, data transmission may cause a communication error or timeout to occur. After the
amount of transfer blocks set in the SDBLKCNT register have been written, the SDHI automatically issues
CMD12, and the response is received. At that time, the SDHI automatically writes 0000 0000h to the SDARG
register.

9. When al blocks have been transmitted and the CRC status token is received, the SDHI exits the busy state, the
SDSTS1.ACEND flag becomes 1, and the access end interrupt request is generated.

10. Set the SDSTS1.ACEND flag to 0 and read the response.

Perform error processing (clear the interrupt flag) if a communication error or timeout occurs.
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| Clear the flag register

Set the SDCLKCR register.

SDSIZE = Transfer data size

SDIMSK1 = 0000 FFFEh

SDIMSK2 = 0000 7F80h

SDSTOP = 0000 0100h

SDBLKCNT = Number of transfer blocks

SDARG = Argument field value
SDCMD = 0000 0019h

CMD25 (multi-block
write) issued

[P
<

Error (communication error or timeout) Did a response end

or error occur?

No

| SDSTS1 = 0000 FFFEh

| Clear the flags.

| Read the SDRSP54 register

| Check the response.

[
SDIMSK1 = 0000 FFFBh
SDIMSK2 = 0000 7D80h

Enable the access end interrupt
Enable the BWE interrupt

Sle
>

Error (communication error or
:tlmeout) Is the BWE flag 1 or

did an error occur?

No

SDSTS2 = 0000 FDFFh

Clear the flags.

Write the SDBUFR register
(transfer data size set in the SDSIZE register)

Write data.

Have the number
of blocks set in the SDBLKCNT register
been read?

No

Did an access end
or error occur?

Error (communication error or timeout)

<€

! | SDSTS1 = 0000 FFFBh

| Clear the flags.

Error processing [

(clear the interrupt flags) | Read the SDRSP10 register

| Check the response.

[ N

i

( End

)

Figure 40.13  Issuing the Multi-Block Write Command
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40.3.6.7 10_RW_DIRECT Command (CMD52)
Figure 40.14 shows an example of issuing the [O_RW_DIRECT command (CMD52).

C Start )

[
| Clear the flag register |

[
Set the SDCLKCR register.
SDIMSK1 = 0000 FFFEh
SDIMSK2 = 0000 7F80h
SDIOMD = 0000 0001h
SDIOIMSK = 0000 FFFEh

SDARG = Argument field value CMD52 (I0_RW_DIRECT
SDCMD = 0000 0034h command) issued

|
<

No

Error (communication error or timeout) Did a response end

or error occur?

! | SDSTS1 = 0000 FFFEh | clear the flags.
Error processing [

(clear the in:errupt flags) | Read the SDRSP10 register | Check the response.
N

( End )

Figure 40.14  Issuing the I0_RW_DIRECT Command
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40.3.6.8

IO_RW_EXTENDED Command (CMD53 (Multi-Block Read))

Figure 40.15 shows an example of issuing the |lO_RW_EXTENDED command (CMD53/Multi-block read).

Start

D)

C
|

| Clear the flag register

SDCLKCR = SDHI clock

SDSIZE = 0000 0200h

SDIMSK1 = 0000 FFFEh

SDIMSK2 = 0000 7F80h

SDSTOP = 0000 0100h

SDBLKCNT = Number of transfer blocks
SDIOMD = 0000 0001h

SDIOIMSK = 0000 3FFEh

SDARG = Argument field value
SDCMD = 0000 7C35h

CMD53 (multi-block
read) issued

l¢
<

Error (communication error or timeout) Did a response end

or error occur?

No

| SDSTS1 = 0000 FFFEh

| Clear the flags.

| Read the SDRSP10 register

| Check the response.

SDIMSK1 = 0000 FFFBh
SDIMSK2 = 0000 7E80h

Enable the access end interrupt
Enable the BRE interrupt

»i
<

P>

<
<€

@ From C52PUB

Error (communication error or
timeout)

<€

Is the BRE flag 1 or
did an error occur?

No

SDSTS2 = 0000 FEFFh

Clear the flags.

Read data from the SDBUFR register
(transfer data size set in the SDSIZE register)

Read data.

Has the number
of blocks set in the SDBLKCNT register.
been read?

No

A

Yes

A

B ) From IOABT

Error (communication error or timeout) Did an access end

or error occur?

\ 4

Error processing

(clear the interrupt flags) |

| Clear the flags.

C

)

Figure 40.15

Issuing the IO_RW_EXTENDED Command (CMD53/Multi-Block Read)
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Figure 40.16 shows an example of entering the read wait state and then issuing the SDIO none abort command
(CMD52) during the |IO_RW_EXTENDED command (CMD53/Multi-block read).

( Start )

I
SDIMSK1 = 0000 FFFEh
SDIMSK2 = 0000 7F80h

SDARG = Argument field value
SDIOMD = 0000 0205h

l¢
<

Error (communication error or timeout)

Did a response end
or error occur?

| SDSTS1 = 0000 FFFEh | Clear the flags.

[
| Read the SDRSP10 register | Check the response.

Yes

Was CMD52 issued?

SDIOMD = 0000 0001h

[
SDIMSK1 = 0000 FFFBh
SDIMSK2 = 0000 7E80h

Error processing
(clear the interrupt flags) | Response end, various error flags,
l RWREQ clear
(SDHI exits read wait state)

Did an
access end or error
occur?

| Clear the interrupt flags |Access end, various error flags

C Er|1d D)

Figure 40.16  Entering the Read Wait State and Then Issuing the SDIO None Abort Command (CMD52) During
the I0_RW_EXTENDED Command (CMD53/Multi-Block Read)

Figure 40.17 shows an example of SDIO abort (CMD52) issued during |IO_RW_EXTENDED command (CM D53/
Multi-block read) sequence.

( Start )

[
| SDIMSK2 = 0000 FFFBh |

SDARG = Argument field value
SDIOMD = 0000 0101h

Figure 40.17  SDIO Abort (CMD52) Issued During I0_RW_EXTENDED Command (CMD53/Multi-Block Read)
Sequence
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40.3.6.9

|I0_RW_EXTENDED (CMD53 Multi-Block Write)

Figure 40.18 shows an example of issuing the |lO_RW_EXTENDED command (CMD53/Multi-block write).

C

Start

)

Clear the flag register

Set the SDCLKCR register.

SDSIZE = 0000 0200h

SDIMSK1 = 0000 FFFEh

SDIMSK2 = 0000 7F80h

SDSTOP = 0000 0100h

SDBLKCNT = Number of transfer blocks
SDIOMD = 0000 0001h

SDIOIMSK = 0000 BFFEh

SDARG = Argument field value
SDCMD = 0000 6C35h

CMD53 (multi-block write) issued

N|
>

Did a response end
or error occur?

Error (communication error or timeout)

SDSTS1 = 0000 FFFEh

| Clear the flags.

Read the SDRSP10 register

| Check the response.

I
SDIMSK1 = 0000 FFFBh
SDIMSK2 = 0000 7D80h

Enable the access end interrupt
Enable the BWE interrupt

From C52PUB @

<«

A 4

A4

Is the BWE flag 1 or
did an error occur?

Error (communication
error or timeout)

SDSTS2 = 0000 FDFFh

Clear the flags.

Write data to the SDBUFR register
(transfer data size set in the SDSIZE register)

Write data.

From 10ABT (B )——]

Have the number
of blocks set in the SDBLKCNT register
been written?

Yes

>

»

Did an access end
or error occur?

No

Error (communication error or timeout)

A

Error processing

| SDSTS1 = 0000 FFFBh

| Clear the flags.

(clear the interrupt flags)

[<

C

End

)

Figure 40.18

Issuing the I0_RW_EXTENDED Command (CMD53/Multi-Block Write)

RO1UHO0823EJ0110 Rev.1.10
Nov 30, 2020

RENESAS

Page 1473 of 1852



RX23W Group

40. SD Host Interface (SDHIa)

Figure 40.19 shows SDIO none abort (CMD52) issued during |O_RW_EXTENDED command (CMD53/Multi-block

write) sequence.

Start )

I
SDSTS1 = 0000 FFFEh

SDSTS2 = 0000 7F80h

l¢
<

SDARG = Argument field value
SDIOMD = 0000 0201h

Error (communication
error or timeout)

l¢
<

Did a response end
or error occur?

SDSTS1 = 0000 FFFEh | Clear the flags.

Read the SDRSP10 register | Check the response.

Was CMD52 issued? Yes

SDIOMD = 0000 0001h

I
SDSTS1 = 0000 FFFBh
SDSTS2 = 0000 7D80h

Error processing

(IOABT release)

( End )

(clear the interrupt flags) | Response end, various
l error flags, SDIO abort

| (Clear the interrupt flags) |Access end, various error flags

Figure 40.19  SDIO None Abort (CMD52) Issued During I0_RW_EXTENDED Command (CMD53/Multi-Block

Write) Sequence

Figure 40.20 shows SDIO abort (CMD52) issued during IO_RW_EXTENDED command (CMD53) sequence.

C

Start )

SDIMSK2 = 0000 FFFBh |

[
SDARG = Argument field value
SDIOMD = 0000 0101h

Figure 40.20  SDIO Abort (CMD52) Issued During I0_RW_EXTENDED Command (CMD53) Sequence
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40.3.6.10 DMA Transfer

Figure 40.21 shows an example of data being transferred from the SDBUFR register after the CM D18 multi-block read

command isissued.

Start
[

Clear the flag register

| Set the SDCLKCR register |
I
| Enable DMA transfer from the SDBUFR register | SDDMAEN register < 0000 0002h

Issue CMD18 (multi-block read command)
Error (communication error or timeout)

)

N|
>

Did a response end

or error occur?

Response end

Clear the flag and check the response

I
Set the DMAC or DTC

N
>

Did an access end

Error (communication error or timeout) |

or error occur?

Access end |

A

Clear the flag and check the response Error processing (cle

(setting to disable DMA transfer from the SDBUFR register)

ar the interrupt flags)

| Disable DMA transfer from the SDBUFR register | SDDMAEN register <~ 0000 0000h

T

€

End

Set the DMAC or DTC
C )

Figure 40.21  DMA Transfer After CMD18 is Issued
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Figure 40.22 shows an example of data being DMA transferred to the SDBUFR register after the CMD25 multi-block

write command is issued.

Start

)

C
|

| Clear the flag register

| Set the SDCLKCR register

| Issue CMD25 (multi-block write command)

N|
>

Did a response end
or error occur?

Response end

| Enable DMA transfer to the SDBUFR register | SDDMAEN register «~ 0000 0002h

Error (communication error or timeout)

| Clear the flag and check the response

Set the DMAC or DTC

N|
>

Did an access end
or error occur?

Access end

Error (communication error or timeout) |

| Clear the flag and check the response

Set the DMAC or DTC

T

Error processing (cle

(setting to disable DMA transfer to the SDBUFR register)

ar the interrupt flags)

| Disable DMA transfer to the SDBUFR register | SDDMAEN register <— 0000 0000h

€

C

End

)

Figure 40.22

DMA Transfer After CMD25 is Issued
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40.4  Interrupts

Table 40.8 liststhe SDHI interrupt sources. When the status flagsin registers SDSTS1, SDSTS2, and SDIOST S become
1, if the corresponding bitsin registers SDIMSK 1, SDIMSK?2, and SDIOIMSK are 0, the SDHI requests an interrupt.

When clearing the status flags in registers SDSTS1, SDSTS2, and SDIOSTS, write 0 to the status flags to be cleared and
write 1 to the states flags not being cleared.

Table 40.8 Interrupt Sources

Status Flag Register Interrupt Mask/Enable Register DMAC/DTC
Interrupt Source - - - - :
Register symbol Bit symbol Register symbol Bit symbol Triggerable
ACEND ACENDM
SDSTS1 RSPEND SDIMSK1 RSPENDM
ILA ILAM
BWE BWEM
BRE BREM
cAC RSPTO RSPTOM No
SDSTS2 ILR SDIMSK2 ILRM
ILW ILWM
DTO DTTOM
ENDE ENDEM
CRCE CRCEM
CMDE CMDEM
EXWT EXWTM
SDACI SDIOSTS EXPUB52 SDIOIMSK EXPUB52M No
I0IRQ IOIRQM
SDD3IN SDD3INM
CDETI SDSTS1 SDD3RM SDIMSK1 SDD3RMM No
SDCDIN SDCDINM
SDCDRM SDCDRMM
SBFAI SDSTS2 E\IQ/EE SDDMAEN DMAEN Yes
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40.4.1 DMA Transfer Triggered by Interrupt Requests

When the SBFAI interrupt is requested, DMA/DTC transfer can be used to write to or read the SDBUFR register. When
using the SBFAI interrupt, set the SDDMAEN.DMAEN bit to 1, the SDIMSK2.BWEM bhit to 1, and SDIMSK2.BREM
bit to 1.
When the SODDMAEN.DMAEN bhit is 1, if awrite command is issued, the SDSTS2.BWE flag becomes 1; if aread
command isissued, the SDSTS2.BRE flag becomes 1. At this point, the SBFAI interrupt request is output. When the last
data of ablock istransferred (one block isthe transfer data size set in the SDSIZE.LEN[9:0] bits), the SBFAI interrupt
request is cleared, and the SDSTS2.BWE flag or the SDSTS2.BRE flag becomes 0.
The SBFALI interrupt request is also cleared by following:
e The SDRST.SDRST hitisset to 0 (SDHI software reset).
e The SDSTOP.STPhitissetto 1.
e The SDIOMD.IOABT bitissetto 1.
e The SDDMAEN.DMAEN hitissettoO.
However, if the DMAEN bit is set to 1 again before the next command iswritten to the SDCMD register, the SBFAI
interrupt request is output again.

The SBFAI interrupt request will not be cleared when a communication error or timeout occurs during DMA transfer.
Perform error processing by software.

The SDSTS2.BWE flag and BRE flag will not become 0 when a communication error or timeout occurs, nor will they
become 0 when the SDSTOP.STP bit and SDIOMD.IOABT bit are set to 1. If the SDSTS2.BWE flag or BRE flag
remain set to 1, even if awrite command or read command isissued, the SBFAI interrupt request will not be output, and
the SDSTS2.BWE flag and BRE flag must be set to 0 before issuing the next command.

Table 40.9 liststhe DMAC and DTC settings when performing DMA transfer.

Table 40.9 DMAC and DTC Settings When Performing DMA Transfer

Item Setting Description
Transfer mode Block transfer mode
Transfer data 1 data 32 bits
Block size Size set in the SDSIZE.LEN[9:0] bits divided by 4
Number of block transfers Number of transfers set in the SDBLKCNT register
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40.5 Notes on Using the SDHI

40.5.1 lllegal Read Access During a Multi-Block Read and How To Avoid It

When the multi-block read command (CMD18) isissued to read one or two blocks, if the responseto CMD18 stored in
the SDRSP10 register isread, the timing of the read access may cause the response to be read incorrectly.

Figure 40.23 shows examples of anormal read and an illegal read when using CMD18 to read two blocks.

SDHI SDHI
(hardware) operation ; Software operation (hardware) operation ; Software operation
1 CMD18 issuance : CMD18 issuance
< [] < [}
Issue CMD18 T processing Issue CMD18 T processing
(] ]
| - | ;
Receive response to n er:rup .| Read the response Receive response to | Interrupt
CMD18 ! register (CMD18) CMD18 ! X
! = | i =
Interrupt H
| Receive block data |—:—p>| Block data read 1 | | Receive block data | E E
[} ' (]
i 5 :
Receive block data | |nierrupt Receive block data ] i
+ —:—p>| Block data read 2 | + E :
Issue CMD12 ' Issue CMD12 ) H
: I '
l ! l i v
Receive response to |!nterrupt [ Read the response Receive responseto | __ | Read the response
CMD12 ' 7| register (CMD12) CMD12 ] register (?)
1 ]
Normal read lllegal read

Figure 40.23 Multi-Block Read Processing When Reading Two Blocks

In the example of theillegal read, when the interrupt is generated by receiving the response to CMD18, the timing for
reading the SDRSP10 register during the interrupt handling is delayed, and instead of the response for CM D18 being
read, the response for CMD12 or the data during the response for CMD12 may be read.
This problem can be avoided by performing either of the following:
e When reading one block or two blocks, use asingle block read command instead of a multi-block read command.
e When reading the response for CM D18, read the SDRSP54 register instead of the SDRSP10 register.

When using a multi-block read command to read three or more blocks, CMD12 will not be issued if no block datais
read, which will prevent this problem from happening. Also, when using a multi-block write command, the above
problem can be avoided by transmitting block data after reading the response to CM D25.

40.5.2 SDBUFR Register lllegal Write Error

When writing to the SDBUFR register after issuing asingle block write command or amulti-block write command, write
data for the size set by the SDSIZE.LEN[9:0] bits. If the amount of data written to the SDBUFR register is greater than
the size set by the SDSIZE.LEN[9:0] bits, anillegal write error occurs in the SDBUFR register, and the SDSTS2.1LW
flag becomes 1. However, the padding data included in the data being written to the SDBUFR register isignored, so this
error does not occur. For example, if the data size set by the SDSIZE.LEN[9:0] bitsis an odd number, of the data written
to the SDBUFR register, thereis aremainder of 1 byte or 3 bytes. Although the extra datais written to the register, no
error occurs. If the data size set by the SDSIZE.LEN[9:0] bitsis an even number, and there is aremainder of 2 bytes, no
error occurs even if these 2 bytes are written to the SDBUFR register.

If data written to the SDBUFR register is not transmitted, the SDSTS2.SDCLK CREN flag may remain set to 0. In this
case, in order to set the SDSTS2.SDCLKCREN flag to 1, the SDRST.SDRST bit must be set to 0 and then set back to 1.
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40.5.3 Automatic Control of the SDHI Clock Output

As per the SD card specifications, after MCU power-on, 74 cycles of the SDHI clock must be output from the host to the
SD card before the card initialization command (CMDO) can be issued. Therefore, 74 cycles of the SDHI clock should be
output from the SDHI to the SD card before enabling automatic control of the SDHI clock output.

When automatic control of the SDHI clock output is enabled, SDHI clock output stopsif the command sequenceis ended
by a communication error or timeout. Therefore, if it is necessary to change the internal status of the SD card even after
the command sequence ends, disable automatic control of the SDHI clock output and output the SDHI clock to the SD
card.

40.5.4 Restrictions on Setting the C52PUB Bit During a Multi-Block Write Sequence

During a CM D53 multi-block write sequence, if the SDIOMD.C52PUB bit is set to 1, the SDHI issues CM D52 after the
SD buffer becomes empty. To immediately issue CM D52, perform one of the procedures below to suspend writing to the
SD buffer, and set the C52PUB bit to 1.

Procedure to suspend writing to the SD buffer when not performing DMA transfer (interrupt used)

1. Setthe SDIMSK2.BWEM bit to 1 to disable the interrupt, and suspend writing to the SDBUFR register.

2. Set the SDIOMD.C52PUB hit to 1. Then, when the SD buffer becomes empty, the SDHI issues CMD52.

3. After receiving the response for CMD52, set the SDIMSK2.BWEM bit to 0 to enable the interrupt, and resume
writing to the SDBUFR register.

Procedure to suspend writing to the SD buffer when performing DMA transfer

1. Configure settingsto perform DMA transfer every [SDSIZE register setting value x n blocks], and suspend writing
to the SDBUFR register before setting the SDIOMD.C52PUB hit (n=1, 2, ...).

2. Setthe SDIOMD.C52PUB bit to 1. Then, when the SD buffer becomes empty, the SDHI issues CMD52.

3. After receiving the response for CMD52, resume DMA transfer to the SDBUFR register.

40.5.5 Note on Setting the SDCLKCR Register

The SDCLKCR register cannot be written when the SDSTS2.SDCLKCREN flag is 0. Set the SDSTS2.SDCLKCREN
flag to 1 before writing to the SDCLKCR register.

40.5.6  Writing to the SDSTOP Register During a Multi-Block Read Sequence

When the SDSTOP.SDBLKCNTEN bit is 1 during a multi-block read sequence, if the SDSTOP.STP hitisset to 1 and
the command sequence is stopped, the command sequence may not be completed depending on when the SDSTOP.STP
bit is set to 1. To avoid this problem, set the SDSTOP.STP bit and the SDSTOP.SDBLKCNTEN hit to 0 simultaneously.
Note that at this time, the SDSTOP.SDBLKCNTEN bit should be set to 0 even if the SDSTS2.SDCLKCREN bit is 0.

If the SDSTOP.SDBLKCNTEN bit is not set to 0, the command sequence can be completed by setting the
SDRST.SDRST hit to 0.

During a CMD53 multi-block transfer, when stopping data transfer by setting the SDIOMD.IOABT bhit to 1, the
SDSTOP.SDBLKCNTEN bit should remain set to 1.

40.5.7  Controlling Module Operation

SDHI operation is controlled by setting the MSTPCRD.MSTPD19 bit. Setting the MSTPD19 bit to O enables the SDHI;
setting the MSTPD19 bit to 1 disablesthe SDHI. The SDHI is disabled after areset. Registersin the SDHI can be
accessed by setting the MSTPD19 bit to 0. Refer to section 11, Low Power Consumption for details.
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41. Bluetooth Low Energy (BLE)

This MCU has a Bluetooth Low Energy (BLE), which consists of an RF transceiver compliant with Bluetooth 5.0 Low
Energy (single mode), alink layer, and an RF transceiver power-supply.
The BLE is controlled by a Bluetooth middleware available from Renesas Electronics Corporation.

41.1 Overview

Table 41.1 lists the Specifications of the BLE. Figure 41.1 isaBLE Block Diagram.

Table 41.1 Specifications of the BLE
Item Description
Features o RF transceiver compliant with the Bluetooth 5.0 Low Energy specification and a link layer

e An on-chip matching circuit allows reducing the number of external parts
e On-chip BLE-dedicated high-precision low-speed oscillator (32.768 kHz)
e Transmission power is selectable as 0 dBm or +4 dBm.
e The minimum receiving sensitivity is selectable from among —105 dBm (125 kbps), =100 dBm (500 kbps),

—95 dBm (1 Mbps), or —92 dBm (2 Mbps).

Bluetooth 5.0 Classification

Function

Remark

functions Device Address

Public or random address

The address can be set as a desired address.

Advertising

Extended or periodic

Multiple advertising

Maximum number of sets: 4

Advertising or Scan Response
Data

Maximum data length = 1650 bytes

Scanning

Passive, active, or periodic

Number of units for concurrent synchronization
with periodic advertising = 2

Whitelist or periodic advertiser
list

Number of units registered in the whitelist: 4
Number of units registered in the periodic
advertiser list: 4

Master or slave

Data transmission or reception

Maximum payload length = 251 bytes
MoreData function is supported.
Master/slave multi-role function is supported.

Other

Bit rates

125 kbps, 500 kbps, 1 Mbps, 2 Mbps
Bit-rate combinations for transmission and
reception can be set as desired.

Frequency hopping

Channel Selection Algorithm #2

Encryption circuit for Bluetooth

On-chip Bluetooth-dedicated AES-CCM (128
bits) circuit

Other functions

for the 83-pin LGA product.)

RF transceiver power-supply (DC-to-DC converter, and linear regulator) (Only the linear regulator is available

Other features

e Small PCB trace antenna
¢ Bluetooth-dedicated clock oscillator
» Certified as compliant with radio-related laws (technical standards, FCC, ISED, and CE)

In addition to the functions listed above, the 83-pin LGA product also has the following features.
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Figure 41.1

BLE Block Diagram

Table 41.2 liststhe BLE 1/O Pins.

Table 41.2 BLE I/O Pins

Pin name I/0 Description

ANT 1/0 RF single 1/0O pin for RF transceiver
Set the impedance of the signal line to 50 Q.

DCLOUT Output Output pin for the RF transceiver power-supply

DCLIN_A, Input If the DC-to-DC converter is to be selected as the power supply for the RF transceiver, connect

DCLIN_D an inductor and capacitor between the DCLOUT pin and the converter.
If the linear regulator is to be selected as the power supply for the RF transceiver, connect a
capacitor between the DCLOUT pin and the converter.

VCC_RF Input RF transceiver power-supply pin

AVCC_RF Input RF transceiver power-supply pin

VSS_RF Input RF transceiver ground pin
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Figure 41.2 shows an example of the external connection circuit for the 83-pin LGA version of thisMCU.

This MCU (83-pin LGA)

T+ INT_ANT
+—— ANT

[+—— DCLOUT

14 DCLIN_D
T— DCLIN_A

1+—— XTAL2_RF

T+— XTAL1_RF

Figure 41.2 Example of the External Connection Circuit (83-Pin LGA)
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Table 41.3 lists the Bluetooth Low Energy functions that this MCU supports. The use of these functions requires the
Bluetooth middleware.

Table 41.3 List of Supported Bluetooth Low Energy Functions

Function Bluetooth® core spec
Low Energy Controller (PHY and LL) v4.0
Low Energy Host (L2CAP and Security Manager)

Attribute Protocol and Generic Attribute Profile

Appearance Data Type v4.1

Low Duty Cycle Directed Advertising
32-bit UUID Support in LE
LE L2CAP Connection Oriented Channel Support

LE Link Layer Topology
LE Ping
LE Data Packet Length Extension v4.2

LE Secure Connections

Link Layer Privacy

Link Layer Extended Filter Policies
LE 2M PHY v5.0
LE Coded PHY

High Duty Cycle Non-Connectable Advertising

LE Advertising Extensions
LE Channel Selection Algorithm #2
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41.2 Operation

41.2.1 State Transitions
Figure 41.3 isthe State Transition Diagram of the BLE.

RF power-
down mode

RF sleep
mode

Receive
mode

Transmit
mode

Figure 41.3 State Transition Diagram of the BLE

RF Power-Down Mode
The RF power-down mode is the initial mode of the BLE after release from the reset state.
Power is supplied to the MCU, but not to the RF transceiver.

Waiting Mode

In waiting mode, the BLE waits until the transmission or reception of data or atransition to sleep mode is requested.

RF Sleep Mode

The RF sleep mode is alow-power operating mode and the power supply, except to part of the link-layer circuit, is

stopped.

Transmit Mode
The transmit mode is for the transmission of data.
The mode shifts to waiting mode after the data have been transmitted.

Receive Mode
The receive mode is for the reception of data.
The mode shifts to waiting mode after the data have been received.
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41.3 Interrupts

Table 41.4 shows the interrupt sources.

The Bluetooth middleware executes processing in response to these interrupts.

Do not set the ICU.IERm.IEN] bits for these interrupts to 0.

Table 41.4 BLE Interrupt Sources

Name DTC Activation DMAC Activation
BLEIRQ Not possible Not possible
ERI Not possible Not possible
RXI Possible Possible
TXI Possible Possible
TEI Not possible Not possible
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41.4 Certificates of Compliance

4141 Radio-Related Laws
The 83-pin LGA version of this MCU complies with the radio laws listed below.
" Japan: Certificate of construction type

Model number certification number *1
R5F523WSCDLN & [006-000937
R5F523WE8DDLN @ RI006-000940

s North America: FCC (FCC ID: 2AEMXRX23W8DLN), ISED (IC ID: 20194-RX23W8DLN)*1

s Europe: CE (RE)*2

Note 1. This device is too small to allow indication of the construction type certificate number, FCC ID, or ISED ID on its
package.

Note 2. This is based on testing of the radio operation for compliance with the EU Radio Equipment Directive. The user
will need to test end products for compliance before affixing the CE mark to them.

41.4.2 Bluetooth SIG Certification

QDID: T.B.D.

Name: Renesas Bluetooth low energy Module

Model number: R5SF523W8CDLN/R5F523W8DDLN
Product type: End product

41.4.3 Labeling and Information RX23W Users Should Provide to End Users of Their Products
Note the following statements when incorporating the 83-pin LGA products into the end products.

This module should be installed in the host product according the installation manual.

The following statements must be described on the user manual of host device of this module;

Note to users in the United States of America
Caution:

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority
to operate the equipment.

Declaration of Conformity

This device complies with part 15 of FCC Rules. Operation is subject to the following two conditions: (1) this device
may not cause harmful interference, and (2) this device must accept any interference received, including interference that
may cause undesired operation.

Note to users

The following items must be followed when using this certification module:

List of applicable FCC rules
This module has been tested for compliance to FCC Part 15

Summarize the specific operational use conditions
The moduleis installed in end productformobile RF exposure use condition. Any other usage conditions such as co-
location with other transmitter(s) or being used in a portable condition will need a separate reassessment through a
class II permissive change application or new certification.

Limited module procedures
Any other usage conditions such as co location with other transmitter(s) will need a separate reassessment through a
class II permissive change applica tion or new certification.

Trace antenna designs
It is strictly forbidden to use antenna except designated.
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RF exposure considerations
This equipment complies with FCC mobile radiation exposure limits set forth for an uncontrolled environment. This
equipment should be installed and operated with a minimum distance of 20cm between the radiator & your body. If the
module is installed in a portable host, a separate SAR evaluation is required to confirm compliance with relevant FCC
portable RF exposure rules.

Antennas
The antenna of this module is PCB type.
This module is certified only with the antenna on the board. No other antenna can be used.

Label and compliance information
The final end product must be labeled in a visible area with the following: “Contains FCC ID:
2AEMXRX23W8DLN”. The grantee's FCC ID can be used only when all FCC compliance requirements are met.

Information on test modes and additional testing requirements
This transmitter isinstalled in end product formobile RF exposure condition and any co-located or simultaneous
transmission with other transmitter(s) use will require a separate class Il permissive change re-evaluation or new
certification.

Additional testing, Part 15 Subpart B disclaimer
This transmitter module is tested as a subsystem and its certification does not cover the FCC Part 15 Subpart B
(unintentional radiator) rule requirement applicable to the final host. The final host will still need to be reassessed for
compliance to this portion of rule requirements if applicable.

Note to users in the United States of America and Canada
Note to users

It is strictly forbidden to use antenna except designated.
This equipment must not be co-located or operated in conjunction with any other antenna or transmitter.

[For mobile equipment]

This equipment complies with FCC/IC radiation exposure limits set forth for an uncontrolled environment and meets the
FCC radio frequency (RF) Exposure Guidelines and RSS-102 of the IC radio frequency (RF) Exposure rules. This
equipment has very low levels of RF energy that is deemed to comply without maximum permissive exposure evaluation
(MPE).

Note to users in Canada

Cet équipement est conforme aux limites d’exposition aux rayonnements énoncées pour un environnement non controlé
et respecte les régles les radioélectriques (RF) de la FCC lignes directrices d'exposition et d’exposition aux fréquences
radioélectriques (RF) CNR-102 de I’IC. Cet équipement émet une énergie RF trés faible qui est considérée comme
conforme sans évaluation de I’exposition maximale autorisée (MPE).

[For portable equipment]

This equipment complies with FCC/IC radiation exposure limits set forth for an uncontrolled environment and meets the
FCC radio frequency (RF) Exposure Guidelines and RSS-102 of the IC radio frequency (RF) Exposure rules. This
equipment has very low levels of RF energy that is deemed to comply without testing of specific absorption rate (SAR).

Note to users in Canada

Cet équipement est conforme aux limites d’exposition aux rayonnements énoncées pour un environnement non controlé
et respecte les régles les radioélectriques (RF) de la FCC lignes directrices d'exposition et d’exposition aux fréquences
radioélectriques (RF) CNR-102 de I’IC. Cet équipement émet une énergie RF tres faible qui est considérée comme
conforme sans évaluation du débit d’absorption spécifique (DAS).

Note to users in Canada

This device complies with Industry Canada’s licence-exempt RSSs. Operation is subject to the following two conditions:
(1) this device may not cause interference; and (2) this device must accept any interference, including interference that
may cause undesired operation of the device.
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Remarque concermant les utilisateurs au Canada

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence.
L'exploitation est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2)
l'utilisateur de 1'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en
compromettre le fonctionnement.

The following information must be indicated on the host device of this module;

[for FCC]

Contains Transmitter Module FCC ID: 2AEMXRX23W8DLN.

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) this device
may not cause harmful interference, and (2) this device must accept any interference received, including interference that
may cause undesired operation.

[for ISED]

Contains IC: 20194-RX23WS8DLN
European Community Compliance Statement
Note:

Hereby, Renesas Electronics Corporation, declares that this RSF523W8xDLN is in compliance with the essential This

RE Directive
requirements and other relevant provisions of Directive 2014/53/EU.

C¢€
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415 Usage Notes

415.1 RF Transceiver Power-Supply

In the case of the 85-pin BGA and 56-pin QFN products, the RF transceiver power supply is selectable as either the DC-
to-DC converter or linear regulator. Only the linear regulator is available for the 83-pin LGA product.

Figure 41.4 shows an example of the externally connected circuit for BLE when the DC-to-DC converter is selected
(only available for the 85-pin BGA and 56-pin QFN products). Figure 41.5 and Figure 41.6 respectively show
examples of the externally connected circuit for BLE when the linear regulator is selected for an 85-pin BGA or 56-pin
QFN product and for an 83-pin LGA product.

This MCU

:i: DCLIN_D
» DCLIN_A

) ’_-;'- 2.2 uF
RF transceiver Lo™
power-supply
10 pH
DC-to-DC
converter -
DCLOUT

Note 1. Including wiring for the inductor LO is recommended to reduce the noise of the DC-to-DC
converter when designing the basic board.
Details are explained in the guidelines for designing Bluetooth boards (RO1AN4534EJ).
Obtain the latest version of this document from the Renesas website.

Figure 41.4 Example of the BLE Externally Connected Circuit When the DC-to-DC Converter is Selected (85-
pin BGA, 56-pin QFN)

This MCU

E: DCLIN_D
} DCLIN_A

RF transceiver L o47pF
power-supply h
Linear
regulator — L
DCLOUT

Figure 41.5 Example of the BLE Externally Connected Circuit When the Linear Regulator is Selected (85-pin
BGA, 56-pin QFN)
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This MCU

:E: DCLIN_D
» DCLIN_A
RF transceiver
power-supply

Linear
regulator

—
DCLOUT

Figure 41.6 Example of the BLE Externally Connected Circuit (83-pin LGA)

Do not connect other pins or external circuitsto the 1/0 pins (DCLOUT, DCLIN_D, or DCLIN_A) of the RF transceiver
power-supply whether the DC to DC converter or linear regulator is selected.

4152 Wireless Standards

International standards and domestic regulations stipulate the use of wireless receivers and transmitters.
Use the device in compliance with the standards or regulations of the country in which the device is being used.

Main standards applicable to the 2.4 GHz band:
e Japan: ARIB STD-T66
e U.SA. FCC CFR Title 47 parts 15.247 and 15.249
e Europe: EN 300 328

41.5.3 Notes on Board Design

The applicability of the notes on board design differs with the wireless standard to be employed.
Notes on board design are explained in more detail in the guidelines for designing Bluetooth boards (ROLAN4534).
Obtain the latest version of this document from the Renesas website.
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42. Trusted Secure IP (TSIP-Lite)

This MCU incorporates a Trusted Secure IP Lite (TSIP-Lite) module to provide security functions. The module consists
of an access management circuit, encryption engine, and random number generator. In combination with the TSIP-Lite
library, the TSIP-Lite can prevent eavesdropping (confidentiality), falsification of information (integrity), and
impersonation (authenticity).

Key information to be used in encrypting and decrypting datais only stored within the TSIP-Lite, and any external
access can be shut out to obtain a system with strong security.

42.1 Overview
Table 42.1 summarizes the specifications of the TSIP-Lite. Figure 42.1 shows ablock diagram of the TSIP-Lite.

Table 42.1 Specifications of TSIP-Lite

Item Description

Access control Access management circuit
¢ In case of irregular access to the TSIP-Lite due to a falsified program or runaway execution of a program,
this circuit blocks all subsequent access and stops the output of data from the TSIP-Lite.

Encryption engine AES: Compliant with NIST FIPS PUB 197 algorithm
o Key sizes: 128 or 256 bits
¢ Block sizes: 128 bits
¢ Block cipher mode of operation
ECB, CBC, CTR: Compliant with NIST SP 800-38A
CMAC: Compliant with NIST SP 800-38B
CCM: Compliant with NIST SP 800-38C
GCM: Compliant with NIST SP 800-38D
XTS: Compliant with NIST SP 800-38E
GCTR
e Number of cycles for execution*!
ECB, CBC, CTR, CMAC, GCTR, XTS:
44 cycles of PCLKB for 128-bit keys, 61 cycles of PCLKB for 256-bit keys
CCM:
88 cycles of PCLKB for 128-bit keys
AES-GCM
e AES-GCM is realized by combining AES-GCTR and GHASH.

Key management

e Keys are only valid within the TSIP-Lite.

¢ Only key generation information is output from the TSIP-Lite.

o Keys can be regenerated by the input of key generation information to the TSIP-Lite.
Endian

e Big or little

Generation of random 32-bit true random number generator

numbers e The TSIP-Lite library can assemble 32-bit true random numbers to generate 128- or 256-bit true random
numbers.

¢ The generated 128-bit and 256-bit true random numbers are used as keys in encrypting and decrypting
data.

Protection against illicit | ¢ An ID unique to the MCU (unique ID) is accessible from the access management circuit through the

key copying dedicated bus.

e Combining the unique ID with the key generation information prevents the illicit copying of the key to
another MCU.

Supervisor mode e The supervisor mode signal is connected to the access management circuit and is used to limit control of
the TSIP-Lite module to supervisor mode only.
Interrupt sources Three
These can be used as triggers for data transfer by the DMAC or DTC.
Low power Setting of the module stop state is possible.
consumption

Note 1. This does not include the overhead for calling functions of the TSIP-Lite library.
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M TSIP-Lite
Random number generator
g L
cf; § Encryption engine
5 I = Access L3
= - Management AES
g 9 Circuit (128 hits/256 bits)
B @ N
c
8 <
=
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! .--:> GHASH
B
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N
Supervisor mode signal — Unique ID
Figure 42.1 TSIP-Lite Block Diagram
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42.2  Operation

42.2.1 Operating Modes and State Transitions

Figure 42.2 shows the state transitions of the TSIP-Lite.

Use of the TSIP-Lite security functionsis only possible through use of the TSIP-Lite library provided by Renesas
Electronics, in accordance with the state transitions as shown in the figure bel ow.

When irregular access to the TSIP-Lite (access that violates the defined procedure) dueto afasified program or a
program entering runaway execution, etc. is attempted, the access management circuit does not accept any subsequent
access and stops the output of any data from the TSIP-Lite.

Reset

TSIP-Lite disabled mode

Software standby mode

)\ 4

TSIP-Lite enabled mode

Self-diagnosis mode

Irregular access detected
state

Random number generator
entropy estimation mode

A 4

Encryption engine
active mode

Figure 42.2 TSIP-Lite Operating Modes and State Transitions

Many of the security functions that the TSIP-Lite offers are applicable only in the encryption engine active mode. The
operations that can be performed in this mode are given below.

(1) Key Installation

(2) Encryption and decryption

(3) Key generation

(4) Random number generation
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42.2.2 Encryption Engine

Figure 42.3 shows processes of the encryption engine integrated in the TSIP-Lite.

The encryption engine, using the key generation information, performs plaintext to ciphertext encryption and ciphertext
to plaintext decryption by hardware.

In no part of the encryption or decryption process, is key data or intermediate data ever exposed outside of the TSIP-Lite.

Encryption
TSIP-Lite
Plaintext
>
< Access | Encryption
Ciphertext management ;
SOE engine
circuit
Key generation information >
Decryption
TSIP-Lite
Ciphertext
>
< Access | Encryption
Plaintext management !
SOE engine
circuit
Key generation information R
Figure 42.3 Encryption and Decryption processes by Encryption Engine
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42.2.3 Key Installation

Thekey installation is the operation that safely converts the user key to the key generation information and storesit in

flash memory. The procedure for installing the key data are given below.

(1) The user usesthe key (Key-2) used for encrypting the user key to encrypt the user key (Key-1) producing eKey-1.

(2) The user sends the encrypted user key (eKey-1) to the TSIP-Lite over the seria interface.

(3) Thekey generation information of the Key-2 (Index-2) contained in the TSIP-Lite library is used to recover the
Key-2, which isthen used to decrypt the user key.

(4) Theuser key is converted to user key generation information (Index-1) using the unique ID and arandom numbey,
and stored in flash memory.

The installation process and flow chart are given in Figure 42.4 and Figure 42.5, respectively.

Once the key dataisinstalled, the user key generation information (Index-1) can then be used to perform encryption or
decryption.

v N
o e %
<

Key-1

Flash TSIP-Lite

Encryption engine

TSIP-Lite ) T
| a o
Key-2

o
E Key-1 ey-
Q||
_ amibini R
(5]
g Key-2
H
ﬁ Key-1:  User key
Unique 1D § Key-2:  Key used for encrypting the user key
eKey-1: User key encrypted with Key-2
|| | Random number generator | Index-1: Key-1 key generation information
Index-2: Key-2 key generation information
Figure 42.4 Key Installation Process
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START
in encryption engine active mode

A 4

Input the encrypted user key

A 4

Decrypt the user key

A 4
Convert to user key generation TSIP-Lite library uses the unique ID and
information a random number

\ 4
Output user key generation
information

A 4

END
in TSIP-Lite enabled mode

Figure 42.5 Key Installation Flow Chart

42.2.4 Encryption and Decryption

The procedures for encrypting and decrypting data are given below.

(1) Input the key generation information into the TSIP-Lite, and recover the key data.

(2) Input the datato encrypt or decrypt into the TSIP-Lite. This converts plaintext into ciphertext, and ciphertext into
plaintext.

(3) Read the converted data.

The encryption engine has an input buffer and an output buffer, enabling encryption/decryption to proceed in parallel
with datainput/output.

Figure 42.6, Figure 42.7, and Figure 42.8 show the timing diagram, encryption flow, and decryption flow,
respectively.

Block-1 Block-2 Block-1 Block-3
(32 bits x 4) (32 bits x 4) (32 bits x 4) (32 bits x 4)
| | I Y N e N
nternal
peripheral bus|W1|W1|W1|W1|W2|W2|W2|W2| --------------- | R1 | R1 | R1 | R1 |W3|W3|W3|Wj| -------------
Input buffer X w1l X W2 / X W3
Output buffer X R1 X R2
State of the T Encryption |¢v Encryption r T i
encryption engine P yp Encryption
N ~ J
44 cycles or 60 cycles
Figure 42.6 Encryption and Decryption Timing Diagram
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START
in encryption engine active mode

A

Input the key generation information

A

Checking the integrity of the key TSIP-Lite library uses the unique ID
generation information

Setting the key

Only when input of an initialization vector

Input of the initialization vector . .
is required

Input the plaintext

A

Encryption of the data

A

Output the encrypted data

A
END
in TSIP-Lite enabled mode

Figure 42.7 Encryption Flow Chart
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START
in encryption engine active mode

Input the key generation information

Checking the integrity of the key
generation information
Setting the key

TSIP-Lite library uses the unique ID

A

Only when input of an initialization vector

Input of the initialization vector . .
is required

Input the ciphertext

Decryption of the data

Output the decrypted data

END
in TSIP-Lite enabled mode

Figure 42.8 Decryption Flow Chart
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42.2.5 Generating Key Generation Information (by Using Random Numbers)

Figure 42.9 shows the generating flow for the key generation information by using random numbers.

START
in encryption engine active mode

Generation of random number

information

Output the key generation information

END
in TSIP-Lite enabled mode

Generation of key generation TSIP-Lite library uses the unique 1D

Figure 42.9 Key Generation Information Generating Flow Chart (Using Random Numbers)

42.2.6 Random Number Generation

Figure 42.10 shows the random number generation flow.

START
in encryption engine active mode

Generation of the random number

Output the random number

END
in TSIP-Lite enabled mode

Figure 42.10 Random Number Generation Flow Chart
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42.3 Interrupt

Table 42.2 lists the interrupt sources.
TSIP-Litelibrary uses interrupts caused by these interrupt sources. Do not set the ICU.IERm.IEN;j bits corresponding to
these interrupt sourcesto 0.

Table 42.2 TSIP-Lite Interrupt Sources

Name Interrupt Source DTC Triggerable DMAC Triggerable
RD Data read ready Yes Yes
WR Data write ready Yes Yes
Error lllegal access detected No No

42.4 Usage Notes
42.4.1 Standby Mode

When standby mode is entered while the encryption engine isin processing, proper processing cannot be resumed after
standby modeis exited. Standby mode should therefore be entered only after first entering TSIP-Lite disabled mode or
TSIP-Lite enabled mode.

42.4.2 Setting the Module Stop Function

The module stop control register D (MSTPCRD) enables or disables operation of the TSIP-Lite. After areset, the TSIP-
Liteis stopped. After exiting the module stop state, the TSIP-Lite can be accessed. Refer to section 11, Low Power
Consumption for details.

42.4.3 TSIP-Lite Library

Use of the TSIP-Lite requires the TSIP-Lite library provided by Renesas Electronics. Please contact our sales office for
information regarding the TSIP-Lite library.
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43. Capacitive Touch Sensing Unit (CTSU)

The capacitive touch sensing unit (CTSU) measures the electrostatic capacitance of the touch sensor. Changesin the
electrostatic capacitance are determined by software, which enables the CTSU to detect whether afinger isin contact
with the touch sensor. The electrode surface of the touch sensor is usually enclosed with adielectric so that afinger does
not come into contact with the electrode.

Asshown in Figure 43.1, electrostatic capacitance (parasitic capacitance) exists between the electrode and the
surrounding conductors. Because the human body is an electrical conductor, when afinger is placed close to the
electrode, the value of electrostatic capacitance increases.

Circuit board pattern Circuit board pattern
Touch NV Touch \‘\~</ o
electrode 7"\ electrode /> Inger
MCU |::> MCU
/’ NS // /’ N //
SY /y‘ SV /y'<
NN 7 \ NN VAERN
/N Ny /N AN
/ \ / \
/ /
Ground (earth Ground (earth
Metal enclosure ( ) Metal enclosure ( )

Figure 43.1 Increased Electrostatic Capacitance Due to Presence of Finger

Electrostatic capacitance is detected by the following methods: Self-capacitance and mutual capacitance.

In the self-capacitance method, the CTSU detects el ectrostatic capacitance generated between afinger and asingle
electrode. In the mutual capacitance method, two electrodes are used as a transmit el ectrode and a receive electrode, and
the CTSU detects the change in the electrostatic capacitance generated between the two when afinger is placed close to
them.

Self-capacitance method Mutual capacitance method
Dielectric — s @ ________ ® )

! A e AL 7K N

(panel) N { L [N ; _ 4 N

Electrode ——] [ | ] |
board —> |/ % % 1 mcu
(transmission)

Touch electrode MCU o

Figure 43.2 Self-Capacitance Method and Mutual Capacitance Method

Electrostatic capacitance is measured by counting a clock signal whose frequency changes according to the amount of
charged/discharged current, for a specified period.

For details on the measurement principles of the CTSU, refer to section 43.3.1, Principles of Measurement
Operation.

In this section, “PCLK" is used to refer to PCLKB.
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43.1

Overview

Table 43.1 lists the specifications of the CTSU, and Figure 43.3 shows a block diagram of the CTSU.

Table 43.1

CTSU Specifications

Item

Description

Operating clock

PCLK, PCLK/2, or PCLK/4

Pins TS2,TS3, TS4, TS7, TS8, TS12, Electrostatic capacitance measurement pins (12 channels)

TS13, TS22, TS23, TS27, TS30,

TS35

TSCAP LPF (low-pass filter) connection pin
Measurement Self-capacitance single scan Electrostatic capacitance on a channel is measured by the self-capacitance
modes mode method.

Self-capacitance multi-scan mode

Electrostatic capacitance on multiple channels is measured successively by the

self-capacitance method.

Mutual capacitance full scan
mode

Electrostatic capacitance on multiple channels is measured successively by

mutual capacitance.

Noise preventio

n

Synchronous noise prevention, high-pass noise prevention

Measurement start conditions

¢ Software trigger

e External trigger (event input from the event link controller (ELC))

Asshown in Figure 43.3, the CTSU consists of the status control block, trigger control block, clock control block,
channel control block, port control block, sensor drive pulse generator, measurement block, interrupt block, and control

registers.

Event input from event link

_ Trigger
controller (ELC) control block

Capacitive touch sensing unit (CTSU)

Count
source

1/0 block

Data bus

Status

control

PCLK =  Clock
PCLK/2 ——| control
PCLK/4 ——»  block
System control block
CTSUWR interrupt request
e CTSURD interrupt request Ime"upt
pLred block
CTSUFN
interrupt request

Il

hd

C

Control registers

( Towchlo__ )\ TSm
- ~
Port Port control
Channel control » port
ontrol block block
control
) ~—
> Sensor drive Sensor drive pulse
pulse generator Diffusion clock X )
Operation enable H/M
Offset control ((Diffusion clock ) [ power
( Power supply ) supply
control
Measurement block
|| (counter measurement) TSCAP Il0 TSCAP
+ CTSUSC counter ( Reference IcO ) i \ )
« CTSURC counter +0 : O
Sensor ICO clock . }
Reference ICO clock LPF
5'/7

ICO: Current-Controlled Oscillator ——

Figure 43.3 CTSU Block Diagram (m =2, 3,4, 7, 8, 12, 13, 22, 23, 27, 30, 35)
Table 43.2 CTSU Pin Configuration

Pin Name 1/0 Function

TS2,TS3,TS4,TS7,TS8, TS12, 1/O Electrostatic capacitive measurement pins (touch pins)

TS13, TS22, TS23, TS27, TS30,

TS35

TSCAP — LPF connection pin
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43.2 Register Descriptions
43.2.1 CTSU Control Register 0 (CTSUCRO)

Address(es): CTSU.CTSUCRO 000A 0900h

b7 b6 b5 b4 b3 b2 bl b0

CTSUI | CTSUI |[CTSUS|CTSUC|CTSUS
NIT ocC Nz AP TRT

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CTSUSTRT CTSU Measurement Operation Start ~ 0: Measurement operation stops R/W
1: Measurement operation starts
bl CTSUCAP CTSU Measurement Operation Start  0: Software trigger R/W
Trigger Select 1: External trigger
b2 CTSUSNZ CTSU Wait State Power-Saving 0: Power-saving function during wait state is disabled R/W
Enable 1: Power-saving function during wait state is enabled
b3 CTSUIOC CTSU Transmit Pin Control 0: The TS pins are driven low R/W
1: The TS pins are driven high
b4 CTSUINIT CTSU Control Block Initialization Writing 1 to this bit initializes the CTSU control block ~ R/W

and registers*1. This bit is read as 0.

b7tob5 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. The CTSUSC, CTSURC, CTSUMCHO, CTSUMCH1, and CTSUST registers are initialized.

The CTSUCAP and CTSUSNZ bits should be set when the CTSUSTRT bit is0. These bits can be set at the sametime as
starting measurement operation.

CTSUSTRT Bit (CTSU Measurement Operation Start)

This bit specifies whether CTSU operation starts or stops.

When the CTSUCAP bit is O (software trigger), measurement is started by writing 1 to the CTSUSTRT bit, and the
CTSUSTRT bit becomes 0 when measurement is finished.

When the CTSUCAP bit is 1 (external trigger), the CTSU waits for an external trigger by writing 1 to the CTSUSTRT
bit, and measurement is started at the rising edge of the external trigger. When measurement is finished, the CTSU waits
for the next external trigger and operation is continued.

Table 43.3 liststhe CTSU states.

Table 43.3 CTSU States

CTSUSTRT Bit CTSUCAP Bit CTSU State

0 0 Stopped

0 1 Stopped

1 0 During measurement

1 1 During measurement/wait for an external trigger*!

Note 1. The state can be read from the CTSUST.CTSUSTC[2:0] flags.
During measurement: CTSUST.CTSUSTC[2:0] flags # 000b
Wait for an external trigger: CTSUST.CTSUSTCJ2:0] flags = 000b

If the CTSUSTRT bhit is set to 1 when the CTSUSTRT bit is 1, writing isignored and operation is continued.
Toforcibly stop operation (forced stop) when the CTSUSTRT hit is 1, set the CTSUSTRT bit to 0 and the CTSUINIT bit
to 1 simultaneoudly.
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CTSUCAP Bit (CTSU Measurement Operation Start Trigger Select)
This bit specifies the measurement start condition. For details, see the description of the CTSUSTRT bit.

CTSUSNZ Bit (CTSU Wait State Power-Saving Enable)

This bit enables or disables power-saving operation during await state. This bit can also be used to suspend the CTSU
power supply, which decreases power consumption during the wait state.

In the suspended state, the CTSU power supply is turned off while the external TSCAP s till charged after the CTSU
power supply has been turned on and the TSCAP has been charged.

Table 43.4 CTSU Power Supply State Control

CTSUCR1.CTSUPON Bit CTSUSNZ Bit CTSUCAP Bit CTSUSTRT Bit CTSU Power Supply State
0 0 0 0 Stopped

1 0 — — Operating

1 1 0 0 Suspended

Note:  Settings other than the above are prohibited.

To start measurement from the suspended state, set the CTSUSNZ bit to 0 and wait for 16 ps before setting the
CTSUSTRT bit to 1. To set the suspended state after measurement is finished, set the CTSUSNZ hit to 1.

CTSUIOC Bit (CTSU Transmit Pin Control)
Thisbit selectsthe logic level of the TS pin when the CTSUERRS.CTSUTSOD hit isset to 1.
Thisbit setting is ignored when the CTSUTSOD bit is 0.

CTSUINIT Bit (CTSU Control Block Initialization)

Theinternal control registers can be initialized by writing 1 to this bit. To forcibly stop the current operation, set the
CTSUSTRT hit to 0 and the CTSUINIT bit to 1 simultaneously. In this case, the operation is stopped and the internal
control registers are initialized.

Do not write 1 to the CTSUINIT bit at the same time as setting the CTSUSTRT bit to 1 (CTSU operation starts).
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43.2.2 CTSU Control Register 1 (CTSUCR1)

Address(es): CTSU.CTSUCR1 000A 0901h

b7 b6 b5 b4 b3 b2 bl bo
CTSUMDI1:0] | CTSUCLK[1:0] | CTSUA|CTSUA [CTSUC|CTSUP
TUNEL|TUNEO| SW | ON

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CTSUPON CTSU Power Supply Enable 0: Powered off R/W
1: Powered on
bl CTSUCSW CTSU LPF Capacitance Charging 0: Capacitance switch turned off R/W
Control 1: Capacitance switch turned on
b2 CTSUATUNEO CTSU Power Supply Operating Mode VCC =224V RIW
Setting 0: Normal operating mode
1: Low-voltage operating mode
VCC <24V

0: Setting prohibited
1: Low-voltage operating mode

b3 CTSUATUNEL1L CTSU Power Supply Capacity 0: Normal output R/W
Adjustment 1: High-current output

b5, b4 CTSUCLK]J1:0] CTSU Operating Clock Select b

a
IS

b. R/W
0: PCLK

1: PCLK/2 (PCLK divided by 2)
0: PCLK/4 (PCLK divided by 4)
1: Setting prohibited
b
0: Self-capacitance single scan mode
1: Self-capacitance multi-scan mode

0: Setting prohibited

1: Mutual capacitance full scan mode

0
0
1
1

J
o

b7, b6 CTSUMDI1:0] CTSU Measurement Mode Select b R/W

0
0
1
1

The CTSUCRL1 register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUPON Bit (CTSU Power Supply Enable)
This bit controls power supply to the CTSU. Set the CTSUPON and CTSUCSW hits to the same value at the sametime.

CTSUCSW Bit (CTSU LPF Capacitance Charging Control)

This bit controls charging of the LPF capacitor connected to the TSCAP pin (turning on/off of the capacitance switch).
After the capacitance switch isturned on, wait until the capacitance connected to the TSCAP pin is charged for the
specified time before starting measurement (CTSUCRO.CTSUSTRT = 1). Prior to measurement, use an /O port to
output alow level to the TSCAP pin, and discharge the L PF capacitance that has been already charged. Set the
CTSUPON and CTSUCSW bits to the same value at the same time.

CTSUATUNEDO Bit (CTSU Power Supply Operating Mode Setting)

This bit sets the power supply operating mode. Set this bit according to the lower limit of the VCC for operating the
CTSU. As an example, when performing touch measurement in a system (the VCC voltage rangeis 2 to 3 V) where the
V CC varies depending on battery operation, set this bit to 1 regardless of the initial VCC voltage.

CTSUATUNEL1 Bit (CTSU Power Supply Capacity Adjustment)
This bit sets the capacity of the CTSU power supply. Normally, the value of this bit should be set to 0.
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CTSUCLK]J1:0] Bits (CTSU Operating Clock Select)
These bits select the operating clock.

CTSUMDI[1:0] Bits (CTSU Measurement Mode Select)
These bits set the measurement mode. For details, refer to section 43.3.2, Measurement Modes.

43.2.3 CTSU Synchronous Noise Reduction Setting Register (CTSUSDPRS)

Address(es): CTSU.CTSUSDPRS 000A 0902h

b7 b6 b5 b4 b3 b2 bl b0

__ |CTSUS|CTSUPRMODE][ CTSUPRRATIO[3:0]
OFF 1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b3to b0 CTSUPRRATIO[3:0] CTSU Measurement Time and Recommended setting value: 3 (0011b) R/W
Pulse Count Adjustment
b5, b4 CTSUPRMODE[1:0] CTSU Base Period and Pulse b5 b4 R/W
Count Setting 0 0: 510 pulses
0 1: 126 pulses
1 0: 62 pulses (recommended setting value)
1 1: Setting prohibited
b6 CTSUSOFF CTSU High-Pass Noise 0: High-pass noise reduction function turned on R/W
Reduction Function Off Setting 1: High-pass noise reduction function turned off
b7 — Reserved This bit is read as 0. The write value should be 0. R/W

The CTSUSDPRS register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUPRRATIO[3:0] Bits (CTSU Measurement Time and Pulse Count Adjustment)

These hits are used to determine the measurement time and the number of measurement pulses. These are calculated by
the following formula. The number of base pulsesis determined by setting the CTSUPRMODE[1:0] hits.

Number of measurement pulses = number of base pulses x (CTSUPRRATIO[3:0] bits + 1)

Measurement time = (number of base pulses x (CTSUPRRATIO[3:0] bits + 1) + (number of base pulses— 2) x 0.25) x
base clock cycle

Note:  For details on the base clock cycle, refer to section 43.2.21, CTSU Sensor Offset Register 1 (CTSUSO1).

CTSUPRMODE[1:0] Bits (CTSU Base Period and Pulse Count Setting)
These hits select the number of base pulses during measurement.

CTSUSOFF Bit (CTSU High-Pass Noise Reduction Function Off Setting)
This bit turns on or off the function for reducing high-pass noise. Set this bit to 1 when turning off the high-pass noise
reduction function.
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43.2.4 CTSU Sensor Stabilization Wait Control Register (CTSUSST)

Address(es): CTSU.CTSUSST 000A 0903h

b7 b6 b5 b4 b3 b2 b1l b0

CTSUSSTI[7:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7tob0  CTSUSST[7:0] CTSU Sensor Stabilization Wait The value of these bits should be fixed to 00010000b. R/W
Control

The CTSUSST register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUSST[7:0] Bits (CTSU Sensor Stabilization Wait Control)

These bits set the stabilization wait time for the TSCAP pin voltage. The value of these bits should be fixed to
00010000b. If these bits are not set, the TSCAP voltage becomes unstable at the start of measurement, and the CTSU is
unable to obtain correct touch measurement results.
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43.2.5 CTSU Measurement Channel Register 0 (CTSUMCHO)

Address(es): CTSU.CTSUMCHO 000A 0904h

b7 b6 b5 b4 b3 b2 b1l b0

— — CTSUMCHO[5:0]

Value after reset: 0 0 1 1 1 1 1 1

Bit Symbol Bit Name Description R/W

b5to b0 CTSUMCHO[5:0] CTSU Measurement Channel 0  In self-capacitance single scan R/W*1
b5 bo
000010:TS2

000011:TS3

000100:TS4

000111:TS7

001000:TS8

001100:TS12

001101:TS13

010110:TS22

010111:TS23

011011:TS27

011110:TS30

100011:TS35

Other than above: Starting measurement operation
(CTSUCRO.CTSUSTRT bit = 1) is prohibited after
these bits are set.

e In other measurement modes
b5 b0
000010:TSs2

000011:TS3
000100:TS4
000111:TS7
001000:TS8
001100:TS12
001101:TS13
010110:TS22
010111:TS23
011011:TS27
011110:TS30
100011:TS35
11111 1: Measurement is stopped

b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Writing to these bits is enabled only in self-capacitance single scan mode (CTSUCR1.CTSUMD[1:0] bits = 00b).

The CTSUMCHO register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUMCHOQI[5:0] Bits (CTSU Measurement Channel 0)

These bits set the channel to be measured in self-capacitance single scan mode, and indicate the receive channel that is
being measured in other modes.

Set only enabled channels (000010b, 000011b, 000100b, 000111b, 001000b, 001100b, 001101b, 010110b, 010111b,
011011b, 011110b, 100011b) when setting channels in self-capacitance single scan mode. In other modes, writing to
these bits has no effect.
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43.2.6 CTSU Measurement Channel Register 1 (CTSUMCH1)

Address(es): CTSU.CTSUMCH1 000A 0905h

b7 b6 b5 b4 b3 b2 b1l b0

— — CTSUMCH1[5:0]

Value after reset: 0 0 1 1 1 1 1 1

Bit Symbol Bit Name Description R/W

b5to b0 CTSUMCH1[5:0] CTSU Measurement Channel 1 b5 b0 R
000010:TS2

000011:TS3
000100:TS4
000111:TS7
001000:TS8
001100:TS12
001101:TS13
010110:TS22
010111:TS23
011011:TS27
011110:TS30
100011:TS35
11111 1: Measurement is stopped

b7, b6 — Reserved These bits are read as 0. Writing to these bits hasno R
effect.

CTSUMCHZ1][5:0] Bits (CTSU Measurement Channel 1)
These hitsindicate the transmit channel that is being measured in full scan mode. The value of these bitsis 111111b
while measurement is stopped or in self-capacitance single scan mode and multi-scan mode.
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43.2.7 CTSU Channel Enable Control Register 0 (CTSUCHACO)

Address(es): CTSU.CTSUCHACO 000A 0906h

b7 b6 b5 b4 b3 b2 b1l b0

cTsuc| __|cTsuc|cTsuc|cTsuc| .
HACO07 HACO04 |HACO03 | HACO02

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b2 CTSUCHACO02 CTSU Channel 2 Enable Control 0: Not measurement target R/W
b3 CTSUCHAC03  CTSU Channel 3 Enable Control 1: Measurement target RIW
b4 CTSUCHACO04 CTSU Channel 4 Enable Control R/IW
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b7 CTSUCHACO07 CTSU Channel 7 Enable Control 0: Not measurement target R/W

1: Measurement target

The CTSUCHACO register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUCHACQOQj Bit (CTSU Channel m Enable Control) (=2to 4,7, m=2to 4,7)
This bit setsthe pin (for receive and transmit) whose electrostatic capacitance is to be measured.
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43.2.8 CTSU Channel Enable Control Register 1 (CTSUCHAC1)

Address(es): CTSU.CTSUCHAC1 000A 0907h

b7 b6 b5 b4 b3 b2 bl b0
. __ |cTsuc|cTsuc| . __ |cTsuc
HAC15|HAC14 HAC10
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CTSUCHAC10 CTSU Channel 8 Enable Control 0: Not measurement target R/W
1: Measurement target
b3tobl — Reserved These bits are read as 0. The write value should be 0. R/W
b4 CTSUCHAC14 CTSU Channel 12 Enable Control 0: Not measurement target R/W
b5 CTSUCHAC15  CTSU Channel 13 Enable Control 1+ Measurement target RIW
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/W

The CTSUCHAC1 register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUCHAC1], Bit (CTSU Channel m Enable Control) (j =0, 4,5; m =8, 12, 13)
This bit sets the pin (for receive and transmit) whose electrostatic capacitance is to be measured.
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43.2.9 CTSU Channel Enable Control Register 2 (CTSUCHAC?2)

Address(es): CTSU.CTSUCHAC2 000A 0908h

b7 b6 b5 b4 b3 b2 b1l b0

cTsuc|cTsuc I e .
HAC27 |HAC26

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b5tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b6 CTSUCHAC26 CTSU Channel 22 Enable Control 0: Not measurement target R/W
b7 CTSUCHAC27 CTSU Channel 23 Enable Control 1 Measurement target R/W

The CTSUCHAC2 register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUCHAC2j Bit (CTSU Channel m Enable Control) (j =6, 7; m = 22, 23)

This bit setsthe pin (for receive and transmit) whose electrostatic capacitance is to be measured.
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43.2.10  CTSU Channel Enable Control Register 3 (CTSUCHAC3)

Address(es): CTSU.CTSUCHAC3 000A 0909h

b7 b6 b5 b4 b3 b2 b1l b0

__|eTsuc| __ |etsuc| B i
HAC36 HAC33
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b3 CTSUCHAC33 CTSU Channel 27 Enable Control 0: Not measurement target R/W
1: Measurement target
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R/W
b6 CTSUCHAC36 CTSU Channel 30 Enable Control 0: Not measurement target R/W
1: Measurement target
b7 — Reserved This bit is read as 0. The write value should be 0. R/W

The CTSUCHACS register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUCHACS3j Bit (CTSU Channel m Enable Control) (j = 3, 6; m = 27, 30)
This bit sets the pin (for receive and transmit) whose electrostatic capacitance is to be measured.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 1514 of 1852
Nov 30, 2020



RX23W Group 43. Capacitive Touch Sensing Unit (CTSU)

43.2.11  CTSU Channel Enable Control Register 4 (CTSUCHAC4)

Address(es): CTSU.CTSUCHAC4 000A 090Ah

b7 b6 b5 b4 b3 b2 b1l b0

o o . __|CTsuc| o .
HAC43

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b3 CTSUCHAC43 CTSU Channel 35 Enable Control 0: Not measurement target R/W

1: Measurement target

b7tob4 — Reserved These bits are read as 0. The write value should be 0. R/W

The CTSUCHACA4 register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUCHACA43 Bit (CTSU Channel 35 Enable Control)
This bit sets the pin (for receive and transmit) whose electrostatic capacitance is to be measured.
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43. Capacitive Touch Sensing Unit (CTSU)

43.2.12  CTSU Channel Transmit/Receive Control Register 0 (CTSUCHTRCO)

Address(es): CTSU.CTSUCHTRCO 000A 090Bh

b7 b6 b5 b4 b3 b2 bl b0
CcTSsucC CTSUC | CTSUC | CTSuUC
HTRCO7| ~  |HTRCO4|HTRCO3[HTRCO2| -
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b2 CTSUCHTRCO02 CTSU Channel 2 Transmit/Receive 0: Reception R/W
Control 1: Transmission
b3 CTSUCHTRCO03 CTSU Channel 3 Transmit/Receive R/W
Control
b4 CTSUCHTRC04 CTSU Channel 4 Transmit/Receive R/W
Control
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b7 CTSUCHTRCO07 CTSU Channel 7 Transmit/Receive 0: Reception R/W

Control

1: Transmission

The CTSUCHTRCO register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUCHTRCQj Bit (CTSU Channel m Transmit/Receive Control) =2to 4,7, m=2to 4,7)

This bit allocates reception or transmission to the corresponding TSm pin in full scan mode. The setting of thisbit is
ignored in self-capacitance single scan mode and multi-scan mode.
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43. Capacitive Touch Sensing Unit (CTSU)

43.2.13 CTSU Channel Transmit/Receive Control Register 1 (CTSUCHTRC1)

Address(es): CTSU.CTSUCHTRCL1 000A 090Ch

b7 b6 b5 b4 b3 b2 bl b0
CTSUC | CTSUC CcTsucC
- ~  |HTRC15|HTRC14| - — |HTRC10
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CTSUCHTRC10 CTSU Channel 8 Transmit/Receive 0: Reception R/W
Control 1: Transmission
b3tobl — Reserved These bits are read as 0. The write value should be 0. R/W
b4 CTSUCHTRC14 CTSU Channel 12 Transmit/Receive  0: Reception R/W
Control 1: Transmission
b5 CTSUCHTRC15 CTSU Channel 13 Transmit/Receive R/W
Control
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/W

The CTSUCHTRC1 register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUCHTRC1]j Bit (CTSU Channel m Transmit/Receive Control) (j =0, 4,5; m =8, 12, 13)
This bit allocates reception or transmission to the corresponding TSm pin in full scan mode. The setting of thisbit is
ignored in self-capacitance single scan mode and multi-scan mode.
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43.2.14  CTSU Channel Transmit/Receive Control Register 2 (CTSUCHTRC2)

Address(es): CTSU.CTSUCHTRC2 000A 090Dh

b7 b6 b5 b4 b3 b2 bl b0

cTsuc [cTsuc | _ _ _ _ _
HTRC27 |HTRC26

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b5tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b6 CTSUCHTRC26 CTSU Channel 22 Transmit/Receive  0: Reception R/W
Control 1: Transmission
b7 CTSUCHTRC27  CTSU Channel 23 Transmit/Receive R/W
Control

The CTSUCHTRC2 register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUCHTRCZ2j Bit (CTSU Channel m Transmit/Receive Control) (j =6, 7; m = 22, 23)

This bit allocates reception or transmission to the corresponding TSm pin in full scan mode. The setting of thisbit is
ignored in self-capacitance single scan mode and multi-scan mode.
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43. Capacitive Touch Sensing Unit (CTSU)

43.2.15 CTSU Channel Transmit/Receive Control Register 3 (CTSUCHTRC3)

Address(es): CTSU.CTSUCHTRC3 000A 090Eh

b7 b6 b5 b4 b3 b2 bl b0
CTSsuC CTSuC
~—  |HTRC38| ~  |HTRC33| - -
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b3 CTSUCHTRC33 CTSU Channel 27 Transmit/Receive  0: Reception R/W
Control 1: Transmission
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R/W
b6 CTSUCHTRC36 CTSU Channel 30 Transmit/Receive  0: Reception R/W
Control 1: Transmission
b7 — Reserved This bit is read as 0. The write value should be 0. R/W

The CTSUCHTRCS register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUCHTRCS3j Bit (CTSU Channel m Transmit/Receive Control) (j =3, 6; m = 27, 30)

This bit allocates reception or transmission to the corresponding TSm pin in full scan mode. The setting of thisbit is
ignored in self-capacitance single scan mode and multi-scan mode.
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43. Capacitive Touch Sensing Unit (CTSU)

43.2.16

CTSU Channel Transmit/Receive Control Register 4 (CTSUCHTRCA4)

Address(es): CTSU.CTSUCHTRC4 000A 090Fh

b7 b6 b5 b4 b3 b2 bl b0
. . . _ Jersuc| o -
HTRC43

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b3 CTSUCHTRC43 CTSU Channel 35 Transmit/Receive  0: Reception R/W

Control 1: Transmission

b7tob4 — Reserved These bits are read as 0. The write value should be 0. R/W

The CTSUCHTRCH4 register should be set when the CTSUCRO.CTSUSTRT hit isO.

CTSUCHTRCA43 Bit (CTSU Channel 35 Transmit/Receive Control)

This bit allocates reception or transmission to the corresponding TS35 pinin full scan mode. The setting of this bit is
ignored in self-capacitance single scan mode and multi-scan mode.
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43. Capacitive Touch Sensing Unit (CTSU)

43.2.17

CTSU High-Pass Noise Reduction Control Register (CTSUDCLKC)

Address(es): CTSU.CTSUDCLKC 000A 0910h

b7

b6

b5 b4 b3

b2

b1l

b0

CTSUSSCNT[1:

_ _ _ _ CTSUSISMOD[l
9 9
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 CTSUSSMODI1:0] CTSU Diffusion Clock Mode These bits should be set to 00b. R/W
Select
b3, b2 — Reserved These bits are read as 0. The write value should be 0. R/W

b5, b4 CTSUSSCNT[1:0]

CTSU Diffusion Clock Control

These bits should be set to 11b. R/IW

b7, b6 —

Reserved

These bits are read as 0. The write value should be 0. R/W

The CTSUDCLKC register should be set when the CTSUCRO.CTSUSTRT bit isO.

CTSUSSMODI1:0] Bits (CTSU Diffusion Clock Mode Select)
These bits set the mode of the spectrum diffusion clock for high-pass noise reduction. When using the high-pass

function, the value of these hits should be fixed to 00b. If these hits are not set, the effect of high-pass noise reduction
cannot be correctly obtained.

CTSUSSCNTJ1:0] Bits (CTSU Diffusion Clock Control)
These bits adjust the spectrum diffusion amount to reduce high-pass noise. When using the high-pass noise reduction
function, the value of these bits should be fixed to 11b. If these bits are not set, touch measurement may not be correctly

performed.
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43.2.18 CTSU Status Register (CTSUST)

Address(es): CTSU.CTSUST 000A 0911h

b7 b6 b5 b4 b3 b2 b1l b0

CTSUP|CTSUR|CTSUS|CTSUD| __ CTISUSTC[é'O]
S OVF OVF TSR . ..
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 CTSUSTC[2:0] CTSU Measurement Status Counter b2 bo R
0 0 O: Status 0
0 0 1: Status 1
0 1 O: Status 2
0 1 1: Status 3
1 0 O: Status 4
1 0 1: Status 5
b3 — Reserved This bit is read as 0. The write value should be 0. R/W
b4 CTSUDTSR CTSU Data Transfer Status Flag 0: Measurement result has been read R
1: Measurement result has not been read
b5 CTSUSOVF CTSU Sensor Counter Overflow Flag  0: No overflow R/W
1: An overflow
b6 CTSUROVF CTSU Reference Counter Overflow 0: No overflow R/W
Flag 1: An overflow
b7 CTSUPS CTSU Mutual Capacitance Status 0: First measurement R
Flag 1: Second measurement

When using the CTSUCRO.CTSUINIT bit to clear an overflow flag, make sure that the CTSUCRO.CTSUSTRT hit is 0.

CTSUSTC[2:0] Flags (CTSU Measurement Status Counter)

These counters indicate the current measurement status. For details on each status, refer to section 43.3.2.2, Status
Counter.

CTSUDTSR Flag (CTSU Data Transfer Status Flag)

This flag indicates whether the measurement result stored in the sensor counter and the reference counter has been read.
Thisflag is set to 1 when measurement is completed; 0 when the reference counter is read by software or the DTC.
Thisflag isalso cleared using the CTSUCRO.CTSUINIT hit.

CTSUSOVF Flag (CTSU Sensor Counter Overflow Flag)

This flag indicates whether the sensor counter has overflowed. FFFFh can be read as the measurement result (CTSUSC
counter) when an overflow has occurred.

Even if an overflow occurs, measurement processing is continued until the set period.

No interrupt is generated even when an overflow occurs. To determine the channel on which the overflow has occurred,
read the measurement result of each channel after measurement is completed (after a measurement end interrupt is
generated).

Thisflag is cleared when 0 iswritten after 1 isread by software. Thisflag isaso cleared using the
CTSUCRO.CTSUINIT bit.

CTSUROVF Flag (CTSU Reference Counter Overflow Flag)

This flag indicates whether the reference counter has overflowed. FFFFh can be read as the measurement result
(CTSURC counter) when an overflow has occurred.

Even if an overflow occurs, measurement processing is continued until the set period.
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No interrupt is generated even when an overflow occurs. To determine the channel on which the overflow has occurred,
read the measurement result of each channel after measurement is completed (after a measurement end interrupt is
generated).

Thisflag is cleared when O iswritten after 1 isread by software. Thisflag isalso cleared using the
CTSUCRO.CTSUINIT hit.

CTSUPS Flag (CTSU Mutual Capacitance Status Flag)

Thisflag indicates whether the measurement is the first or second of two measurements for each channel in mutual
capacitance full scan mode (CTSUCR1.CTSUMD[1:0] bits = 11b).

This flag indicates 0 while measurement is stopped or in other measurement modes.
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43. Capacitive Touch Sensing Unit (CTSU)

43.2.19
(CTSUSSC)

Address(es): CTSU.CTSUSSC 000A 0912h

CTSU High-Pass Noise Reduction Spectrum Diffusion Control Register

bl5  bl4  b1l3  bil2 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — ICTSUSSIDIV[B:O]I — — — — — — — —
Value after reset: 0 0 0 0 0 I 0 I 0 I 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
bllto b8 CTSUSSDIV[3:0] CTSU Spectrum Diffusion Frequency These bits specify the spectrum diffusion frequency R/W
Division Setting division setting according to the base clock frequency
division setting.
bl5tobl2 — Reserved These bits are read as 0. The write value should be 0. R/W

CTSUSSDIV[3:0] Bits (CTSU Spectrum Diffusion Frequency Division Setting)
These bits specify the spectrum diffusion frequency division setting according to the base clock frequency division

setting. See the relationship between base clock frequencies and the CTSUSSDIV[3:0] bits settingsin Table 43.5, for
setting the value of these bits.

Table 43.5 Relationship between Base Clock Frequencies and the CTSUSSDIV[3:0] Bits Settings
Base Clock Frequency fb (MHz) CTSUSSDIV[3:0] Bits Setting
4.00=<fb 0000b
2.00=fb <4.00 0001b
1.33=<fb<2.00 0010b
1.00=<fb<1.33 0011b
0.80<fb < 1.00 0100b
0.67 <fb <0.80 0101b
0.57 <fb < 0.67 0110b
0.50<fb <0.57 0111b
0.44 <fb <0.50 1000b
040=<fb<0.44 1001b
0.36 <fb < 0.40 1010b
0.33<fb<0.36 1011b
0.31<fb<0.33 1100b
0.29=<fb<0.31 1101b
0.27<fb<0.29 1110b
fb <0.27 1111b
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RX23W Group

43. Capacitive Touch Sensing Unit (CTSU)

43.2.20

Address(es): CTSU.CTSUSOO 000A 0914h

CTSU Sensor Offset Register 0 (CTSUSOQ)

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CTSUSNUM[5:0] CTSUSOI[9:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b9 to b0 CTSUSO[9:0] CTSU Sensor Offset Adjustment b9 b0 ) R/W

000000000 O0: Current offset amount is 0
000000000 1: Current offset amount is 1
00000000 10: Current offset amount is 2
111111111 0:Current offset amount is 1022
111111111 1: Current offset amount is
maximum
b15to bl0 CTSUSNUM[5:0] CTSU Measurement Count Setting These bits set the number of measurements. R/W

CTSUSOQ[9:0] Bits (CTSU Sensor Offset Adjustment)

These control bits adjust the input current offset of the sensor 1CO. These bits are used to offset the sensor 1CO input
current generated from electrostatic capacitance while the electrode is not being touched during touch measurement, thus
preventing overflow of the CTSU sensor counter.

Make settings for the TS pin that isto be measured next after a CTSUWR interrupt is generated.

CTSUSNUM]I5:0] Bits (CTSU Measurement Count Setting)

These bits set how many times the number of measurement pulses specified by the CTSUSDPRS.CTSUPRRATIO[3:0]

and CTSUSDPRS.CTSUPRMODE[1:0] bitsisrepeated in the measurement time. The number of measurement pulsesis
repeated (CTSUSNUM[5:0] bits + 1) times.
Make settings for the TS pin that is to be measured next after a CTSUWR interrupt is generated.
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43.2.21 CTSU Sensor Offset Register 1 (CTSUSO1)

Address(es): CTSU.CTSUSO1 000A 0916h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— |CTSUICOG[1:0] CTSUSDPA[4:0] CTSURICOA[7:0]

Value after reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7tob0 CTSURICOA[7:0] CTSU Reference ICO Current b7 b0 R/W

Adjustment 0000000 O0: Input current amount 0

0000000 1: Input current amount 1
00000010: Input current amount 2

11111110: Input current amount 254
1111111 1:Inputcurrent amount maximum

bl2to b8 CTSUSDPA[4:0] CTSU Base Clock Setting b12 b8 ) » R/IW
00 0 0 0: Operating clock divided by 2*1

00 0 0 1: Operating clock divided by 4
000 1 0: Operating clock divided by 6
0001 1: Operating clock divided by 8
00 1 0 0: Operating clock divided by 10
00 10 1: Operating clock divided by 12
001 1 0: Operating clock divided by 14
0011 1: Operating clock divided by 16
01 0 0 0: Operating clock divided by 18
0100 1: Operating clock divided by 20
01 01 0: Operating clock divided by 22
0101 1: Operating clock divided by 24
011 0 0: Operating clock divided by 26
0110 1: Operating clock divided by 28
0111 0: Operating clock divided by 30
0111 1: Operating clock divided by 32
1 00 0 0: Operating clock divided by 34
1000 1: Operating clock divided by 36
100 1 0: Operating clock divided by 38
100 1 1: Operating clock divided by 40
101 0 0: Operating clock divided by 42
101 0 1: Operating clock divided by 44
1011 0: Operating clock divided by 46
101 11: Operating clock divided by 48
11 00 0: Operating clock divided by 50
1100 1: Operating clock divided by 52
110 1 0: Operating clock divided by 54
1101 1: Operating clock divided by 56
1110 0: Operating clock divided by 58
1110 1: Operating clock divided by 60
111 10: Operating clock divided by 62
1111 1: Operating clock divided by 64
bl14,b13 CTSUICOG[1:0] CTSU ICO Gain Adjustment b14 b13 ) R/W
0 0: 100% gain
0 1: 66% gain
1 0: 50% gain
1 1: 40% gain

b15 — Reserved This bit is read as 0. The write value should be 0. R/W

Note 1. The CTSUSDPA[4:0] bits should not be set to 00000b while the high-pass noise reduction function is turned off
(CTSUSDPRS.CTSUSOFF bit = 1) in mutual capacitance full scan mode (CTSUCR1.CTSUMDJ1:0] bits = 11b).

Write first to the CTSUSSC register, then CTSUSOO register, and then CTSUSOL register after aCTSUWR interrupt is
generated. Write operation to the CTSUSOL1 register causes atransition to Status 3. Thus, set al the bitsin asingle
setting when writing to the CTSUSOL register.
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CTSURICOA[7:0] Bits (CTSU Reference ICO Current Adjustment)
These bits adjust the oscillation frequency using the input current of the reference | CO.

CTSUSDPA[4:0] Bits (CTSU Base Clock Setting)
These bits are used to generate a base clock used as the source for the sensor drive pulse by dividing the operating clock.
For details on the setting procedure, refer to section 43.3.2.1, Initial Setting Flowchart.

CTSUICOG[1:0] Bits (CTSU ICO Gain Adjustment)

These bits adjust the output frequency gain of the sensor ICO and the reference ICO. If changes in the capacitance
between when the electrode is touched and when it is not touched greatly exceed the dynamic range of the sensor 1CO,
set the gain adjustment bits to adjust the gain appropriately.

43.2.22  CTSU Sensor Counter (CTSUSC)

Address(es): CTSU.CTSUSC 000A 0918h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CTSUSCI15:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15to b0 CTSUSC[15:0] CTSU Sensor Counter These bits indicate FFFFh when an overflow occurs. R

Read first from the CTSUSC counter and then the CTSURC counter after a CTSURD interrupt is generated.

CTSUSC[15:0] Bits (CTSU Sensor Counter)

These bits are configured as an increment counter that counts the sensor 1CO clock.

Read these bits after a CTSURD interrupt is generated. After the CTSURC counter is read, these bits are cleared
immediately before the CTSU measurement status counter value changes to Status 4 (the CTSUST.CTSUSTC[2:0] flags
changes to 100b) in the next measurement. These bits are also cleared using the CTSUCRO.CTSUINIT bit.
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43.2.23 CTSU Reference Counter (CTSURC)

Address(es): CTSU.CTSURC 000A 091Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CTSURC[15:0]
Value after reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15to b0 CTSURCJ15:0] CTSU Reference Counter These bits indicate FFFFh when an overflow occurs. R

Read first from the CTSUSC counter and then the CTSURC counter after a CTSURD interrupt is generated.
Even when the stabilization time specified for Status 3 has elapsed, if the CTSURC counter is not read, Status 3
continues until the counter is read.

CTSURCJ15:0] Bits (CTSU Reference Counter)

These bits are configured as an increment counter that counts the reference 1CO clock.

Thereference ICO is used to optimize touch measurement performed using the sensor |CO. There is some deviation
depending on the internal sensor 1CO and the reference ICO in the CTSU, but both ICOs have almost the same
characteristics, and the dynamic range and the current to frequency characteristics are almost the same. The range of
current amount that can be set by the reference ICO current adjustment bitsis about the same as the range of both ICOs,
and the current amount input to the sensor |CO must be within this dynamic range. First, use the reference | CO to check
the differences between the | COs and measure the current to oscillation frequency characteristics. Since the reference
ICO oscillation frequency can be obtained from the reference | CO counter, the | CO oscillation frequency (counter value/
measurement time) for the input current amount can be measured by setting the value in the reference ICO current
adjustment bits and measuring the reference | CO counter. The reference |CO counter value measured using the
maximum value of the reference ICO current adjustment bits is the maximum value of the ICO dynamic range.
Therefore, the current amount of the sensor 1CO needs to be offset by setting the offset adjustment bits so that the sensor
ICO counter value does not exceed this value.

Read the CTSURCJ[15:0] bits after a CTSURD interrupt is generated. After these bits are read, they are cleared
immediately before the CTSU measurement status counter value changes to Status 4 (the CTSUST.CTSUSTC[2:0] flags
changes to 100b) in the next measurement. These bits are also cleared using the CTSUCRO.CTSUINIT hit.
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43.2.24  CTSU Error Status Register (CTSUERRYS)

Address(es): CTSU.CTSUERRS 000A 091Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CTSuUI _ _ _ _ _ _ __|ersut| _ __ |CTSUD|CTSUT |CTSUSPMD[1:0
COMP SoC RV SOD ]I
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 CTSUSPMDI[1:0] Calibration Mode bl bo R/W

0 0: Capacitance measurement mode
0 1: Setting prohibited
1 0: Calibration mode
1 1: Setting prohibited

b2 CTSUTSOD TS Pin Fixed Output 0: Capacitance measurement mode R/W
1: TS pins are forced to be high or low

b3 CTSUDRV Calibration Setting 1 0: Capacitance measurement mode R/W
1: Calibration setting 1

b6tob4 — Reserved These bits are read as 0. The write value should be 0. R/W

b7 CTSUTSOC Calibration Setting 2 0: Capacitance measurement mode R/W
1: Calibration setting 2

bl4tob8 — Reserved These bits are read as 0. The write value should be O. R/W

b15 CTSUICOMP TSCAP Voltage Error Monitor 0: Normal TSCAP voltage R

1: Abnormal TSCAP voltage

CTSUSPMD[1:0] Bit (Calibration Mode)
These bits are used to calibrate the CTSU.
When measuring the capacitance, set these bits to 00b.

CTSUTSOD Bit (TS Pin Fixed Output)

Thishit isused to calibrate the CTSU. When setting thisbit to 1, the TS pins are forced to the logic level specified by the
CTSUCRO.CTSUIOC hit.

When measuring the capacitance, set this bit to 0.

CTSUDRYV Bit (Calibration Setting 1)
Thisbit is used to calibrate the CTSU.
When measuring the capacitance, set this bit to 0.

CTSUTSOC Bit (Calibration Setting 2)
Thisbit is used to calibrate the CTSU.
When measuring the capacitance, set this bit to 0.

CTSUICOMP Bit (TSCAP Voltage Error Monitor)

If the offset current amount set by the CTSUSO1 register exceeds the sensor |CO input current during touch
measurement, the TSCAP voltage becomes abnormal and touch measurement cannot be correctly performed. This bit
monitorsthe TSCAPvoltage and it is set to 1 if the voltage becomes abnormal. If the TSCAP voltage becomes abnormal,
the sensor | CO counter value will be undefined, but touch measurement is normally completed, so it difficult to detect an
abnormality by reading the sensor |CO counter value. If the CTSU reference ICO current adjustment bits
(CTSURICOA[7:Q]) in the CTSUSOL register are set to a value other than 0, check this bit when touch measurement is
completed.
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Thishbit is cleared by writing 0 to the CTSUCR1.CTSUPON hit and turning off the power supply.
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43.3 Operation

43.3.1 Principles of Measurement Operation

Figure 43.4 shows the measurement circuit.

Reference f======omemecmcmmee e e e
electric !
Power | potential
supply
L @ Control
LPF TSCAP current ICO |—>| Counter |—>
9},
v Sensor | |
g ! (electrode Swi !
] ]
__l___: o N\ ] .
1: it —(@TS é\ i Sensor drive pulse
i T m < !Switched
! - ]
! B— Sw2 } capacitor filter ot
‘“““"'§“"""“'""""““""'i """ *R = 1/(fC)
7 Z

Figure 43.4 Measurement Circuit (m =2, 3, 4,7, 8, 12, 13, 22, 23, 27, 30, 35)

The electrostatic capacitance measurement operation principles of the CTSU current frequency conversion method are
explained using Figure 43.5 to Figure 43.7.

(1) The electrostatic capacitance of the electrode is charged by turning SW1 on and SW2 off (Figure 43.5).

(2) The charged capacitanceis discharged by turning SW1 off and SW2 on (Figure 43.6).

Current flowsto the switched capacitor filter by switching between charging and discharging in steps (1) and (2). At this
time, the value of electrostatic capacitance varies depending on whether afinger isin close proximity, so the flowing
current changes. A clock is generated by supplying the control current, which is proportional to the amount of the current
flowing through the switched capacitor filter, from the circuit that generates the TSCAP power supply to the ICO. The
counter is used to measure the clock frequency which changes depending on whether afinger isin close proximity, and
the value read from the counter is used by software to determine contact with afinger (Figure 43.7).

Power
supply

L o Control
LPF;I/; TSCAP current ICO H Counter }—»
/4
""" Sensor | swiQ _ !

PR T

i 1 capacitor filter rrurrt
S I
/24 Z

]
]
E (electrode)
[, <
%ii - —©O) : Sensor drive pulse
i TSm SW}\J ! Switched
]
]

Figure 43.5 Charging Operation (m =2, 3, 4,7, 8, 12, 13, 22, 23, 27, 30, 35)
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Referenceym—e e e e cmme e

electric :
potential !

]

E (electrode)

! o
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LPF_L ©) Control
;i— TSCAP current
74
P Sensor | ol

ICO H Counter }—»

Sensor drive pulse

]
i : TSm I Switched
E oo Sw. ! capacitor filter M
s ettty ettt (i Yi=fcv
V4 2
Figure 43.6 Discharging Operation (m = 2, 3, 4,7, 8, 12, 13, 22, 23, 27, 30, 35)
Number of counts
A
Touching Touch is determined
based on the difference
Not touching
0
TSensor drive pulse generated
» Time
Figure 43.7 Change in Measured Value When Finger is Touching and Not Touching
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43.3.2 Measurement Modes
The CTSU supports self-capacitance and mutual capacitance methods. Figure 43.8 illustrates these methods.

Touch key Receive pin

\ TSO TS1 TS2
N
@ Key 1 Key 2

Key 3 Key 4 Key 5
| | | TS4

TS1 TS2 TS3 TS4 TS5 TS6
Touch key arrangement for <>—<>—<> TS5
self-capacitance method

Touch sensor arrangement for
mutual capacitance method

Transmit pin

Figure 43.8 Overview of Self-Capacitance Method and Mutual Capacitance Method

In the self-capacitance method, a single touch pin is allocated to a single touch key to measure individual electrostatic
capacitance when afinger isin close proximity. In this method, single scan and multi-scan can be used as measurement
modes.

In the mutual capacitance method, the capacitance between two opposite el ectrodes (transmit and receive pins) is
measured.
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43.3.2.1 Initial Setting Flowchart
Figure 43.9 shows the flowchart for CTSU initia setting.

Discharge the external LPF capacitor connected to the MCU by using

Disch (t | LPF it . . L = .
Ischarge exema capactior the TSCAP pin as the I/O port function and driving it low for the specified time.

connected to TSCAP pin

Set the corresponding pinto TSm(m =2, 3, 4, 7, 8, 12, 13, 22, 23, 27, 30, 35)

f by setting the pin function select register of the multi-function pin controller

Set I/O port (MPC), and set the pin to the peripheral function by setting the port mode
register for the 1/0 port (PORTi.PMR.Bj = 1).

Enable this module clock by setting the corresponding bit in module stop
control register D (MSTPCRD) to 0.

A

Enable CTSU input clock

Set the CTSU power supply operating mode and capacity adjustment.
When operating the CTSU while VCC is lower than 2.4 V, set the
CTSUCR1.CTSUATUNEQO bit.

Set CTSU power supply Set the CTSUCR1.CTSUATUNEL bit according to electrostatic capacitance
generated in the electrode connected to the TS pin.

A 4

A

Set CTSU base clock

Use the CTSUCR1.CTSUCLK]1:0] and CTSUSO1.CTSUSDPA[4:0] bits to set
the base clock.

A

Power on CTSU

Supply power to the CTSU and connect the LPF capacitor to the TSCAP pin.
Write 1 to the CTSUCR1.CTSUPON bit and 1 to the CTSUCR1.CTSUCSW bit
at the same time.

A

) — After data is written, wait until charging of the external LPF capacitor
Wait for stabilization connected to the TSCAP pin stabilizes.

¢

Measurement operation starts

Figure 43.9 CTSU Initial Setting Flowchart

Figure 43.10 shows the flowchart for stopping CTSU operation and setting to the standby state.

CTSU operation completed

Power off the CTSU and disconnect the TSCAP pin

from the LPF capacitor.
Power off CTSU Write 0 to the CTSUCRL.CTSUPON bit and
0 to the CTSUCR1.CTSUCSW bit.
y
Disable this module clock by setting the corresponding bit
Enable module standby in module stop control register D (MSTPCRD) to 1.

Figure 43.10  CTSU Stopping Flowchart

When restarting operation after it has been stopped, follow the initial setting flowchart shown in Figure 43.9.
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43.3.2.2 Status Counter

The measurement status counter of the CTSU status register (CTSUST) indicates the current measurement status. The
measurement status is common to all four modes. Figure 43.11 shows status operation transitions.

Conditions for transition to Status 1
Status 0 * CTSUCRO.CTSUCAP bit = 0: CTSUCRO.CTSUSTRT bit=1
Stopped/wait for external trigger * CTSUCRO.CTSUCAP bit = 1: CTSUCRO.CTSUSTRT bit = 1 and

l the rising edge of the external trigger is detected

\_ Status1

Measurement channel update/
e ;

etermination of measurement finis|

Condition for transition to Status 0

* There is no channel to be measured next
(A CTSUFN interrupt is generated and measurement is finished)

Condition for transition to Status 2

» Update of the measurement channel is completed

Condition for transition to Status 3

* CTSUST.CTSUPS flag = 1 (second measurement) in mutual capacitance
full scan mode

kﬁ

Condition for transition to Status 3

Status 2 « Write access to the CTSUSO1 register**

Wait for sensor drive pulse setting

(5
8/

A
Status 3

Sensor drive pulse output start/
sensor stabilization wait period**

Condition for transition to Status 4
* CTSUST.CTSUDTSR flag = 0 when the sensor stabilization has elapsed
after supply of the sensor drive pulse starts

~

Status 4
Measurement start/
measurement period

Condition for transition to Status 5

» The measurement time has elapsed after measurement is started
For details on the measurement time, refer to the Sensor Stabilization Wait
Time and Measurement Time in the Capacitive Touch Sensor (CTSU)
section.

~

Condition for transition to Status 1
« After two clocks of the operating clock have elapsed

Status 5
Measurement completed

\_/U\{

Lo

Note 1. When using the DTC/ICU to set the registers in the CTSUWR interrupt
handling, write to the CTSUSOL1 register last.

Note 2. If the CTSUST.CTSUDTSR flag is 1, wait until the previous measurement
result is transferred.

Figure 43.11  Status Operation Transitions

The status of the status counter transitions to Status O when all of the specified measurement channels are measured.
The CTSUCRO.CTSUSTRT hit is cleared to 0 by hardware when a software trigger is used. When an external trigger is
used, the value 1 is retained, and the CTSU waits for the next trigger.
When operation isforcibly stopped (by writing 0 to the CTSUCRO.CTSUSTRT bit and 1 to the CTSUCRO.CTSUINIT
bit at the same time) during measurement or the wait state for the trigger, the status transitions to Status 0 and
measurement is stopped forcibly.
If there is no channel to be measured by setting the CTSUMCHO, CTSUCHACn, and CTSUCHTRCn registers(n=0to
4), aCTSUFN interrupt is generated immediately after atransition to Status 1, and then the status transitions to Status O.
The following are the cases when there is no channel to be measured.

e A measurement target channel is not specified by the CTSUCHACn registers.

¢ |n self-capacitance single scan mode, the channel specified in the CTSUMCHO register is not a measurement target

inthe CTSUCHACn registers.
e |Infull scan mode, thereis no transmit channel or receive channel to be measured by combining the CTSUCHACn
and CTSUCHTRCn registers.
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43.3.2.3

Self-Capacitance Single Scan Mode Operation

In self-capacitance single scan mode, el ectrostatic capacitance on a channel is measured. Figure 43.12 showsthe
software flowchart and an operation example, and Figure 43.13 shows the timing chart.

Initial setting

y

C

Self-capacitance single scan mode

)

Set interrupt operation
(DTC/NCU)

« CTSUWR interrupt operation setting
Transfer from the RAM to the CTSUSSC, CTSUSOO, and CTSUSOL1 registers

A 4

« CTSURD interrupt operation setting
Transfer the CTSUSC and CTSURC counters to the RAM

Set CTSU registers

CTSUCR1 register
* CTSUCR1.CTSUCLK]J1:0] bits: Operating clock can be selected

A

+« CTSUCR1.CTSUMDI[1:0] bits: Set these bits to 00b

CTSUSDPRS register

+« CTSUSDPRS.CTSUSOFF bit: High-pass noise prevention can be turned off

« CTSUSDPRS.CTSUPRMODE[1:0] bits: Set the number of base pulses for synchronous noise prevention

Power supply stabilization
time has elapsed after
CTSUPON =1

+« CTSUSDPRS.CTSUPRRATIO[3:0] bits: Set the measurement time for synchronous noise prevention
CTSUSST register: Set the sensor stabilization time
CTSUCHACN registers (n = 0 to 4): Set the enabled channel

CTSUMCHO register: Set the measurement channel

Set CTSU control
(measurement start)
using CTSUCRO register

* CTSUCRO.CTSUSTRT bit: Set this bit to 1
« CTSUCRO.CTSUCAP bit: Starting CTSU operation by external trigger can be selected

+ CTSUCRO.CTSUSNZ bit: Power-saving function during wait state can be enabled or disabled

1

< CTSU operation starts >

generated?

TSUWR interrup “

Set the measurement channel

CTSUSSC register
CTSUSOOQO register
CTSUSO1 register

Transferred by the DTC
when the DTC is set

CTSURD generated?

Read the measurement result

CTSUSC counter
CTSURC counter

Transferred by the DTC
when the DTC is set

CTSUFN generated?

No | Wait for the measurement end interrupt

Touch determination
processing

When a software trigger is used, the CTSUCRO0.CTSUSTRT bit is set to 0 when CTSU operation is finished.

Figure 43.12

Software Flowchart and Operation Example of Self-Capacitance Single Scan Mode
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CTSUCRO.CTSUSTRT bit

CTSUMCHO register 63

CTSUST.CTSUSTCI[2:0]
flags (Status)

Sensor ICO clock

CTSUSC counter 0

CTSUWR interrupt

CTSURD interrupt

CTSUFN interrupt

Sensor drive pulse

opecang ook [ ][]

Sensor stabilization wait time

CTSUSST register Measurement time

MU AUy

[E

5

—

[

4 (During current/count valje conversion) 5 E

Meastirement result

[ LI L [ ]

@ @

© 1G]

Figure 43.13

Timing Chart of Self-Capacitance Single Scan Mode
(Measurement Start Condition is Software Trigger)

The following describes operation shown in the timing chart in Figure 43.13.

(1) After various settings are made, operation is started by writing 1 to the CTSUCRO.CTSUSTRT hit.

(2) After achannel to be measured is determined according to the preset conditions, a request for setting the
corresponding channel (CTSUWR) is outpui.

(3) Upon completion of writing the measurement channel settings (CTSUSSC, CTSUSOO, and CTSUSOL registers),
the sensor drive pulseis output and the sensor |CO clock and the reference 1CO clock operate.

(4) After the sensor stabilization wait time and the measurement time have elapsed and measurement is finished, a
measurement result read request (CTSURD) is output.

(5) A measurement end interrupt (CTSUFN) is output and measurement is finished (transition to Status 0).

Table 43.6 lists the touch pin states in self-capacitance single scan mode.

Table 43.6 Touch Pin States in Self-Capacitance Single Scan Mode
Touch Pin
Status Measurement Channel Non-Measurement Channel
0 Low Low
1 Low Low
2 Low Low
3 Pulse Low
4 Pulse Low
5 Low Low
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43.3.2.4 Self-Capacitance Multi-Scan Mode Operation

In self-capacitance multi-scan mode, el ectrostatic capacitance on all channels that are specified as measurement targets
by setting the CTSUCHACn registers (n = 0 to 4) are measured sequentially in ascending order. Figure 43.14 showsthe
software flowchart and an operation example, and Figure 43.15 shows the timing chart.

( Initial setting )
v

| Set interrupt operation « CTSUWR interrupt operation setting

(DTC/ICU) Transfer from the RAM to the CTSUSSC, CTSUSOO, and CTSUSOL registers
l « CTSURD interrupt operation setting

Transfer the CTSUSC and CTSURC counters to the RAM

CTSUCRI register
+ CTSUCR1.CTSUCLK]1:0] bits: Operating clock can be selected
+ CTSUCR1.CTSUMDI[1:0] bits: Set these bits to 01b
CTSUSDPRS register
+ CTSUSDPRS.CTSUSOFF bit: High-pass noise prevention can be turned off
+ CTSUSDPRS.CTSUPRMODE][1:0] bits: Set the number of base pulses for synchronous noise prevention
+ CTSUSDPRS.CTSUPRRATIO[3:0] bits: Set the measurement time for synchronous noise prevention
A CTSUSST register: Set the sensor stabilization time
Power supply stabilization CTSUCHACN registers (n = 0 to 4): Set the enabled channel
time has elapsed after
CTSUPON =1

!

Set CTSU control CTSUCRO.CTSUSTRT bit: Set this bit to 1
(measurement start) CTSUCRO.CTSUCAP bit: Starting CTSU operation by external trigger can be selected
using CTSUCRO register CTSUCRO0.CTSUSNZ bit: Power-saving function during wait state can be enabled or disabled

¥

( CTSU operation starts >

TSUWR interrupi “

generated?

| Set CTSU registers

CTSUSSC register
f Transferred by the DTC
CTSUSQO register when the DTC is set

CTSUSOL register Repeat for the number of
the measurement channels

Set the measurement channel

CTSURD generated?

CTSUSC counter Transferred by the DTC
CTSURC counter when the DTC is set

CTSUFN generated? u

Touch determination
processing

Read the measurement result

Wait for the measurement end interrupt

| When a software trigger is used, the CTSUCRO.CTSUSTRT bit is set to 0 when CTSU operation is finished.

Channel measurement sequence in self-capacitance multi-scan mode

Setting

« Select self-capacitance multi-scan mode (CTSUCR1.CTSUMD][1:0] bits = 01b)

« Set channels 0, 3, 5, and 6 to enabled channels (CTSUCHACO register = 01101001b)

Receive Channels

Channel 7 Channel 6 Channel 5 Channel 4 Channel 3 Channel 2 Channel 1 Channel 0
(1)

® K/, © !v/ @ S —

Figure 43.14  Software Flow and Operation Example of Self-Capacitance Multi-Scan Mode
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L } Measurement of channel 2 Measurement of channel N
i H
"Sensor stabilization wait time

(CTSUSST register) Measurement time
Operating clock ]jh
CTSUCRO.CTSUSTRT bhit \
CTSUMCHO register 63 2 X N X 63
CTSUST.CTSUSTC[2:0] 0 X 1 12 3 4 (During current/count valu¢ conversion) 5 1 3 X 4buring current_/coum va 5 1 0
flags (Status) [ conversion)

Sensor ICO clock

CTSUSC counter 0 Méasufeinent result 0 1} Measyrement result
CTSUWR interrupt /\

CTSURD interrupt /_

CTSUFN interrupt H

1
Sensor drive pulse —I_I_l |_ —l I_l_l_l
@ @ © @ © (6) @)

Figure 43.15  Timing Chart of Self-Capacitance Multi-Scan Mode
(Measurement Start Condition is Software Trigger)

The following describes operation shown in the timing chart in Figure 43.15.

(1) After various settings are made, operation is started by writing 1 to the CTSUCRO.CTSUSTRT hit.

(2) After achannel to be measured is determined according to the preset conditions, a request for setting the
corresponding channel (CTSUWR) is outpui.

(3) Upon completion of writing the measurement channel settings (CTSUSSC, CTSUSOO, and CTSUSOL registers),
the sensor drive pulseis output and the sensor |CO clock and the reference ICO clock operate.

(4) After the sensor stabilization wait time and the measurement time have elapsed and measurement is finished, a
measurement result read request (CTSURD) is output.

(5) After achannel to be measured next is determined, a measurement channel setting request (CTSUWR) is output.

(6) After the stabilization wait time has elapsed and when the previous measurement is read, the result is cleared and
measurement is started.

(7) Upon completion of all measurement channels, a measurement end interrupt (CTSUFN) is output and measurement
isfinished (transition to Status 0).

Table 43.7 lists the touch pin states in self-capacitance multi-scan mode.

Table 43.7 Touch Pin States in Self-Capacitance Multi-Scan Mode

Touch Pin
Status Measurement Channel Non-Measurement Channel
0 Low Low
1 Low Low
2 Low Low
3 Pulse Low
4 Pulse Low
5 Low Low
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43.3.2.5

Mutual Capacitance Full Scan Mode Operation

In mutual capacitance full scan mode, measurement is performed during the high-level period of the sensor drive pulse
on the receive channel by applying the edge to the target transmit channel to be measured. A single measurement target is
measured twice, at the rising and falling edges. The difference between the data of these two measurementsis used to

determine whether or not the electrode is touched, thus achieving higher touch sensitivity.

Electrostatic capacitance is measured sequentially on channels set to transmission or reception specified by the
CTSUCHTRCn registers (n = 0 to 4), and measurement targets specified by the CTSUCHACn registers. Electrostatic
capacitance is measured by combining signals from the measurement target pins that are allocated to transmission or
reception. Figure 43.16 shows the software flowchart and an operation example, and Figure 43.17 shows the timing

chart.

Initial setting

Set interrupt operation
(DTC/ICU)

Set CTSU registers

A 4
Power supply stabilization
time has elapsed after
CTSUPON =1

¥

Set CTSU control
(measurement starts)
using CTSUCRO register

CTSU operation starts

+ CTSUWR interrupt operation setting

Transfer from the RAM to the CTSUSSC, CTSUSOO, and CTSUSOL registers

+ CTSURD interrupt operation setting

Transfer the CTSUSC and CTSURC counters to the RAM

CTSUCRL1 register

+ CTSUCR1.CTSUCLK]1:0] bits: Operating clock can be selected
+ CTSUCR1.CTSUMDI1:0] bits: Set these bits to 11b

CTSUSDPRS register

+ CTSUSDPRS.CTSUSOFF bit: High-pass noise prevention can be turned off
+ CTSUSDPRS.CTSUPRMODE[1:0] bits: Set the number of base pulses for synchronous noise

prevention

+ CTSUSDPRS.CTSUPRRATIO[3:0] bits: Set the measurement time for synchronous noise prevention
CTSUSST register: Set the sensor stabilization time

CTSUCHACN registers (n = 0 to 4): Set the enabled channel

CTSUCHTRCn registers (n = 0 to 4): Allocate transmission or reception to the TS pin

CTSUCRO.CTSUSTRT bit: Set this bit to 1

CTSUCRO.CTSUCAP bit: Starting CTSU operation by external trigger can be selected
CTSUCRO0.CTSUSNZ bit: Power-saving function during wait state can be enabled or disabled

Set the measurement
channel

CTSUWR interrupt m
generated?

CTSUSSC register { Transferred by the DTC
CTSUSOO register | \yhen the DTC is set
CTSUSOL register

Read the first
measurement result

CTSURD generated? M

CTSUSC counter i Transferred by the DTC
CTSURC counter i when the DTC is set

CTSURD
generated?

Read the second
measurement result

CTSUSC counter i Transferred by the DTC
CTSURC counter | when the DTC is set

N
CTSUFN generated?
Touch determination
processing

o [ Wait for the measurement end interrupt

When a software trigger is used, the CTSUCR0.CTSUSTRT bit is set to 0 when CTSU operation is finished.

Channel measurement sequence in mutual capacitance full scan mode

Setting

« Select mutual capacitance full scan mode (CTSUCR1.CTSUMD[1:0] = 11b)

+ Set channels 0, 3, 5, and 6 to enabled channels (CTSUCHACO register = 01101001b)
« Set channels 0 to 3 to receive channels and channels 4 to 7 to transmit channels (CTSUCHTRCO register = 11110000b)

Receive Channels

Channel 3

Channel 2 | Channel 1 | Channel 0

Channel 4

Transmit Channel 5 (3)\

[

channels
Channel 6 (4)1

)4

Channel 7

Repeat for the number of
the measurement channels

Figure 43.16

Software Flowchart and Operation Example of Mutual Capacitance Full Scan Mode
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_ Measurement of rising edge Measurement of falling edge
Sensor stabilization wait time
(CTSUSST register) Measurement time
oo _[|ANMNNAUUULUARRARAYUUUU AR AU IAnAR A UUUYUnnnan
CTSUCRO.CTSUSTRT bit
CTSUMCHO register
: 63 0
(Receive channel)
CTSUMCHL register aa
(Transmit channel) 63 “ 2 a5
CTSUST.CTSUSTC[2:0] X . - - X 4 (During current/count vakje
flags (Status) 0 1 2_ 3 4 (During current/count valyg conversion) 5 1 3 ‘conversion) 5 1 2
CTSUST.CTSUPS flag / \
Sensor ICO clock
CTSUSC counter 0 Measfirement result 1A Measurement yesult
CTSUWR interrupt /\
CTSURD interrupt /_\
CTSUFN interrupt
Transmit pin state of V'Y f |_
measurement channel | |
Sensor drive pulse r‘ —l
(€] @ O @) O] (6)

Figure 43.17  Timing Chart of Mutual Capacitance Full Scan Mode
(Measurement Start Condition is Software Trigger)

The following describes operation shown in the timing chart in Figure 43.17.

(1) After various settings are made, operation is started by writing 1 to the CTSUCRO.CTSUSTRT hit.

(2) After achannel to be measured is determined according to the preset conditions, arequest for setting the
corresponding channel (CTSUWR) is outpuit.

(3) Upon completion of writing the measurement channel settings (CTSUSSC, CTSUSOO, and CTSUSOL registers),
the sensor drive pulseis output and the sensor |CO clock and the reference ICO clock operate.
At the same time, a pulse which is handled as the rising edge is output to the transmit pin on the measurement
channel during the high-level period of the sensor drive pulse.

(4) After the sensor stabilization wait time and the measurement time have elapsed and measurement is finished, a
measurement result read request (CTSURD) is output.

(5) The same channel is measured by outputting a pulse that is handled as the falling edge during the high-level period
of the sensor drive pulse.

(6) After the same channel is measured twice, achannel to be measured next is determined and measured in the similar
way.

(7) Upon completion of all measurement channels, a measurement end interrupt (CTSUFN) is output and measurement
isfinished (transition to Status 0).

The mutual capacitance measurement status flag (CTSUST.CTSUPS flag) is changed when Status 5 transitions to Status
1
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Table 43.8 lists the touch pin states in mutual capacitance full scan mode.

Table 43.8 Touch Pin States in Mutual Capacitance Full Scan Mode

Touch Pin of Touch Pin of
Receive Channel Transmit Channel
Non- Non-
Measurement Measurement Measurement Measurement
Status Channel Channel Channel Channel Remarks
0 Low Low Low Low —
1 Low Low Low/High Low —
2 Low Low Low Low —
3 Pulse Low Pulse Low Pulse of the phase same as that of the receive channel
at the first measurement
Pulse of the phase opposite to that of the receive
channel at the second measurement
4 Pulse Low Pulse Low —
Low Low Low Low —
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43.3.3 Items Common to Multiple Modes

43.3.3.1 Sensor Stabilization Wait Time and Measurement Time

Figure 43.18 shows the timing chart of the sensor stabilization wait time and measurement time.

Sensor drive pulse
stop period
(1) (2 (3)
Sensor stabilization wait time Measurement time
i (CTSUSST register) ; , ;
[P e SNl ~1
~ ]

Operating clock |||||||||||||||||||

1 ]
CTSUCRO.CTSUSTRT ! '
bit i(4) |

; !

Sensor ICO clock HHHH["

CTSUST.CTSUSTCJ2:0] 2
flags (Status)

CTSUWR interrupt /_\

CTSURD interrupt

CTSUFN interrupt

w
S Raalel BECLl ELEREL e ot
N
el B B B o e i
(&)]
o

1
1
N
:
1
i
:
1
i
:
1
i
1
Sensor drive pulse |_| |_| —l

Figure 43.18  Sensor Stabilization Wait Time and Measurement Time

(1) Inresponsetothe CTSUWR interrupt request, output of the sensor drive pulseis started by write access to the
CTSUSOL1 register. Then, wait for the stabilization time set in the CTSUSST register.

(2) When the sensor stabilization time has elapsed and the CTSUST.CTSUDTSR flag is set to 0, measurement is started
at transition to Status 4. The measurement time is determined by setting the base clock cycle and the
CTSUSDPRS.CTSUPRMODE[1:0], CTSUPRRATIQ[3:0], and CTSUSO0.CTSUSNUM[5:0] bits. When the
measurement time has elapsed, measurement of the corresponding channel is finished.

(3) After the measurement time has elapsed, the status transitions to Status 1 after two operating clock cyclesand a
CTSURD interrupt is generated, so read the data from the CTSUSC and CTSURC counters.

At thistime, the sensor drive pulse is output at the low level. When measurement of all specified channelsis
completed, the CTSUCRO.CTSUSTRT hbit becomes 0.
(4) Thesensor ICO clock oscillates while the CTSUSTC[2:0] flags are 011b (Status 3) or 100b (Status 4).
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43.3.3.2 Interrupts

There are three types of interrupts for the CTSU:

o Writerequest interrupt for setting registers for each channel (CTSUWR)
e Measurement data transfer request interrupt (CTSURD)
e Measurement end interrupt (CTSUFN)

(1) Writerequest interrupt for setting registers for each channel (CTSUWR)
Store the setting data for each measurement channel in the RAM, and set the DTC or ICU transfer corresponding to the
CTSUWR interrupt in advance. The CTSUWR interrupt is output when Status 1 transitions to Status 2. Write the setting
data of the corresponding channel from the RAM to the CTSUSSC, CTSUSOO, and CTSUSOL registers (Figure 43.19).
Since write access to the CTSUSOL register controls atransition to the next status, be sure to set this register last.

CTSU registers Write the setting of each channel RAM
000A 0912h CTSUSSC - Channel 0
A S
N
N
000A 0914h CTSUSOO0 - g
w ~
SO So
~N
000A 0916h CTSUSO1 - < <
\ \\ \\
N N ~N
N ~N ~N p
N RN S Channel T
N ~N
~N N
N N
~N ~N
N N
N
~N
N
N
~N
N
-—— First CTSUWR interrupt
- — — Second CTSUWR interrupt CRERTET?
Figure 43.19 Example of DTC Transfer Operation Using CTSUWR Interrupt

The registers (CTSUSSC, CTSUSOO, and CTSUSOL registers) to be set are allocated at sequential addresses. Set the
operation at interrupt generation as shown below:

e Transfer destination address: Address of the CTSUSSC register

¢ Handling at the transfer destination address: Transfer 2-byte data three times by a single interrupt. (The address of
the start byte isfixed.)

e Transfer source address: CTSUSSC register data storage address for the minimum channel in the setting data stored
inthe RAM

¢ Handling at the transfer source address. Transfer 2-byte data three times by a single interrupt. (The address of the
first byte is continued from the previous interrupt handling.)

e Number of transfers by an interrupt: Specify the number of measurements.
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(2) Measurement data transfer request interrupt (CTSURD)
Set DTC or ICU transfer corresponding to the CTSURD interrupt in advance. The CTSURD interrupt is output when
Status 5 transitions to Status 1. Read the measurement result from the CTSUSC and CTSURC counters (Figure 43.20).

Write the measurement result of
CTSU registers  each channel RAM
000A 0918h CTSUSC = Channel 0
H ~<
: N
O00A 091Ah | CTSURC = =~ Z
H ~o - S -
SN ~ \A 4 X
S~ Channel 1
~ \A
-4—— First CTSURD interrupt Channel 3
-4~ — — Second CTSURD interrupt
Figure 43.20 Example of DTC Transfer Operation Using CTSURD Interrupt

The measurement result registers (CTSUSC and CTSURC counters) used as transfer sources are allocated at sequential
addresses. Set the operation at interrupt generation as shown below:

e Transfer source address: Address of the CTSUSC counter
¢ Handling at the transfer source address: Transfer 2-byte data twice by asingleinterrupt. (The start address is fixed.)
e Transfer destination address: CTSUSC counter data storage address for the minimum channel in the setting data

stored in the RAM.

e Handling at the transfer destination address. Transfer 2-byte data twice by asingle interrupt. (The start addressis
continued from the previous interrupt handling.)

e Number of transfers by an interrupt: Specify the number of measurements.

(3) Measurement end interrupt (CTSUFN)
When al channels are measured, an interrupt is generated when Status 1 transitions to Status 0. Use software to confirm
the overflow flags (CTSUST.CTSUSOVF and CTSUROVF flags) and read the measurement results to determine

whether or not the electrode is touched.

Interrupt requests are accepted or disabled in the interrupt control block.
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43.4 Usage Notes

43.4.1 Measurement Result Data (CTSUSC and CTSURC Counters)

Read access during measurement is prohibited. If the measurement result datais accessed, an incorrect value may beread
due to asynchronous operation.

43.4.2 Software Trigger

When 10b (PCLK/4) is selected by the CTSUCR1.CTSUCLK|[1:0] bits, to restart measurement by writing 1 to the
CTSUCRO.CTSUSTRT hit after measurement has been completed, wait for at least three cyclesto elapse after an
interrupt is generated, and then write to the CTSUCRO.CTSUSTRT bit.

Writing 1 to CTSUSTRT (restart) is disabled

. >,

PCLK |_
CTSUEFN interrupt / \

1
i
]
]
i
CTSUSTRT : /
E
]

Automatically cleared by CTSU Restart setting is possible (fastest)

g it

Figure 43.21  Notes on Restarting Measurement

43.4.3 External Trigger

o If an externa trigger isinput during the measurement time, measurement is not started. The next external event is
enabled after one cycle of the operating clock when a CTSUFN interrupt is generated.

e To stop external trigger mode, write O to the CTSUCRO.CTSUSTRT bit and 1 to the CTSUCRO.CTSUINIT bit at
the same time (forced stop).
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43.4.4 Notes on Forcibly Stopping Operation

Toforcibly stop the current operation, write 0 to the CTSUCRO.CTSUSTRT bit and 1 to the CTSUCRO.CTSUINIT bit at
the same time. After this setting, the operation is stopped and the internal control registers are initialized.
When the CTSUCRO.CTSUINIT bit is used for initialization, the following registers are initialized in addition to the
initialization of the internal measurement state.

e CTSUMCHO register

e CTSUMCHLI register

e CTSUST register

e CTSUSC counter

e CTSURC counter

If operation isforcibly stopped, an interrupt request may be generated depending on the internal state. After operation is
forcibly stopped, perform the processing for stopping/disabling the DTC or ICU.

If DTC transfer is stopped in the mounted system for some reason, also perform the processing for forcibly stopping and
initializing the CTSU.

43.4.5 TSCAP Pin

The TSCAP pin requires an external decoupling capacitor to stabilize CTSU internal voltage. The traces between the
TSCAP pin and the capacitor, and the capacitor and ground should be as short and wide as physically possible.

The capacitor connected to the TSCAP pin should be fully discharged using 1/0 port control to output alow level, before
turning on the switch (CTSUCR1.CTSUCSW bhit = 1) to establish a connection.

43.4.6 Notes during Measurement Operation (CTSUCRO.CTSUSTRT Bit = 1)

During measurement operation (CTSUCRO.CTSUSTRT bit = 1), do not use settings such as “ stop the peripheral module
clock” or “change the port settings related to the touch pins (TS and TSCAP pins)” in the higher layers of the system.

If control settings non-compliant to these restrictions are made, after operation isforcibly stopped
(CTSUCRO.CTSUSTRT bit = 0and CTSUCRO.CTSUINIT bit = 1), write 0 to the CTSUCR1.CTSUPON bit and 0 to the
CTSUCR1.CTSUCSW hit at the same time, and set the CTSUCRO.CTSUSNZ bit to 0. Then, restart from the initial
setting flow shown in Figure 43.9.
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44. 12-Bit A/ID Converter (S12ADE)
In this section, “PCLK"” isused to refer to PCLKB.

441 Overview

This MCU incorporates one unit of a 12-bit successive approximation A/D converter. Up to 14 channel analog inputs,
temperature sensor output, and internal reference voltage are selectable for conversion.

The 12-bit A/D converter converts amaximum of 14 selected channels of anal og inputs, temperature sensor output, and
internal reference voltage, which have been selected, into a 12-bit digital value through successive approximation.

The A/D converter has three operating modes: single scan mode in which the analog inputs of up to 14 arbitrarily
selected channels are converted only once in ascending channel order; and continuous scan mode in which the analog
inputs of up to 14 arbitrarily selected channels are continuously converted in ascending channel order; and group scan
mode in which up to 14 channels of the analog inputs are arbitrarily divided into two groups (group A and group B) and
converted in ascending channel order in each group.

In group scan mode, the conditions for scanning start of group A and group B (synchronous trigger) can be
independently selected, thus allowing A/D conversion of group A and group B to be started independently. When group-
A priority control is selected along with operation as described above, if arequest to start scanning for group A is
received during A/D conversion for group B, the conversion operation for group B is discontinued and the conversion for
group A starts, which is given priority.

In double trigger mode, one analog input channel arbitrarily selected is converted in single scan mode or group scan
mode (group A), and the resulting data of A/D conversion started by the first and second synchronous triggers are stored
into different registers (duplication of A/D conversion data).

Self-diagnosisis executed once at the beginning of each scan, and one of the three voltagesinternally generated in the
12-bit A/D converter is converted.

It is prohibited to simultaneously select both temperature sensor output and internal reference voltage. Perform A/D
conversion independently for the temperature sensor output or the internal reference voltage.

The external pin input (VREFHO) or the analog reference voltage (AV CCO) is selectable as the reference voltage on the
high-potential side. The external pin input (VREFLO) or the analog reference voltage (AV SS0) is selectable as the
reference voltage on the low-potential side.

This P has acompare function (window A and window B). Thisfunction is used to specify the high-side reference value
and low-side reference value for window A and window B, respectively. When the A/D-converted value of the selected
channel meets the comparison conditions, the EL C event (S12ADWMEL C/S12ADWUMELC) is output according to
the event conditions (A or B, A and B, A exor B). Furthermore, the comparator operation to compare the A/D-converted
value with the low-side reference value is also enabled.

The A/D data storage buffer is aring buffer consisting of 16 buffersto sequentially store A/D converted data.

Table 44.1 lists the specifications of the 12-hit A/D converter and Table 44.2 lists the functions of the 12-bit A/D
converter. Figure 44.1 shows ablock diagram of the 12-bit A/D converter.
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Table 44.1 Specifications of 12-Bit A/D Converter (1/2)

Item Description
Number of units One unit
Input channels Up to 14 channels

Extended analog function Temperature sensor output, internal reference voltage

A/D conversion method Successive approximation method

Resolution 12 bits

Conversion time 0.83 ps per channel
(when A/D conversion clock ADCLK =54 MHz)

A/D conversion clock Peripheral module clock PCLK*1 and A/D conversion clock ADCLK*1 can be set so that the frequency ratio
should be one of the following.
PCLK to ADCLK frequency ratio = 1:1, 1:2, 2:1, 4:1, 8:1
ADCLK is set using the clock generation circuit.

Data registers 14 registers for analog input, 1 for A/D-converted data duplication in double trigger mode

One register for temperature sensor output

One register for internal reference voltage

One register for self-diagnosis

The results of A/D conversion are stored in 12-bit A/D data registers.

12-bit accuracy output for the results of A/D conversion

The value obtained by adding up A/D-converted results is stored as a value in the number of bit for
conversion accuracy + 2 bits/4 bits*2 in the A/D data registers in A/D-converted value addition mode.
Double trigger mode (selectable in single scan and group scan modes):

The first piece of A/D-converted analog-input data on one selected channel is stored in the data register
for the channel, and the second piece is stored in the duplication register.

Operating modes

Single scan mode:

A/D conversion is performed only once on the analog inputs of up to 14 channels arbitrarily selected.

A/D conversion is performed only once on the temperature sensor output.

A/D conversion is performed only once on the internal reference voltage.

Continuous scan mode:

A/D conversion is performed repeatedly on the analog inputs of up to 14 channels arbitrarily selected.

e Group scan mode:
Analog inputs of up to 14 channels arbitrarily selected, are divided into group A and group B, and A/D
conversion of the analog input selected on a group basis is performed only once.
The conditions for scanning start of group A and group B (synchronous trigger) can be independently
selected, thus allowing A/D conversion of group A and group B to be started independently.

e Group scan mode (when group A is given priority):

If a group A trigger is input during A/D conversion on group B, the A/D conversion on group B is stopped

and A/D conversion is performed on group A.

Restart (rescan) of A/D conversion on group B after completion of A/D conversion on group A can be set.

Conditions for A/D
conversion start

Software trigger

Synchronous trigger

Trigger by the multi-function timer pulse unit (MTU), the event link controller (ELC), or the 16-bit timer
pulse unit (TPU).

e Asynchronous trigger

A/D conversion can be triggered by the external trigger ADTRGO# pin.

Functions Variable sampling state count

Self-diagnosis of 12-bit A/D converter

Selectable A/D-converted value addition mode or average mode

Analog input disconnection detection function (discharge function/precharge function)
Double trigger mode (duplication of A/D conversion data)

Automatic clear function of A/D data registers

Compare function (window A and window B)

16 ring buffers when the compare function is used
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Table 44.1 Specifications of 12-Bit A/D Converter (2/2)

Item Description

Interrupt sources * In the modes except double trigger mode and group scan mode, A/D scan end interrupt request

(S12ADI0) can be generated on completion of single scan.

In double trigger mode, A/D scan end interrupt request (S12ADI0) can be generated on completion of

double scan.

¢ In group scan mode, an A/D scan end interrupt request (S12ADI0) can be generated on completion of

group A scan, whereas an A/D scan end interrupt request (GBADI) for group B can be generated on

completion of group B scan.

When double trigger mode is selected in group scan mode, A/D scan end interrupt request (S12ADI0)

can be generated on completion of double scan of group A, whereas A/D scan end interrupt request

(GBADI) specially for group B can be generated on completion of group B scan.

e The S12ADIO and GBADI interrupts can activate the DMA controller (DMAC) and the data transfer
controller (DTC).

Event link function e An ELC event is generated on completion of scans other than group B scan in group scan mode.

e An ELC event is generated on completion of group B scan in group scan mode.

e An ELC event is generated on completion of all scans.

e Scan can be started by a trigger output by the ELC.

e An ELC event is generated according to the event conditions of the window compare function in single

scan mode.

Low power consumption e Module stop state can be set.*3, *4
function

Note 1. The peripheral module clock PCLK frequency is set according to the setting of the SCKCR.PCKBJ[3:0] bits and the A/D
conversion clock ADCLK frequency is set according to the setting of the SCKCR.PCKD[3:0] bits.

Note 2. The number of extended bits during addition differs depending on the addition count.
2-bit extension: 1-time to 4-time conversion (addition zero to three times)
4-bit extension: 16-time conversion (addition 15 times)

Note 3. See section 11, Low Power Consumption for details.

Note 4. Wait for 1 ps or longer to start A/D conversion after release from the module stop state.
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Table 44.2 Functions of 12-Bit A/D Converter

Pin Name,
Item Abbreviation
Analog input channels AANOOQO to ANOO7,
ANO016 to ANO20,
AN027,
temperature
sensor output,
internal reference
voltage
Conditions for | Software Software trigger Enabled
AID conversion Asynchronous ADTRGO# Enabled
start -
trigger
Synchronous Compare match/input capture from MTUO.TGRA TRGOAN
trigger Compare match/input capture from MTUO.TGRB TRGOBN
Compare match/input capture from MTUO to MTU4.TGRA or underflow TRGAN
(trough) of MTU4.TCNT in complementary PWM mode
Compare match from MTUO.TGRE TRGOEN
Compare match from MTUO.TGRF TRGOFN
Compare match between MTU4. TADCORA and MTU4.TCNT (interrupt TRG4AN
skipping function)
Compare match between MTU4. TADCORB and MTU4.TCNT (interrupt TRG4BN
skipping function)
Compare match between MTU4. TADCORA and MTU4.TCNT or compare TRG4ABN
match between MTU4.TADCORB and MTU4.TCNT (interrupt skipping
function)
TGRA compare match/input capture from TPUO to TPU4 or TGRA compare TRGAN1
match/input capture from TPUO TRG4ABN1
ELC trigger Enabled
Interrupt S12ADI0, GBADI
interrupt
Setting of the module stop function*1 MSTPCRA.
MSTPAL7 bit

Note 1. See section 11, Low Power Consumption for details.
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Figure 44.1 Block Diagram of 12-Bit A/D Converter

Table 44.3 liststhe input pins of the 12-bit A/D converter.

Table 44.3 Pin Configuration of 12-Bit A/D Converter
Pin Name le} Function
AVCCO Input Analog block power supply pin
AVSSO Input Analog block ground pin
VREFHO Input Reference power supply pin
VREFLO Input Reference power supply ground pin
ANOO0O to ANOO7, ANO16 to AN020, Input Analog input pins 0 to 7, analog input pins 16 to 20 and 27
ANO027
ADTRGO# Input External trigger input pin for starting A/D conversion
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44.2 Register Descriptions

44.2.1 A/D Data Registers y (ADDRYy) (y =0to 7, 16 to 20, 27),

A/D Data Duplication Register (ADDBLDR),
A/D Temperature Sensor Data Register (ADTSDR),
A/D Internal Reference Voltage Data Register (ADOCDR)

Address(es): S12AD.ADDRO 0008 9020h, S12AD.ADDR1 0008 9022h, S12AD.ADDR2 0008 9024h,
S12AD.ADDR3 0008 9026h, S12AD.ADDR4 0008 9028h, S12AD.ADDR5 0008 902Ah,
S12AD.ADDR6 0008 902Ch, S12AD.ADDR7 0008 902Eh, S12AD.ADDR16 0008 9040h,
S12AD.ADDR17 0008 9042h, S12AD.ADDR18 0008 9044h, S12AD.ADDR19 0008 9046h,
S12AD.ADDR20 0008 9048h, S12AD.ADDR27 0008 9056h,S12AD.ADDBLDR 0008 9018h,
S12AD.ADTSDR 0008 901Ah, S12AD.ADOCDR 0008 901Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b0

Value after reset: 0

ADDRYy (y =0to 7, 16 to 20, 27) are 16-bit read-only registers which store the A/D conversion results.

ADDBLDR isa16-bit read-only register used in double trigger mode. ADDBLDR stores the results of A/D conversion
when the conversion is started by the second trigger.

ADTSDR isa 16-hit read-only register that storesthe A/D conversion results of the temperature sensor output.
ADOCDR isa16-hit read-only register that stores the A/D conversion results of the internal reference voltage.

The format of each register differs depending on the conditions bel ow.

Th
@

Settings of the A/D data register format select bit (ADCER.ADRFMT) (flush-right or flush-1eft)
Settings of the addition count select bits (ADADC.ADC[2:0]) (addition once, twice, three, or 15 times)
Settings of the average mode enable bit (ADADC.AVEE) (addition or average)

e data formats for each given condition are shown below.
When A/D-Converted Value Addition/Average Mode is Not Selected

Flush-right format
The A/D-converted value is stored in bits 11 to 0. Bits 15to 12 areread as 0.
Flush-left format
The A/D-converted value is stored in bits 15 to 4. Bits 3to 0 areread as 0.
When A/D-Converted Average Mode is Selected
Flush-right format
The mean value of the A/D-converted results of the same channel is stored in bits 11 to 0.
Bits15to 12 areread as 0.
Flush-left format
The mean value of the A/D-converted results of the same channel is stored in bits 15 to 4.
Bits3to O areread as 0.
A/D-converted value average mode can be set only when twice or four timesis selected in A/D-converted value addition
mode.
(3) When A/D-Converted Value Addition Mode is Selected
e Flush-right format (A/D-converted value addition mode and 1-time to 4-time conversion sel ected)
The value added by the A/D-converted value of the same channel is stored in bits 13 to 0.
Bits 15 and 14 areread as 0.
Flush-right format (A/D-converted value addition mode and 16-time conversion sel ected)
The value added by the A/D-converted value of the same channel is stored in bits 15 to 0.

Flush-left format (A/D-converted value addition mode and 1-time to 4-time conversion selected)
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The value added by the A/D-converted value of the same channel is stored in bits 15 to 2.
Bits1 and O are read as 0.

¢ Flush-left format (A/D-converted value addition mode and 16-time conversion sel ected)
The value added by the A/D-converted value of the same channel is stored in bits 15 to O.

When A/D-converted addition mode is selected, the value added by the A/D-converted value of the same channel is
indicated. The number of A/D conversions can be setto 1, 2, 3, 4, or 16 times. If A/D-converted addition modeis
selected, when the conversion count is set to 1 to 4 times, the value added by the A/D conversion result is retained in the
A/D dataregister as 2-bit extended data of the conversion accuracy bits; when the conversion count is set to 16 times, the
value added by the A/D conversion result isretained in the A/D dataregister as 4-bit extended data of the conversion
accuracy bits. Even if A/D-converted value addition mode is selected, the value is stored in the A/D data register
according to the settings of the A/D data register format select bits.
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44.2.2 A/D Self-Diagnosis Data Register (ADRD)

Address(es): S12AD.ADRD 0008 901Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADRD is a16-bit read-only register that storesthe A/D conversion results based on the 12-bit A/D converter’s self-
diagnosis. In addition to the A/D-converted value, the self-diagnosis status isincluded in. In the ADRD register, the
different formats are used depending on the conditions bel ow.

e Settings of the A/D data register format select bit (ADCER.ADRFMT) (flush-right or flush-left)

The A/D-converted value addition mode and A/D-converted val ue average mode cannot be applied to the A/D self-
diagnosis function. For details of self-diagnosis, see section 44.2.11, A/D Control Extended Register (ADCER).

The data formats for each given condition are shown below.
e Flush-right format
The A/D-converted valueis stored in bits 11 to 0. The self-diagnosis status is stored in bits 15 and 14.
Bits13 and 12 areread as 0.
e Flush-left format
The A/D-converted value is stored in bits 15 to 4. The self-diagnosis statusis stored in bits 1 and 0.
Bits3and 2 areread as 0.

Table 44.4 Self-Diagnosis Status Description

Bits 15 and 14 for flush-right format setting

Bits 1 and O for flush-left format setting Self-diagnosis status

00b Self-diagnosis has never been executed since power-on.

01b Self-diagnosis using the voltage of 0 V has been executed.

10b Self-diagnosis using the reference voltage x 1/2 has been executed.
11b Self-diagnosis using the reference voltage has been executed.

Note:  For details of self-diagnosis, see section 44.2.11, A/D Control Extended Register (ADCER).
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44.2.3 A/D Control Register (ADCSR)

Address(es): S12AD.ADCSR 0008 9000h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ADST | ADCS[1:0] | ADIE | — |ADHSC| TRGE |EXTRG| DBLE GBEAD' — DBLANS[4:0]
1 1 1 L L
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W

b4 to b0  DBLANS[4:0] Double Trigger These bits select one analog input channel for double triggered operation. R/W
Channel Select  The setting is only effective while double trigger mode is selected.

b5 — Reserved This bit is read as 0. The write value should be 0. R/W
b6 GBADIE Group B Scan 0: Disables GBADI interrupt generation upon group B scan completion. R/W
End Interrupt 1: Enables GBADI interrupt generation upon group B scan completion.
Enable
b7 DBLE Double Trigger 0: Deselects double trigger mode. R/W
Mode Select 1: Selects double trigger mode.
b8 EXTRG Trigger Select 0: A/D conversion is started by synchronous trigger. R/W
*1 1: A/D conversion is started by asynchronous trigger.
b9 TRGE Trigger Start 0: Disables A/D conversion to be started by synchronous or asynchronous R/W
Enable trigger.
1: Enables A/D conversion to be started by synchronous or asynchronous
trigger.
b10 ADHSC A/D Conversion  0: High-speed conversion R/W
Select 1: Low-current conversion
b1l — Reserved This bit is read as 0. The write value should be 0. R/W
b12 ADIE Scan End 0: Disables S12ADI0 interrupt generation upon scan completion. R/W
Interrupt Enable  1: Enables S12ADIO interrupt generation upon scan completion.
bl14,b13 ADCSJ[1:0] Scan Mode b14b13 R/W
Select 0 O: Single scan mode
0 1: Group scan mode
1 0: Continuous scan mode
1 1: Setting prohibited
b15 ADST A/D Conversion  0: Stops A/D conversion process. R/W
Start 1: Starts A/D conversion process.

Note 1. Starting A/D conversion using an external pin (asynchronous trigger)
After a high-level signal is input to the external pin (ADTRGO#), write 1 to both the TRGE and EXTRG bits in ADCSR and
change the signals of ADTRGO# to low. Thus the falling edge of ADTRGO# is detected and the scan conversion process is
started. In this case, the pulse width of the low-level input must be at least 1.5 clock cycles of PCLK.

ADCSR sets double trigger mode, A/D conversion start trigger; enables/disables scan end interrupt; selects the scan
mode; and starts or stops A/D conversion.

DBLANSJ4:0] Bits (Double Trigger Channel Select)

The DBLANS[4:0] bits select one of the channels for A/D conversion data duplication in double trigger mode. The A/D
conversion results of the analog input of the channel selected by the DBLANS[4:0] bits are stored into the A/D data
register y when conversion is started by the first trigger, and into the A/D data duplication register when started by the
second trigger. Table 44.5 shows selection of the channel for double triggered operation.

When double trigger mode is selected, channel selection using the ADANSAO and ADANSA1 registersisinvalid, and
the channel selected by the DBLANS[4:0] bitsis subjected to A/D conversion instead.

When double trigger mode is used, do not select A/D conversion for the self-diagnosis function, temperature sensor
output, and internal reference voltage (temperature sensor output and internal reference voltage can be selected for A/D
conversion for group B in group scan mode). The DBLANS[4:0] bits should be set while the ADST bit is 0. They should
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not be set simultaneously when 1 iswritten to the ADST bit.
To enter A/D-converted value addition/average mode while double trigger mode is set, the channel selected by the
DBLANSY[4:0] bits should be selected in the ADANSAO and ADANSAL registers.

Table 44.5 Relationship between DBLANS[4:0] Bits Settings and Double Trigger Enabled Channels

Duplication Duplication

DBLANS[4:0] Channel DBLANS[4:0] Channel
00000b ANO0O 10000b ANO16
00001b ANO01 10001b ANO17
00010b ANO002 10010b ANO18
00011b ANO003 10011b AN019
00100b ANO04 10100b AN020
00101b ANO005 11011b ANO027
00110b ANO06

00111b ANOO7

GBADIE Bit (Group B Scan End Interrupt Enable)
The GBADIE hit enables or disables group B scan end interrupt (GBADI) in group scan mode.

DBLE Bit (Double Trigger Mode Select)

Double trigger mode has a function to store the resulting data of A/D conversion started by the first and second
synchronous triggers into separate registers.

When double trigger mode is selected, channel selection using the ADANSAO and ADANSAL registersisinvalid and
the channel selected by the DBLANS[4:0] bitsis effective instead. Double trigger mode can be only operated by the
synchronous trigger selected by the ADSTRGR.TRSA[5:0] bits. Do not generate an asynchronous or software trigger.
The A/D conversion results started by the first trigger are stored into the A/D data register y and those started by the
second trigger are stored into the A/D data duplication register. In this case, if the ADIE bit is set to 1, the interrupt is
generated not upon completion of the first conversion but upon completion of the second conversion.

In continuous scan mode, double trigger mode should not be selected.

The DBLE bit should be set after the ADST hit has been set to O.

EXTRG Bit (Trigger Select)
The EXTRG bit selects the synchronous trigger or the asynchronous trigger as the trigger for starting A/D conversion.

TRGE Bit (Trigger Start Enable)
The TRGE hit enables or disables A/D conversion by the synchronous trigger and the asynchronous trigger.
This bit should be set to 1 in group scan mode.

ADHSC Bit (A/D Conversion Select)

The ADHSC bit sets the operating mode of A/D conversion. When modifying this bit, set the 12-bit converter to the
standby state. For the procedure for modifying the ADHSC hit, see section 44.8.10, ADHSC Bit Rewriting
Procedure.

ADIE Bit (Scan End Interrupt Enable)

The ADIE bit enables or disables the A/D scan end interrupt (S12ADI0) in scans except for group B scan in group scan
mode.

With double trigger mode deselected, the S12ADI0 interrupt is generated after the first scan is completed if the ADIE bit
issetto 1.

With double trigger mode selected, the S12ADI0 interrupt is generated after the second scan is completed if the ADIE bit
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isset to 1 aslong as the scan is started by the synchronous trigger selected by the ADSTRGR.TRSA[5:0] bits.

ADCS[1:0] Bits (Scan Mode Select)

The ADCS[1:0] bits select the scan mode.

In single scan mode, A/D conversion is performed for the analog inputs of a maximum of 14 channels selected with the
ADANSAOQ and ADANSA 1 registers in the ascending order of the channel number, and when one cycle of A/D
conversion is completed for all the selected channels, the scan conversion is stopped.

In continuous scan mode, while the ADCSR.ADST hitis 1, A/D conversion is performed for the analog inputs of a
maximum of 14 channels selected with the ADANSAQ and ADANSAL1 registers in the ascending order of the channel
number, and when one cycle of A/D conversion is completed for all the selected channels, A/D conversion is repeated
from thefirst channel. If the ADCSR.ADST bhit is set to 0 during continuous scan, A/D conversion is stopped even if
scanning isin progress.

In group scan mode, A/D conversion is performed for the analog inputs (group A) of 14 channels selected with the
ADANSAO and ADANSA1 registersin the ascending order of the channel number after scanning is started by the
synchronous trigger selected by the ADSTRGR.TRSA[5:0] bits, and when one cycle of A/D conversion is completed for
all the selected channels, A/D conversion is stopped. A/D conversion is also performed for the anal og inputs (group B) of
amaximum of 14 channels selected with the ADANSBO and ADANSBL registers in the ascending order of the channel
number after scanning is started by the synchronous trigger selected by the ADSTRGR.TRSB[5:0] bits, and when one
cycle of A/D conversion is completed for all the selected channels, A/D conversion is stopped.

When selecting group scan mode, different channels and triggers should be selected for group A and group B.

When selecting the temperature sensor output or internal reference voltage, select single scan mode, and deselect all the
channels selected with the ADANSAO and ADANSAL1 registers before performing A/D conversion. When A/D
conversion of the selected temperature sensor output or internal reference voltage is completed, A/D conversion is
stopped.

The ADCS[1:0] bits should be set while the ADST bit is 0. They should not be set smultaneously when 1 iswritten to
the ADST hit.

ADST Bit (A/D Conversion Start)
The ADST bit starts or stops A/D conversion process.
Beforethe ADST bit isset to 1, set the A/D conversion clock, the conversion mode, and conversion target analog input.
[Setting conditions]
e 1liswritten by software.
e The synchronoustrigger selected by the ADSTRGR.TRSA[5:0] hitsis detected with ADCSR.EXTRG and
ADCSR.TRGE bits being set to 0 and 1, respectively.
e The synchronoustrigger selected by the ADSTRGR.TRSBJ[5:0] bitsis detected with the ADCSR.TRGE bit being
set to 1 in group scan mode.
e Theasynchronous trigger is detected with the ADCSR.TRGE and ADCSR.EXTRG hits being set to 1 and the
ADSTRGR.TRSA[5:0] bits being set to 000000b.
e With group-A priority control operation mode enabled (ADCSR.ADCS[1:0] bits = 01b and ADGSPCR.PGS hit =
1), agroup B trigger is detected and A/D conversion of group B is started.
e With group-A priority control operation mode enabled (ADCSR.ADCS[1:0] bits = 01b and ADGSPCR.PGS hit =
1), the ADGSPCR.GBRSCN bit is set to 1 and A/D conversion of group B isrestarted.
e With group-A priority control operation mode enabled (ADCSR.ADCS[1:0] bits = 01b and ADGSPCR.PGS hit =
1), the ADGSPCR.GBRP hit is set to 1 and A/D conversion of group B is started.
[Clearing conditiong]
e Qiswritten by software.

e The A/D conversion of all the selected channels, the temperature sensor output, or the internal reference voltage is
completed in single scan mode.
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e Group A scan is completed in group scan mode.

e Group B scan is completed in group scan mode.

e With group-A priority control operation mode enabled (ADCSR.ADCS[1:0] bits = 01b and ADGSPCR.PGS bit =
1), agroup A trigger is detected during group B A/D conversion and the scanning of group B is stopped.

e With group-A priority control operation mode enabled (ADCSR.ADCS[1:0] bits = 01b and ADGSPCR.PGS bit =
1), the ADGSPCR.GBRSCN hit is set to 1 and the scanning of group B started by aresumption trigger is completed.

e With group-A priority control operation mode enabled (ADCSR.ADCS[1:0] bits = 01b and ADGSPCR.PGS bit =
1) the ADGSPCR.GBRP hit is set to 1 and the scanning of group B by atrigger is completed.

Note:  When group-A priority control operation mode has been enabled (ADCSR.ADCSJ[1:0] bits = 01b and
ADGSPCR.PGS bhit = 1), do not set the ADST bit to 1.

Note:  When group-A priority control operation mode has been enabled (ADCSR.ADCSJ[1:0] bits = 01b and
ADGSPCR.PGS bhit = 1) and ADGSPCR.GBRP =1, do not set the ADST bit to 0. When forcibly terminating A/D
conversion, follow the procedure for clearing the ADST bit.

44.2.4 A/D Channel Select Register AO (ADANSAOQ)

Address(es): S12AD.ADANSAOQ 0008 9004h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ANSAO | ANSAO [ ANSAO | ANSAO | ANSAO | ANSAO | ANSAO | ANSAO
07 06 05 04 03 02 01 00

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 ANSA000 A/D Conversion Channel Select 0: ANOOO to ANO0O7 are not subjected to conversion. R/W
bl ANSAOOL 1: ANOOO to ANOO7 are subjected to conversion. RIW
b2 ANSA002 RW
b3 ANSA003 RW
b4 ANSA004 R/W
b5 ANSA005 R/W
b6 ANSA006 R/W
b7 ANSA007 R/W
b15to b8 — Reserved These bits are read as 0. The write value should be 0. R/IW

ADANSADOQ selects anal og input channelsfor A/D conversion among ANOOO to ANOO7. In group scan mode, this register
selects group A channels.

ANSAON Bit (n = 00 to 07) (A/D Conversion Channel Select)

The ANSAON bit selects analog input channels for A/D conversion among ANOOO to AN0O7. The channelsto be selected
and the number of channels can be arbitrarily set. The ANSAOQO bit corresponds to ANOOO and the ANSAQQ7 bit
corresponds to ANOO7.

When performing A/D conversion of the temperature sensor output or internal reference voltage, do not select analog
input channels. The setting value of this register should be 0000h.

When doubl e trigger mode is selected, the channel selected by the ANSAON bit isinvalid, and the channel selected by the
ADCSR.DBLANS[4.0] bitsis selected in group A instead.

The ANSAON bit should be set while the ADCSR.ADST bit isO.
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44.2.5 A/D Channel Select Register A1 (ADANSA1)

Address(es): S12AD.ADANSAL 0008 9006h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

_ _ _ __ |ANSAl| __ _ _ _ _ __ |ANSAL1|ANSAL|ANSAL|ANSAL|ANSAL
11 04 03 02 01 00
Value after reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 ANSA100 A/D Conversion Channel Select 0: ANO16 to ANO20 are not subjected to conversion. R/W
b1 ANSAL0L 1: ANO16 to ANO20 are subjected to conversion. RIW
b2 ANSA102 R/W
b3 ANSA103 R/W
b4 ANSA104 R/W
bl0tob5 — Reserved These bits are read as 0. The write value should be 0. R/W
b11 ANSA111 A/D Conversion Channel Select 0: ANO27 is not subjected to conversion. R/W
1: ANO27 is subjected to conversion.

bl5tob12 — Reserved These bits are read as 0. The write value should be 0. R/W

ADANSA1 selects analog input channelsfor A/D conversion among AN016 to AN020 and ANO27. In group scan mode,
group A channels are to be selected.

ANSA1n Bit (n =00 to 04, 11) (A/D Conversion Channel Select)

The ANSA1n bit (n = 00 to 04, 11) select analog input channels for A/D conversion among AN016 to AN020 and
ANO027. The channelsto be selected and the number of channels can be arbitrarily set. The ANSA 100 bit corresponds to
ANO016 and the ANSA111 bit correspondsto AN027.

When performing A/D conversion of the temperature sensor output or internal reference voltage, do not select analog
input channels. The setting value of this register should be 0000h.

When double trigger mode is selected, the channel selected by the ANSA1n bit isinvalid, and the channel selected by the
ADCSR.DBLANS[4:0] bitsis selected in group A instead.

The ANSA1n hit should be set while the ADCSR.ADST bit isO.
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44.2.6 A/D Channel Select Register BO (ADANSBO)

Address(es): S12AD.ADANSBO0 0008 9014h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ANSBO|ANSBO [ ANSBO | ANSBO | ANSBO | ANSBO | ANSBO [ ANSBO
07 06 05 04 03 02 01 00

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 ANSB000 A/D Conversion Channel Select 0: ANOOO to ANOOQ7 are not subjected to conversion. R/W
b1 ANSBOOL 1: ANOOO to ANOO7 are subjected to conversion. W
b2 ANSB002 R/W
b3 ANSB003 R/W
b4 ANSB004 R/W
b5 ANSBO005 R/W
b6 ANSB006 R/W
b7 ANSB007 R/IW
bl5to b8 — Reserved These bits are read as 0. The write value should be 0. R/W

ADANSBO sdlects analog input channels for A/D conversion among AN0OOO to ANOO7 in group B when group scan
modeis selected. The ADANSBO register is not used in any scan mode other than group scan mode.

ANSBON Bit (n = 00 to 07) (A/D Conversion Channel Select)

The ANSBON bit selects analog input channelsfor A/D conversion among ANOOO to ANQO7 in group B when group scan
modeis selected. The ADANSBO register is used for group scan mode only; not used for any other modes. The channels
specified in group A (the channels corresponding to group A, selected with the ADANSAO and ADANSA1 registers and
the ADCSR.DBLANS[4:0] bitsin double trigger mode) should be excluded as the channels to be selected and the
number of channelsto be set.

The ANSBO0O0O hit corresponds to AN00O and the ANSBO0O07 bit corresponds to ANOO7.

When performing A/D conversion of the temperature sensor output or internal reference voltage, do not select analog
input channels. The setting value of this register should be 0000h.

The ANSBON bit should be set while the ADCSR.ADST hit isO.
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44.2.7 A/D Channel Select Register B1 (ADANSB1)

Address(es): S12AD.ADANSB1 0008 9016h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

_ _ _ __ |ANSB1| __ _ _ _ _ __ |ANSB1|ANSB1|ANSB1|ANSB1|ANSB1
11 04 03 02 01 00
Value after reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 ANSB100 A/D Conversion Channel Select 0: ANO16 to ANO20 are not subjected to conversion. R/W
b1 ANSB101 1: ANO16 to ANO20 are subjected to conversion. RIW
b2 ANSB102 R/W
b3 ANSB103 R/W
b4 ANSB104 R/W
bl0tob5 — Reserved These bits are read as 0. The write value should be 0. R/W
b11 ANSB111 A/D Conversion Channel Select 0: ANO27 is not subjected to conversion. R/W
1: ANO27 is subjected to conversion.

bl5tob12 — Reserved These bits are read as 0. The write value should be 0. R/W

ADANSB1 selects analog input channels for A/D conversion among AN016 to AN020 and ANO27 in group B when
group scan mode is selected. The ADANSB register is not used in any scan mode other than group scan mode.

ANSB1n Bit (n =00 to 04, 11) (A/D Conversion Channel Select)

The ANSB1n bit selects analog input channels for A/D conversion anong AN016 to AN020 and ANO27 in group B
when group scan mode is selected. The ADANSBL register is used for group scan mode only; not used for any other
modes. The channels specified in group A (the channels corresponding to group A, selected with the ADANSAOQ and
ADANSAL1 registers and the ADCSR.DBLANS[4:0] bits in double trigger mode) should be excluded as the channelsto
be selected and the number of channels to be set.

The ANSB100 hit corresponds to AN016 and the ANSB111 bit correspondsto AN027.

When performing A/D conversion of the temperature sensor output or internal reference voltage, do not select analog
input channels. The setting value of this register should be 0000h.

The ANSB1n bit should be set while the ADCSR.ADST hit isO.
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44.2.8 A/D-Converted Value Addition/Average Function Select Register 0 (ADADSO0)

Address(es): S12AD.ADADS0 0008 9008h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ADSO00 | ADS00 | ADS00 | ADS00 | ADS00 | ADS00 | ADS00 | ADS00
7 6 5 4 3 2 1 0

Value after reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 ADS000 A/D-Converted Value Addition/ 0: A/D-converted value addition/average mode for ANOOO R/W
bl ADS001 Average Channel Select 1: flélt\:lgr?xrst;dot/;ﬁ:gcgzz-ition/average mode for ANOOO RIW
b2 ADS002 to ANOO7 is selected. R/W
b3 ADS003 R/W
b4 ADS004 R/W
b5 ADS005 R/W
b6 ADS006 R/W
b7 ADS007 R/W
bl5to b8 — Reserved These bits are read as 0. The write value should be 0. R/W

ADADSO selects the channels 0 to 7 on which A/D conversion is performed successively 2, 3, 4, or 16 times and then
converted values are added (integrated) or averaged.

ADSOn Bit (n =00 to 07) (A/D-Converted Value Addition/Average Channel Select)

When the ADSOnN bit of the number that is the same as that of A/D-converted channel selected by the
ADANSAO.ANSAON bit (n = 00 to 07) or ADCSR.DBLANS[4:0] bitsand ADANSBO0.ANSBON bit (n=00to 07) is set
to 1, A/D conversion of analog input of the selected channels is performed successively 2, 3, 4, or 16 timesthat is set
with the ADC[2:0] bitsin ADADC. When the ADADC.AVEE hit is 0, the value obtained by addition (integration) is
stored in the A/D dataregister. When the ADADC.AVEE bit is 1, the mean value of the results obtained by addition
(integration) is stored in the A/D data register. As for the channel on which the A/D conversion is performed and
addition/average modeis not selected, anormal one-time conversion is executed and the conversion result is stored to the
A/D dataregister.

The ADSOn bit should be set while the ADCSR.ADST hit isO.
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44.2.9 A/D-Converted Value Addition/Average Function Select Register 1 (ADADS1)

Address(es): S12AD.ADADS1 0008 900Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ADS11 ADS10 [ ADS10 | ADS10 | ADS10|ADS10
1 4 3 2 1 0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b0 ADS100 A/D-Converted Value Addition/ 0: A/D-converted value addition/average mode for ANO16 R/W

Average Channel Select to ANO20 is not selected.
bl ADS101 1: A/D-converted value addition/average mode for ANO16 RIW
b2 ADS102 to AN020 is selected. R/W
b3 ADS103 R/W
b4 ADS104 R/W
b10 to b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b1l ADS111 A/D-Converted Value Addition/ 0: A/D-converted value addition/average mode for AN027 R/W

Average Channel Select is not selected.

1: A/D-converted value addition/average mode for AN0O27
is selected.

bl5tobl2 — Reserved These bits are read as 0. The write value should be 0. R/W

ADADSI selects the channels 16 to 20 and 27 on which A/D conversion is performed successively 2, 3, 4, or 16 times
and then converted values are added (integrated) or averaged.

ADS1n Bit (n = 00 to 04, 11) (A/D-Converted Value Addition/Average Channel Select)

When the ADS1n bit of the number that is the same as that of A/D-converted channel selected by the
ADANSA1.ANSA1n bit (n =00 to 04, 11) or ADCSR.DBLANS[4:0] bitsand ADANSB1.ANSB1n bit (n = 00 to 04,
11) isset to 1, A/D conversion of analog input of the selected channelsis performed successively 2, 3, 4, or 16 times that
is set with the ADADC.ADCJ[2:0] bits. When the ADADC.AVEE bit is 0, the value obtained by addition (integration) is
stored in the A/D data register. When the ADADC.AVEE bit is 1, the mean value of the results obtained by addition
(integration) is stored in the A/D dataregister. As for the channel on which the A/D conversion is performed and
addition/average mode is not selected, a normal one-time conversion is executed and the conversion result is stored to the
A/D dataregister.

The ADS1n hit should be set while the ADCSR.ADST hit isO.

Figure 44.2 shows a scanning operation sequence in which both the ADS002 and ADS006 bits are set to 1.

It is assumed that addition mode is selected (ADADC.AVEE = 0), the addition count is set to three times
(ADADC.ADCJ2:0] = 011b), and the channels ANOQOO to ANOO7 are selected (ADANSAO0.ANSAON = FFh) in
continuous scan mode (ADCSR.ADCS[1:0] = 10b). The conversion process begins with ANO0O. The ANOO2 conversion
is performed successively four times (addition three times), and the added (integrated) value is stored in A/D data
register 2. After that the ANOO3 conversion is started. The ANOO6 conversion is performed successively 4 times and the
added (integrated) value is stored in A/D data register 6. After conversion of AN0O7, the conversion operation isonce
again performed in the same sequence from ANOQO.
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Continuous
conversion count
4 times ANO02 ANO0B ANOO2
8 times ‘/A ANOO2 J ANO0B j ANO02
2 times AN002 ANOO§ ANO002
1time | AN00O}ANOO1|AN002|ANOO3| ANOO4| ANOOS] ANOOE| ANOO 7] ANOOO|ANOOZ| ANDDZ| = = «
Conversion in progregs
Figure 44.2 Scan Conversion Sequence with ADADC.ADC[2:0] = 011b, ADS002 = 1, and ADS006 =1
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44.2.10  A/D-Converted Value Addition/Average Count Select Register (ADADC)

Address(es): S12AD.ADADC 0008 900Ch

b7 b6 b5 b4 b3 b2 b1l b0

AVEE | — — — — ADC[2:0]

Value after reset: 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b2 to b0 ADC[2:0] Addition Count Select b2 bo . . ) R/W
0 0 0: 1-time conversion (no addition; same as normal conversion)

0 0 1: 2-time conversion (addition once)

0 1 0: 3-time conversion (addition twice)*1

0 1 1: 4-time conversion (addition three times)
10 1: 16-time conversion (addition 15 times)*!
Settings other than above are prohibited.

b6 to b3 — Reserved These bits are read as 0. The write value should be 0. R/W

b7 AVEE Average Mode Enable 0: Addition mode is selected. R/W
1: Average mode is selected.

Note 1. The AVEE bit is enabled only when 2-time or 4-time conversion is selected. When average mode is selected (ADADC.AVEE bit
= 1), do not set 3-time conversion (ADADC.ADCJ[2:0] = 010b) nor 16-time conversion (ADADC.ADC[2:0] = 101b).

ADADOC setsthe number of times addition isto proceed for the temperature sensor output, the internal reference voltage,
and channels sel ected as being in A/D-converted value addition or average mode, and to select either addition or average
mode for them.

ADCJ[2:0] Bits (Addition Count Select)

The ADC[2:0] bits set the number of times addition isto proceed as a common value for the temperature sensor output,
the internal reference voltage, and channels for which A/D-converted value addition or average mode is selected,
including those channels selected in double trigger mode (by the ADCSR.DBLANS[4:0] hits).

When average mode is selected by setting the ADADC.AVEE bit to 1, do not set the addition count to one time
(ADADC.ADCJ2:0] = 000b), three times (ADADC.ADC[2:0] = 010b), or 16 times (ADADC.ADC[2:0] = 101b).

The ADC[2:0] bits should be set while the ADCSR.ADST bit isO.

AVEE Bit (Average Mode Enable)

The AV EE bit selects addition or average mode for the temperature sensor output, the internal reference voltage, and the
channels selected for which the addition or average mode of A/D conversion is selected, including those channels
selected in double trigger mode (by ADCSR.DBLANS[4:0] bits).

When average mode is selected by setting the ADADC.AVEE hit to 1, do not set the addition count to one time
(ADADC.ADCJ2:0] = 000b), three times (ADADC.ADC[2:0] = 010b), or 16 times (ADADC.ADC[2:0] = 101b). The
mean value of 1-time, 3-time, and 16-time conversion cannot be obtained.

The AVEE bit should be set while the ADCSR.ADST bit isO.
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44.2.11  A/D Control Extended Register (ADCER)

Address(es): S12AD.ADCER 0008 900Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

AD$FM — — — |DIAGM D'ADG'- DIAGVIAL[l:O] — — | AcE | — — — — —
Value after reset: 0 0 0 0 0 0 0 I 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b4 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b5 ACE A/D Data Register Automatic 0: Disables automatic clearing. R/W
Clearing Enable 1: Enables automatic clearing.
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/W
b9, b8 DIAGVAL[1:0] Self-Diagnosis Conversion Voltage b9 b8 R/W
Select 0 O: Setting prohibited in self-diagnosis voltage fixed
mode

0 1: Uses the voltage of 0 V for self-diagnosis.
1 0: Uses the reference voltage x 1/2 for self-diagnosis.*!
1 1: Uses the reference voltage for self-diagnosis.*!

b10 DIAGLD Self-Diagnosis Mode Select 0: Rotation mode for self-diagnosis voltage R/W
1: Fixed mode for self-diagnosis voltage

b1l DIAGM Self-Diagnosis Enable 0: Disables self-diagnosis of 12-bit A/D converter. R/W
1: Enables self-diagnosis of 12-bit A/D converter.

bl4tobl2 — Reserved These bits are read as 0. The write value should be 0. R/W

b15 ADRFMT A/D Data Register Format Select 0: Flush-right is selected for the A/D data register format. R/W

1: Flush-left is selected for the A/D data register format.

Note 1. The reference voltage refers to the voltage on the pin selected in the ADHVREFCNT register.

ADCER sets self-diagnosis mode, format of A/D dataregistersy (ADDRYy), and automatic clearing of A/D dataregisters.

ACE Bit (A/D Data Register Automatic Clearing Enable)

The ACE bit enables or disables automatic clearing (all “0”) of ADDRy, ADRD, ADDBLDR, ADTSDR, or ADOCDR
after any of these registers have been read by the CPU, DTC, or DMACA. Automatic clearing of the A/D dataregister is
enabled to detect afailure which has not been updated in the A/D data register.

DIAGVAL[1:0] Bits (Self-Diagnosis Conversion Voltage Select)

These bits select the voltage value used in self-diagnosis voltage fixed mode. For details, refer to the descriptions of the
ADCER.DIAGLD bhit.

Self-diagnosis should not be executed by setting the ADCER.DIAGLD bit to 1 when the ADCER.DIAGVAL[1:0] bits
are set to 00b.

DIAGLD Bit (Self-Diagnosis Mode Select)

The DIAGLD hit selects whether the three voltage values are rotated or the fixed voltage is used in self-diagnosis.
Setting this bit (ADCER.DIAGLD) to 0 allows conversion of the voltages in rotation mode where 0, the reference
voltage x 1/2, and the reference voltage are converted in this order. When self-diagnosis rotation mode is selected after a
reset, self-diagnosisis performed from 0 V. When self-diagnosis voltage fixed mode is selected, the fixed voltage
specified by the ADCER.DIAGVAL[1:0] bitsis converted. In self-diagnosis voltage rotation mode, the self-diagnosis
voltage value does not return to 0 when scan conversion is completed. When scan conversion is restarted, therefore,
rotation starts at the voltage value following the previous value. If fixed mode is switched to rotation mode, rotation
starts at the fixed voltage value.

The DIAGLD bit should be set while the ADCSR.ADST bit isO.
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DIAGM Bit (Self-Diagnosis Enable)

The DIAGM bit enables or disables self-diagnosis.

Self-diagnosisis used to detect afailure of the 12-bit A/D converter. Specifically, one of the internally generated voltage
values 0, the reference voltage x 1/2, and the reference voltage is converted. When conversion is completed, information
on the converted voltage and the conversion result is stored into the self-diagnosis data register (ADRD). ADRD can
then be read out by software to determine whether the conversion result falls within the normal range (normal) or not
(abnormal). Self-diagnosisis executed once at the beginning of each scan, and one of the three voltagesis converted.
When sdlf-diagnosisis selected in group scan mode, self-diagnosisis separately executed in groupsA and B.

The DIAGM hit should be set while the ADCSR.ADST bhit isO.

ADRFMT Bit (A/D Data Register Format Select)

The ADRFMT bit specifies flush-right or flush-left for the data to be stored in ADDRy, ADRD, ADTSDR, ADOCDR,
ADDBLDR, ADCMPDRO, ADCMPDR1, ADWINLLB, or ADWINULB.

The ADRFMT bit should be set while the ADCSR.ADST hit isO.

For details on the format of each dataregister, see section 44.2.1, A/D Data Registers y (ADDRy) (y =0to 7, 16 to
20, 27), A/D Data Duplication Register (ADDBLDR), A/D Temperature Sensor Data Register (ADTSDR), A/D
Internal Reference Voltage Data Register (ADOCDR), section 44.2.2, A/D Self-Diagnosis Data Register
(ADRD), section 44.2.25, A/D Compare Function Window A Lower-Side Level Setting Register ADCMPDRO),
section 44.2.26, A/D Compare Function Window A Upper-Side Level Setting Register (ADCMPDR1), section
44.2.33, A/ID Compare Function Window B Lower-Side Level Setting Register (ADWINLLB), and section
44.2.34, A/ID Compare Function Window B Upper-Side Level Setting Register (ADWINULB).
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44.2.12  A/D Conversion Start Trigger Select Register (ADSTRGR)

Address(es): S12AD.ADSTRGR 0008 9010h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — I I TRS/I\[S:O] I I — — I I TRSII3[5:O] I I
Value after reset: 0 0 0 I 0 I 0 I 0 I 0 I 0 (0] 0 0 I 0 I 0 I 0 I 0 I 0
Bit Symbol Bit Name Description R/W
b5 to b0 TRSBI[5:0] A/D Conversion Start Trigger Select  Select the A/D conversion start trigger for group B in R/W
for Group B group scan mode.
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/IW
b1l3to b8 TRSA[5:0] A/D Conversion Start Trigger Select ~ Select the A/D conversion start trigger in single scan R/W

mode and continuous mode. In group scan mode, the A/D
conversion start trigger for group A is selected.

b15, b14 — Reserved These bits are read as 0. The write value should be 0. R/W

ADSTRGR selectsthe A/D conversion start trigger.

TRSBJ[5:0] Bits (A/D Conversion Start Trigger Select for Group B)

The TRSBJ5:0] bits select the trigger to start scanning of the analog input selected in group B. The TRSB[5:0] bits
require to be set only in group scan mode and are not used in any other scan mode. For the scan conversion start trigger
for group B, setting a software trigger or an asynchronous trigger is prohibited. Therefore, the TRSB[5:0] bits should be
set to the value other than 000000b and the ADCSR.TRGE bit should be set to 1 in group scan mode.

When group A is given priority in group scan mode, setting the ADGSPCR.GBRP bit to 1 allows group B to
continuously operate in single scan mode. When setting the ADGSPCR.GBRP hit to 1, set the TRSB[5:0] bitsto 3Fh.
Note that the issuance period of trigger for A/D conversion must be more than or equal to the actual scan conversion time
(tscan)- If theissuance period isless than tgca, A/D conversion by the trigger may have no effect.

When the trigger from the module operated in 54 MHz (MTU) is selected as an A/D conversion start trigger, adelay of
the period for synchronization processing occurs. See section 44.3.6, Analog Input Sampling Time and Scan
Conversion Time for details.

Table 44.6 liststhe A/D conversion startup sources selected by the TRSB[5:0] hits.

TRSA[5:0] Bits (A/D Conversion Start Trigger Select)
The TRSA[5:0] bits select the trigger to start A/D conversion in single scan mode and continuous scan mode. In group
scan mode, the trigger to start scanning of the analog input selected in group A is selected. When scanning is executed in
group scan mode or double trigger mode, software trigger and asynchronous trigger cannot be used.
e When using the A/D conversion startup source of a synchronous trigger, set the ADCSR.TRGE bit to 1 and set the
ADCSR.EXTRG hit to 0.

e When using the asynchronous trigger, set the ADCSR.TRGE bit to 1 and set the ADCSR.EXTRG bit to 1.

o Softwaretrigger (ADCSR.ADST) is enabled regardless of the settings of the ADCSR.TRGE bhit, the
ADCSR.EXTRG bit, and the TRSA[5:0] hits.

Note that the issuance period of trigger for A/D conversion must be more than or equal to the actual scan conversiontime
(tscan)- If theissuance period islessthan tgcan, A/D conversion by atrigger may have no effect. When the trigger from
the module operated in 54 MHz (MTU) is selected as an A/D conversion start trigger, a delay of the period for
synchronization processing occurs. See section 44.3.6, Analog Input Sampling Time and Scan Conversion Time
for details.
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Table 44.7 lists the selection of A/D conversion start sources selected by the TRSA[5:0] bits.

Table 44.6 Selection of A/D Activation Sources by the TRSB[5:0] Bits

Module Source Remarks TRSB[5] TRSB[4] TRSB[3] TRSB[2] TRSB[1] TRSB[O0]

Trigger source deselection state 1 1 1 1 1 1

MTU TRGOAN Compare match/input capture from MTUO.TGRA 0 0 0 0 0 1
TRGOBN Compare match/input capture from MTUO.TGRB 0 0 0 0 1 0
TRGAN Compare match/input capture from MTUO to 0 0 0 0 1 1

MTU4.TGRA or underflow (trough) of MTU4.TCNT in
complementary PWM mode

TRGOEN Compare match from MTUO.TGRE 0 0 0 1 0
TRGOFN Compare match from MTUO.TGRF 0 0 0 1 0 1
TRG4AN Compare match between MTU4. TADCORA and 0 0 0 1 1 0

MTU4.TCNT (interrupt skipping function)

TRG4BN Compare match between MTU4. TADCORB and 0 0 0 1 1 1
MTU4.TCNT (interrupt skipping function)

TRG4ABN Compare match between MTU4. TADCORA and 0 0 1 0 0 0
MTU4.TCNT or compare match between
MTU4.TADCORB and MTU4.TCNT (interrupt skipping

function)
TPU TRGAN1 TGRA compare match/input capture from TPUO to 0 0 1 1 0 1
TPU4
TRG4ABN1 TGRA compare match/input capture from TPUO 0 0 1 1 1 0
ELC ELCTRGO 0 0 1 0 0 1

Table 44.7 Selection of A/D Activation Sources by the TRSA[5:0] Bits

Module Source Remarks TRSA[5] TRSA[4] TRSA[3] TRSA[2] TRSA[1] TRSA[0]

Trigger source deselection state 1 1 1 1 1 1

External pin  ADTRGO# Input pin for the trigger 0 0 0 0 0 0

MTU TRGOAN Compare match/input capture from MTUO.TGRA 0 0 0 0 0 1
TRGOBN Compare match/input capture from MTUO.TGRB 0 0 0 0 1 0
TRGAN Compare match/input capture from MTUO to 0 0 0 0 1 1

MTU4.TGRA or underflow (trough) of MTU4.TCNT in
complementary PWM mode

TRGOEN Compare match from MTUO.TGRE 0 0 0 1 0 0
TRGOFN Compare match from MTUO.TGRF 0 0 0 1 0 1
TRG4AN Compare match between MTU4. TADCORA and 0 0 0 1 1 0

MTU4.TCNT (interrupt skipping function)

TRG4BN Compare match between MTU4. TADCORB and 0 0 0 1 1 1
MTU4.TCNT (interrupt skipping function)

TRG4ABN Compare match between MTU4. TADCORA and 0 0 1 0 0 0
MTU4.TCNT or compare match between
MTU4.TADCORB and MTU4.TCNT (interrupt skipping

function)
TPU TRGAN1 TGRA compare match/input capture from TPUO to 0 0 1 1 0 1
TPU4
TRG4ABN1 TGRA compare match/input capture from TPUO 0 0 1 1 1 0
ELC ELCTRGO 0 0 1 0 0 1
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44.2.13  A/D Conversion Extended Input Control Register (ADEXICR)

Address(es): S12AD.ADEXICR 0008 9012h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — OCSA | TSSA — — — — — — |OCSAD|TSSAD
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 TSSAD Temperature Sensor Output A/D- 0: Temperature sensor output A/D-converted value R/W
Converted Value Addition/Average addition/average mode is not selected.
Mode Select 1: Temperature sensor output A/D-converted value
addition/average mode is selected.
bl OCSAD Internal Reference Voltage A/D- 0: Internal reference voltage A/D-converted value R/W
Converted Value Addition/Average addition/average mode is not selected.
Mode Select 1: Internal reference voltage A/D-converted value
addition/average mode is selected.
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b8 TSSA Temperature Sensor Output A/D 0: A/D conversion of temperature sensor output is not R/W
Conversion Select performed.
1: A/D conversion of temperature sensor output is
performed.
b9 OCSA Internal Reference Voltage A/D 0: A/D conversion of internal reference voltage is not R/W
Conversion Select performed.
1: A/D conversion of internal reference voltage is
performed.
b15to b10 — Reserved These bits are read as 0. The write value should be 0. R/W

ADEXICR specifies the settings of A/D conversion of the temperature sensor output and internal reference voltage.

TSSAD Bit (Temperature Sensor Output A/D-Converted Value Addition/Average Mode Select)

When the TSSAD bit isset to 1, A/D conversion of the temperature sensor output is selected and performed successively
2,3, 4, or 16 timesthat is set with the ADADC.ADCJ[2:0] bits. When the ADADC.AVEE hit is 0, the value obtained by
addition (integration) is stored in the A/D temperature sensor data register (ADTSDR). When the ADADC.AVEE bit is
1, the mean valueis stored in the A/D temperature sensor data register (ADTSDR).

The TSSAD hit should be set while the ADCSR.ADST hit isO.

OCSAD Bit (Internal Reference Voltage A/D-Converted Value Addition/Average Mode Select)

When the OCSAD bit isset to 1, A/D conversion of theinternal reference voltage is selected and performed successively
2,3, 4, or 16 timesthat is set with the ADADC.ADCJ[2:0] bits. When the ADADC.AVEE hit is 0, the value obtained by
addition (integration) is stored in the A/D internal reference voltage dataregister (ADOCDR). When the ADADC.AVEE
bit is 1, the mean value is stored in ADOCDR.

The OCSAD hit should be set while the ADCSR.ADST bhit isO.

TSSA Bit (Temperature Sensor Output A/D Conversion Select)

This bit selects A/D conversion of the temperature sensor output in single scan mode. When A/D conversion of the
temperature sensor output is to be performed, all the bitsin the ADANSAO, ADANSA1, ADANSBO, and ADANSB1
registers and the ADCSR.DBLE and OCSA bits should all be set to 0 in single scan mode.

The TSSA hit should be set while the ADCSR.ADST bit is 0. For A/D conversion of the temperature sensor output, the
ADDISCR.ADNDIS[4:0] hits should be automatically set to OFh to discharge the A/D converter before sampling. The
sampling time should be 5 ps or longer.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 1571 of 1852
Nov 30, 2020



RX23W Group 44. 12-Bit A/D Converter (S12ADE)

Sampling starts after discharging is completed during A/D conversion of the temperature sensor output, an auto-
discharging period of 15 ADCLK cyclesisinserted before sampling.

OCSA Bit (Internal Reference Voltage A/D Conversion Select)

Thisbit selects A/D conversion of the internal reference voltage in single scan mode. When A/D conversion of the
internal reference voltage isto be performed, set all the bitsin the ADANSAO, ADANSA1, ADANSBO, and ADANSB1
registers and the ADCSR.DBLE bit and TSSA bit should be set to all 0 in single scan mode.

The OCSA hit should be set while the ADCSR.ADST bit is 0. For A/D conversion of the internal reference voltage, the
ADDISCR.ADNDIS[4:0] bits should be automatically set to OFh to discharge the A/D converter before sampling. The
sampling time should be 5 ps or longer.

Sampling starts after discharging is completed during A/D conversion of the internal reference voltage, so an auto-
discharging period of 15 ADCLK cyclesisinserted before sampling.
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44.2.14  A/D Sampling State Register n (ADSSTRn) (h=0to 7,L, T, O)

Address(es): S12AD.ADSSTRL 0008 90DDh, S12AD.ADSSTRT 0008 90DEh, S12AD.ADSSTRO 0008 90DFh,
S12AD.ADSSTRO0 0008 90EOh, S12AD.ADSSTR1 0008 90E1h, S12AD.ADSSTR2 0008 90E2h,
S12AD.ADSSTR3 0008 90E3h, S12AD.ADSSTR4 0008 90E4h, S12AD.ADSSTR5 0008 90E5h,
S12AD.ADSSTR6 0008 90E6h, S12AD.ADSSTR7 0008 90E7h

b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 1 1 0 1

The ADSSTRn register sets the sampling time for anal og input.

If one stateisone ADCLK (A/D conversion clock) cycle and the ADCLK clock is54 MHz, one stateis 18.5 ns. The
initial valueis 13 states. If the impedance of analog input signal sourceistoo high to secure sufficient sampling time or if
the ADCLK clock is slow, the sampling time can be adjusted. The ADSSTRn register should be set while the
ADCSR.ADST bit is 0. The lower-limit value for sampling time differs depending on the PCLK to ADCLK frequency
ratio.

Set avaluethat is5 states or more when PCLK to ADCLK frequency ratio = 1:1, 2:1, 4:1, or 8:1.

Set avalue that is 6 states or more when PCLK to ADCLK frequency ratio = 1:2 or 1:4.

Table 44.8 shows the relationship between the A/D sampling state register and the relevant channels.
For details, refer to section 44.3.6, Analog Input Sampling Time and Scan Conversion Time.

Table 44.8 Relationship between A/D Sampling State Register and Relevant Channels

Register Name Channels

ADSSTRO ANOOO

ADSSTR1 ANOO1

ADSSTR2 ANO002

ADSSTR3 ANO003

ADSSTR4 ANO004

ADSSTR5 ANO05

ADSSTR6 ANO06

ADSSTR7 ANOO7

ADSSTRL ANO016 to ANO20, ANO27
ADSSTRT Temperature sensor output*!
ADSSTRO Internal reference voltage*!

Note 1. When performing A/D conversion of the temperature sensor output or internal reference voltage, the sampling time should be 5
us or longer. Since the maximum number of states that can be set by this register is 255, take note of the ADCLK frequency. For
example, when ADCLK = 54 MHz, the sampling time does not reach 5 ps even if 255 states is set.
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44.2.15  A/D Disconnection Detection Control Register (ADDISCR)

Address(es): S12AD.ADDISCR 0008 907Ah

b7 b6 b5 b4 b3 b2 b1l b0

— — — ADNDIS[4:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b4 to b0 ADNDIS[4:0] A/D Disconnection b4 ADNDIS[4]: Discharge/precharge selected R/W

Detection Assist Setting 0: Discharge
1: Precharge
b3 to b0 ADNDIS[3:0]: Discharge/precharge period

b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R/W

ADDISCR sets the disconnection detection assist function.

ADNDIS[4:0] Bits (A/D Disconnection Detection Assist Setting)

These bits select either precharge or discharge and the period of precharge/discharge for the A/D disconnection detection
assist function. Setting the ADNDIS[4] bit = 1 allows to select precharge and setting the ADNDIS[4] bit = 0 allowsto
select discharge. The period of precharge/discharge can be set with the ADNDIS[3:0] bits. When the ADNDIS[3:0] bits
= 0000b, the disconnection detection assist function is not effective. Setting of the ADNDIS[3:0] bitsto 0001bis
prohibited. Except for the case of ADNDIS[3:0] = 0000b or 0001b, the specified value indicates the number of statesfor
the period of precharge/discharge.

When the ADEXICR.OCSA or TSSA hit is set to 1 to perform A/D conversion of the temperature sensor output or
interna reference voltage, ADNDIS[4:0] are automatically fixed to OFh, and discharging is executed prior to A/D
conversion (auto-discharging). An auto-discharge period of 15 ADCLK cyclesisinserted before sampling each time the
temperature sensor output or internal reference voltage is A/D-converted.
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44.2.16  A/D Event Link Control Register (ADELCCR)

Address(es): S12AD.ADELCCR 0008 907Dh

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — — ELCC[1:0]
Value after reset: 0 0 0 0 0 0 0 I 0
Bit Symbol Bit Name Description R/W
b1, b0 ELCC[1:0] Event Link Control bl b0 ) ) R/W
0 O: Event is generated on completion of the scan other than group
B in group scan mode
0 1: Event is generated on completion of the scan of group B in
group scan mode
1 x: Event is generated on completion of all scans
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W
x: Don't care
ADEL CCR sets the generation conditions of the EL C scan end event (S12ADELC).
ELCC[1:0] Bits (Event Link Control)
These bits select the generation conditions of the scan end event (S12ADELC) for the ELC.
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44.2.17  A/D Group Scan Priority Control Register (ADGSPCR)

Address(es): S12AD.ADGSPCR 0008 9080h

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
GBRP| — — — — — — — — — — — — — GBﬁsc PGS
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 PGS Group-A Priority 0: Operation is without group-A priority control R/W
Control Setting 1: Operation is with group-A priority control
*1
bl GBRSCN Group B Restart (Enabled only when PGS = 1. Reserved when PGS =0.) R/W
Setting 0: Scanning for group B is not restarted after having been discontinued due
*2 to group-A priority control.
1: Scanning for group B is restarted after having been discontinued due to
group-A priority control.
bl4tob2 — Reserved These bits are read as 0. The write value should be 0. R/W
b15 GBRP Group B Single Scan  (Enabled only when PGS = 1. Reserved when PGS = 0.) R/W
Continuous Start 0: Single scan for group B is not continuously activated.
*3 1: Single scan for group B is continuously activated.
Note 1. When the PGS bit is to be set to 1, the ADCSR.ADCSJ1:0] bits must be set to 01b (group scan mode). If the bits are set to any
other values, proper operation is not guaranteed.
Note 2. When the GBRSCN bit is to be set to 1, the frequency ratio of peripheral module clock PCLK to A/D conversion clock ADCLK
should be set to 1:1.
Note 3. When the GBRP bit has been set to 1, single scan is performed continuously for group B regardless of the setting of the

GBRSCN bit.

ADGSPCR is used to make settings for priority control of A/D conversion for group A in group scan mode.

PGS Bit (Group-A Priority Control Setting)

This bit sets the priority of operation on group A. Set this bit to 1 when giving priority to operation on group A.
When the PGS hit isto be set to 1, the ADCSR.ADCY[ 1:0] bits must be set to 01b (group scan mode).

When setting the PGS bit to 0, clearing should be performed by software according to section 44.8.2, Notes on
Stopping A/D Conversion. When setting the PGS hit to 1, follow the procedure described in section 44.3.4.3,
Operation under Group-A Priority Control.

GBRSCN Bit (Group B Restart Setting)

This bit controls the restarting of scan operation on group B when operation on group A is given priority.

If a scan operation on group B has been stopped by a group A trigger input with the GBRSCN bit set to 1, the scan
operation is restarted on completion of the A/D conversion on group A. Also, if agroup B trigger isinput during A/D
conversion on group A, the scan operation on group B is restarted on completion of the A/D conversion on group A.

If the GBRSCN hit has been set to 0, triggers that are input during A/D conversion are ignored. Also, the ADCSR.ADST
bit must be 0 when the GBRSCN bit isto be set.

The setting of the GBRSCN bit is enabled when the PGS bit is set to 1.

GBRP Bit (Group B Single Scan Continuous Start)

Thisbit is set when asingle scan operation is to be performed continuously on group B.

Setting the GBRP hit to 1 starts a single scan on group B. On completion of the scan, another single scan on group B is
automatically started. If an A/D conversion on group B has been stopped due to an operation on group A that takes
priority, single scan on group B is automatically restarted on completion of the A/D conversion on group A.

Disable group B trigger input before setting the GBRP bit to 1. Setting the GBRP bit to 1 invalidates the setting of the
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GBRSCN hit. The ADCSR.ADST bit must be 0 when the GBRP hit is to be set.
The setting of the GBRP bit is enabled when the PGS bit is 1.

44.2.18 A/D Compare Function Control Register (ADCMPCR)

Address(es): S12AD.ADCMPCR 0008 9090h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— WCE'V'P — — |cMPAE| — |cMPBE| — — — — — — — CMPAB[1:0]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 CMPABJ[1:0] Window A/B Composite b1 b0 R/W

0 0: SI2ADWMELC is output when window A comparison
conditions are met OR window B comparison conditions are
met. SI2ADWUMELC is output in other cases.

0 1: SI2ADWMELC is output when window A comparison
conditions are met EXOR window B comparison conditions are
met. SI2ADWUMELC is output in other cases.

1 0: S1I2ADWMELC is output when window A comparison
conditions are met AND window B comparison conditions are
met. SI2ADWUMELC is output in other cases.

1 1: Setting prohibited.

Condition Setting

b8 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b9 CMPBE Compare Window B 0: Compare window B operation is disabled. R/W
Operation Enable S12ADWMELC and S12ADWUMELC outputs are disabled.
1: Compare window B operation is enabled.
b10 — Reserved This bit is read as 0. The write value should be 0. R/W
b11 CMPAE Compare Window A 0: Compare window A operation is disabled. R/W
Operation Enable S12ADWMELC and S12ADWUMELC outputs are disabled.
1: Compare window A operation is enabled.
b13, 12 — Reserved These bits are read as 0. The write value should be 0. R/W
b14 WCMPE Window Function Setting  0: Window function is disabled. R/W

Window A and window B operate as a comparator to compare the
single value on the lower side with the A/D conversion result.

1: Window function is enabled.
Window A and window B operate as a comparator to compare the
two values on the upper and lower sides with the A/D conversion
result.

b15 — Reserved This bit is read as 0. The write value should be 0. R/W

ADCMPCR sets the compare window A and window B functions.

CMPABJ[1:0] Bits (Window A/B Composite Condition Setting)

These bits are valid when both window A and window B are enabled (CMPAE = 1 and CMPBE = 1) in single scan mode.
These bits are used to select compare function match/mismatch event output conditions for the ELC or monitoring
conditions of ADWINMON.MONCOMB. The CMPAB[1:0] bits should be set while the ADCSR.ADST bit isO.

CMPBE Bit (Compare Window B Operation Enable)

Thisbit enables or disablesthe compare window B operation. The CMPBE bit should be set whilethe ADCSR.ADST bit
isO.

Set this bit to 0 before setting the following registers.
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A/D channel select registers AO/A1/BO/B1 (ADANSAO, ADANSAL, ADANSBO, ADANSB1)
OCSA or TSSA in the A/D conversion extended input control register (ADEXICR.OCSA, TSSA)
CMPCHBJ[5:0] in the window B channel select register (ADCMPBNSR.CMPCHB[5:0])

CMPAE Bit (Compare Window A Operation Enable)
Thisbit enables or disables the compare window A operation. The CMPAE bit should be set while the ADCSR.ADST bit

isO.

Set this bit to 0 before setting the following registers.

A/D channel select registers AO/A1/B0O/B1 (ADANSAO, ADANSA1, ADANSBO, ADANSBI)
OCSA or TSSA in the A/D conversion extended input control register (ADEXICR.OCSA, TSSA)
Window A channel select registers 0/1 (ADCMPANSRO, ADCMPANSR1)

Window A extended input select register (ADCMPANSER)

WCMPE Bit (Window Function Setting)
This bit enables or disables the window function. The WCMPE bit should be set whilethe ADCSR.ADST bit is 0.
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44.2.19  A/D Compare Function Window A Channel Select Register 0 (ADCMPANSRO)

Address(es): S12AD.ADCMPANSRO0 0008 9094h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CMPC | CMPC | CMPC | CMPC | CMPC | CMPC | CMPC | CMPC
HAO007 | HA006 | HAOO5 | HA0O4 | HAOO3 | HAOO2 | HAOO1 | HAOOO

Value after reset: 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPCHAO000 Compare Window A Channel  0: The corresponding channel from among ANOOO to AN007 is R/W
bl CMPCHACD1 Seleet 1: '?ﬁ:ei;?:gs;cf)?\rd(i::gm cphaatr?nvglr;?:r\;]v aAr-nong ANOO0O to ANOO7 is RIW
b2 CMPCHA002 a target for compare window A. R/W
b3 CMPCHAO003 R/W
b4 CMPCHAO004 R/W
b5 CMPCHAO005 R/W
b6 CMPCHAO006 R/W
b7 CMPCHAOQ07 R/W
bl5to b8 — Reserved These bits are read as 0. The write value should be 0. R/W

ADCMPANSRO is used to select analog input channels for comparison under compare window A conditions from
among ANOOO to ANOO7.

CMPCHAON Bit (n =00 to 07) (Compare Window A Channel Select)

Setting the CMPCHAOn bit which has the same number asthe A/D channel selected by the ADANSAO.ANSAON or
ADANSBO0.ANSBON bit (n = 00 to 07) to 1 enables the compare function.

The CMPCHAON bit should be set while ADCSR.ADST bit isO.
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44.2.20  A/D Compare Function Window A Channel Select Register 1 (ADCMPANSR1)

Address(es): S12AD.ADCMPANSR1 0008 9096h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— _ _ _ CMPC _ _ _ _ _ _ CMPC | CMPC | CMPC | CMPC | CMPC
HA111 HA104 | HA103 | HA102 | HA101 | HA100
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPCHA100 Compare Window A Channel  0: The corresponding channel from among ANO16 to AN0O20is R/W
Select not a target for compare window A.
bl CMPCHALO01 1: The corresponding channel from among AN016 to AN020 is RIwW
b2 CMPCHA102 a target for compare window A. R/W
b3 CMPCHA103 RIW
b4 CMPCHA104 RIW
bl0tob5 — Reserved These bits are read as 0. The write value should be 0. R/W
b1l CMPCHA111 Compare Window A Channel  0: The corresponding channel from among ANO27 is not a R/W
Select target for compare window A.

1: The corresponding channel from among ANO027 is a target
for compare window A.

bl5tobl2 — Reserved These bits are read as 0. The write value should be 0. R/W

ADCMPANSRL is used to select analog input channels for comparison under compare window A conditions from
among ANO016 to AN020 and ANQ27.

CMPCHALLn Bit (n =00 to 04, 11) (Compare Window A Channel Select)

Setting the CMPCHA 1n which has the same number as the A/D channel selected by the ADANSALANSA1n or
ADANSB1.ANSB1n bit (n = 00 to 04, 11) to 1 enables the compare function.

The CMPCHA 1n bit should be set while ADCSR.ADST bit isO.
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44.2.21

Address(es): S12AD.ADCMPANSER 0008 9092h

A/D Compare Function Window A Extended Input Select Register
(ADCMPANSER)

b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __ | CMPO |CMPTS
CA A
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPTSA Temperature Sensor 0: Temperature sensor output is not a target for compare window A. R/W
Output Compare Select 1: Temperature sensor output is a target for compare window A.
bl CMPOCA Internal Reference 0: Internal reference voltage is not a target for compare window A. R/W
Voltage Compare Select  1: Internal reference voltage is a target for compare window A.
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W

ADCMPANSER is used to select whether the temperature sensor output or internal reference voltage is compared under
compare window A conditions.

CMPTSA Bit (Temperature Sensor Output Compare Select)

Setting the CMPTSA bit to 1 while the ADEXICR.TSSA hit is 1 enables the compare window A function. This bit

should be set while the ADCSR.ADST bit isO.

CMPOCA Bit (Internal Reference Voltage Compare Select)

Setting the CMPOCA bit to 1 while ADEXICR.OCSA hit is 1 enables the compare window A function. This bit should

be set whilethe ADCSR.ADST bit isO.
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44.2.22  A/D Compare Function Window A Comparison Condition Setting Register O
(ADCMPLRO)

Address(es): S12AD.ADCMPLRO 0008 9098h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CMPLC|CMPLC|CMPLC|CMPLC|CMPLC|CMPLC|CMPLC|CMPLC
HAO007 | HA006 | HA0OO5 | HA004 | HA0OO3 | HA002 | HA0O1 | HAOOO

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPLCHAO000 Compare Window A When the window function is disabled R/W

Comparison Condition Select (ADCMPCR.WCMPE bit = 0):
bl CMPLCHAO001 . R/W
0: ADCMPDRO register value > A/D-converted value
b2 CMPLCHA002 1: ADCMPDRO register value < A/D-converted value R/W
b3 CMPLCHA003 When the window funct?on is enabled RIW
(ADCMPCR.WCMPE bit = 1):
b4 CMPLCHA004 0: A/D-converted value < ADCMPDRO register value or RIW
b5 CMPLCHAQ05 A/D-converted vglue > ADCMPDRL1 register value RIW
1: ADCMPDRO register value < A/D-converted value <
b6 CMPLCHAOQ06 ADCMPDR1 register value RIW
b7 CMPLCHAQ07 RIW
bl5tob8 — Reserved These bits are read as 0. The write value should be 0. R/W

The ADCMPLRO register sets the condition for use in comparing the values of the ADCMPDRO and ADCMPDR1
registers with results of A/D conversion. The ADCMPLRO register should be set while ADCSR.ADST bit isO.

CMPLCHAON Bit (n =00 to 07) (Compare Window A Comparison Condition Select)

This bit sets the condition for use in comparison with the selected channel from among ANOOO to ANOO7 to which
compare window A conditions are applied. A condition can be set for individual comparison of each analog input.
The CMPLCHAOQQO bit is used for AN0OQOO, the CMPLCHAO0O7 hit is used for ANOO7.

When the result of comparison matches the set condition, the ADCMPSRO.CMPSTCHAON flag is set to 1.

Figure 44.3 shows the comparison conditions.

(1) Comparison conditions when the window function is disabled

CMPLCHAON =0 CMPLCHAONn =1
ADCMPDRO value < A/D converted value Not met ADCMPDRO value < A/D converted value Met
ADCMPDRO value > A/D converted value Met ADCMPDRO value = A/D converted value Not met

(2) Comparison conditions when the window function is enabled
CMPLCHAON =0

ADCMPDR1 value < A/D-converted value Met

ADCMPDRO value < A/D-converted value < ADCMPDR1 value Not met

A/D-converted value < ADCMPDRO value Met

CMPLCHAONn =1

ADCMPDRL1 value < A/D-converted value Not met

ADCMPDRO value < A/D-converted value < ADCMPDR1 value Met

A/D-converted value < ADCMPDRO value Not met
Figure 44.3 Explanation of Compare Function Window A Comparison Conditions
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44.2.23  A/D Compare Function Window A Comparison Condition Setting Register 1
(ADCMPLR1)

Address(es): S12AD.ADCMPLR1 0008 909Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— _ _ __ |cMPLC| _ _ _ _ __ |CMPLC|CMPLC|CMPLC|CMPLC|CMPLC
HA111 HA104 | HA103 | HA102 | HA101 | HA100
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPLCHA100 Compare Window A When the window function is disabled R/W
Comparison Condition Select (ADCMPCR.WCMPE bit = 0):
bl CMPLCHA101 . R/W
0: ADCMPDRO register value > A/D-converted value
b2 CMPLCHA102 1: ADCMPDRO register value < A/D-converted value R/W
b3 CMPLCHA103 When the window funct?on is enabled RIW
(ADCMPCR.WCMPE bit = 1):
b4 CMPLCHA104 0: A/D-converted value < ADCMPDRO register value or RIW
A/D-converted value > ADCMPDR1 register value
1: ADCMPDRO register value < A/D-converted value <
ADCMPDR1 register value
b10 to b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b11 CMPLCHA111 Compare Window A When the window function is disabled R/W
Comparison Condition Select (ADCMPCR.WCMPE bit = 0):
0: ADCMPDRO register value > A/D-converted value
1: ADCMPDRO register value < A/D-converted value
When the window function is enabled
(ADCMPCR.WCMPE bit = 1):
0: A/D-converted value < ADCMPDRO register value or
A/D-converted value > ADCMPDR1 register value
1: ADCMPDRO register value < A/D-converted value <
ADCMPDR1 register value
bl5tob12 — Reserved These bits are read as 0. The write value should be 0. R/W

The ADCMPLR1 register sets the condition for use in comparing the values of the ADCMPDRO and ADCMPDR1
registers with results of A/D conversion.
The ADCMPLRL1 register should be set while ADCSR.ADST bhit isO.

CMPLCHA1n Bit (n =00 to 04, 11) (Compare Window A Comparison Condition Select)

This bit sets the condition for use in comparison with the selected channel from among AN016 to AN020 and ANO27 to
which compare window A conditions are applied. A condition can be set for individual comparison of each analog input.
The CMPLCHA100 bit is used for AN016 and the CMPLCHA111 hit is used for AN027.

When the result of comparison matches the set condition, the ADCMPSR1.CMPSTCHA1n flag is set to 1.

Figure 44.3 shows the comparison conditions.
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44.2.24  A/D Compare Function Window A Extended Input Comparison Condition
Setting Register (ADCMPLER)

Address(es): S12AD.ADCMPLER 0008 9093h

b7 b6 b5 b4 b3 b2 bl b0

CMPLO|CMPLT

CA SA
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPLTSA Compare Window A When the window function is disabled (ADCMPCR.WCMPE bit = 0): R/W
Temperature Sensor 0: ADCMPDRO register value > A/D-converted value
Output Comparison 1: ADCMPDRO register value < A/D-converted value

Condition Select
When the window function is enabled (ADCMPCR.WCMPE bit = 1):
0: A/D-converted value < ADCMPDRO register value or
A/D-converted value > ADCMPDR1 register value
1: ADCMPDRO register value < A/D-converted value < ADCMPDR1
register value

bl CMPLOCA Internal Reference When the window function is disabled (ADCMPCR.WCMPE bit = 0): R/W
Voltage Comparison 0: ADCMPDRO register value > A/D-converted value
Condition Select 1: ADCMPDRO register value < A/D-converted value

When the window function is enabled (ADCMPCR.WCMPE bit = 1):

0: A/D-converted value < ADCMPDRO register value or
A/D-converted value > ADCMPDR1 register value

1: ADCMPDRO register value < A/D-converted value < ADCMPDR1
register value

b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W

The ADCMPLER register sets the condition for use in comparing the values of ADCMPDRO and ADCMPDRL registers
with results of A/D conversion.
The ADCMPLER register should be set while ADCSR.ADST isO.

CMPLTSA Bit (Compare Window A Temperature Sensor Output Comparison Condition Select)

This bit sets the condition for use in comparison with temperature sensor output to which compare window A conditions
are applied.

When the result of comparison matches the set condition, the ADCMPSER.CMPSTTSA flagisset to 1.

Figure 44.3 shows the comparison conditions.

CMPLOCA Bit (Internal Reference Voltage Comparison Condition Select)
This bit sets conditions for use in comparison with internal reference voltage to which compare window A conditions are

applied.
When the result of comparison matches the set condition, the ADCMPSER.CMPSTOCA flag is set to 1.

Figure 44.3 shows the comparison conditions.
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44.2.25 A/D Compare Function Window A Lower-Side Level Setting Register
(ADCMPDRO0)

Address(es): S12AD.ADCMPDRO0 0008 909Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADCMPDRO is a readable/writable register that sets the reference data when the compare window A function is used.
ADCMPDRO sets the lower-side level of window A.

The ADCMPDRO register iswritable even during A/D conversion. The reference data can be dynamically modified by
rewriting register values during A/D conversion.

Set the registers so that the upper-side level is not less than the lower-side level (ADCMPDR1 setting value >
ADCMPDRO setting value).

The ADCMPDRO register uses different formats depending on the following conditions.
e Settings of the A/D dataregister format select bit (flush-right or flush-left)
e Settings of the A/D-converted value addition/average function select register (A/D-converted value average mode
selected or not selected)

e Settings of the A/D-converted value addition/average count select register (addition/average mode selected,
addition count selected)

Note:  If a format different from the format setting of A/D data register y is used to set the compare value, a correct
comparison result will not be obtained.

(1) When A/D-Converted Value Addition/Average Mode is Not Selected

e Flush-right format
Set bits 11 to 0 to the lower-side comparison level. Write O to bits 15 to 12.
e Flush-left format
Set bits 15 to 4 to the lower-side comparison level. Write 0 to bits 3to 0.
(2) When A/D-Converted Value Average Mode is Selected
e Flush-right format
Set bits 11 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 15 to 12.
e Flush-left format
Set bits 15 to 4 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 3to 0.
A/D-converted value average mode can be set only when two or four timesis selected in A/D-converted value addition
mode.
(3) When A/D-Converted Value Addition Mode is Selected
e Flush-right format (A/D-converted value addition mode and 1-time to 4-time conversion selected)
Set bits 13 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel. Write O to bits 15 and 14.
e Flush-right format (A/D-converted value addition mode and 16-time conversion sel ected)
Set bits 15 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel.
e Flush-left format (A/D-converted value addition mode and 1-time to 4-time conversion sel ected)
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Set bits 15 to 2 to the lower-side comparison level for comparison with the A/D-converted val ue of the same
channel. Write 0 to bits 1 and 0.

¢ Flush-left format (A/D-converted value addition mode and 16-time conversion sel ected)
Set bits 15 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel.

When A/D-converted addition mode is selected, set the value added by the A/D-converted value of the same channel.
The number of A/D conversions can be set to 1, 2, 3, 4, or 16 times. If A/D-converted addition mode is selected, when
the A/D conversion count is set to 1 to 4 times, set the number of conversion accuracy bits extended by 2 bitsin the
ADCMPDRO register; when the A/D conversion count is set to 16 times, set the number of conversion accuracy bits
extended by 4 bitsin the ADCMPDRO register.

Even if A/D converted value addition mode is selected, set the reference datain the A/D data register according to the
settings of the A/D data register format select bits.
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44.2.26  A/D Compare Function Window A Upper-Side Level Setting Register
(ADCMPDR1)

Address(es): S12AD.ADCMPDR1 0008 909Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADCMPDRL is areadable/writable register that sets the reference data when the compare window A function is used.
ADCMPDRI sets the upper-side level of window A.

The ADCMPDRL1 register iswritable even during A/D conversion. The reference data can be dynamically modified by
rewriting register values during A/D conversion.

Set the registers so that the upper-side level is not less than the lower-side level (ADCMPDR1 setting value >
ADCMPDRO setting value).

The ADCMPDR1 register is not used when the window function is disabled.

The ADCMPDRL register uses different formats depending on the following conditions.
e Settings of the A/D data register format select bit (flush-right or flush-left)
e Settings of the A/D-converted value addition/average function select register (A/D-converted value average mode
selected or not selected)
e Settings of the A/D-converted value addition/average count select register (addition/average mode selected,
addition count selected)

Note: If a format different from the format setting of A/D data register y is used to set the compare value, a correct
comparison result will not be obtained.

(1) When A/D-Converted Value Addition/Average Mode is Not Selected

e Flush-right format
Set bits 11 to 0 to the upper-side comparison level. Write O to bits 15 to 12.

e Flush-left format
Set bits 15 to 4 to the upper-side comparison level. Write 0 to bits 3 to 0.
(2) When A/D-Converted Value Average Mode is Selected

¢ Flush-right format
Set bits 11 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write O to bits 15 to 12.

e Flush-left format
Set bits 15 to 4 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 3to 0.
A/D-converted value average mode can be set only when two or four timesis selected in A/D-converted value addition
mode.
(3) When A/D-Converted Value Addition Mode is Selected

e Flush-right format (A/D-converted value addition mode and 1-time to 4-time conversion sel ected)
Set bits 13 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write O to bits 15 and 14.

e Flush-right format (A/D-converted value addition mode and 16-time conversion sel ected)
Set bits 15 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel.
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¢ Flush-left format (A/D-converted value addition mode and 1-time to 4-time conversion selected)

e Set bits 15 to 2 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 1 and O.

e Flush-left format (A/D-converted value addition mode and 16-time conversion sel ected)

Set bits 15 to 0 to the upper-side comparison level for comparison with the A/D-converted va ue of the same
channel.

When A/D-converted addition mode is selected, set the value added by the A/D-converted value of the same channel.
The number of A/D conversions can be setto 1, 2, 3, 4, or 16 times. If A/D-converted addition mode is selected, when
the A/D conversion count is set to 1 to 4 times, set the number of conversion accuracy bits extended by 2 bitsin the
ADCMPDR1 register; when the A/D conversion count is set to 16 times, set the number of conversion accuracy bits
extended by 4 bitsin the ADCMPDRL register.

Evenif A/D converted value addition mode is selected, set the reference datain the A/D data register according to the
settings of the A/D data register format select bits.

44.2.27  A/D Compare Function Window A Channel Status Register 0 (ADCMPSRO0)

Address(es): S12AD.ADCMPSR0 0008 90A0h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CMPST | CMPST | CMPST | CMPST | CMPST | CMPST | CMPST | CMPST
CHA007 |CHA006 | CHA005 | CHA004 | CHA003 | CHA002 | CHA001 | CHA000

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPSTCHAO000 Compare Window A Flag When window A operation is enabled (ADCMPCR.CMPAE  R/W

= 1), these flags indicate the comparison result of channels
bl CMPSTCHA001 ; . ) R/W
(ANOOO to AN007 to which window A comparison
b2 CMPSTCHAQ02 conditions are applied. R/IW
b3 CMPSTCHAQ03 0: Compar?son cond?t?ons are not met. RIW
1: Comparison conditions are met.
b4 CMPSTCHA004 R/IW
b5 CMPSTCHA005 R/W
b6 CMPSTCHA006 R/W
b7 CMPSTCHA007 R/W
bl5to b8 — Reserved These bits are read as 0. The write value should be 0. R/W

The ADCMPSRO register stores the comparison results of the compare window A function.

CMPSTCHAON Flag (n = 00 to 07) (Compare Window A Flag)
Thisflag is comparison result status flag of channel (ANOOO to AN0O7) to which window A comparison conditions are
applied. When the comparison condition set by ADCMPLRO.CMPLCHAnN is met at the end of A/D conversion, each of
these flagsis set to 1. CMPSTCHAO000 and CMPSTCHAQ07 correspond to ANOOO and AN0O7, respectively.
Writing 1 to the CMPSTCHAON flag is disabled.
[Setting condition]
e The condition set by ADCMPLRO.CMPLCHAON is met when ADCMPCR.CMPAE =1
[Clearing condition]
e Qiswritten after reading 1
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44.2.28 A/D Compare Function Window A Channel Status Register 1 (ADCMPSR1)

Address(es): S12AD.ADCMPSR1 0008 90A2h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

_ _ _ __ |cmpPsT| _ _ _ _ __ | CMPST |CMPST | CMPST | CMPST | CMPST
CHA111 CHA104|CHA103|CHA102|CHA101|CHA100
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPSTCHA100 Compare Window AFlag ~ When window A operation is enabled (ADCMPCR.CMPAE = 1), R/W
these flags indicate the comparison result of channels (AN016
bl CMPSTCHAL0L to AN020) to which window A comparison conditions are RIW
b2 CMPSTCHA102 applied. RIW
b3 CMPSTCHA103 0: Compar?son cond?t?ons are not met. RIW
1: Comparison conditions are met.
b4 CMPSTCHA104 R/W
b10 to b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b1l CMPSTCHA111 Compare Window AFlag ~ When window A operation is enabled (ADCMPCR.CMPAE = 1), R/W

this flag indicates the comparison result of channel (AN027) to
which window A comparison condition is applied.

0: Comparison conditions are not met.

1: Comparison conditions are met.

bl5tobl2 — Reserved These bits are read as 0. The write value should be 0. R/W

The ADCMPSRL register stores the comparison results of the compare window A function.

CMPSTCHA1n Flag (n =00 to 04, 11) (Compare Window A Flag)
Thisflag is comparison result status flag of channel (AN016 to AN020, AN027) to which window A comparison
conditions are applied. When the comparison condition set by ADCMPLR1.CMPLCHA1n is met at the end of A/D
conversion, each of these flagsis set to 1. The CMPSTCHA100 hit corresponds to AN016, the CMPSTCHA104 bit
corresponds to AN020, and the CMPSTCHA111 bit corresponds to AN027.
Writing 1 to the CMPSTCHA1n flag (n = 00 to 04, 11) is disabled.
[Setting condition]

e The condition set by ADCMPLR1.CMPLCHA1n is met when ADCMPCR.CMPAE =1
[Clearing condition]

e Oiswritten after reading 1
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44.2.29  A/D Compare Function Window A Extended Input Channel Status Register
(ADCMPSER)

Address(es): S12AD.ADCMPSER 0008 90A4h

b7 b6 b5 b4 b3 b2 bl b0

CMPST|CMPST

OCA | TSA
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPSTTSA  Compare Window A When window A operation is enabled (ADCMPCR.CMPAE = 1), R/W
Temperature Sensor Output this flag indicates the temperature sensor output comparison
Compare Flag result.

0: Comparison conditions are not met.
1: Comparison conditions are met.

bl CMPSTOCA Compare Window A Internal When window A operation is enabled (ADCMPCR.CMPAE = 1), R/W
Reference Voltage Compare this flag indicates the internal reference voltage comparison
Flag result.

0: Comparison conditions are not met.
1: Comparison conditions are met.

b7tob2 — Reserved These bits are read as 0. The write value should be 0. R/W

The ADCMPSER register stores the comparison result of the compare window A function.

CMPSTTSA Flag (Compare Window A Temperature Sensor Output Compare Flag)
Thisflag is a status flag that indicates the temperature sensor output comparison result. When the comparison condition
set by ADCMPLER.CMPLTSA is met at the end of A/D conversion, thisflag is set to 1.
Writing 1 to the CMPSTTSA flag is disabled.
[Setting condition]
e The condition set by ADCMPLER.CMPLTSA is met when ADCMPCR.CMPAE =1
[Clearing condition]
e Oiswritten after reading 1

CMPSTOCA Flag (Compare Window A Internal Reference Voltage Compare Flag)
Thisflag is a status flag that indicates the internal reference voltage comparison result. When the comparison condition
set by ADCMPLER.CMPLOCA is met at the end of A/D conversion, thisflagisset to 1.
Writing 1 to the CMPSTOCA flag is disabled.
The value 1 cannot be written to the CMPSTOCA hit.
[Setting condition]
e The condition set in by ADCMPLER.CMPLOCA hit is met when ADCMPCR.CMPAE =1
[Clearing condition]
e Oiswritten after reading 1
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44.2.30  A/D High-Potential/Low-Potential Reference Voltage Control Register
(ADHVREFCNT)

Address(es): S12AD.ADHVREFCNT 0008 908Ah

b7 b6 b5 b4 b3 b2 bl b0

ADSLP| — — |LVSEL| — — HVSEL[1:.0]

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 HVSEL[1:0] High-Potential Reference b1 b0 R/W

0 0: AVCCO is selected as the high-potential reference voltage.
0 1: VREFHO is selected as the high-potential reference voltage.
Settings other than above are prohibited.

Voltage Select

b3, b2 — Reserved These bits are read as 0. The write value should be 0. R/W

b4 LVSEL Low-Potential Reference 0: AVSSO is selected as the low-potential reference voltage. R/W
Voltage Select 1: VREFLO is selected as the low-potential reference voltage.

b6, b5 — Reserved These bits are read as 0. The write value should be 0. R/W

b7 ADSLP Sleep 0: Normal operation R/W

1: Standby state

The ADHVREFCNT register specifies the high-potential and low-potentia reference voltages. Set this register before
performing A/D conversion.

HVSEL[1:0] Bits (High-Potential Reference Voltage Select)
These bits are used to set the high-potential reference voltage. AV CCO or VREFHO is selectabl e as the high-potential
reference voltage.

LVSEL Bit (Low-Potential Reference Voltage Select)
Thisbit is used to set the low-potential reference voltage. AV SS0 or VREFLO is selectabl e as the low-potential reference
voltage.

ADSLP Bit (Sleep)

Thisbit is used to transition the 12-bit A/D converter to the standby state. Set the ADSLP bit to 1 only when modifying
the ADCSR.ADHSC hit. In other cases, setting the ADSLP bit to 1 is prohibited.

After theADSLPbitissetto 1, wait at least 5 us before clearing thisbit to 0. Furthermore, after the ADSLP bit is cleared
to O, wait at least 1 ps and then start the A/D conversion.

For the ADHSC bit rewriting procedure, see section 44.8.10, ADHSC Bit Rewriting Procedure.
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44.2.31  A/D Compare Function Window A/B Status Monitor Register (ADWINMON)

Address(es): S12AD.ADWINMON 0008 908Ch

b7 b6 b5 b4 b3 b2 b1l b0

_ __ |MONC|MONC| __ _ __ |MONC
MPB | MPA OMB
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 MONCOMB  Combination Result Monitor  This flag indicates the combination result. R
Flag This flag is valid when both window A operation and window B

operation are enabled.
0: Window A/window B composite conditions are not met.
1: Window A/window B composite conditions are met.

b3tobl — Reserved These bits are read as 0. The write value should be 0.

b4 MONCMPA Comparison Result Monitor A 0: Window A comparison conditions are not met.
Flag 1: Window A comparison conditions are met.

b5 MONCMPB Comparison Result Monitor B 0: Window B comparison conditions are not met. R
Flag 1: Window B comparison conditions are met.

b7, b6 — Reserved These bits are read as 0. R

The ADWINMON register can monitor the comparison result and the combination result.

MONCOMB Flag (Combination Result Monitor Flag)

This read-only flag indicates the result in combination of comparison condition result A and comparison result condition
B with the combination condition set by the ADCMPCR.CMPABJ1:0] bits.
[Setting condition]
e The combined result meets the combination condition set by the ADCMPCR.CMPABJ1:0] bits when
ADCMPCR.CMPAE =1 and ADCMPCR.CMPBE = 1.
[Clearing conditions]
e The combined result does not meet the combination condition set by the ADCMPCR.CMPABJ[1:0] bits.

e ADCMPCR.CMPAE =0o0or ADCMPCR.CMPBE = 0.

MONCMPA Flag (Comparison Result Monitor A Flag)

Thisread-only flag is read as 1 when the A/D-converted value of the window A target channel meets the condition set in
the ADCMPLRO, ADCMPLR1, and ADCMPLER registers, and is read as 0 otherwise.
[Setting condition]
e The A/D-converted value meets the condition set by the ADCMPLRO.CMPLCHAON bit when
ADCMPCR.CMPAE = 1.
[Clearing conditions]
e The A/D-converted value does not meet the condition set by the ADCMPLRO.CMPLCHAON bit when
ADCMPCR.CMPAE = 1.

e ADCMPCR.CMPAE = 0 (Automatically cleared when the ADCMPCR.CMPAE bit value changes from 1 to 0.)

MONCMPB Flag (Comparison Result Monitor B Flag)

Thisread-only flag isread as 1 when the A/D converted value of the window B target channel meets the condition set by
the ADCMPBNSR.CMPLB hit, and isread as 0 in other cases.
[Setting condition]

e The A/D-converted value meets the condition set by ADCMPBNSR.CMPLB bit when ADCMPCR.CMPBE = 1.
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[Clearing conditiong]
e The A/D-converted value does not meet the condition set by ADCMPBNSR.CMPLB hit when ADCMPCR.CMPBE = 1.

e ADCMPCR.CMPBE = 0 (Automatically cleared when the ADCMPCR.CMPBE bit value changes from 1 to 0.)

44.2.32  A/D Compare Function Window B Channel Select Register (ADCMPBNSR)

Address(es): S12AD.ADCMPBNSR 0008 90A6h

b7 b6 b5 b4 b3 b2 b1l b0

CMPLB| — CMPCHBJ[5:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b5tob0 CMPCHB[5:0] Compare Window B These bits select channels to be compared with the compare R/W
Channel Select window B conditions.

b5 b0
00000 0: ANOOO

00000 1: ANOO1
0000 10: ANO02

0001 10: ANOO6
000111: ANOO7
010000: ANO16
01000 1: ANO17

010100: ANO20

01101 1: ANO27

100 00 0: Temperature sensor
10000 1: Internal reference voltage
Settings other than above are prohibited.

b6 — Reserved This bit is read as 0. The write value should be 0. R/IW
b7 CMPLB Compare Window B When the window function is disabled (ADCMPCR.WCMPE bit = 0) R/W
Comparison Condition 0: ADWINLLB register value > A/D-converted value
Setting 1: ADWINLLB register value < A/D-converted value

When the window function is enabled (ADCMPCR.WCMPE bit = 1)

0: A/D-converted value < ADWINLLB register value or ADWINULB
register value < A/D-converted value

1: ADWINLLB register value < A/D-converted value < ADWINULB
register value

The ADCMPBNSR register is used to set the compare window B function.

CMPCHBJ[5:0] Bits (Compare Window B Channel Select)

These hits are used to select channels to be compared from among ANOOO to ANO07, AN016 to AN020, ANQ27,
temperature sensor, and internal reference voltage against the conditions of comparison window B.

The compare window B function is enabled by specifying the hexadecimal number of the A/D conversion channel
selected by the ADANSAO, ADANSAL, ADANSBO, and ADANSBL1 registers.

The CMPCHB[5:0] bits should be set while the ADCSR.ADST bit isO.

CMPLB Bit (Compare Window B Comparison Condition Setting)

Thisbit is used to set comparison conditions of channels for window B. When the comparison result of each analog input
meets the set condition, the ADCMPBSR.CMPSTB flag is set to 1.

Figure 44.4 shows the comparison conditions.
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(1) Compare conditions when the window function is disabled

(2) Comparison conditions when the window function is enabled

CMPLB =0 CMPLB =1
ADWINLLB value < A/D-converted value Not met ADWINLLB value < A/D-converted value Met
ADWINLLB value > A/D-converted value Met ADWINLLB value = A/D-converted value Not met

CMPLB =0

A/D-converted value < ADWINULB value Met

ADWINLLB value < A/D-converted value < ADWINULB value Not met
A/D-converted value < ADWINLLB value Met

CMPLB=1

A/D-converted value < ADWINULB value Not met
ADWINLLB value < A/D-converted value < ADWINULB value Met

A/D-converted value < ADWINLLB value Not met

Figure 44.4 Explanation of Compare Function Window B Compare Conditions
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44.2.33  A/D Compare Function Window B Lower-Side Level Setting Register
(ADWINLLB)

Address(es): S12AD.ADWINLLB 0008 90A8h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADWINLLB isareadable/writable register that sets the reference data when the compare window B function is used.
ADWINLLB sets the lower-side level of window B.

The ADWINLLB register iswritable even during A/D conversion. The reference data can be dynamically modified by
rewriting register values during A/D conversion.

Set the registers so that the upper-side level is not less than the lower-side level (ADWINULB setting value >
ADWINLLB setting value).

The ADWINLLB register uses different formats depending on the following conditions.
e Settings of the A/D data register format select bit (flush-right or flush-left)
e Settings of the A/D-converted value addition/average function select register (A/D-converted value average mode
selected or not selected)

e Settings of the A/D-converted value addition/average count select register (addition/average mode selected,
addition count selected)

Note:  If a format different from the format setting of A/D data register y (ADDRY) is used to set the compare value, a
correct comparison result will not be obtained.

(1) When A/D-Converted Value Addition/Average Mode is Not Selected

e Flush-right format
Set bits 11 to 0 to the lower-side comparison level. Write O to bits 15 to 12.
e Flush-left format
Set bits 15 to 4 to the lower-side comparison level. Write 0 to bits 3to 0.
(2) When A/D-Converted Value Average Mode is Selected
e Flush-right format
Set bits 11 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 15 to 12.
e Flush-left format
Set bits 15 to 4 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 3to 0.
A/D-converted value average mode can be set only when two or four timesis selected in A/D-converted value addition
mode.
(3) When A/D-Converted Value Addition Mode is Selected
e Flush-right format (A/D-converted value addition mode and 1-time to 4-time conversion selected)
Set bits 13 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel. Write O to bits 15 and 14.
e Flush-right format (A/D-converted value addition mode and 16-time conversion sel ected)
Set bits 15 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel.
e Flush-left format (A/D-converted value addition mode and 1-time to 4-time conversion sel ected)
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Set bits 15 to 2 to the lower-side comparison level for comparison with the A/D-converted val ue of the same
channel. Write 0 to bits 1 and 0.

¢ Flush-left format (A/D-converted value addition mode and 16-time conversion sel ected)
Set bits 15 to 0 to the lower-side comparison level for comparison with the A/D-converted value of the same
channel.

When A/D-converted addition mode is selected, set the value added by the A/D-converted value of the same channel.
The number of A/D conversions can be set to 1, 2, 3, 4, or 16 times. If A/D-converted addition mode is selected, when
the A/D conversion count is set to 1 to 4 times, set the number of conversion accuracy bits extended by 2 bitsin the
ADWINLLB register; when the A/D conversion count is set to 16 times, set the number of conversion accuracy bits
extended by 4 bitsin the ADWINLLB register.

Even if A/D converted value addition mode is selected, set the reference datain the A/D data register according to the
settings of the A/D data register format select bits.
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44.2.34  A/D Compare Function Window B Upper-Side Level Setting Register
(ADWINULB)

Address(es): S12AD.ADWINULB 0008 90AAh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADWINULB is areadable/writable register that sets the reference data when the compare window B function is used.
ADWINULB sets the upper-side level of window B.

The ADWINULB register iswritable even during A/D conversion. The reference data can be dynamically modified by
rewriting register values during A/D conversion.

Set the registers so that the upper-side level is not less than the lower-side level (ADWINULB setting value >
ADWINLLB setting value)

The ADWINULB register is not used when the window function is disabled.

The ADWINULB register uses different formats depending on the following conditions.
e Settings of the A/D dataregister format select bit (flush-right or flush-left)
e Settings of the A/D-converted value addition/average function select register (A/D-converted value average mode
selected or not selected)
e Settings of the A/D-converted value addition/average count select register (addition/average mode selected,
addition count selected)

Note:  If a format different from the format setting of A/D data register y (ADDRY) is used to set the compare value, a
correct comparison result will not be obtained.

(1) When A/D-Converted Value Addition/Average Mode is Not Selected

e Flush-right format
Set bits 11 to 0 to the upper-side comparison level. Write O to bits 15 to 12.

e Flush-left format
Set bits 15 to 4 to the upper-side comparison level. Write 0 to bits 3 to 0.
(2) When A/D-Converted Value Average Mode is Selected

¢ Flush-right format
Set bits 11 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write O to bits 15 to 12.

e Flush-left format
Set bits 15 to 4 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 3to 0.
A/D-converted value average mode can be set only when two or four timesis selected in A/D-converted value addition
mode.
(3) When A/D-Converted Value Addition Mode is Selected

e Flush-right format (A/D-converted value addition mode and 1-time to 4-time conversion sel ected)
Set bits 13 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write O to bits 15 and 14.

e Flush-right format (A/D-converted value addition mode and 16-time conversion sel ected)
Set bits 15 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel.
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¢ Flush-left format (A/D-converted value addition mode and 1-time to 4-time conversion selected)
Set bits 15 to 2 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel. Write 0 to bits 1 and 0.

e Flush-left format (A/D-converted value addition mode and 16-time conversion selected)
Set bits 15 to 0 to the upper-side comparison level for comparison with the A/D-converted value of the same
channel.

When A/D-converted addition mode is selected, set the value added by the A/D-converted value of the same channel.
The number of A/D conversions can be setto 1, 2, 3, 4, or 16 times. If A/D-converted addition mode is selected, when
the A/D conversion count is set to 1 to 4 times, set the number of conversion accuracy bits extended by 2 bitsin the
ADWINULB register; when the A/D conversion count is set to 16 times, set the number of conversion accuracy bits
extended by 4 bitsin the ADWINULB register.

Even if A/D converted value addition mode is selected, set the reference datain the A/D data register according to the
settings of the A/D data register format select bits.

44.2.35 A/D Compare Function Window B Channel Status Register (ADCMPBSR)

Address(es): S12AD.ADCMPBSR 0008 90ACh

b7 b6 b5 b4 b3 b2 bl b0

— _ _ _ _ _ __ |CMPST|
B
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 CMPSTB Compare Window B Flag 0: Comparison conditions are not met. R/W

1: Comparison conditions are met.

b7tobl — Reserved These bits are read as 0. The write value should be 0. R/IW

The ADCMPBSR register stores the comparison result of the compare window B function.

CMPSTB Flag (Compare Window B Flag)
Thisflag is astatus flag that indicates the results of comparison for the channels (AN0OO to AN007, AN016 to AN020,
ANO27, temperature sensor, and internal reference voltage) to which the window B comparison conditions are applied.
When the comparison condition set by ADCMPBNSR.CMPCHB[5:0] bitsis met at the end of A/D conversion, thisflag
issetto 1.
Writing 1 to the CMPSTB flag is disabled.
[Setting condition]

e The condition set by ADCMPBNSR.CMPLB bit is met when ADCMPCR.CMPAE =1
[Clearing condition]

e Qiswritten after reading 1
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44.2.36  A/D Data Storage Buffer Register n (ADBUFn) (n = 0 to 15)

Address(es): S12AD.ADBUF0 0008 90BOh, S12AD.ADBUF1 0008 90B2h, S12AD.ADBUF2 0008 90B4h,
S12AD.ADBUF3 0008 90B6h, S12AD.ADBUF4 0008 90B8h, S12AD.ADBUF5 0008 90BAh,
S12AD.ADBUF6 0008 90BCh, S12AD.ADBUF7 0008 90BEh, S12AD.ADBUF8 0008 90COh,
S12AD.ADBUF9 0008 90C2h, S12AD.ADBUF10 0008 90C4h, S12AD.ADBUF11 0008 90C6h,
S12AD.ADBUF12 0008 90C8h, S12AD.ADBUF13 0008 90CAh, S12AD.ADBUF14 0008 90CCh,
S12AD.ADBUF15 0008 90CEh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A/D data storage buffer registers n (ADBUFN) are 16-hit read-only registers that sequentially store all A/D converted
values. The automatic clear function is not applied to these registers.

The ADBUFnN register uses different formats depending on the following conditions.
e Settings of the A/D dataregister format select bit (flush-right or flush-left)
e Settings of the A/D-converted value addition/average function select register (A/D-converted value average mode
selected or not selected)

e Settings of the A/D-converted value addition/average count select register (addition/average mode selected,
addition count selected)

(1) When A/D-Converted Value Addition/Average Mode is Not Sel ected
e Flush-right format
The A/D-converted value is stored in bits 11 to 0. Bits 15to 12 areread as 0.
e Flush-left format
The A/D-converted value is stored in bits 15 to 4. Bits 3to O areread as 0.
(2) When A/D-Converted Value Average Mode is Selected
e Flush-right format
The mean value of the A/D converted results of the same channel is stored in bits 11 to 0. Bits 15to 12 areread as 0.
e Flush-left format
The mean value of the A/D converted results of the same channel is stored in bits 15 to 4. Bits3to O are read as 0.
A/D-converted value average mode can be set only when two or four timesis selected in A/D-converted value addition
mode.
(3) When A/D-Converted Value Addition Mode is Selected

e Flush-right format (A/D-converted value addition mode and 1-time to 4-time conversion sel ected)
The value added by the A/D-converted value of the same channel is stored in bits 13 to 0.
Bits15and 14 areread as 0.

e Flush-right format (A/D-converted value addition mode and 16-time conversion sel ected)
The value added by the A/D-converted value of the same channel is stored in bits 15to 0.

e Flush-left format (A/D-converted value addition mode and 1-time to 4-time conversion selected)
The value added by the A/D-converted value of the same channel is stored in bits 15 to 2.
Bits1and O areread asO.

e Flush-left format (A/D-converted value addition mode and 16-time conversion selected)

The value added by the A/D-converted value of the same channel is stored in bits 15 to 0.

When A/D-converted addition mode is selected, the value added by the A/D-converted value of the same channel is
indicated. The number of A/D conversion canbesetto 1, 2, 3, 4, or 16 times. If A/D-converted addition mode is selected,
when the conversion count is set to 1 to 4 times, the value added by the A/D conversion result isretained in the ADBUFN
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