RX23W Group 28. Realtime Clock (RTCe)

28.3 Operation

28.3.1 Outline of Initial Settings of Registers after Power On

After the power isturned on, theinitia settings for the clock setting, count mode setting, time error adjustment, time
setting, alarm, interrupt, and time capture control register should be performed.

| Power on |
A
| Clock and count mode settings | Clock supply setting and count mode setting
] Time setting in the clock counter and initial
Set the time setting of the time error adjustment register
Set the alarm Initial setting of the alarm register
A
| Set the interrupt | Initial setting of the interrupt control register
| Set the time capture control register | Initial setting of the time capture control register

Figure 28.2 Outline of Initial Settings after Power On
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28.3.2

Clock and Count Mode Setting Procedure

Figure 28.3 shows how to set the clock and the count mode.

Set the sub-clock oscillator

v

| Supply 6 clocks of the count source |

A

Set the START bitto 0

»

'

Y

START =07?

Yes

Wait for the RCR2.START bit to become 0

Select count mode

CNTMD = the set value?

value™

Execute RTC software reset

»

) 4

RESET = 0?

Yes

Wait for the RCR2.RESET bit to become 0

Note 1. This step is not necessary if the count mode has been set concurrently with setting the START bit to 0.
A value corresponding to the count mode setting must be written to the RCR2.CNTMD bit.

| Set the RCR3 register

RCR2.CNTMD bit setting™

Wait until the RCR2.CNTMD bit has the newly set

Write 1 to the RCR2.RESET bit

Figure 28.3

Clock and Count Mode Setting Procedure
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28.3.3 Setting the Time
Figure 28.4 shows how to set the time.

Set the START bit to 0 Write O to the RCR2.START bit
L
) 4
No START = 02 Wait for the RCR2.START bit to become 0
Yes
Execute an RTC software reset Write 1 to the RCR2.RESET bit**
)
Ll
) 4
No Wait for the RCR2.RESET bit to become 0

RESET = 0?

Yes

i

Set the year, month, day of the week,
date, hour, minute, and second/ Settings in arbitrary order is possible
binary counters 3to 0

v

| Set clock error adjustment values

v

Set the START bitto 1

Set clock error adjustment values

Write 1 to the RCR2.START bit

1
¥

No

START =17 Wait for the RCR2.START bit to become 1

Yes

Note 1. This step is not necessary for the time-setting procedure because an RTC software reset
is executed in the clock setting procedure of the initial settings for the power supply.

Figure 28.4 Setting the Time

28.3.4 30-Second Adjustment

Figure 28.5 shows how to execute 30-second adjustment.

Execute 30-second adjustment while the clock is in operation

Clock is in operation (the RCR2.START bit is 1)

v

Set the RCR2.ADJ30 bit to 1 Write 1 to the RCR2.ADJ30 bit
No ADJ30 = 0? Wait for the RCR2.ADJ30 bit to become 0
Yes

Figure 28.5 30-Second Adjustment
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28.3.5 Reading 64-Hz Counter and Time
Figure 28.6 shows how to read the 64-Hz counter and time.

(a) To read the time without using interrupt

Disable a carry interrupt request on ICU side

v

Enable a carry interrupt request on RTC side Write 1 to the RCR1.CIE bit

Write 0 to the ICU.IERm.IEN] bit corresponding to
the CUP interrupt

A .
v

Y

Clear the interrupt status flag

v

Read the counter

Write O to the ICU.IRnN.IR flag corresponding to
the CUP interrupt

Yes Read the counter again when the IR flag
corresponding to the CUP interrupt is 1

(b) To read the time using interrupts

Clear the interrupt status flag

Y

Enable a carry interrupt request on ICU side

v

Enable a carry interrupt request on RTC side Write 1 to the RCR1.CIE bit

Write 0 to the ICU.IRN.IR flag corresponding to
the CUP interrupt

Write 1 to the ICU.IERm.IEN] bit corresponding to
the CUP interrupt

»
Y

y
Clear the interrupt status flag

v

Read the counter

Write O to the ICU.IRN.IR flag corresponding to
the CUP interrupt

No

Disable a carry interrupt request on RTC side Write 0 to the RCR1.CIE bit*!

Note 1. Disable the interrupt if necessary.

Figure 28.6 Reading Time

If acarry occurs while the 64-Hz counter and time are being read, the correct time will not be obtained, so they must be
read again. The procedure for reading the time without using interruptsis shownin (a) in Figure 28.6, and the procedure
using carry interruptsin (b). To keep the program simple, method (@) should be used in most cases.
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28.3.6 Alarm Function

Figure 28.7 shows how to use the alarm function.

|
| Check if the clock is operationg | Confirm that the RCR2.START bit is 1 (the clock is operating)

v

| Disable an alarm interrupt request on ICU side | Write O to the ICU.IERm.IEN] bit corresponding to the ALM interrupt

| Set the time of the alarm | Set the alarm time and enable the alarm at the same time or later
Enable an alarm interrupt request on RTC side Set the RCR1.AIE bit to 1 and set an interrupt generation period of a
and set an interrupt generation period periodic interrupt to the RCR1.PES][3:0] bits
<
Y

AIE = 1 and
PESI[3:0] = the set value?

No | Wait until the RCR1.AIE bit becomes 1 and the RCR1.PES[3:0] bits
become the set value

Wait until the setting of alarm time is
completed

v

| Clear the interrupt status flag |

v

| Enable an alarm interrupt request on ICU side | Write 1 to the ICU.IERm.IEN;] bit corresponding to the ALM interrupt

Wait until two periodic interrupts are generated

Set the ICU.IRn.IR flag corresponding to the ALM interrupt to O in case
the flag becomes 1 during the alarm time setting

Monitor the alarm set time
(Wait for an interrupt,
or poll the interrupt status flag)

Wait for the generation of an alarm interrupt or until the ICU.IRn.IR flag
corresponding to the ALM interrupt becomes 1

Figure 28.7 Using Alarm Function

In calendar count mode, an alarm can be generated by any one of year, month, date, day-of-week, hour, minute or second,
or any combination of those. Write 1 to the ENB bit in the alarm registersinvolved in the alarm setting, and set the alarm
timein the lower bits. Write 0 to the ENB bit in registers not involved in the alarm setting.

In binary count mode, an alarm can be generated in any bit combination of 32 bits. Write 1 to the ENB bit of the alarm
enable register corresponding to the target bit of the alarm, and set the alarm time to the alarm register. For bitsthat are
not target of the alarm, write O to the ENB bit of the alarm enable register.

When the counter and the alarm time match, the IR flag corresponding to the ALM interrupt is set to 1. Alarm detection
can be confirmed by reading this bit, but an interrupt should be used in most cases. If 1 has been set in the interrupt
reguest enable bit corresponding to the ALM interrupt, an alarm interrupt is generated in the event of alarm, enabling the
alarm to be detected.

Writing 0 setsthe IR flag corresponding to the ALM interrupt to 0.

When the counter and the alarm time match in alow power consumption state, the MCU returns from the low power
consumption state.
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28.3.7 Procedure for Disabling Alarm Interrupt
Figure 28.8 shows the procedure for disabling the enabled alarm interrupt request.

An alarm interrupt is enabled Start while the RCR1.AIE bitis 1

- - - Write 0 to the ICU.IERm.IEN] bit corresponding to
Disable an alarm interrupt request on ICU side the ALM interrupt

v

Disable an alarm interrupt request of RTC side Write 0 to the RCR1.AIE bit

AIE bit = 0? Wait for the RCR1.AIE bit to become 0

Set the ICU.IRN.IR flag corresponding to the ALM

Clear the interrupt status flag interrupt to O in case the flag becomes 1 before
¢ the RCR1.AIE bit becomes 0
Figure 28.8 Procedure for Disabling Alarm Interrupt Request

28.3.8 Time Error Adjustment Function

The time error adjustment function is used to correct errors (running fast or slow) in the time due to the precision of
oscillation by the sub-clock. Since 32,768 cycles of the sub-clock constitute 1 second of operation when the sub-clock is
selected, the clock runsfast if the sub-clock frequency is high and slow if the sub-clock frequency islow. This function
can be used to correct errors due to the clock running fast or slow.

Two types of time error adjustment functions are provided: automatic adjustment and adjustment by software.

Use the RCR2.AADJE hit to select automatic adjustment or adjustment by software.

28.3.8.1 Automatic Adjustment

Enable automatic adjustment by setting the RCR2.AADJE hit to 1.

Automatic adjustment is the addition or subtraction of the value counted by the prescaler to or from the value in the
RADJregister every time the adjustment period selected by the RCR2.AADJE bit elapses.

Examples are shown below.

[Example 1] Sub-clock running at 32.769 kHz

Adjustment procedure:

When the sub-clock isrunning at 32.769 kHz, 1 second elapses every 32,769 clock cycles. The RTC is meant to run at
32,768 clock cycles, so the clock runs fast by one clock cycle every second. The time on the clock isfast by 60 clock
cycles per minute, so adjustment can take the form of setting the clock back by 60 cycles every minute.

Register settings: (when RCR2.CNTMD = 0)
¢ RCR2.AADJP =0 (adjustment every minute)
e RADJPMADJ1:0] = 10b (adjustment is performed by the subtraction from the prescaler.)
e RADJADJ5:0] = 60 (3Ch)
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[Example 2] Sub-clock running at 32.766 kHz

Adjustment procedure:

When the sub-clock is running at 32.766 kHz, 1 second elapses every 32,766 clock cycles. The RTC is meant to run at
32,768 clock cycles, so the clock runs slow by two clock cycles every second. The time on the clock is slow by 20 clock
cycles every 10 seconds, so adjustment can take the form of setting the clock forward by 20 cycles every 10 seconds.

Register settings: (when RCR2.CNTMD = 0)
e RCR2.AADJP = 1 (adjustment every 10 seconds)
e RADJPMADJ1:0] = 01b (adjustment is performed by the addition to the prescaler.)
e RADJADJ5:0] = 20 (14h)

[Example 3] Sub-clock running at 32.764 kHz

Adjustment procedure:

At 32.764 kHz, 1 second elapses on 32,764 clock cycles. Since the RTC operates for 32,768 clock cyclesas 1 second, the
clock isdelayed for four clock cycles per second. In 8 seconds, the delay is 32 clock cycles, so correction can be made by
proceeding the clock for 32 clock cycles every 8 seconds.

Register settings when the RCR2.CNTMD hitis1
e RCR2.AADJP = 1 (adjustment every 8 seconds)
e RADJPMADJ1.:0] = 01b (adjustment is performed by the addition to the prescaler.)
e RADJADJ5:0] = 32 (20h)

28.3.8.2 Adjustment by Software

Enable adjustment by software by setting the RCR2.AADJE hit to 0.

Adjustment by software is the addition or subtraction of the value counted by the prescaler to or from the value in the
RADJregister at the time of execution of an instruction for writing to the RADJ register.

An exampleis shown below.

[Example 1] Sub-clock running at 32.769 kHz

Adjustment procedure:

When the sub-clock isrunning at 32.769 kHz, 1 second elapses every 32,769 clock cycles. The RTC is meant to run at
32,768 clock cycles, so the clock runs fast by one clock cycle every second. The time on the clock is fast by one clock
cycle per second, so adjustment can take the form of setting the clock back by one cycle every second.

Register settings:
e RADJPMADJ1:0] = 10b (adjustment is performed by the subtraction from the prescaler.)
e RADJADJ5:0] = 1(01h)
Thisiswritten to the RADJ register once per 1-second interrupt.
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28.3.8.3 Procedure for Changing the Mode of Adjustment

When changing the mode of adjustment, change the value of the AADJE bit in RCR2 after setting the
RADJ.PMADJ[1:0] bitsto 00b (adjustment is not performed).

Changing from adjustment by software to automatic adjustment:

(1) Setthe RADJPMADJ1:0] bitsto 00b (adjustment is not performed).

(2) Setthe RCR2. AADJE hit to 1 (automatic adjustment is enabled).

(3) Usethe RCR2.AADJP hit to select the period of adjustment.

(4) InRADJ, set the PMADJ[1:0] bitsfor addition or subtraction and the ADJ[5:0] bitsto the value for usein time error
adjustment.

Changing from adjustment by software to automatic adjustment;

(1) Setthe RADJPMADJ1:0] bitsto 00b (adjustment is not performed).

(2) Setthe RCR2.AADJE hit to 0 (adjustment by software is enabled).

(3) Proceed with adjustment by setting the RADJ.PMADJ[1:0] bits for addition or subtraction and the RADJ.ADJ[5:0]
bits to the value for use in time error adjustment at the desired time. After that, the time is adjusted every time a
valueiswritten to the RADJ register.

28.3.8.4 Procedure for Stopping Adjustment
Stop adjustment by setting the RADJ.PMADJ[1:0] bits to 00b (adjustment is not performed).
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28.3.9 Time Capture Function

The RTC is capable of storing the month, date, hour, minute and second/binary counters 3 to O by detecting an edge of a

signal on atime capture event input pin.

A noise filter can al'so be used on atime capture event input pin. If the noisefilter is enabled, the TCST bitissetto 1
when the input level on the pin matches three times.
The noisefilter can be switched on or off for each of the time capture event input pins. Operation when the noisefilter is
off is shown in Figure 28.9 and operation when the noise filter ison is shown in Figure 28.10.

Internal event-input signal

Count source
RTCICn / \

Time counters

Capture register

1
AAAA |

TCST

Detection of the
rising edge

No capturing when
TCST=1

Figure 28.9 Timing of a Time Capture Operation (with the Filter Off) (n =0, 1)

RTCICn / \

cnmsooes [ L

JERERERE

Internal event-detection signal

—
Internal event-input signal / (1) )\(2) /

N
J

o Tm

Since the level has only matched

O
0,

O

@ 10
Since the level has matched three
times, it is conveyed to the internal

Time counters

twice, it is not conveyed to the circuits.
internal circuits. .
AAAA Q BBBB
<

Capture register

BBBB

TCST

Detection of the rising edge

Figure 28.10  Timing of a Time Capture Operation (with the Filter On) (n =0, 1)
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28.4 Interrupt Sources

There are three interrupt sources in the realtime clock. Table 28.3 listsinterrupt sources for the RTC.

Table 28.3 RTC Interrupt Sources

Name Interrupt Sources
ALM Alarm interrupt
PRD Periodic interrupt
CUP Carry interrupt

(1) Alarm interrupt (ALM)

Thisinterrupt is generated according to the result of comparison between the alarm registers and realtime clock counters
(for details, refer to section 28.3.6, Alarm Function).

Since thereis apossibility that the interrupt flag may be set to 1 when the settings of the alarm registers match the clock
counters, wait for the alarm time settings to be confirmed and set the IR flag corresponding to the ALM interrupt to O
again after modifying values of the alarm registers. Once the interrupt flag for the alarm interrupt has been set to 1 and
the state has returned to non-matching of the alarm registers and clock counters, the flag will not be set again until there

is afurther match or the values of the alarm registers are modified again.
{/

A {( A

Flag clearing by Alarm interrupt
software accepted

Sequence for setting the alarm

al

Wait until the alarm
time setting is
confirmed

Alarm-register settings
in progress

y
L
y

Y

]

(o} o}

X

Alarm registers

,_
—

Clock counters X [0]

v Match while settings are being made

Interrupt flag

(the IR flag
corresponding to
the ALM interrupt ™)

=1 | A

Note 1. Refer to the Interrupt Controller section for details on the corresponding interrupt vector number.

Figure 28.11  Timing Chart for the Alarm Interrupt (ALM)

(2) Periodic interrupt (PRD)

Thisinterrupt is generated at intervals of 2 seconds, 1 second, 1/2 second, 1/4 second, 1/8 second, 1/16 second, 1/32
second, 1/64 second, 1/128 second, or 1/256 second. The interrupt interval can be selected through the RCR1.PES[3:0]
bits.
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(3) Carry interrupt (CUP)
Thisinterrupt is generated when a carry to the second counter/binary counter O occurred or acarry to the R64CNT
counter occurred during read accessto the 64-Hz counter.

64 HZm”ﬂ e U Interrupt generated by the simultaneous mﬂ” B
RB4CNT occurrence of the selected edge of the
signal v / 64-Hz signal and register reading
1Hz ’1' An interrupt is generated by a
carry to the second counter/ T
Interrupt \\ l / binary counter 0 g ]

Detall
64-Hz signal in R64CNT Rising edges of the R64CNT signals
are detected in the same way.

Detection of the selected

edge of the 64-Hz signal A Interrupt generated by the simultaneous occurrence of
the edge of the 64-Hz signal and reading of R64ACNT

Register reading by the CPU

XR64CNTX
A

Interrupt
(the IR flag corresponding to

the CUP interrupt ™)

Note 1. Refer to the Interrupt Controller section for details on the corresponding interrupt vector number.

Figure 28.12  Carry Interrupt (CUP) Timing Chart
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28.5 Event Link Output

The RTC outputs the following event signals for the event link controller (ELC), and these can be used to initiate
operations by other modules selected in advance.

(1) Periodic event output

The periodic event signal isoutput at the interval selected from among 1/256, 1/128, 1/64, 1/32, 1/16, 1/8, 1/4, 1/2, 1, and
2 seconds by the setting of the RCR1.PES[3:0] hits.

The event generation period immediately after the event generation is selected is not guaranteed.

Note:  If event linking from the RTC is to be used, only make the ELC settings after making the RTC settings
(initialization, time settings, etc.). Making the RTC settings after the ELC settings can lead to the output of
unexpected event signals.

28.5.1 Interrupt Handling and Event Linking

The RTC has a it to enable or disable periodic interrupts. An interrupt request signal is output for the CPU when an
interrupt source is generated while the corresponding enable bit is enabled.

In contrast, an event link output signal is sent to other modules as an event signal viathe ELC when an interrupt sourceis
generated, regardless of the setting of the corresponding interrupt enable bit.

Note:  Although alarm and periodic interrupts can still be output during software standby, the periodic event signals for
the ELC are not output.
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28.6 Usage Notes

28.6.1 Register Writing during Counting
The following registers should not be written to during counting (while the RCR2.START bit = 1).

RSECCNT/BCNTO, RMINCNT/BCNT1, RHRCNT/BCNT2, RDAY CNT, RWKCNT/BCNT3, RMONCNT, RYRCNT,
RCR1.RTCOS, RCR2.RTCOE, RCR2.HR24

The counter must be stopped before writing to any of the above registers.

28.6.2 Use of Periodic Interrupts

The procedure for using periodic interruptsis shown in Figure 28.13.

The generation and period of the periodic interrupt can be changed by the setting of the RCR1.PES[3:0] bits. However,
since the prescaler, R64CNT, and RSECCNT/BCNTO are used to generate interrupts, the interrupt period is not
guaranteed immediately after setting of the RCR1.PES[3:0] bits.

Furthermore, stopping/restarting or resetting counter operation, reset by RTC software, and the 30-second adjustment by
changing the RCR2 value affects the interrupt period. When the time error adjustment function is used, the interrupt
generation period after adjustment is added or subtracted according to the adjustment value.

Set the RCR1.PES[3:0] bits and

Set the period and enable interrupt requests write 1 to the RCR1.PIE bit

The period
is not
guaranteed.

The first interrupt is generated Confirm generation of the first periodic interrupt**

Interrupts
are The set period elapses
generated
with the
specified
period.

An interrupt is generated Confirm generation of a periodic interrupt

Note 1. When a interrupt generation period is changed while the periodic interrupt is used, an interrupt
may be generated at the completion of the setting. If the interrupt is generated immediately after
the setting, the period is not guaranteed for two interrupts including the current interrupt.

Figure 28.13  Using Periodic Interrupt Function

28.6.3  RTCOUT (1-Hz/64-Hz) Clock Output

Stopping/restarting or resetting counter operation, reset by RTC software, and the 30-second adjustment by changing the
RCR2 value affects the period of RTCOUT (1-Hz/64-Hz) output. When the time error adjustment function is used, the
period of RTCOUT (1-Hz/64-Hz) output after adjustment is added or subtracted according to the adjustment value.
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28.6.4 Transitions to Low Power Consumption Modes after Setting Registers

A transition to alow power consumption state (software standby mode, or battery backup) during writing to or updating
of an RTC register might destroy the register’s value. After setting aregister, confirm that the setting isin place before
initiating atransition to alow power consumption state.

28.6.5 Notes on Writing to and Reading from Registers
e When reading a counter register such as the second counter after having written to the counter register, follow the
procedure in section 28.3.5, Reading 64-Hz Counter and Time.

e Thevaluewritten to the count registers, alarm registers, year alarm enable register, bits RCR2.AADJE, AADJP, and
HR24, or RCRS3 register is reflected when four read operations are performed after writing.

e Thevaueswritten to the RCR1.CIE, RTCOS, and RCR2.RTCOE hits can be read immediately after writing.

e Toread the value from the timer counter after return from areset, software standby mode, or the battery backup
state, wait for 1/128 second while the clock is operating (RCR2.START hit = 1).

o After areset is generated, write to the RTC register when six cycles of the count source have elapsed.

28.6.6 Changing the Count Mode

When changing the count mode (calendar/binary), set the RCR2.START bit to 0, stop counting operation, then start again
from theinitial setting. For details on initial setting, refer to section 28.3.1, Outline of Initial Settings of Registers
after Power On.
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28.6.7 Initialization Procedure When the Realtime Clock is Not to be Used

Registersin the RTC are not initialized by areset. Accordingly, depending on theinitia state, the generation of an
unintentional interrupt request or operation of the counter may lead to increased power consumption.

For products that do not require arealtime clock, initialize the registers by following the initialization procedure shown
in Figure 28.14.

| Set the sub-clock oscillator | Set the RCR3 register

Y
| Supply 6 clocks of the count source |

Y
| Set the RCR2 register to 00h |

4

RCR2 = 00h? Wait for the RCR2 register to become 00h

Execute RTC software reset Write 1 to the RCR2.RESET bit

RESET = 0? Wait for the RCR2.RESET bit to become 0

Disable the interrupt request Write 0 to the RCR1.AIE, CIE, and PIE bits

Figure 28.14 Initialization Procedure
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29. Low-Power Timer (LPT)

29.1 Overview

This MCU integrates alow-power timer (LPT) that consists of a single-channel 16-bit timer. The LPT uses a sub-clock
or IWDT-dedicated clock as the clock source, and can continue counting operation even in software standby mode. A
compare match signal can be used to return from software standby mode to normal operating mode.

Table 29.1 lists the specifications of the LPT and Figure 29.1 shows a block diagram of the LPT.

Table 29.1 LPT Specifications

Item

Description

Clock source

Sub-clock or IWDT-dedicated clock

Clock division ratio

Divided by 2, 4, 8, 16, or 32

Counting operation

e Count up using the 16-bit up-counter

e Counting operation can be continued even in software standby mode

Compare match

Compare match 0 (a compare match signal is generated only in software standby mode)

Event link function (output)

Compare match 0 (a compare match signal is generated only in software standby mode)

Internal peripheral bus

Sub-clock 32.768 kHz

Low-power timer (LPT) ‘ ’

Bus interface

oscillator

IWDT-dedicated | 15 kHz []

on-chip oscillator

Interrupt signal for
returning from software
standby mode

L L L L L L
P P P P P P
T T T T c w
C C Cc P M U
R R R R R C
2 1 3 D 0 R
Counter clock Counter control circuit
generator
d Lowponer | | Corterr
timer counter match 0
Divider

LPTCR1: Low-power timer control register 1

LPTCR2:  Low-power timer control register 2

LPTCR3:  Low-power timer control register 3

LPTPRD: Low-power timer period setting register

LPCMRO:  Low-power timer compare register 0

LPWUCR: Low-power timer standby wakeup enable register

Y

ELC ICU

A 4

Figure 29.1 LPT Block Diagram
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29.2 Register Descriptions
29.2.1 Low-Power Timer Control Register 1 (LPTCR1)

Address(es): LPT.LPTCR1 0008 00BOh

b7 b6 b5 b4 b3 b2 b1l b0

LPCMR LPCNT .
— £0 — |ekseL| — LPCNTPSSEL[2:0]
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b2 to b0 LPCNTPSSEL[2:0]  Clock Division Ratio Select*! b2 bo R/W
0 0 1: Divided by 2
0 1 0: Divided by 4
01 1: Divided by 8
10 0: Divided by 16
10 1: Divided by 32
Settings other than above are prohibited.
b3 — Reserved This bit is read as 0. The write value should be 0. R/W
b4 LPCNTCKSEL Clock Source Select*1, *2 0: Sub-clock R/W
1: IWDT-dedicated clock (IWDTCLK)*3
b5 — Reserved This bit is read as 0. The write value should be 0. R/W
b6 LPCMREO Compare Match 0 Enable*4 0: Compare match 0 is disabled R/W
1: Compare match O is enabled
b7 — Reserved This bit is read as 0. The write value should be 0. R/W

Note:  Setthe PRCR.PRC2 bit to 1 (write enabled) before rewriting this register.

Note 1. Rewrite these bits while the LPTCR2.LPCNTSTP bit is 1 (supply of clock to the low-power timer is stopped).

Note 2. Satisfy that the frequency of the system clock (ICLK) and peripheral module clock (PCLKB) = 4 x (the frequency of the clock
source).

Note 3. A clock generated by the IWDT-dedicated on-chip oscillator (IWDTCLK) is supplied to the low-power timer. When modifying this
bit, make sure that the IWDT-dedicated on-chip oscillator is oscillating stably.
When the IWDTCLK is used as the clock source for the low-power timer, set the OFS0.IWDTSLCSTP bit to 0 (counting stop is
disabled) in IWDT auto-start mode operation, and set the IWDTCSTPR.SLCSTP bit to 0 (count stop is disabled) in other modes.
Without this setting, the IWDT-dedicated on-chip oscillator is stopped in software standby mode.

Note 4. Rewrite this bit while the LPTCR3.LPCNTEN bit is O (low-power timer counter stops).

The LPTCR1 register is used to control the low-power timer.

LPCNTCKSEL Bit (Clock Source Select)
Thisbit is used to select the sub-clock or IWDT-dedicated clock as the clock source for the low-power timer.

LPCMREDO Bit (Compare Match 0 Enable)

This bit enables or disables low-power timer compare match 0.

When the low-power timer is put into operation and the MCU makes a transition to software standby mode while this bit
and the LPWUCR.LPWKUPEN bit are set to 1 (wakeup from software standby mode using low-power timer is enabled),
the MCU returns from software standby mode to normal operating mode through the event link controller (ELC) when
the value of the low-power timer counter matches the value of the LPCM RO register.

Settings for the interrupt and EL C are necessary to use a compare match 0 as atrigger source to return from software
standby mode.

Refer to section 20, Event Link Controller (ELC) for details on the EL C settings, and refer to section 15, Interrupt
Controller (ICUb) for details on the interrupt settings.
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Aninterrupt request at compare match 0 is generated only in software standby mode. It is not generated in normal
operating mode, sleep mode, and deep sleep mode.

29.2.2 Low-Power Timer Control Register 2 (LPTCR2)

Address(es): LPT.LPTCR2 0008 00B1h

b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ _ __ |LPCNT
STP
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 LPCNTSTP Clock Supply Control 0: Clock is supplied to the low-power timer. R/W
1: Supply of clock to the low-power timer is stopped.
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R/W

Note:  Setthe PRCR.PRC2 bit to 1 (write enabled) before rewriting this register.

The LPTCR2 register is used to control supply of the clock to be used for the low-power timer.

LPCNTSTP Bit (Clock Supply Control)

Thisbit isused to supply or stop the clock to be used for the low-power timer. When this bit is set to 0, the clock signal is
supplied to the low-power timer counter and divider.
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29.2.3

Address(es): LPT.LPTCR3 0008 00B2h

Low-Power Timer Control Register 3 (LPTCR3)

b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __ |LPCNT|LPCNT
RST EN
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 LPCNTEN Low-Power Timer Counter 0: Low-power timer counter stops R/W
Operation Control 1: Low-power timer counter operates
bl LPCNTRST Low-Power Timer Counter o When writing R/W
Clear*1, #2 0: Has no effect
1: Clears divider and counter
¢ When reading
0: Clearing is completed
1: Clearing is in progress
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W

Note:  Setthe PRCR.PRC2 bit to 1 (write enabled) before rewriting this register.
Note:  Rewrite this register while the LPTCR2.LPCNTSTP bit is 0 (clock is supplied to the low-power timer).
Note 1. Rewrite this bit while the LPTCR3.LPCNTEN bit is O (low-power timer counter stops).

Note 2. When clearing the low-power timer counter successively, confirm that the LPCNTRST bit becomes 0, wait for at least one cycle

of the clock selected by the LPTCR1.LPCNTCKSEL bit, and then write 1 to the LPCNTRST bit again.

The LPTCRS3 register controls operations of and clears the low-power timer counter and divider.

LPCNTEN Bit (Low-Power Timer Counter Operation Control)

Thisbit is used to operate or stop the low-power timer counter and divider.

When thisbit is set to 1 while the LPTCR2.LPCNTSTPbit is 0 (clock is supplied to the low-power timer), the low-
power timer counter and divider start operating.

Do not write 1 to the LPCNTRST bit while thisbit is 1.

LPCNTRST Bit (Low-Power Timer Counter Clear)

Thisbit is used to clear the low-power timer counter and divider.

When thishit is set to 1 while the LPTCR2.LPCNTSTP bit is 0 (clock is supplied to the low-power timer), the low-
power timer counter and divider are cleared in synchronization with the clock used for the low-power timer. Once
clearing is complete, this bit automatically becomes 0.

When 1 iswritten to this bit, confirm that its value becomes 0 before executing the next processing.

RO1UH0823EJ0110 Rev.1.10 RENESAS

Nov 30, 2020

Page 818 of 1852
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29.2.4 Low-Power Timer Period Setting Register (LPTPRD)

Address(es): LPT.LPTPRD 0008 00B4h

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

LPCNTPRD[15:0]

Value after reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W
b15to b0 LPCNTPRD[15:0] Low-Power Timer Period Set the period of the low-power timer. R/W

Setting Setting range: 0001h to FFFFh

Note:  Setthe PRCR.PRC2 bit to 1 (write enabled) before rewriting this register.
Note:  Rewrite this register while the LPTCR3.LPCNTEN bit is O (low-power timer counter stops).

The LPTPRD register is used to set the period of the low-power timer.
The period of the low-power timer is proportional to “LPTPRD + 1" and calculated by the following formula:

Period of low-power timer = period of clock source x division ratio x (LPTPRD + 1)

When the value of the low-power timer counter matches the set value, the counter is cleared to 0000h and continues
counting.
Do not set this register to 0000h.

Table 29.2, and Table 29.3 list examples of setting the periods of the low-power timer. These examples show values
most approximate to the periods.
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Table 29.2 Example of Low-Power Timer Period Settings for IWDTCLK

Division
ratio Divided by 2 Divided by 4 Divided by 8
Target Actual Actual Actual
period Set period Error Set period Error Set period Error
(ms) Value | (ms) (%) Value | (ms (%) Value | (ms (%)
1| 0006h 0.93| -6.67| 0003h 1.07 6.67 | 0001h 1.07 6.67
2| 000Dh 1.87| -6.67| 0006h 1.87| -6.67| 0003h 213 6.67
5| 0024h 493| -1.33| 0011h 4.80| -4.00| 0008h 4.80| -4.00
10| 004Ah 10.00 0.00| 0024h 9.87| -1.33| 0011h 9.60| -4.00
20| 0095h 20.00 0.00 | 004Ah 20.00 0.00| 0024h 19.73| -1.33
50| 0176h 50.00 0.00 | O0BAh 49.87| -0.27| 005Ch 49.60| -0.80
100 | O2EDh 100.00 0.00| 0176h 100.00 0.00 | 00BAh 99.73| -0.27

200 | 05DBh 200.00 0.00| 02EDh 200.00 0.00| 0176h 200.00 0.00
500 | OEA4h 499.87| -0.03| 0751h 499.73| -0.05| 03A8h 499.73| -0.05
1000 | 1D4Ah 999.87| -0.01| OEA4h 999.73| -0.03| 0751h 999.47| -0.05
2000 | 3A96h 1999.87| -0.01| 1D4Ah 1999.73| -0.01| OEA4h 1999.47| -0.03
5000 | 927Bh 5000.00 0.00| 493Dh 5000.00 0.00| 249Eh 5000.00 0.00

10000 — — — — — — 493Dh| 10000.00 0.00
20000 — — — — — — 927Bh| 20000.00 0.00
50000 — — — — — — — — —
Division
ratio Divided by 16 Divided by 32
Target Actual Actual
period Set period Error Set period Error
(ms) Value | (ms (%) Value | (ms (%)
1 — — — — — —
2| 0001h 2.13 6.67| — — —
5| 0004h 5.33 6.67 | 0001h 4.27| -14.67
10| 0008h 9.60| -4.00| 0004h 10.67 6.67
20| 0011h 19.20 -4.00| 0008h 19.20 —4.00
50| 002Dh 49.07 -1.87| 0016h 49.07 -1.87
100| 005Ch 99.20| -0.80| 002Dh 98.13| -1.87

200 | 00BAh 199.47| -0.27| 005Ch 198.40| -0.80
500| 01D3h 499.20| -0.16| OOESh 499.20| -0.16
1000 | 03A8h 999.47| -0.05| 01D3h 998.40| -0.16
2000 | 0751h 1998.93| -0.05| 03A8h 1998.93| -0.05
5000 | 124Eh 4999.47| -0.01| 0926h 4998.40| -0.03
10000 [ 249Eh| 10000.00 0.00| 124Eh 9998.93| -0.01
20000 | 493Dh| 20000.00 0.00| 249Eh| 20000.00 0.00
50000 | B71Ah| 50000.00 0.00 | 5B8Ch| 49998.93 0.00
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Table 29.3 Example of Low-Power Timer Period Settings for Sub-Clock
Division
ratio Divided by 2 Divided by 4 Divided by 8
Target Actual Actual Actual
period Set period Error | Set period Error | Set period Error
(ms) Value | (ms) (%) Value | (ms (%) Value | (ms (%)
1| O0O0OFh 0.98 -2.34| 0007h 0.98 —2.34| 0003h 0.98 -2.34
2| 001Fh 1.95| -2.34| 000Fh 1.95| -2.34| 0007h 195 -2.34
5| 0050h 4.94| -1.12| 0027h 4.88| -2.34| 0013h 488 -2.34
10| 00A2h 9.95| -0.51| 0050h 9.89| -1.12| 0027h 9.77| -2.34
20| 0146h 19.96 —0.21| 00A2h 19.90 —0.51| 0050h 19.78| -1.12
50| 0332h 49.99| -0.02| 0198h 49.93| -0.15| 00CBh 49.80| -0.39
100| 0665h 99.98 -0.02| 0332h 99.98 -0.02| 0198h 99.85 -0.15
200 | oCcCBh 199.95| -0.02| 0665h 199.95| -0.02| 0332h 199.95| -0.02
500| 1FFFh 500.00 0.00 | OFFFh 500.00 0.00| O7FFh 500.00 0.00
1000 | 3FFFh 1000.00 0.00 | 1FFFh 1000.00 0.00| OFFFh 1000.00 0.00
2000 | 7FFFh 2000.00 0.00 | 3FFFh 2000.00 0.00| 1FFFh 2000.00 0.00
5000 — — — 9FFFh 5000.00 0.00| 4FFFh 5000.00 0.00
10000 — — — — — — 9FFFh| 10000.00 0.00
20000 — — — — — — — — —
50000 — — — — — — — — —
Division
ratio Divided by 16 Divided by 32
Target Actual Actual
period Set period Error | Set period Error
(ms) Value | (ms (%) Value | (ms (%)
1| 0001h 0.98| -234| — — —
2| 0003h 195| -2.34| 0001h 195| -2.34
5| 0009h 4.88| -2.34| 0004h 488| -2.34
10( 0013h 9.77 —2.34| 0009h 9.77 -2.34
20| 0027h 19.53 -2.34| 0013h 19.53 —-2.34
50| 0065h 49.80 -0.39| 0032h 49.80 -0.39
100| 00CBh 99.61| -0.39| 0065h 99.61| -0.39
200| 0198h 199.71| -0.15| 00CBh 199.22| -0.39
500| O3FFh 500.00 0.00 | O1FFh 500.00 0.00
1000 | O7FFh 1000.00 0.00 | O3FFh 1000.00 0.00
2000 | OFFFh 2000.00 0.00| O7FFh 2000.00 0.00
5000 | 27FFh 5000.00 0.00| 13FFh 5000.00 0.00
10000 | 4FFFh| 10000.00 0.00| 27FFh| 10000.00 0.00
20000 | 9FFFh| 20000.00 0.00 | 4FFFh| 20000.00 0.00
50000 — — — C7FFh | 50000.00 0.00
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29.2.5 Low-Power Timer Compare Register 0 (LPCMRO0)

Address(es): LPT.LPCMRO 0008 00B8h

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

LPCMRO[15:0]
L 1 1 L L L 1 1 L L L 1 1 L L
Value after reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Symbol Bit Name Description R/W

b15to b0 LPCMRO[15:0] Low-Power Timer Compare 0  Set the value of compare match 0 for comparison with the low- R/W
power timer counter.

Note:  Setthe PRCR.PRC2 bit to 1 (write enabled) before rewriting this register.
Note:  Rewrite this register while the LPTCR3.LPCNTEN bit is O (low-power timer counter stops).

The LPCMRO register is used to set the value of compare match 0 for comparison with the low-power timer counter.
Set the LPCMRO register to avalue smaller than or equal to the value of the LPTPRD register.
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29.2.6 Low-Power Timer Standby Wakeup Enable Register (LPWUCR)

Address(es): LPT.LPWUCR 0008 00BCh

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

LPWKU| __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
PEN
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
bl4tob0 — Reserved These bits are read as 0. The write value should be 0. R/IW
b15 LPWKUPEN Low-Power Timer Standby 0: Wakeup from software standby mode using low-power R/W
Wakeup Enable*! timer is disabled

1: Wakeup from software standby mode using low-power
timer is enabled

Note:  Set the PRCR.PRC2 bit to 1 (write enabled) before rewriting this register.
Note 1. Rewrite this bit while the LPTCR3.LPCNTEN bit is O (low-power timer counter stops).

The LPWUCR register is used to enable the function that allows to return from software standby mode to normal
operating mode when compare match 0 occurs in the low-power timer.

LPWKUPEN Bit (Low-Power Timer Standby Wakeup Enable)
This bit enables or disables the function that allows to return from software standby mode to normal operating mode

when compare match 0 occurs in the low-power timer.
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29.3
29.3.1

Operation

Periodic Counting Operation

The low-power timer is a 16-bit up-counter that operates regardless of the MCU operating mode*1.

When the LPTCR3.LPCNTEN bhit is set to 1 (low-power timer counter operates) after setting the
LPTCR1.LPCNTPSSEL [2:0] bitsto select the division ratio, the LPTCR1L.LPCNTCKSEL bit to select the clock source,
and the LPTCR2.LPCNTSTP bit to 0 (clock is supplied to the low-power timer), the low-power timer counter starts
counting with the selected clock.
When the value of the low-power timer counter matches the value of the LPTPRD register, the counter restarts counting

from 0000h.

When the value of the low-power timer counter matches the value of the LPCMRO register in software standby mode
while the LPTCR1.LPCMREDQ bit is set to 1 (Compare match O is enabled) and the LPWUCR.LPWKUPEN bit is set to
1 (wakeup from software standby mode using low-power timer is enabled), the MCU returns from software standby

mode to normal operating mode by the function of the event link controller (ELC).

Figure 29.2 shows operation of the low-power timer and Figure 29.3 shows an example of procedure for theinitia

settings.

Note 1. When the LPTCR1.LPCNTCKSEL bit is set to 1 (IWDT-dedicated clock), the counter stops because the

IWDTCLK stops in the low-power consumption mode under the following settings:

The OFSO0.IWDTSLCSTP bit is set to 1 (counting stop is enabled) while IWDT is activated in auto-start mode, or
the IWDTCSTPR.SLCSTP bit is set to 1 (counting stop is enabled) while IWDT is activated in register start mode.

Count value in low-
A

LPTPRD

power timer counter
A

Counter is cleared when count value
matches LPTPRD value

\4

LPCMRO

Count starts

|

0000h

>

Compare match
signal

Transitions to software standby
mode by executing WAIT instruction

Transitions to software standby
—| mode by executing WAIT instruction

—| mode by executing WAIT instruction

—>
Time
Transitions to software standby

A 4

ELC transits to active
state by compare match 0

Y

ELC transits to active
state by compare match 0

A 4

MCU operating mode

Normal
operating mode

Software standby mode

Normal
operating mode,

Software standby mode

Normal Software standby
operating mode mode

Interrupt request
signal

ELC generates
interrupt request signal

ELC generates
interrupt request signal

Figure 29.2

Operation of Low-Power Timer
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< Start of initialization >

Set the interrupt controller

|

Set the ELC

|

Set the LPWUCR.LPWKUPEN bit to 1

|

Set the division ratio to the LPTCR1.LPCNTPSSEL[2:0] bits
Set the clock source of the low-power timer to the
LPTCR1.LPCNTCKSEL bit

|

Set the LPTCR1.LPCMREQO bit to 1

|

Set the period to the LPTPRD register

|

Set the compare value to the LPCMRO register

|

Set the LPTCR2.LPCNTSTP bit to 0

|

Set the LPTCR3.LPCNTRST bitto 1

A

Is the LPTCR3.LPCNTRST bit 0?

( End of initialization >

« Refer to section 15, Interrupt Controller (ICUb) for details
on the corresponding interrupt vector number.

* ELOPC.LPTMDI1:0] bits: Output the compare match event

* ELSR8 register: Specify the LPT compare match event
signal

* ELCR.ELCON: Enable the ELC function

« Enable wakeup from software standby mode by using the
low-power timer

« Enable compare match 0

« Supply clock to the low-power timer

« Clear the divider and counter

Figure 29.3 Example of Initial Settings
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29.3.2 Count Timing of Low-Power Timer Counter

The LPTCR1.LPCNTPSSEL[2:0] bits are used to select the counter clock to be input to the low-power timer counter
from among five clocks derived from dividing the clock source selected by the LPTCR1.LPCNTCKSEL bit by 2 to 32,
respectively.

Figure 29.4 shows the count timing of the low-power timer counter in this case.

Clock source

—| Period of clock source x i —|

)

Counter clock

Low-power timer counter N-1 X N // X N+1
1/
i=2,4,8,16, 32
Figure 29.4 Count Timing of Low-Power Timer Counter
29.3.3 Clearing Timing of Low-Power Timer Counter

Writing 1 to the LPTCR3.LPCNTRST hit*1 clears the low-power timer counter.
This bit automatically becomes 0 when the clearing of the counter is completed.
Figure 29.5 shows the clearing timing of the low-power timer counter in this case.

Note 1. Write to the LPTCR3.LPCNTRST bit while the LPTCR3.LPCNTEN bit is O (low-power timer counter stops).

System clock

Clock source
Write 1 Automatically becomes 0
Y A
LPTCR3.LPCNTRST
Low-power timer counter N 0
Figure 29.5 Clearing Timing of Low-Power Timer Counter
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29.4  Wakeup from Software Standby Mode by an Interrupt through the Event Link
Controller (ELC)

The low-power timer generates an event signal upon LPT compare match 0 to the event link controller (ELC) only in
software standby mode.

Setting the ELOPC.LPTMD[1:0] bits to 00b (output the compare match 0 event to ICU as an interrupt request) and the
EL SR8 register to 32h (LPT compare match 0) leads to the generation of an interrupt from the event signal, and the MCU
returns from software standby mode to normal operating mode.

29.5 Usage Notes

29.5.1 Notes on Transition to Software Standby Mode

When the MCU isto re-enter to software standby mode after returning from software standby mode to normal operating
mode, wait for at least one cycle of the clock selected by the LPTCR1.LPCNTCKSEL bit before executing the WAIT
instruction.
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30. Watchdog Timer (WDTA)

The watchdog timer (WDT) is a 14-bit down-counter. It can be used to reset this MCU when the counter underflows
because its value cannot be refreshed due to the system being out of control.

In addition, a non-maskable interrupt can be generated by an underflow.

The refresh-permitted period can be set to refresh the counter and used as the condition to detect when the system runs
out of control.

In this section, “PCLK” is used to refer to PCLKB.

30.1 Overview
Table 30.1 lists the specifications of the WDT and Figure 30.1 shows ablock diagram of the WDT.

Table 30.1 WDT Specifications

Item Specifications

Count source Peripheral module clock (PCLK)

Clock division ratio Divide by 4, 64, 128, 512, 2048, or 8192
Counter operation Counting down using a 14-bit down-counter

Conditions for starting the counter e Auto-start mode: Counting automatically starts after a reset is released
* Register start mode: Counting is started by refresh operation (writing 00h and then FFh to the
WDTRR register)

Conditions for stopping the * Reset (the down-counter and other registers return to their initial values)
counter ¢ In low power consumption states
o A counter underflows or a refresh error occurs (only in register start mode)
Window function Window start and end positions can be specified (refresh-permitted and refresh-prohibited periods)
Watchdog timer e Down-counter underflows
Reset sources * Refreshing outside the refresh-permitted period (refresh error)

Non-maskable interrupt sources e Down-counter underflows
* Refreshing outside the refresh-permitted period (refresh error)

Reading the counter value The down-counter value can be read by the WDTSR register.

Interrupt request (WUNI) o

WDT reset o

Clock
frequency
divider

PCLK/4
PCLK/64
PCLK/128
PCLK/512
PCLK/2048
PCLK/8192

r vy

PCLK ——p

WDT control circuit [ 14-bit down-counter

YyvY

Option function select register 0
(OFS0)

WDTRCR
WDTCR
WDTRR

Internal peripheral bus

WDTRR:  WDT refresh register
WDTCR:  WDT control register
WDTSR:  WDT status register
WDTRCR: WDT reset control register

Figure 30.1 WDT Block Diagram
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30.2 Register Descriptions
30.2.1 WDT Refresh Register (WDTRR)

Address(es): 0008 8020h

b7 b6 b5 b4 b3 b2 b1l b0

Value after reset: 1 1 1 1 1 1 1 1
Bit Description R/W
b7 to b0 The down-counter is refreshed by writing 00h and then writing FFh to this register R/W

WDTRR refreshes the down-counter of the WDT.

The down-counter of the WDT is refreshed by writing 00h and then writing FFh to WDTRR (refresh operation) within

the refresh-permitted period.

After the down-counter has been refreshed, it starts counting down from the value selected by setting the
WDTTOPS[1:0] bitsin option function select register 0 (OFS0) in auto-start mode. In register start mode, counting down

starts from the value selected by setting the WDTCR.TOPS[1:0] bits.

When 00h is written, the read value is 00h, when a value other than 00h is written, the read value is FFh.

For details of the refresh operation, refer to section 30.3.3, Refresh Operation.
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30.2.2 WDT Control Register (WDTCR)

Address(es): 0008 8022h

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

— — RPSS[1:0] — — RPES[1:0] CKSJ[3:0] — — TOPS[1:0]

Value after reset: 0 0 1 1 0 0 1 1 1 1 1 1 0 0 1 1
Bit Symbol Bit Name Description R/W
b1, b0 TOPS[1:0]  Timeout Period Selection bl bo R/W

0 0: 1024 cycles (03FFh)
0 1: 4096 cycles (OFFFh)
1 0: 8192 cycles (1FFFh)
1 1: 16384 cycles (3FFFh)

b3, b2 — Reserved These bits are read as 0 and cannot be modified. R
b7tob4  CKS[3:0] Clock Division Ratio Selection R/W

: Divide-by-4
: Divide-by-64
: Divide-by-128
: Divide-by-512
: Divide-by-2048
: Divide-by-8192
other than above are prohibited.
b9, b8 RPES[1:0] Window End Position Selection b9 b8 R/W
0 0: 75%
0 1:50%
1 0:25%
1 1: 0% (window end position is not specified)

P OORrOOT
PR R RO

o
Q ORrRFRRFEROO
ororoprg

Settin

b1, b10 — Reserved These bits are read as 0 and cannot be modified. R
b13, b12 RPSS[1:0] Window Start Position Selection b13 b12 R/W
0 0: 25%
0 1: 50%
1 0:75%
1 1:100% (window start position is not specified)

b15, b14 — Reserved These bits are read as 0 and cannot be modified. R

There are some restrictions on writing to the WDTCR register. For details, refer to section 30.3.2, Control over
Writing to the WDTCR and WDTRCR Registers.

In auto-start mode, the settingsin the WDTCR register are disabled, and the settings in option function select register 0
(OFS0) are enabled. The hit setting made to the WDTCR register can also be made in OFS0 register. For details, refer to
section 30.3.7, Correspondence between Option Function Select Register 0 (OFS0) and WDT Registers.

TOPS[1:0] Bits (Timeout Period Selection)

These hits select the timeout period (period until the down-counter underflows) from among 1024, 4096, 8192, and
16384 cycles, taking the divided clock specified by the CKS[3:0] bits as one cycle.

After the down-counter is refreshed, the combination of the CKS[3:0] and TOPS[1:0] bits determines the time (number
of PCLK cycles) until the counter underflows.

Relations between the CKS[3:0] and TOPS[1:0] hit settings, the timeout period, and the number of PCLK cyclesare
listed in Table 30.2.
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Table 30.2 Timeout Period Settings

CKSJ[3:0] Bits TOPS[1:0] Bits Timeout Period
b7 b6 b5 b4 b1 b0 Clock Division Ratio (Number of Cycles) Cycles of PCLK Clock
0 0 0 1 0 0 Divide-by-4 1024 4096
0 1 4096 16384
1 0 8192 32768
1 1 16384 65536
0 1 0 0 0 0 Divide-by-64 1024 65536
0 1 4096 262144
1 0 8192 524288
1 1 16384 1048576
1 1 1 1 0 0 Divide-by-128 1024 131072
0 1 4096 524288
1 0 8192 1048576
1 1 16384 2097152
0 1 1 0 0 0 Divide-by-512 1024 524288
0 1 4096 2097152
1 0 8192 4194304
1 1 16384 8388608
0 1 1 1 0 0 Divide-by-2048 1024 2097152
0 1 4096 8388608
1 0 8192 16777216
1 1 16384 33554432
1 0 0 0 0 0 Divide-by-8192 1024 8388608
0 1 4096 33554432
1 0 8192 67108864
1 1 16384 134217728

CKSJ[3:0] Bits (Clock Division Ratio Selection)

These bits specify the division ration of the clock used for the down-counter. The division ration can be selected from
among the peripheral module clock (PCLK) divided by 4, 64, 128, 512, 2048, and 8192. Combined with the TOPS[1:0]
bit setting, a count period between 4,096 and 134,217,728 cycles of the PCLK clock can be selected for the WDT.

RPES[1:0] Bits (Window End Position Selection)

These bits specify the window end position that indicates the refresh-permitted period. 75%, 50%, 25%, or 0% of the
timeout period can be selected for the window end position. The selected window end position should be a value smaller
than the window start position (window start position > window end position). If the window end position is greater than
the window start position, only the window start position setting is enabled.

RPSS[1:0] Bits (Window Start Position Selection)

These bits specify the window start position that indicates the refresh-permitted period. 25%, 50%, 75%, or 100% of the
timeout period can be selected for the window end position. The window start position should be set to avalue greater
the window end position. If the window start position is set to avalue smaller than or equal to the window end position,
the window end position is set to 0%.
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Table 30.3 lists the counter values for the window start and end positions and Figure 30.2 shows the refresh-permitted
period set by the RPSS[1:0], RPES[1:0], and TOPS[1:0] hits.

Table 30.3 Relationship between Timeout Period and Window Start and End Counter Values

Timeout Period Window Start and End Counter Value
TOPS[1:0] Bits Cycles Counter Value 100% 75% 50% 25%
0 0 1024 03FFh 03FFh 02FFh 01FFh 00FFh
0 1 4096 OFFFh OFFFh O0BFFh 07FFh 03FFh
1 0 8192 1FFFh 1FFFh 17FFh OFFFh 07FFh
1 1 16384 3FFFh 3FFFh 2FFFh 1FFFh OFFFh
RPSS[1:0] Bits RPES[1:0] Bits Window
Start | End Counting
b13 b12 b9 b8 (%) | (%) | started Underflow
1 1 0 < »
1 0 25 < >
1 1 100
0 1 50 < >
0 0 75 < »
1 1 0 “ »
1 0 25 < »>
1 0 75
0 1 50 < »>
0 0 75 < >
1 1 0 < >
1 0 25 < >
0 1 50
0 1 50 < >
0 0 75 < >
1 1 0 < >
1 0 25 < >
0 0 25
0 1 50 < >
0 0 75 < >
Note: If window end setting > window start setting, the window end setting 1009 75% 50% 25% 0%
is set to 0%.
<——> Refresh-permitted period
Refresh-prohibited period

Figure 30.2 RPSS[1:0] and RPES[1:0] Bit Settings and the Refresh-Permitted Period
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30.2.3

Address(es): 0008 8024h

WDT Status Register (WDTSR)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
REFEF |UNDFF I | | | | I CNTVAIL[13:0] | | | I | |
Value after reset: 0 0 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0
Bit Symbol Bit Name Description R/W
b13to b0 CNTVAL[13:0] Down-Counter Value Value counted by the down-counter R
b14 UNDFF Underflow Flag 0: No underflow occurred R(/W)
1: Underflow occurred *1
b15 REFEF Refresh Error Flag 0: No refresh error occurred R(/W)
1: Refresh error occurred *1

Note 1. Only O can be written to clear the flag.

CNTVAL[13:0] Bits (Down-Counter Value)

Read these bits to confirm the value of the down-counter, but note that the read value may differ from the actual count by

avaue of one count.

UNDFF Flag (Underflow Flag)

Read this flag to confirm whether or not an underflow has occurred in the down-counter.
The value 1 indicates that the down-counter has underflowed. The value 0 indicates that the down-counter has not

underflowed.

Write O to the UNDFF flag to set the value to 0. Writing 1 has no effect.

REFEF Flag (Refresh Error Flag)

Read this flag to confirm whether or not arefresh error (performing a refresh operation during a refresh-prohibited

period) has occurred.

Thevalue 1 indicates that arefresh error has occurred. The value 0 indicates that no refresh error has occurred.
Write 0 to the REFEF flag to set the value to 0. Writing 1 has no effect.
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30.2.4 WDT Reset Control Register (WDTRCR)

Address(es): 0008 8026h

b7

b6

b5

b4

b3

b2 b1l b0

RSTIR| __ _ _ _ _ _ _
Qs
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b6tob0 — Reserved These bits are read as 0 and cannot be modified. R
b7 RSTIRQS Reset Interrupt Request Selection  0: Non-maskable interrupt request output is enabled R/W

1: Reset output is enabled

There are some restrictions on writing to the WDTRCR register. For details, refer to section 30.3.2, Control over
Writing to the WDTCR and WDTRCR Registers.
In auto-start mode, the WDTRCR register settings are disabled, and the settings in option function select register O
(OFS0) are enabled. The hit setting made to the WD TCR register can also be made in the OFS0 register. For details, refer
to section 30.3.7, Correspondence between Option Function Select Register 0 (OFS0) and WDT Registers.

30.2.5 Option Function Select Register 0 (OFS0)

For details on the OFSO register, refer to section 30.3.7, Correspondence between Option Function Select
Register 0 (OFS0) and WDT Registers.
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30.3 Operation

30.3.1 Count Operation in Each Start Mode

The WDT has two start modes: auto-start mode, in which counting automatically starts after areset is released, and
register start mode, in which counting is started by refresh operation (writing to the register).

In auto-start mode, counting automatically starts after areset is released in accordance with the settingsin option
function select register 0 (OFS0) in the ROM.

In register start mode, counting is started by refresh operation (writing to the register) after the respective registers are set
after areset is released.

Select auto-start mode or register start mode by setting the OFSO.WDTSTRT hit.

When the auto-start mode is selected, the settingsin the WDTCR and WDTRCR registers are disabled, and the settings
in the OFSO0 register are enabled.

On the other hand, when the register start mode is sel ected, the setting of the OFS0 register is disabled, and the settings of
the WDTCR and WDTRCR registers are enabled.

30.3.1.1 Register Start Mode

When the OFSO.WDTSTRT bit is 1, register start mode is selected, and the WDTCR and WDTRCR registers are
enabled.

After areset isreleased, set the clock division ratio, window start and end positions, and timeout period in the WDTCR
register, and the reset output or interrupt request output in the WDTRCR register. Then, refresh the down-counter to start
counting down from the value set by the WDTCR.TOPS[1:0] hits.

Thereafter, aslong as the counter is refreshed in the refresh-permitted period, the value in the counter is re-set each time
the counter is refreshed and counting down continues. The WDT does not output the reset signal aslong as this
continues. However, if the down-counter underflows because the down-counter cannot be refreshed due to a program
runaway, or if arefresh error occurs because the counter was refreshed outside the refresh-permitted period, the WDT
outputs areset signal or a non-maskable interrupt request (WUNI). Reset output or interrupt request output can be
selected by setting the WDTRCR.RSTIRQS hit.

Figure 30.3 shows an example of operation under the following conditions.
e Register start mode (OFSO.WDTSTRT =1)
e Reset output isenabled (WDTRCR.RSTIRQS = 1)
e Thewindow start position is 75% (WDTCR.RPSS[1:0] = 10b)
e Thewindow end position is 25% (WDTCR.RPES[1:0] = 10b)
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Counter value

A
0
100% Refresh-
prohibited
75% period
Refresh-
50% permitted
period
25% Refresh-
prohibited
0% period >
RES# pin
WDTCR
register @ X (2 ) )
(1) Initial value * . * *
(2) Set value Writing to the Writing to the Writing to the
register is valid. register is invalid. register is invalid.
Refresh H
the counter |
Active: High
A A f A ? A
Counting starts Counting starts Counting starts
Underflow Refresh error Refresh error
Status flag —
REFEF flag H cleared
Active: High L
/ A
UNDFF flag H Status flag
Active: High L cleared
Interrupt request
(WUNI)
Active: Low

Reset output

from WDT L —| —| |
Active: High

Figure 30.3 Operation Example in Register Start Mode

I
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30.3.1.2 Auto-Start Mode

When the WDTSTRT bit in option function select register 0 (OFS0) is 0, auto-start mode is selected, the WDTCR and
WDTRCR registers are disabled, and the settings in the OFS0 register are enabled.

Within the reset state, the setting values (clock division ratio, window start and end positions, timeout period, and reset
output or interrupt request) of the OFSO register are set in the WDT registers.

When the reset is released, the down-counter automatically starts counting down from the value set by the
OFSO.WDTTOPS[1:0] hits.

After that, aslong as the counter is refreshed in the refresh-permitted period, the value in the counter is re-set each time
the counter is refreshed and counting down continues. The WDT does not output the reset signal aslong asthis
continues.

However, if the down-counter underflows because refreshing of the down-counter is not possible due to the program
having entered crashed execution or if arefresh error occurs due to refreshing outside the refresh-permitted period, the
WDT outputs the reset signal or non-maskable interrupt request (WUNI).

After the reset signal or non-maskable interrupt request is output of for one cycle of counting, the value of the timeout
period is set in the down-counter counting is restarted.

Reset output or interrupt request output can be selected by setting the OFSO.WDTRSTIRQS bit.

Figure 30.4 shows an example of operation (non-maskable interrupt) under the following conditions.
e Auto start mode (OFSO.WDTSTRT = 0)
¢ Non-maskableinterrupt request output is enabled (OFSO.WDTRSTIRQS = 0)
e Thewindow start position is 75% (OFS0.WDTRPSS[1:0] = 10b)
e Thewindow end position is 25% (OFS0.WDTRPES[1:0] = 10b)

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 837 of 1852
Nov 30, 2020



RX23W Group 30. Watchdog Timer (WDTA)

Counter value

A
0,
100% Refresh-
prohibited
75% period

50% Refresh-

permitted
period
25% Refresh-
prohibited
0% period
RES# pin

Refresh
the counter L
Active : H

? A 4 A A A ?

Counting starts Counting starts Counting starts Counting starts
Underflow Refresh error Refresh error
Status flag
REFEFflag H cleared
Active: High |
A A
UNDFF flag
- . fl

Active: High | StcellteL;Sre(ijig

Interrupt request
(WUNI)
Active: Low |
— — —

Reset output
from WDT
Active: High L

Figure 30.4 Operation Example in Auto-Start Mode
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30.3.2 Control over Writing to the WDTCR and WDTRCR Registers

Writing to the WDTCR or WDTRCR register is only possible once between the release from the reset state and the first
refresh operation.

After arefresh operation (counting starts) or by writing to the WDTCR or WDTRCR register, the protection signal in the
WDT becomes 1 to protect the WDTCR and WDTRCR registers against subsequent attempts at writing.

This protection is released by the reset source of the WDT. With other reset sources, the protection is not released.
Figure 30.5 shows control waveforms produced in response to writing to the WDTCR register.

|- /1.
RES# pin \ //
Peripheral module clock
(PCLK)

Data written to V:’;Lfg \\ xoxh X 00F3h X / 3300h \ \\ \\

\ ( ) \

WDTCR register write
signal (internal signal) Writing disabled

WDTCR register 33F3h (initial value) \ 00F3h 00F3h \j‘sFSh (initial value)
Register
protection signal . .
(internal signal) WDTCR register is protected
11 (writing-disabled period)
‘ Writing is possible

Figure 30.5 Control Waveforms Produced in Response to Writing to the WDTCR Register

30.3.3 Refresh Operation

The down-counter is refreshed by writing the values 00h and then FFh to the WDTRR register. If avalue other than FFh
iswritten after 00h, the down-counter is not refreshed. After such invalid writing, correct refreshing is performed by
again writing to 00h and then FFh to the WDTRR register.

Evenif aregister other than the WDTRR register is accessed or the WDTRR register is read between writing 00h and
writing FFh to the WDTRR register, correct refreshing will be done.

Writing to refresh the counter must be performed within the refresh-permitted period. Whether writing is done within the
refresh-permitted period is determined when writing FFh. For this reason, correct refreshing will be done even if OOh is
written outside the refresh-permitted period.

[Sample sequences of writing that are valid for refreshing the counter]
e 00h— FFh
e 00h (n-1-th time) — 00h (nth time) — FFh
e (00h — access to another register or read from the WDTRR register — FFh

[Sample sequences of writing that are not valid for refreshing the counter]
e 23h (avalue other than 00h) — FFh
e (00h — 54h (avalue other than FFh)
e (00h— AAh (00h and a value other than FFh) — FFh
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After FFh iswritten to the WDTRR register, refreshing the down-counter requires up to four cycles of the signal for
counting. Therefore, writing FFh to the WDTRR register should be completed four-count cycles before the down-
counter underflows.

Figure 30.6 showsthe WDT refresh-operation waveforms when the clock division ratio = PCLK/64.

(PCLK)
Data written to
WDTRR register 00h X 54h\ /X, OOhX FFh\
|

WDTRR register — Valid
write signal
(internal signal)

WDTRR register FFh \ FFh 00h FFD \\ \\
\

Refresh Invalid /‘
synchronization
signal A

Refresh signal

(after synchronization Refresh request
with count cycle) —

Counter value (n+1)h X (nh // (nh (n-1h // (n-1)h | OFFFh
Il I J

Refreshing

Figure 30.6 WDT Refresh Operation Waveforms (WDTCR.CKS[3:0] = 0100b, WDTCR.TOPS[1:0] = 01b)

30.34 Reset Output

When the WDTRCR.RSTIRQS hit is set to 1 in register start mode or when the WDTRSTIRQS hit in option function
select register 0 (OFS0) is set to 1 in auto-start mode, areset signal is output for one-count cycle when an underflow in
the down-counter or arefresh error occurs.

In register start mode, the down-counter isinitialized (all bits set to 0) and stopped in that state after output of the reset
signal. After thereset is released and the program is restarted, the counter is set up again and counting down is started by
refreshing.

In auto-start mode, counting down automatically starts after the reset is released.

30.3.5 Interrupt Source

When the WDTRCR.RSTIRQS bit is set to 0 in register start mode or when the OFSO.WDTRSTIRQS bitissetto0in
auto-start mode, an interrupt (WUNI) signal is generated when an underflow in the counter or arefresh error occurs. This
interrupt can be used as a non-maskable interrupt. For details, refer to section 15, Interrupt Controller (ICUDb).

Table 30.4 WDT Interrupt Source

Name Interrupt Source DTC Activation DMAC Activation

WUNI Down-counter underflow Not possible Not possible
Refresh error
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30.3.6 Reading the Down-Counter Value

The WDT stores the counter value in the WDTSR.CNTVAL[13:0] bits. Thus, the counter value can be checked through
the WDTSR.CNTVAL[13:0] bits.
Figure 30.7 shows the processing for reading the WDT down-counter value when the clock division ratio = PCLK/64.

NIRRT

Refreshing
(n+1)h X (nh “ X

Bits WDTSR.CNTVAL
0] (M*Dh

Peripheral module clock
(PCLK)

Counter value (n-1)h X OFEFh

(n-1h X

OFFFh

[13:0] read signal
(internal signal)

[13:0] read data xoxxh (mh

\
WDTSR.CNTVAL \}\)
|

WDTSR.CNTVAL X

X OFFFh

Figure 30.7 Processing for Reading WDT Down-Counter Value
(WDTCR.CKS[3:0] = 0100b, WDTCR.TOPS[1:0] = 01b)
30.3.7 Correspondence between Option Function Select Register 0 (OFS0) and WDT

Registers

Table 30.5 lists the correspondence between option function select register 0 (OFS0) used in auto-start mode and the
registers used in register start mode.

Do not change the OFSO register setting during WDT operation.

For details on the OFSO0 register, refer to section 7.2.1, Option Function Select Register 0 (OFS0).

Table 30.5 Correspondence between Option Function Select Register 0 (OFS0) and WDT Registers

OFSO0 Register
(Enabled in Auto-Start Mode)

WDT Registers
(Enabled in Register Start Mode)

Target of Control

Function

OFSO0.WDTSTRT =0

OFSO0.WDTSTRT =1

Down-counter

Timeout period selection

OFS0.WDTTOPS[1:0]

WDTCR.TOPSI[1:0]

Clock division ratio selection

OFS0.WDTCKS[3:0]

WDTCR.CKS[3:0]

Window start position selection

OFS0.WDTRPSS[1:0]

WDTCR.RPSS[1:0]

Window end position selection

OFS0.WDTRPESJ[1:0]

WDTCR.RPES[1:0]

Reset output or interrupt
request output

Reset output or interrupt request
output selection

OFSO0.WDTRSTIRQS

WDTRCR.RSTIRQS
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31.

Independent Watchdog Timer (IWDTa)

In this section, “PCLK” isused to refer to PCLKB.

31.1 Overview

The independent watchdog timer (IWDT) can be used to detect programs being out of control.
The user can detect when a program runs out of control if an underflow occurs, by creating a program that refreshes the
IWDT counter before it underflows.
The functions of the IWDT are different from those of the WDT in the following respects.
e Thedivided IWDT-dedicated clock (IWDTCLK) is used as the count source (not affected by the PCLK).
e When making atransition to sleep mode, software standby mode, or deep sleep mode, the IWDTCSTPR.SLCSTP
bit or the OFS0.IWDTSLCSTP hit can be used to select whether to stop the counter or not.
Table 31.1 lists the specifications of the IWDT and Figure 31.1 shows ablock diagram of the IWDT.

Table 31.1

IWDT Specifications

Item

Description

Count source*!

IWDT-dedicated clock (IWDTCLK)

Clock divide ratio

Divide by 1, 16, 32, 64, 128, or 256

Counter operation

Counting down using a 14-bit down-counter

Conditions for starting the
counter

o Auto-start mode: Counting automatically starts after a reset is released
» Register start mode: Counting is started by refresh operation (writing 00h and then FFh to the
IWDTRR register).

Conditions for stopping the
counter

¢ Reset (the down-counter and other registers return to their initial values)
e In low power consumption states (depends on the register setting*2)
¢ A counter underflows or a refresh error occurs (only in register start mode)

Window function

Window start and end positions can be specified (refresh-permitted and refresh-prohibited periods)

Reset output sources

e Down-counter underflows
» Refreshing outside the refresh-permitted period (refresh error)

Non-maskable interrupt
sources

e Down-counter underflows
* Refreshing outside the refresh-permitted period (refresh error)

Reading the counter value

The down-counter value can be read by the IWDTSR register.

Event link function (output)

o Down-counter underflow event output
* Refresh error event output

Output signal (internal signal)

¢ Reset output
Interrupt request output
* Sleep mode count stop control output

Auto-start mode
(controlled by option function
select register 0 (OFS0))

» Selecting the clock frequency divide ratio after a reset (OFSO0.IWDTCKS[3:0] bits)

o Selecting the timeout period of the independent watchdog timer (OFS0.IWDTTOPS[1:0] bits)

o Selecting the window start position in the independent watchdog timer (OFS0.IWDTRPSS[1:0] bits)

* Selecting the window end position in the independent watchdog timer (OFSO.IWDTRPES[1:0] bits)

o Selecting the reset output or interrupt request output (OFSO.IWDTRSTIRQS bit)

o Selecting the down-count stop function at transition to sleep mode, software standby mode, or
deep sleep mode (OFS0.IWDTSLCSTP bit)

Register start mode
(controlled by the IWDT
registers)

¢ Selecting the clock frequency divide ratio after refreshing (IWDTCR.CKS[3:0] bits)

e Selecting the timeout period of the independent watchdog timer (IWDTCR.TOPS[1:0] bits)

» Selecting the window start position in the independent watchdog timer (IWDTCR.RPSSJ[1:0] bits)

¢ Selecting the window end position in the independent watchdog timer (IWDTCR.RPES[1:0] bits)

o Selecting the reset output or interrupt request output IWDTRCR.RSTIRQS bit)

e Selecting the down-count stop function at transition to sleep mode, software standby mode, or
deep sleep mode (IWDTCSTPR.SLCSTP bit)

Note 1. Satisfy the frequency of the peripheral module clock (PCLK) > 4 x (the frequency of the count source after divide).

Note 2. When the OFSO.IWDTSLCSTP bit is 1 in auto-start mode, and when the IWDTCSTPR.SLCSTP bitis 1 in register start mode.

RO1UHO0823EJ0110 Rev.1.10
Nov 30, 2020

ENESAS Page 842 of 1852



RX23W Group

31. Independent Watchdog Timer (IWDTa)

To use the IWDT, the IWDT-dedicated clock (IWDTCLK) should be supplied so that the IWDT operates even if the
peripheral module clock (PCLK) stops. The bus interface and registers operate with PCLK, and the 14-bit counter and
control circuits operate with IWDTCLK.

Figure 31.1 isablock diagram of the IWDT.

IWDTCLK ——»

Clock
frequency
divider

IWDTCLK
IWDTCLK/16
IWDTCLK/32
IWDTCLK/64

IWDTCLK/128
IWDTCLK/256

Interrupt request (WUNI)

Interrupt control circuit

IWDT reset output
>

Reset control circuit

I YYVYYVYY

Option function select register 0

IWDT control circuit -

14-bit counter

-

1

(OFS0)

IWDTCSTPR
IWDTRCR

RS

11

IWDTSR

—

Count stop control output

in sleep mode

IWDTCR
IWDTRR

Clock control circuit

Event signal output

Internal peripheral bus

\4

Event link controller

IWDTRR: IWDT refresh register
IWDTCR: IWDT control register
IWDTSR: IWDT status register

IWDTRCR:  IWDT reset control register
IWDTCSTPR: IWDT count stop control register

Figure 31.1

IWDT Block Diagram
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31.2 Register Descriptions
31.2.1 IWDT Refresh Register IWDTRR)

Address(es): IWDT.IWDTRR 0008 8030h

b7 b6 b5 b4 b3 b2 b1l b0

Value after reset: 1 1 1 1 1 1 1 1
Bit Description R/W
b7 to b0 The counter is refreshed by writing 00h and then writing FFh to this register. R/W

The IWDTRR register refreshes the counter of the IWDT.

The counter of the IWDT is refreshed by writing 00h and then writing FFh to the IWDTRR register (refresh operation)
within the refresh-permitted period.

After the counter has been refreshed, it starts counting down from the value selected by the IWDTTOPS[1:0] bitsin
option function select register 0 (OFS0) in auto-start mode. In register start mode, counting down starts from the value
selected by setting the IWDTCR.TOPS[1:0] bitsin thefirst refresh operation after areset is released.

When 00h iswritten, the read value is 00h. When a value other than 00h is written, the read value is FFh.

For details of the refresh operation, refer to section 31.3.3, Refresh Operation.
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31.2.2 IWDT Control Register IWDTCR)

Address(es): IWDT.IWDTCR 0008 8032h

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

— — RPSS[1:0] — — RPES[1:0] CKS[3:0] — — TOPS[1:0]

Value after reset: 0 0 1 1 0 0 1 1 1 1 1 1 0 0 1 1
Bit Symbol Bit Name Description R/W
b1, b0 TOPS[1:0] Timeout Period Select bl bo R/W

0 0: 128 cycles (007Fh)
0 1: 512 cycles (01FFh)
1 0: 1024 cycles (03FFh)
1 1: 2048 cycles (07FFh)

b3, b2 — Reserved These bits are read as 0. Writing to these bits has no effect. R
b7tob4  CKS[3:0] Clock Divide Ratio Select R/W

: No division
: Divide-by-16
: Divide-by-32
: Divide-by-64
: Divide-by-128
: Divide-by-256
Other settings are prohibited.
b9, b8 RPES[1:0] Window End Position Select b9 b8 R/IW
0 0: 75%
0 1:50%
1 0:25%
1 1: 0% (window end position is not specified.)

OrO0OO0O0O0Y
kR OoOoOo
w OFRr OR RO
Prroroof

b1, b10 — Reserved These bits are read as 0. Writing to these bits has no effect. R
b13, b12 RPSSJ[1:0] Window Start Position Select b13 b12 R/W
0 0: 25%
0 1: 50%
1 0:75%
1 1:100% (window start position is not specified.)

b15,b14 — Reserved These bits are read as 0. Writing to these bits has no effect. R

There are some restrictions on writing to the IWDTCR register. For details, refer to section 31.3.2, Control over
Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Registers.

In auto-start mode, the settingsin the IWDTCR register are disabled, and the settings in option function select register O
(OFS0) are enabled. The hit setting made to the IWDTCR register can also be made in the OFS0 register. For details,
refer to section 31.3.8, Correspondence between Option Function Select Register 0 (OFS0) and IWDT
Registers.
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TOPS[1:0] Bits (Timeout Period Select)

These hits select the timeout period (period until the counter underflows) from among 128, 512, 1024, or 2048 cycles,
taking the divided clock specified by the CKS[3:0] bits as one cycle.

After the counter is refreshed, the combination of the CKS[3:0] and TOPS[1:0] bits determines the time (number of
IWDTCLK cycles) until the counter underflows.

Relations between the CK [ 3:0] and TOPS[1:0] bit setting, the timeout period, and the number of IWDTCLK cyclesare
listed in Table 31.2.

Table 31.2 Settings and Timeout Periods

CKS[3:0] Bits TOPS[1:0] Bits Timeout Period
b7 b6 b5 b4 b1 b0 Clock Divide Ratio (Number of Cycles) Cycles of IWDTCLK
0 0 0 0 0 0 No division 128 128
0 1 512 512
1 0 1024 1024
1 1 2048 2048
0 0 1 0 0 0 Divide-by-16 128 2048
0 1 512 8192
1 0 1024 16384
1 1 2048 32768
0 0 1 1 0 0 Divide-by-32 128 4096
0 1 512 16384
1 0 1024 32768
1 1 2048 65536
0 1 0 0 0 0 Divide-by-64 128 8192
0 1 512 32768
1 0 1024 65536
1 1 2048 131072
1 1 1 1 0 0 Divide-by-128 128 16384
0 1 512 65536
1 0 1024 131072
1 1 2048 262144
0 1 0 1 0 0 Divide-by-256 128 32768
0 1 512 131072
1 0 1024 262144
1 1 2048 524288

CKS[3:0] Bits (Clock Divide Ratio Select)

These bits select the IWDTCLK clock divide ratio from among divide-by 1, 16, 32, 64, 128, and 256. Combination with
the TOPS[ 1:0] hit setting, a count period between 128 and 524288 cycles of the IWDTCLK clock can be selected for the
IWDT.
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RPES[1:0] Bits (Window End Position Select)

These bits select 75%, 50%, 25% or 0% of the count period for the window end position of the counter. The window end
position should be a value smaller than the window start position (window start position > window end position). If the
window end position is greater than the window start position, only the window start position setting is enabled.

The counter values for the window start and end positions selected by setting the RPSS[1:0] and RPES[1:0] bits change
depending on the TOPS[1:0] hit setting.

Table 31.3 lists the counter values for the window start and end positions corresponding to TOPS[1:0] bit values.

Table 31.3 Relationship between Timeout Period and Window Start and End Counter Values

TOPS[1:0] Bits Timeout Period Window Start and End Counter Value
bl b0 Cycles Counter Value 100% 75% 50% 25%
0 0 128 007Fh 007Fh 005Fh 003Fh 001Fh
0 1 512 01FFh 01FFh 017Fh 00FFh 007Fh
1 0 1024 03FFh 03FFh 02FFh 01FFh 00FFh
1 1 2048 07FFh 07FFh O05FFh 03FFh 01FFh

RPSS[1:0] Bits (Window Start Position Select)

These bits select a counter window start position from 100%, 75%, 50%, or 25% of the count period (100% when the
count starts and 0% when the counter underflows). The interval between the window start position and window end
position is the refresh-permitted period and the other periods are refresh-prohibited periods.

Figure 31.2 shows the relationship between of the RPSS[1:0] and RPES[1:0] bit setting and the refresh-permitted and
refresh-prohibited periods.

RPSS[1:0] Bits RPES[1:0] Bits Window

Start | End | Counting
(%) | (%) | started Underflow

0 <
< g

b13 b12 b9 b8

25 < »
50 < »

100

75 <

A 4

0 <
< >

25 <

h 4

75

50
75

A
A4

A

0 < »

25 <

A 4

50

50 < >

75 < >

0 <
< >

25
50

A

25

o|lr|r|lo|lo|lr|r|olo|r|r|lo|lo|lr]|kr
r|lolr|lo|lr|lo|lr|lo|lr|o|lr|lo|lr|o]|r

A
A

0 0 75

A

Note:  If window end setting is greater than or equal to window start setting, 1000 75% 50% 25% 0%
the window end setting is set to 0%.
4> Refresh-permitted period

Refresh-prohibited period

Figure 31.2 RPSS[1:0] and RPES[1:0] Bit Settings and the Refresh-Permitted Period
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31.2.3 IWDT Status Register (IWDTSR)

Address(es): IWDT.IWDTSR 0008 8034h

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

REFEF |UNDFF CNTVAL[13:0]

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
b13to b0 CNTVAL[13:0] Counter Value Value counted by the counter R
b14 UNDFF Underflow Flag 0: No underflow occurred R/I(W)

*1

1: Underflow occurred

b15 REFEF Refresh Error Flag 0: No refresh error occurred R/(W)
1: Refresh error occurred *1

Note 1. Only O can be written to clear the flag.

The IWDTSR register isinitialized by the reset source of the IWDT. The IWDTSR register is not initialized by other
reset sources.

CNTVAL[13:0] Bits (Counter Value)
These bits are used to confirm the counter value of the counter, but note that the read value may differ from the actual
count by avalue of one count.

UNDFF Flag (Underflow Flag)

Thisbit is used to confirm whether or not an underflow has occurred in the counter.

The value 1 indicates that the counter has underflowed. The value 0 indicates that the counter has not underflowed.
Write 0 to the UNDFF flag to set the value to 0. Writing 1 has no effect.

REFEF Flag (Refresh Error Flag)

Thisbit is used to confirm whether or not a refresh error (performing a refresh operation during a refresh-prohibited
period).

The value 1 indicates that arefresh error has occurred. The value O indicates that no refresh error has occurred.
Write O to the REFEF flag to set the value to 0. Writing 1 has no effect.
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31.2.4 IWDT Reset Control Register (IWDTRCR)

Address(es): IWDT.IWDTRCR 0008 8036h

b7 b6 b5 b4

b3

b2 b1l b0

RSTIR| __ _ _ _ _ _ _
Qs
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b6tob0 — Reserved These bits are read as 0. Writing to these bits has no effect. R
b7 RSTIRQS Reset Interrupt Request Select 0: Non-maskable interrupt request output is enabled. R/W

1: Reset output is enabled.

There are some restrictions on writing to the IWDTRCR register. For details, refer to section 31.3.2, Control over

Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Reqgisters.

In auto-start mode, the IWDTRCR register setting are disabled, and the settings in option function select register 0
(OFS0) are enabled. The hit setting mode to the IWDTRCR register can also be made in the OFS0 register. For details,
refer to section 31.3.8, Correspondence between Option Function Select Register 0 (OFS0) and IWDT

Registers.
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31.25 IWDT Count Stop Control Register (IWDTCSTPR)

Address(es): IWDT.IWDTCSTPR 0008 8038h

b7 b6 b5 b4 b3 b2 b1l b0

SLCST| __ _ _ _ _ — —
P
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b6tob0 — Reserved These bits are read as 0. Writing to these bits has no effect. R
b7 SLCSTP Sleep Mode Count Stop Control 0: Count stop is disabled. R/W

1: Count is stopped at a transition to sleep mode, software
standby mode, or deep sleep mode.

The IWDTCSTPR register controlswhether to stop the IWDT counter in alow power consumption state. There are some
restrictions on writing to the IWDTCSTPR register. For details, refer to section 31.3.2, Control over Writing to the
IWDTCR, IWDTRCR, and IWDTCSTPR Registers.

In auto-start mode, the IWDTCSTPR register setting are disabled, and the settings in option function select register O
(OFS0) are enabled. The hit setting mode to the IWDTCSTPR register can also be made in the OFS0 register. For details,
refer to section 31.3.8, Correspondence between Option Function Select Register 0 (OFS0) and IWDT
Registers.

SLCSTP Bit (Sleep Mode Count Stop Control)
This bit selects whether to stop counting at a transition to sleep mode, software standby mode, or deep sleep mode.

31.2.6 Option Function Select Register 0 (OFS0)

For option function select register 0 (OFS0), refer to section 31.3.8, Correspondence between Option Function
Select Register 0 (OFS0) and IWDT Registers.
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31.3 Operation

31.3.1 Count Operation in Each Start Mode

Select the IWDT start mode by setting the IWDTSTRT bit in option function select register 0 (OFS0).

When the OFSO.IWDTSTRT hit is 1 (register start mode), the IWDTCR, IWDTRCR, and IWDTCSTPR registers are
enabled, and counting is started by refresh operation (writing) to the IWDTRR register. When the OFSO.IWDTSTRT bit
is 0 (auto-start mode), the setting of the OFSO register is enabled, and counting automatically starts after reset.

31.3.1.1 Register Start Mode

When the OFSO.IWDTSTRT bit in option function select register 0 is 1, register start mode is selected, and the
IWDTCR, IWDTRCR, and IWDTCSTPR registers are enabled.

After areset isreleased, set the clock divide ratio, window start and end positions, and timeout period in the WDTCR
register, the reset output or interrupt request output in the IWDTRCR register, and the counter stop control at transitions
to low power consumption states in the IWDTCSTPR register. Then refresh the counter to start counting down from the
value selected by setting the IWDTCR.TOPS[1:0] bits.

Thereafter, aslong as the program continues normal operation and the counter is refreshed in the refresh-permitted
period, the valuein the counter isre-set each time the counter is refreshed and counting down continues. The IWDT does
not output the reset signal as long as this continues. However, if the counter underflows because the counter cannot be
refreshed due to a program runaway, or if arefresh error occurs because the counter was refreshed outside the refresh-
permitted period, the IWDT outputs areset signal or a non-maskable interrupt request (WUNI). Set the
IWDTRCR.RSTIRQS bit to select either reset output or interrupt request output.

Figure 31.3 shows an example of operation under the following conditions.
¢ Register start mode (OFSO.IWDTSTRT = 1)
¢ Reset output isenabled (IWDTRCR.RSTIRQS = 1)
e Thewindow start position is 75% (IWDTCR.RPSS[1:0] = 10b)
e Thewindow end position is 25% (IWDTCR.RPES[1:0] = 10b)
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(1) Initial value| * . f . ?
(2) Set value Writing to the Writing to the Writing to the
register is valid. register is invalid. register is invalid.
' [
Refresh H
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A A ? A f A
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Refresh error Refresh error
Status flag —
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A A
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from IWDT
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Figure 31.3 Operation Example in Register Start Mode
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31.3.1.2 Auto-Start Mode

When the IWDTSTRT bit in option function select register 0 (OFS0) is 0, auto-start modeis selected, and the IWDTCR,
IWDTRCR, and IWDTCSTPR registers are disabled.

Within the reset state, the clock divide ratio, window start and end positions, timeout period, reset output or interrupt
request output, and counter stop control at transitions to low power consumption states are set using the val ues specified
in the OFSO0 register. When the reset is released, the counter automatically starts counting down from the value selected
by the OFS0.IWDTTOPS[ 1:0] hits.

After that, aslong as the program continues normal operation and the counter isrefreshed in the refresh-permitted period,
the value in the counter is re-set each time the counter is refreshed and counting down continues. The IWDT does not
output the reset signal aslong as this continues. However, if the counter underflows because refreshing of the counter is
not possible due to the program having entered crashed execution or if arefresh error occurs due to refreshing outside the
refresh-permitted period, the IWDT outputs the reset signal or non-maskable interrupt request (WUNI). After the reset
signal or non-maskable interrupt request (WUNI) is generated, the counter reloads the timeout period after counting for
one cycle, and restarts counting. Set the OFS0.IWDTRSTIRQS bit to select either reset output or interrupt request
output.

Figure 31.4 shows an example of operation under the following conditions.
e Auto-start mode (OFSO.IWDTSTRT = 0)
e Non-maskable interrupt request output is enabled (OFSO.IWDTRSTIRQS = 0)
e Thewindow start position is 75% (OFS0.IWDTRPSS[1:0] = 10b)
e Thewindow end position is 25% (OFSO.IWDTRPES[1:0] = 10b)
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Figure 31.4 Operation Example in Auto-Start Mode
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31.3.2 Control over Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Registers

Writing to the IWDTCR, IWDTRCR, or IWDTCSTPR register is only possible once between the release from the reset
state and the first refresh operation.

After arefresh operation (counting starts) or the IWDTCR, IWDTRCR, or IWDTCSTPR register iswritten to, the
protection signal in the IWDT becomes 1 to protect registers WDTCR, IWDTRCR, and IWDTCSTPR against
subsequent attempts at writing.

This protection is released by the reset source of the IWDT. With other reset sources, the protection is not released.
Figure 31.5 shows control waveforms produced in response to writing to the IWDTCR register.

upnaand

00F3h / 3300h \

RES# pin

Peripheral module clock
(PCLK)

Data written to IWDTCR

Register
protection signal
(internal signal)

register
IWDTCR register write
signal (internal signal) Writing disabled
IWDTCR register 33F3h (initial value) ﬁ 00F3h 00F3h 33F3h (initial value)

1T

IWDTCR register is protected
(writing-disabled period)

‘ Writing is possible
<

>
‘ < »

A
A

Figure 31.5 Control Waveforms Produced in Response to Writing to the IWDTCR Register
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31.3.3 Refresh Operation

The counter is refreshed and starts operation (counting is started by refreshing) by writing the values 00h and then FFh to
the IWDTRR register. If avalue other than FFh iswritten after 00h, the counter is not refreshed. After such invalid
writing, correct refreshing is performed by again writing 00h and then FFh to the IWDTRR register.

When writing is done in the order of 00h (first time) — 00h (second time), and if FFh iswritten after that, the writing
order 00h — FFh is satisfied; writing 00h (n—1-th time) — 00h (nth time) — FFhisvalid and correct refreshing will be
done. Even when the first value written before 00h is not 00h, correct refreshing will be done if the operation containsthe
set of writing 00h — FFh. Moreover, even if aregister other than the IWDTRR register is accessed or the IWDTRR
register is read between writing 00h and writing FFh to the IWDTRR register, correct refreshing will be done.

[Sample sequences of writing that are valid for refreshing the counter]
e 00h— FFh
e 00h (n-1-th time) — 00h (nth time) — FFh
e (00h — access to another register or read from the IWDTRR register — FFh

[Sample sequences of writing that are not valid for refreshing the counter]
e 23h (avalue other than 00h) — FFh
e 00h — 54h (avalue other than FFh)
e (00h — AAh (00h and avalue other than FFh) — FFh

Even when 00h iswritten to the IWDTRR register outside the refresh-permitted period, if FFh iswritten to the IWDTRR
register in the refresh-permitted period, the writing sequence is valid and refreshing will be done.

After FFh iswritten to the IWDTRR register, refreshing the counter requires up to four cycles of the signal for counting
(the IWDTCR.CK g[3:0] bits determine how many cycles of the IWDT-dedicated clock (IWDTCLK) make up one cycle
for counting). Therefore, writing FFh to the IWDTRR register should be completed four-count cycles before the end
position of the refresh-permitted period or a counter underflow. The value of the counter can be checked by the
IWDTSR.CNTVAL[13:0] hits.

[Sample refreshing timings]
e When the window start position is set to 03FFh, even if 00h iswritten to the IWDTRR register before 03FFh is

reached (0402h, for example), refreshing is done if FFh iswritten to the IWDTRR register after the value of the
IWDTSR.CNTVAL[13:0] hits has reached 03FFh.

¢ When the window end position is set to 03FFh, refreshing is done if 0403h (four-count cycles before 03FFh) or a
greater valueisread from the IWDTSR.CNTVAL[13:0] bitsimmediately after writing 00h — FFh to the IWDTRR
register.

e When the refresh-permitted period continues until count 0000h, refreshing can be done immediately before an
underflow. In this case, if 0003h (four-count cycles before an underflow) or a greater value is read from the
IWDTSR.CNTVAL[13:0] bitsimmediately after writing 00h — FFh to the IWDTRR register, no underflow occurs
and refreshing is done.
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Figure 31.6 showsthe IWDT refresh-operation waveforms when PCLK > IWDTCLK and clock divide ratio =
IWDTCLK.

clock (PCLK)
IWDT-dedicated _\ ’ \ ’ \ ’ \ l \ \ \_
clock (IWDTCLK) ]

Data written to
IWDTRR register

IWDTRR register write
signal (internal signal)

IWDTRR register FFh XOOhX \ FFh 00h FFD

Refresh / Invalid /_

synchronization signal

»

Refresh signal

(after %?hcrvr\?g!lgglt_l% Refresh request

Counter value n+2 X n+l X n X n-1 X n-2 X n-3 07FFh
A

Refreshing

Figure 31.6 IWDT Refresh Operation Waveforms (IWDTCR.CKS[3:0] = 0000b, IWDTCR.TOPS[1:0] = 11b)
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31.3.4 Status Flags

The IWDTSR.REFEF and IWDTSR.UNDFF flags retain the source of the reset signal output from the IWDT or the
source of the interrupt request from the IWDT.

Thus, after release from the reset state or interrupt request generation, read the IWDTSR.REFEF and IWDTSR.UNDFF
flags to check for the reset or interrupt source.

For each flag, writing O clears the bit and writing 1 has no effect.

Leaving the status flags unchanged does not affect operation. If the flags are not cleared, at the time of the next reset or
interrupt request from the IWDT, the earlier reset or interrupt source is cleared and the new reset or interrupt sourceis
written.

After O iswritten to each flag, up to three IWDTCLK cycles and two PCLK cycles are required before the value is
reflected.

31.3.5 Reset Output

When the IWDTRCR.RSTIRQS bit is set to 1 in register start mode or when the IWDTRSTIRQS bit in option function
select register 0 (OFS0) is set to 1 in auto-start mode, areset signal is output when an underflow in the counter or a
refresh error occurs.

In register start mode, the counter isinitialized (0000h) and kept in that state after assertion of the reset signal. After the
reset isreleased and the program is restarted, the counter is set up again and counting down is started by refreshing.

In auto-start mode, counting down automatically starts after the reset outpuit.

31.3.6 Interrupt Sources

When the IWDTRCR.RSTIRQS bit is set to 0 in register start mode or when the OFSO.IWDTRSTIRQS bit issetto 0 in
auto-start mode, an interrupt (WUNI) signal is output when an underflow in the counter or arefresh error occurs. This
interrupt can be used as a non-maskable interrupt. For details, refer to section 15, Interrupt Controller (ICUDb).

Table 31.4 IWDT Interrupt Source

Name Interrupt Source DTC Activation DMAC Activation

WUNI Counter underflow Not possible Not possible
Refresh error
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31.3.7 Reading the Counter Value

Asthe counter in IWDT-dedicated clock (IWDTCLK), the counter value cannot be read directly. The IWDT
synchronizes the counter value with the peripheral module clock (PCLK) and storesit in the IWDTSR.CNTVAL[13:0]
bits. Thus, the counter value can be checked indirectly through the IWDTSR.CNTVAL[13:0] bits.

Reading the counter value requires multiple PCLK clock cycles (up to four clock cycles), and the read counter value may
differ from the actual counter value by avalue of one count.

Figure 31.7 showsthe processing for reading the IWDT counter value when PCLK > IWDTCLK and clock divide ratio
= IWDTCLK.

Peripheral module f\j—\Jr\_/-\Jr\_/-\_/-\_/-\_/-\Jr\_/-\j
clock (PCLK) ]
IWDT-dedicated
clock (IWDTCLK) !
o .

ion with IWDTCLK)

Counter value n+l X n 07FEh
Bits
IWDTSR.CNTVAL q+1 X n x
[13:0] &
IWDTSR.CNTVAL \ \

[13:0] read signal
(internal signal)

\J \i \/

\/
IWDTSR.CNTVAL
[13:0] read data X n+l X n X n-2 XO7FFh

Figure 31.7 Processing for Reading IWDT Counter Value
(IWDTCR.CKSJ[3:0] = 0000b, IWDTCR.TOPS[1:0] = 11b)
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31.3.8 Correspondence between Option Function Select Register 0 (OFSO0) and IWDT
Registers

Table 31.5 lists the correspondence between option function select register 0 (OFS0) used in auto-start mode and the
registers used in register start mode.

Do not change the OFSO register setting during IWDT operation.

For details on the OFSO register, refer to section 7.2.1, Option Function Select Register 0 (OFSO0).

Table 31.5 Correspondence between Option Function Select Register 0 (OFS0) and IWDT Registers

OFSO0 Register IWDT Registers
(Enabled in Auto-Start Mode) (Enabled in Register Start Mode)
Target of Control  Function OFSO.IWDTSTRT =0 OFSO0.IWDTSTRT =1
Counter Timeout period selection OFSO0.IWDTTOPSJ1:0] IWDTCR.TOPS[1:0]
Clock frequency divide ratio selection OFSO0.IWDTCKS[3:0] IWDTCR.CKSJ[3:0]
Window start position selection OFSO0.IWDTRPSSJ[1:0] IWDTCR.RPSS[1:0]
Window end position selection OFSO0.IWDTRPESJ[1:0] IWDTCR.RPESJ1:0]
Reset output or Reset output or interrupt request OFSO0.IWDTRSTIRQS IWDTRCR.RSTIRQS
interrupt request output selection
output
Count stop Sleep mode count stop control OFSO0.IWDTSLCSTP IWDTCSTPR.SLCSTP

31.4 Link Operation by ELC

The event link controller (ELC) can use the interrupt request signal generated by the IWDT as the event signal.
Therefore, the ELC generates an event to the module specified previously when the IWDT outputs an interrupt request.
The event signal is output by the counter underflow and refresh error.

An event signal is output regardless of the setting of the IWDTRCR.RSTIRQS hit in register start mode or the
OFS0.IWDTRSTIRQS hit in auto-start mode. An event signal can also be output upon generation of the next interrupt
source while the IWDTSR.REFEF or IWDTSR.UNDFF flag is 1.

For details, see section 20, Event Link Controller (ELC).

31.5 Usage Notes
31.5.1 Refresh Operations

When making the settings to control the timing of refreshing, consider variationsin the range of errors due to the
accuracy of the PCLK and IWDTCLK and set values which ensure that refreshing is possible.

31.5.2 Clock Divide Ratio Setting
Satisfy the frequency of the peripheral module clock (PCLK) > 4 x (the frequency of the count source after divide).
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32. USB 2.0 Host/Function Module (USBc)

32.1 Overview

This MCU incorporates a USB 2.0 host/function module (USBO).

The USB moduleisaUSB controller that is equipped to operate as a host controller or function controller. The module
supports full-speed and low-speed transfer as defined in Universal Serial Bus (USB) Specification 2.0. The module has
an internal USB transceiver and supports all of the transfer types defined in USB Specification 2.0. It also supports
Battery Charging Specification Revision 1.2.

The USB has buffer memory for data transfer, providing a maximum of 10 pipes. Pipes 1 to 9 can be assigned any
endpoint number based on peripheral devices used for communication or based on the user system.

Table 32.1 shows the specifications of the USB.

Table 32.1 USB Specifications

Item Specifications

Features e USB Device Controller (UDC) and transceiver for USB 2.0 are incorporated.
Host controller, function controller, and On-The-Go (OTG) are supported (one channel)
e The host controller and the function controller can be switched by software.
o Self-power mode or bus power mode can be selected.
e BC1.2 (Battery Charging Specification Revision 1.2) is supported.

When the host controller is selected:

* Full-speed transfer (12 Mbps) and low-speed transfer (1.5 Mbps) are supported
e Automatic scheduling for SOF and packet transmissions

e Programmable intervals for isochronous and interrupt transfers

When the function controller is selected:

* Full-speed transfer (12 Mbps) and low-speed transfer (1.5 Mbps) are supported
e Control transfer stage control function

* Device state control function

e Auto response function for SET_ADDRESS request

e SOF interpolation function

Control transfer
Bulk transfer
Interrupt transfer
Isochronous transfer

Communication data transfer type

Pipe configuration * Buffer memory for USB communication is provided.
e Up to 10 pipes can be selected (including the default control pipe).
e Pipes 1to 9 can be assigned any endpoint number.

Transfer conditions that can be set for each pipe:

* Pipe 0: Control transfer, 64-byte single buffer

e Pipes 1 and 2: 64-byte double buffer can be specified for bulk transfer
256-byte double buffer for isochronous transfer

Pipes 3 to 5: Bulk transfer, 64-byte double buffer

Pipes 6 to 9: Interrupt transfer, 64-byte single buffer

Others e Reception ending function using transaction count
e Function that changes the BRDY interrupt event notification timing (BFRE)
Function that automatically clears the buffer memory after the data for the pipe specified at
the DnFIFO (n = 0, 1) port has been read (DCLRM)
NAK setting function for response PID generated by end of transfer (SHTNAK)
On-chip pull-up and pull-down resistors of D+/D—

Low power consumption function Module-stop state can be set.
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Figure 32.1 shows a block diagram of the USB.
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Figure 32.1 USB Block Diagram
Table 32.2 lists the 1/O pins of the USB.
Table 32.2 USB Pin Configuration
Port Pin Name 110 Function
USBO USBO_DP /10 D+ I/0 pin of the USB on-chip transceiver
This pin should be connected to the D+ pin of the USB bus.
USBO_DM 1/0 D— 1/O pin of the USB on-chip transceiver
This pin should be connected to the D- pin of the USB bus.
USBO_VBUS Input USB cable connection monitor pin
This pin should be connected to VBUS of the USB bus. The VBUS pin status
(connected or disconnected) can be detected when the USB module is operating as a
function controller.
USBO_EXICEN Output Low-power control signal for external power supply (OTG) chip
USBO_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip
USBO_OVRCURA  Input External overcurrent detection signals should be connected to these pins. VBUS
USBO_OVRCURB comparator signals should be connected to these pins when the OTG power supply chip
is connected.
USBO_ID Input miniAB connector ID input signal should be connected to this pin during operation in
OTG mode.
Common VCC_USB Input USB power supply pin
VSS_USB Input USB ground pin
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32.2 Register Descriptions
32.2.1 System Configuration Control Register (SYSCFG)

Address(es): USB0.SYSCFG 000A 0000h

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

— — — — — |scke| — |cNEN| — |DCFM |DRPD [DPRPU D’\fJRP — — | usee
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 USBE USB Operation Enable 0: USB operation is disabled. R/W
1: USB operation is enabled.

b2, b1 — Reserved These bits are read as 0. The write value should be 0. R/W

b3 DMRPU  D- Line Resistor Control*1 0: Pulling up the line is disabled. R/W
1: Pulling up the line is enabled.

b4 DPRPU D+ Line Resistor Control*1 0: Pulling up the line is disabled. R/W
1: Pulling up the line is enabled.

b5 DRPD D+/D- Line Resistor Control  0: Pulling down the lines is disabled. R/W
1: Pulling down the lines is enabled.

b6 DCFM Controller Function Select 0: Function controller is selected. R/W
1: Host controller is selected.

b7 — Reserved This bit is read as 0. The write value should be 0. R/W

b8 CNEN CNEN Single End Receiver  0: Single end receiver operation is disabled. R/W

Enable 1: Single end receiver operation is enabled.

b9 — Reserved This bit is read as 0. The write value should be 0. R/W

b10 SCKE USB Clock Enable*2 0: Stops supplying the clock signal to the USB. R/W
1: Enables supplying the clock signal to the USB.

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

Note 1. Do not enable the DMRPU and DPRPU bits at the same time.
Note 2. After writing 1 to the SCKE bit, read it and confirm it is set to 1.

USBE Bit (USB Operation Enable)

The USBE bit enables or disables operation of the USB.

Modifying the USBE bit from 1 to O initializes the register bits listed in Table 32.3.

This bit should be modified while the SCKE bit is 1.

When the host controller is selected, this bit should be set to 1 after setting the DRPD bit to 1, eliminating
SYSSTS0.LNST[1:0] flag chattering, and confirming that the USB bus state is stabilized.

Table 32.3 Registers Initialized by Writing 0 to the SYSCFG.USBE Bit

Selected Function Register Bit Remarks
Function controller SYSSTSO LNST[1:0] The value is retained when the host controller is selected.
DVSTCTRO  RHST[2:0]
INTSTSO DVSQI2:0] The value is retained when the host controller is selected.
USBREQ BREQUEST](7:0], The value is retained when the host controller is selected.
BMREQUESTTYPE[7:0]
USBVAL — The value is retained when the host controller is selected.
USBINDX — The value is retained when the host controller is selected.
USBLENG — The value is retained when the host controller is selected.
Host controller DVSTCTRO RHST[2:0]
FRMNUM FRNM[10:0] The value is retained when the function controller is selected.
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DMRPU Bit (D- Line Resistor Control)

The DMRPU bit enables or disables pulling up the D— line when the function controller is selected.

When the DMRPU hit is set to 1 while the function controller is selected, the bit forces a pull-up of the D- line to notify
the USB host of connection as alow-speed device. Modifying the DMRPU bit from 1 to O allows the USB to release the
D-line, thus notifying the USB host of disconnection.

This bit should be set to 1 if the function controller is selected, and should be set to 0 if the host controller is selected.

DPRPU Bit (D+ Line Resistor Control)

The DPRPU hit enables or disables pulling up the D+ line when the function controller is selected.

When the DPRPU hit is set to 1 while the function controller is selected, the bit forces a pull-up of the D+ line to notify
the USB host of connection as a full-speed device. Modifying the DPRPU bit from 1 to 0 allows the USB to release the
D+ line, thus notifying the USB host of disconnection.

This bit should be set to 1 if the function controller is selected, and should be set to 0 if the host controller is selected.

DRPD Bit (D+/D- Line Resistor Control)
The DRPD bit enables or disables pulling down D+ and D— lines when the host controller is selected.
This bit should be set to 1 if the host controller is selected, and should be set to 0 if the function controller is selected.

DCFM Bit (Controller Function Select)

The DCFM bit selects the function of the USB.
This bit should be modified when the DMRPU, DPRPU, and DRPD bitsare all 0.

CNEN Bit (CNEN Single End Receiver Enable)

Setting the CNEN bit to 1 allows the USB module to enable the single end receiver and set the LNST[1:0] flagsto
monitor the status of the D+ and D— lines.

The CNEN bit is used when the USB module operates as a portable device for battery charging.

SCKE Bit (USB Clock Enable)

The SCKE hit stops or enables supplying 48-MHz clock signals to the USB.

When thisbit is 0, only SY SCFG can be read from and written to; the other registers related to the USB cannot be read
from or written to.
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32.2.2

Address(es): USB0.SYSSTSO0 000A 0004h

System Configuration Status Register 0 (SYSSTSO0)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
OVCMION[l:O] — — — — — — — |HTACT| — — — |IDMON LNS';'[l:O]
Value after reset: Q"1 I 0"l 0 0 0 0 0 0 0 0 0 0 0 01 0 I 0
Bit Symbol Bit Name Description R/W
b1, b0 LNSTI[1:0] USB Data Line Status Monitor Refer to Table 32.4. R
Flag
b2 IDMON ID Input Pin Monitor Flag 0: USBO_ID pin is low R
1: USBO_ID pin is high
b5 to b3 — Reserved These bits are read as 0 and cannot be modified.
b6 HTACT USB Host Sequencer Status 0: Host sequencer of the USB is completely stopped.
Monitor Flag 1: Host sequencer of the USB is not completely stopped.
b13tob7 — Reserved These bits are read as 0 and cannot be modified.
b15, b1l4 OVCMON[1:0] OVRCURA/OVRCURB Input Pin The OVCMONI[1] flag indicates the status of the

Monitor Flag

USBO_OVRCURA pin.
The OVCMON]0] flag indicates the status of the
USBO_OVRCURSB pin.

Note 1. Depends on the status of the USBO_OVRCURA/USB0_OVRCURB and USBO_ID pins.

LNST[1:0] Flags (USB Data Line Status Monitor Flag)

The LNST[1:0] flags indicate the state of the USB datalines (D+ and D—lines). Refer to Table 32.4.

The LNSTJ[1:0] flags should be read after the connection processing (SY SCFG.DPRPU bit = 1) when the function
controller is selected; whereas after enabling pull-down of the lines (SY SCFG.DRPD bhit = 1) when the host controller is

selected.

HTACT Flag (USB Host Sequencer Status Monitor Flag)
The HTACT flag is 0 when the host sequencer of the USB is completely stopped.

OVCMON][1:0] Flags (OVRCURA/OVRCURB Input Pin Monitor Flag)
The OVCMON][1:0] flagsindicate the status of overcurrent from an external power supply chip.

Table 32.4 Status of USB Data Bus Lines (D+ Line, D—Line)
LNST[1:0] Flags During Low-Speed Operation During Full-Speed Operation
00b SEO SEO
01b K-State J-State
10b J-State K-State
11b SE1 SE1
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32.2.3

Device State Control Register 0 (DVSTCTRO)

Address(es): USB0.DVSTCTRO 000A 0008h

Value after reset:

b15 b14

b13 b12 b1l b10

b9 b8 b7 b6 b5 b4 b3 b2 bl

b0

OA

HNPBT| EXICE \VBUSE | yip | RWUP |USBRS| RESU | yact

ME

— RHST[2:0]

0 0

0 0 0 0

0 0 0 0 0 0 0 0 0

Bit

Symbol

Bit Name

Description

b2 to b0

RHST[2:0]

USB Bus Reset Status Flag

e When the host controller is selected

b2 b0

0 0 0: Communication speed not determined
(powered state or no connection)

1 x x: USB bus reset in progress

0 0 1: Low-speed connection

0 1 0: Full-speed connection

e When the function controller is selected
b2  bo
0 0 0: Communication speed not determined

0 0 1: USB bus reset in progress or low-speed connection
0 1 0: USB bus reset in progress or full-speed connection

b3

Reserved

This bit is read as 0. The write value should be 0.

R/IW

b4

UACT

USB Bus Enable

0: Downstream port is disabled (SOF transmission is
disabled).

1: Downstream port is enabled (SOF transmission is
enabled).

R/IW

b5

RESUME

Resume Output

: Resume signal is not output.
: Resume signal is output.

R/IW

b6

USBRST

USB Bus Reset Output

: USB bus reset signal is not output.
: USB bus reset signal is output.

RIW

b7

RWUPE

Wakeup Detection Enable

: Downstream port wakeup is disabled.
: Downstream port wakeup is enabled.

R/IW

b8

WKUP

Wakeup Output

: Remote wakeup signal is not output.
: Remote wakeup signal is output.

R/IW

b9

VBUSEN

VBUSEN Output Pin Control

: USBO_VBUSEN pin outputs low.
: USBO_VBUSEN pin outputs high.

R/IW

b10

EXICEN

EXICEN Output Pin Control

: USBO_EXICEN pin outputs low.
: USBO_EXICEN pin outputs high.

PO|FRPO|IFPO|PFPO|(FRPO|PFRO

R/IW

b11

HNPBTOA

Host Negotiation Protocol (HNP)
Control

This bit is used when switching from device B to device A
while in OTG mode. If the HNPBTOA bit is 1, the internal
function control keeps the suspended state until the HNP
processing ends even though SYSCFG.DPRPU =0 or
SYSCFG.DCFM = 1.

R/IW

bl5tobl2 —

Reserved

These bits are read as 0. The write value should be 0.

RIW

x: Don’t care
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RHST[2:0] Flags (USB Bus Reset Status Flag)

The RHST[2:0] flags indicate the status of the USB bus reset.

When the host controller is selected, the RHST[2:0] flags indicate 100b after the USBRST bit has been set to 1 by
software.

The USB fixes the value of the RHST[2:0] flags when 0 iswritten to the USBRST hit by software and the USB
completes SEO driving.

When the function controller is selected, the RHST[2:0] flags indicate 010b (connection while DPRPU = 1) or 001b
(disconnection while DMRPU = 1) when the USB detects the USB busreset, and a DV ST interrupt is generated.

UACT Bit (USB Bus Enable)

The UACT hit enables operation of the USB bus (controls the SOF packet transmission to the USB bus) when the host
controller is selected.

With this bit set to 1, the USB puts the USB port to the USB-bus enabled state and performs SOF output and data
transmission and reception.

This module starts outputting SOF packets within one frame after 1 has been written to the UACT bit by software.
With this bit set to 0, the USB entersthe idle state after outputting SOF packets.

The USB setsthe UACT bit to 0 on any of the following conditions.

e A DTCH interrupt is detected during communication (while UACT = 1).

e An EOFERR interrupt is detected during communication (while UACT = 1).
Writing 1 to this bit should be done at the end of the USB reset processing (writing 0 to the USBRST hit) or at the end of
the resume processing from the suspended state (writing O to the RESUME hit).
This bit should be set to 0 if the function controller is selected.

RESUME Bit (Resume Output)

The RESUME hit controls the resume signal output when the host controller is selected.

Setting the RESUME bit to 1 allows the USB to drive the port to the K-state and output the resume signal .

The USB setsthe RESUME bit to 1 on detecting the remote wakeup signal while RWUPE is 1 in the USB suspended
state.

The USB continues outputting K-state while the RESUME bit = 1 (until the RESUME bit is set to O by software). The
RESUME bit should be 1 (= resume period) for the time defined by USB Specification 2.0.

Thisbit should be set to 1 in the suspended state.

Write 1 to the UACT bit simultaneously with the end of the resume processing (writing O to the RESUME hit).

This bit should be set to 0 if the function controller is sel ected.

USBRST Bit (USB Bus Reset Output)

The USBRST bit controls the USB bus reset signal output when the host controller is selected.

When the host controller is selected, setting this bit to 1 allows the USB to drive SEO of the USB port to reset the USB
bus.

The USB continues outputting SEO while USBRST = 1 (until the USBRST hit is set to 1 by software). The USBRST bit
should be 1 (= USB bus reset period) for the time defined by USB Specification 2.0.

Writing 1 to this bit during communication (the UACT bit = 1) or during the resume processing (the RESUME hit = 1)
prevents the USB from starting the USB bus reset processing until both the UACT and RESUME hits become 0.

Write 1 to the UACT bit simultaneously with the end of the USB bus reset processing (writing 0 to the USBRST hit).
This bit should be set to 0 if the function controller is selected.
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RWUPE Bit (Wakeup Detection Enable)

The RWUPE bit enables or disables the downstream port peripheral device to use the remote wakeup function (resume
signal output) when the host controller is selected.

With this bit set to 1, on detecting the remote wakeup signal, the USB detects the resume signal (K-state for 2.5 ps) from
the downstream port device and performs the resume processing (drives the port to the K-state).

With this bit set to 0, the USB ignores the detected remote wakeup signal (K-state) from the peripheral device connected
to the USB port.

While the RWUPE hit is 1, the internal clock should not be stopped even in the suspended state (SY SCFG.SCKE bit
should be set to 1).

Thisbit should be set to 0 if the function controller is selected.

WKUP Bit (Wakeup Output)

The WKUP bit enables or disables outputting the remote wakeup signal (resume signal) to the USB bus when the
function controller is selected.

The USB controls the output time of aremote wakeup signal. When this bit is set to 1, the USB sets this bit to O after
outputting the 10-ms K -state.

According to USB Specification 2.0, the USB busidle state must be kept for 5 ms or longer before a remote wakeup
signal is sent. If the USB writes 1 to this bit right after detection of the suspended state, the K-state will be output after
2ms.

Do not write 1 to this bit, unless the device state isin the suspended state (INTSTS0.DV SQ[2:0] flags = 1xxb) and the
USB host enables the remote wakeup signal. When this bit is set to 1, the internal clock must not be stopped even in the
suspended state (write 1 to this bit while the SY SCFG.SCKE bit = 1).

Thisbit should be set to 0 if the host controller is selected.

HNPBTOA Bit (Host Negotiation Protocol (HNP) Control)

The HNPBTOA bit is used when switching from device B to device A whilein OTG mode. If the HNPBTOA bit is 1, the
internal function control keeps the suspended state until the HNP processing ends even though the SY SCFG.DPRPU bit
=0 or SYSCFG.DCFM = lisset. Even if the falling edge of the D+ signal is detected at thistime, no resume (RESM)
interrupt is generated.

After thishit isset to 1, write 0 to this bit by software to terminate the HNP processing when connection to the host (pull-
up on the target side) or timeout of the HNP processing is detected.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 868 of 1852
Nov 30, 2020



RX23W Group 32. USB 2.0 Host/Function Module (USBc)

32.2.4 CFIFO Port Register (CFIFO),

(1)

DOFIFO Port Register (DOFIFO),
D1FIFO Port Register (D1FIFO)

When the MBW bit is 1

Address(es): USB0.CFIFO 000A 0014h, USB0.DOFIFO 000A 0018h, USB0.D1FIFO 000A 001Ch

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
Bit Symbol Bit Name Description R/W
bl5tob0 — FIFO Port This port is used for reading receive data from the FIFO bufferand R/W

writing transmit data to the FIFO buffer.

(2)

When the MBW bit is O

Address(es): USBO0.CFIFO.L 000A 0014h, USB0.DOFIFO.L 000A 0018h, USB0.D1FIFO.L 000A 001Ch

b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7tob0 — FIFO Port This port is used for reading receive data from the FIFO bufferand R/W

writing transmit data to the FIFO buffer.

There are three FIFO ports: CFIFO, DOFIFO, and D1FIFO. Each FIFO port is configured of a port register (CFIFO,
DOFIFO, or D1FIFO) that handles reading of datafrom the FIFO buffer memory and writing of data to the FIFO buffer
memory, a port select register (CFIFOSEL, DOFIFOSEL, or D1FIFOSEL) that is used to select the pipe assigned to the
FIFO port, and a port control register (CFIFOCTR, DOFIFOCTR, or DIFIFOCTR).

Each FIFO port has the following precautions.

The FIFO buffer for DCP (control transfer) should be accessed through the CFIFO port.

Accessing a FIFO buffer using DMA/DTC transfer should be performed through the DOFIFO or D1FIFO port.
The DOFIFO and D1FIFO ports can aso be accessed by the CPU.

When using functions specific to a FIFO port, the pipe number (selected pipe) specified by the CURPIPE[3:0] bits
in the port select register cannot be changed (when the DMA/DTC transfer function is used, etc.).

The same pipe should not be assigned to two or more FIFO ports.

There are two FIFO buffer states: the access right for a FIFO buffer can be on the CPU side or on the Serial
Interface Engine (SIE) side. When the access right for a FIFO buffer is on the SIE side, the FIFO buffer cannot be
accessed from the CPU.
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FIFO Port Bit

Accessing the FIFO port bits allows reading the received data from the FIFO buffer or writing the transmit data to the
FIFO buffer.

Each FIFO port register can be accessed only while the FRDY flag in each FIFO port control register (CFIFOCTR,
DOFIFOCTR, or D1IFIFOCTR) is 1.

Thevalid bitsin a FIFO port register depend on the settings of the corresponding MBW bit of the FIFO port select
register (CFIFOSEL, DOFIFOSEL, or DAFIFOSEL).

When the MBW hit is 1 (16-bit width), the data arrangement may differ from the data arrangement on the RAM
depending on the value of the MDE.MDE[2:0] bits and the setting of the BIGEND bit (CFIFOSEL.BIGEND,
DOFIFOSEL .BIGEND, or D1FIFOSEL .BIGEND). Table 32.5 lists the endian operation in 16-bit access. Note that if
the total number of transmit data bytes is odd, access the lower byte in bytes when writing the last data.

When the MBW hit is O (8-bit width), access the lower byte in bytes.

Table 32.5 Endian Operation in 16-Bit Access

CFIFOSEL.BIGEND Bit
DOFIFOSEL.BIGEND Bit

MDE.MDE[2:0] bits D1FIFOSEL.BIGEND Bit Bits 15to 8 Bits 7to 0 Remarks
000b (big endian) 0 (little endian) Data in addressN +1  Data in address N Bytes reversed
1 (big endian) Data in address N Data in address N + 1
111b (little endian) 0 (little endian) DatainaddressN +1  Data in address N
1 (big endian) Data in address N Data in addressN +1  Bytes reversed
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32.2.5

CFIFO Port Select Register (CFIFOSEL),

DOFIFO Port Select Register (DOFIFOSEL),
D1FIFO Port Select Register (D1FIFOSEL)

e CFIFOSEL

Address(es): USB0.CFIFOSEL 000A 0020h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RCNT | REW | — — — | mBW | — B'%EN — — |1seL | — CURPIPE[3:0]

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
b3 to b0 CURPIPE CFIFO Port Access Pipe Specification b3 bo ) R/W

13:0] 00 0 0: DCP (Default control pipe)
0001:Pipel
0010: Pipe 2
0011:Pipe3
0100: Pipe 4
0101:Pipe5
0110: Pipe 6
0111:Pipe7
1000: Pipe 8
100 1: Pipe9
Settings other than above are prohibited.
b4 — Reserved This bit is read as 0. The write value should be 0. R/W
b5 ISEL CFIFO Port Access Direction When 0: Reading from the buffer memory is selected. R/W
DCP is Selected 1: Writing to the buffer memory is selected.
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/W
b8 BIGEND CFIFO Port Endian Control 0: Little endian R/W
1: Big endian
b9 — Reserved This bit is read as 0. The write value should be 0. R/W
b10 MBW CFIFO Port Access Bit Width 0: 8-bit width R/W
1: 16-bit width
b13to b1l — Reserved These bits are read as 0. The write value should be 0. R/W
bl14 REW Buffer Pointer Rewind 0: The buffer pointer is not rewound. R/W*1
1: The buffer pointer is rewound.
b15 RCNT Read Count Mode 0: The DTLNI[8:0] flags (CFIFOCTR.DTLNI[8:0], R/W

DOFIFOCTR.DTLN[8:0], D1IFIFOCTR.DTLNI8:0]) are

cleared when all of the receive data has been read from

the CFIFO.
(In double buffer mode, the DTLN[8:0] bit value is
cleared when all the data has been read from only a
single plane.)

1: The DTLNI8:0] flags are decremented each time the
receive data is read from the CFIFO.

Note 1. Only O can be

read.

The same pipe should not be specified by the CURPIPE[3:0] bits in the CFIFOSEL, DOFIFOSEL, and D1FIFOSEL

registers. When the CURPIPE[3:0] bits in the DOFIFOSEL and D1FIFOSEL registers are set to 0000b, no pipeis

selected.

The pipe humber should not be changed while the DMA/DTC transfer is enabled.
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CURPIPE[3:0] Bits (CFIFO Port Access Pipe Specification)

The CURPIPE[3:0] bits specify the pipe number using which datais read or written through the CFIFO port.

After writing to these hits, read these bits to check that the written value agrees with the read val ue before proceeding to
the next process.

Do not set the same pipe number to the CURPIPE[3:0] bits in the CFIFOSEL, DOFIFOSEL , and D1FIFOSEL registers.
Even if an attempt is made to modify the setting of these bits during access to the FIFO buffer, the current access setting
isretained until the accessis completed. Then, the modification becomes effective, thus enabling continuous access.

ISEL Bit (CFIFO Port Access Direction When DCP is Selected)

After writing to the ISEL bit with the DCP being a selected pipe, read this bit to check that the written value agrees with
the read value before proceeding to the next process.

Set this bit and the CURPIPE[3:0] bits simultaneously.

MBW Bit (CFIFO Port Access Bit Width)

The MBW bit specifies the bit width for accessing the CFIFO port.

When the selected pipe isin the receiving direction, once reading datais started after setting this bit, this bit should not
be modified until al the data has been read.

When the selected pipeisin the receiving direction, set the CURPIPE[3:0] bits to a different value once, and then set
these bits and the MBW bit simultaneously. For the procedure for modifying the CURPIPE[3:0] bits, follow the
description of these bits.

When the selected pipe isin the transmitting direction, the bit width cannot be changed from 8-bit width to 16-bit width
while datais being written to the buffer memory.

An odd number of bytes can aso be written through byte-access control even when 16-bit width is selected.

REW Bit (Buffer Pointer Rewind)

The REW bit specifies whether or not to rewind the buffer pointer.

When the selected pipeisin the receiving direction, setting the REW bit to 1 while the FIFO buffer is being read allows
re-reading the FIFO buffer from the first data (in double buffer mode, re-reading the currently-read FIFO buffer plane
from thefirst datais allowed).

Do not set the REW bit to 1 simultaneously with modifying the CURPIPE[3:0] bits. Before setting the REW bit to 1, be
sure to check that the FRDY flagis 1.

To re-write to the FIFO buffer again from the first datafor the pipe in the transmitting direction, use the BCLR hit.
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e DOFIFOSEL, D1FIFOSEL

Address(es): USB0.DOFIFOSEL 000A 0028h, USB0.D1FIFOSEL 000A 002Ch

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
RCNT | REW |DCLRM|DREQE| — | MBW | — B'GDEN — — — — CURPIPE[3:0]

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
b3to b0 CURPIPE FIFO Port Access Pipe Select b3 b0 ) R/W

13:0] 0 0 0 0: DCP (Default control pipe)
0001:Pipel
0010: Pipe 2
001 1: Pipe 3
0100: Pipe4
0101:Pipe5
0110:Pipe6
0111:Pipe7
100 0: Pipe 8
100 1: Pipe 9
Settings other than above are prohibited.
b7tob4 — Reserved These bits are read as 0. The write value should be 0. R/W
b8 BIGEND FIFO Port Endian Control 0: Little endian R/W
1: Big endian
b9 — Reserved This bit is read as 0. The write value should be 0. R/W
b10 MBW FIFO Port Access Bit Width 0: 8-bit width R/W
1: 16-bit width
b11 — Reserved This bit is read as 0. The write value should be 0. R/W
b12 DREQE DMA/DTC Transfer Request  0: DMA/DTC transfer request is disabled. R/W
Enable 1: DMA/DTC transfer request is enabled.
b13 DCLRM Automatic FIFO Buffer 0: Automatic buffer clear mode is disabled. R/W
Memory Clear Mode after 1: Automatic buffer clear mode is enabled.
Selected Pipe is Read
b14 REW Buffer Pointer Rewind 0: The buffer pointer is not rewound. R/W*1
1: The buffer pointer is rewound.
b15 RCNT Read Count Mode 0: The DTLNI[8:0] flags (CFIFOCTR.DTLNI[8:0], R/W

DOFIFOCTR.DTLNI[8:0], D1FIFOCTR.DTLNJ[8:0]) are cleared
when all of the receive data has been read from the DnFIFO.
(In double buffer mode, the DTLN bit Value is cleared when all the
data has been read from only a single plane.)

1: The DTLN[8:0] flags are decremented each time the receive data

is read from the DnFIFO.
(n=0,1)

Note 1. Only O can be read.

The same pipe should not be specified by the CURPIPE[3:0] bitsin the CFIFOSEL, DOFIFOSEL, and D1FIFOSEL
registers. When the CURPIPE[3:0] bits in the DOFIFOSEL and D1FIFOSEL registers are set to 0000b, no pipeis

selected.

The pipe number should not be changed while the DMA/DTC transfer is enabled.
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CURPIPE[3:0] Bits (FIFO Port Access Pipe Select)

The CURPIPE[3:0] bits specify the pipe number using which datais read or written through the DOFIFO port or D1FIFO
port.

After writing to these bits, read these bits to check that the written value agrees with the read val ue before proceeding to
the next process.

Do not set the same pipe number to the CURPIPE[3:0] bits in the CFIFOSEL, DOFIFOSEL , and D1FIFOSEL registers.
Even if an attempt is made to modify the setting of these bits during access to the FIFO buffer, the current access setting
isretained until the accessis completed. Then, the modification becomes effective, thus enabling continuous access.

MBW Bit (FIFO Port Access Bit Width)

The MBW bit specifies the bit width for accessing the DOFIFO port or D1FIFO port.

When the selected pipeisin the receiving direction, once reading datais started after setting this bit, this bit should not
be modified until all the data has been read.

When the selected pipe isin the receiving direction, set the CURPIPE[3:0] bits to adifferent value once, and then set
these bits and the MBW bit simultaneously. For the procedure for modifying the CURPIPE[3:0] bits, follow the
description of these hits.

When the selected pipe is in the transmitting direction, the bit width cannot be changed from 8-bit width to 16-bit width
while datais being written to the buffer memory.

An odd number of bytes can aso be written through byte-access control even when 16-bit width is selected.

DREQE Bit (DMA/DTC Transfer Request Enable)

The DREQE hit enables or disables the DMA/DTC transfer request to be issued.

Before setting the DREQE bit to 1 to enable the DMA/DTC transfer request to be issued, set the CURPIPE[3:0] bits.
When modifying the setting of the CURPIPE[3:0] bits, set thisbit to O first.

DCLRM Bit (Automatic FIFO Buffer Memory Clear Mode after Selected Pipe is Read)

The DCLRM bit enables or disables the buffer memory to be cleared automatically after datain the selected pipe has
been read.

With this bit set to 1, the USB setsthe BCLR hit to 1 for the FIFO buffer of the selected pipe on receiving a zero-length
packet while the FIFO buffer assigned to the selected pipe is empty, or on receiving a short packet and reading the data
while the PIPECFG.BFRE hit is 1.

When using the USB with the SOFCFG.BRDY M bhit set to 1, set thisbit to O.

REW Bit (Buffer Pointer Rewind)

The REW bit specifies whether or not to rewind the buffer pointer.

When the selected pipe isin the receiving direction, setting the REW bit to 1 while the FIFO buffer is being read allows
re-reading the FIFO buffer from the first data (in double buffer mode, re-reading the currently-read FIFO buffer plane
from thefirst datais allowed).

Do not set the REW bit to 1 simultaneously with modifying the CURPIPE[3:0] bits. Before setting the REW bit to 1, be
sure to check that the FRDY flagis 1.

To re-write to the FIFO buffer again from the first data for the pipe in the transmitting direction, use the BCLR bit.

RCNT Bit (Read Count Mode)
The RCNT hit specifies the read mode for the value in the CFIFOCTR.DTLN hit.
When accessing DnFIFO with the PIPECFG.BFRE hit set to 1, set the RCNT hit to 0.
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32.2.6 CFIFO Port Control Register (CFIFOCTR),
DOFIFO Port Control Register (DOFIFOCTR),
D1FIFO Port Control Register (D1FIFOCTR)

Address(es): USBO0.CFIFOCTR 000A 0022h, USB0.DOFIFOCTR 000A 002Ah, USB0.D1FIFOCTR 000A 002Eh

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

BVAL | BCLR | FRDY — — — — DTLNI[8:0]
1 L 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

b8to b0  DTLN[8:0] Receive Data Length Flag Indicate the length of the receive data. These bits indicate different R
values depending on the setting of the RCNT bit in the port select
register. For details, refer to the description on the DTLN[8:0] flags
shown below.

bl2tob9 — Reserved These bits are read as 0. The write value should be 0. R/W
b13 FRDY FIFO Port Ready Flag 0: FIFO port access is disabled. R
1: FIFO port access is enabled.
b14 BCLR CPU Buffer Clear 0: Does not operate. R/W*1
1: Clears the buffer memory on the CPU side.
b15 BVAL Buffer Memory Valid 0: Invalid R/W

1: Writing ended

Note 1. Only O can be read.

Registers CFIFOCTR, DOFIFOCTR, and D1FIFOCTR correspond to CFIFO, DOFIFO, and D1FIFO, respectively.

DTLN[8:0] Flags (Receive Data Length Flag)
The DTLN[8:0] flagsindicate the length of the receive data.
While the FIFO buffer isbeing read, the DTLN[8:0] flags indicate different values depending on the DnFIFOSEL.RCNT
bit (n =0, 1) value as described below.
e RCNT=0
The USB setsthe DTLN[8:0] flags to indicate the length of the receive data until the CPU or DMAC/DTC hasread
all the received data from a single FIFO buffer plane.
While the PIPECFG.BFRE hit = 1, these bits retain the length of the receive data until the BCLR bit isset to 1 even
after al the data has been read.
e RCNT=1
The USB decrements the value indicated by the DTLN][8:0] flags each time datais read from the FIFO buffer. (The
valueis decremented by one when the MBW bit is 0, and by two when the MBW hitis 1.)
The USB sets these bits to 0 when all the data has been read from one FIFO buffer plane. However, in double buffer
mode, if data has been received in one FIFO buffer plane before al the data has been read from the other plane, the
USB setsthese hitsto indicate the length of the receive datain the former plane when al the data has been read from
the latter plane.
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FRDY Flag (FIFO Port Ready Flag)
The FRDY flag indicates whether the FIFO port can be accessed by the CPU or DMAC/DTC.
In the following cases, the USB sets the FRDY flag to 1 but data cannot be read via the FIFO port because there is no
data to be read. In these cases, set the BCLR bit to 1 to clear the FIFO buffer, and enable transmission and reception of
the next data.

e A zero-length packet is received when the FIFO buffer assigned to the selected pipe is empty.

¢ A short packet isreceived and the datais completely read while the PIPECFG.BFRE bit = 1.

BCLR Bit (CPU Buffer Clear)

The BCLR bit should be set to 1 to clear the FIFO buffer on the CPU side for the selected pipe.

When double buffer modeis set for the FIFO buffer assigned to the selected pipe, the USB clears only the FIFO buffer on
the CPU side even when both planes are read-enabl ed.

When the selected pipeisthe DCR, setting the BCLR bit to 1 allows the USB to clear the FIFO buffer regardless of
whether the FIFO buffer is on the CPU side or SIE side. To clear the buffer on the SIE side, set the DCPCTR.PID[1:0]
bits for the DCPto 00b (NAK) before setting the BCLR bit to 1.

When the selected pipeisin the transmitting direction, if 1 iswritten to the BVAL bit and the BCLR bit simultaneously,
the USB clears the data that has been written before it, enabling transmission of a zero-length packet.

When the selected pipe is not the DCP, writing 1 to the BCLR bit should be done while the FRDY flag in the FIFO port
control register is 1 (set by the USB).

BVAL Bit (Buffer Memory Valid)
The BVAL bit should be set to 1 when data has been completely written to the FIFO buffer on the CPU side for the pipe
selected using the CURPIPE[3:0] bits (selected pipe).
When the selected pipe isin the transmitting direction, set the BVAL bit to 1 in the following cases. Then, the USB
switches the FIFO buffer from the CPU side to the SIE side, thus enabling transmission.

e Totransmit a short packet, set the BVAL bit to 1 after data has been written.

e Totransmit a zero-length packet, set the BVAL bit to 1 before data is written to the FIFO buffer.
When data of the maximum packet size has been written for the pipe in continuous transfer mode, the USB sets the
BVAL hit to 1 and switches the FIFO buffer from the CPU side to the SIE side, thus enabling transmission.
Writing 1 to the BVAL bit should be done while the FRDY flag is 1 (set by the USB).
When the selected pipe isin the receiving direction, do not set the BVAL bit to 1.
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32.2.7

Address(es): USBO.INTENBO 000A 0030h

Interrupt Enable Register O (INTENBO)

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

VBSE | RSME | SOFE | DVSE | CTRE |BEMPE(NRDYE|BRDYE| — — — — — — — —

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 — Reserved These bits are read as 0. The write value R/W

should be 0.

b8 BRDYE Buffer Ready Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

b9 NRDYE Buffer Not Ready Response Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

b10 BEMPE Buffer Empty Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

b1l CTRE Control Transfer Stage Transition Interrupt Enable  O: Interrupt output disabled R/W
*1 1: Interrupt output enabled

b12 DVSE Device State Transition Interrupt Enable*! 0: Interrupt output disabled R/W
1: Interrupt output enabled

b13 SOFE Frame Number Update Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

bl14 RSME Resume Interrupt Enable*1 0: Interrupt output disabled R/W
1: Interrupt output enabled

b15 VBSE VBUS Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

Note 1. The RSME, DVSE, and CTRE bits can be set to 1 only when the function controller is selected. Set these bits to 0 when the host
controller is selected.

On detecting theinterrupt corresponding to the bit in the INTENBO register to which 1 has been set by software, the USB
generates the USB interrupt request.
The USB sets 1 to each status bit in the INTST SO register when a detection condition of the corresponding interrupt

source has been satisfied regardless of the setting in the INTENBO register (regardless of whether the interrupt output is

enabled or disabled).

While the status bit in the INTSTSO0 register corresponding to the interrupt source indicates 1, the USB generates the
USB interrupt request when the corresponding interrupt enable bit in the INTENBO register is modified from 0 to 1 by

software.
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32.2.8 Interrupt Enable Register 1 (INTENB1)

Address(es): USBO.INTENB1 000A 0032h

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

OVRC ATTCH EOFER PDDET
RE~ |BCHGE| — |DTCHE|™ £ — — — — RE | SIGNE |SACKE| — — — |'INTeo

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 PDDETINTEO Portable Device Detection Interrupt 0: Interrupt output disabled R/W
Enable 1: Interrupt output enabled

b3tobl — Reserved These bits are read as 0. The write value should be 0. R/W

b4 SACKE Setup Transaction Normal Response 0: Interrupt output disabled R/W
Interrupt Enable 1: Interrupt output enabled

b5 SIGNE Setup Transaction Error Interrupt 0: Interrupt output disabled R/W
Enable 1: Interrupt output enabled

b6 EOFERRE EOF Error Detection Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

bl0to b7 — Reserved These bits are read as 0. The write value should be 0. R/W

b1l ATTCHE Connection Detection Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

b12 DTCHE Disconnection Detection Interrupt 0: Interrupt output disabled R/W
Enable 1: Interrupt output enabled

b13 — Reserved This bit is read as 0. The write value should be 0. R/W

bl4 BCHGE USB Bus Change Interrupt Enable 0: Interrupt output disabled R/W
1: Interrupt output enabled

b15 OVRCRE Overcurrent Input Change Interrupt 0: Interrupt output disabled R/W
Enable 1: Interrupt output enabled

Note:  The bits in the INTENBL1 register can be set to 1 only when the host controller is selected. Set these bits to 0 when the function
controller is selected.

The INTENBL1 register specifies the interrupt masks when the host controller is selected, and for the setup transaction.
On detecting the interrupt corresponding to the bit in the INTENBL register to which 1 has been set by software, the USB
generates the USB interrupt request.

The USB sets 1 to each status bit in the INTSTS1 register when a detection condition of the corresponding interrupt
source has been satisfied regardless of the setting in the INTENB1 register (regardless of whether the interrupt output is
enabled or disabled).

While the status bit in the INTSTSL register corresponding to the interrupt source indicates 1, the USB generates the
USB interrupt request when the corresponding interrupt enable bit in the INTENBL1 register is modified from 0 to 1 by
software.

When the function controller is selected, the interrupts should not be enabled.
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32.2.9

BRDY Interrupt Enable Register (BRDYENB)

Address(es): USB0.BRDYENB 000A 0036h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __|PIPE9B|PIPESB|PIPE7B|PIPE6B|PIPESB|PIPE4B|PIPE3B|PIPE2B|PIPE1B|PIPEOB
RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE

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 PIPEOBRDYE BRDY Interrupt Enable for Pipe O 0: Interrupt output disabled R/W
1: Interrupt output enabled

bl PIPEIBRDYE BRDY Interrupt Enable for Pipe 1 0: Interrupt output disabled R/W
1: Interrupt output enabled

b2 PIPE2BRDYE BRDY Interrupt Enable for Pipe 2 0: Interrupt output disabled R/W
1: Interrupt output enabled

b3 PIPE3BRDYE BRDY Interrupt Enable for Pipe 3 0: Interrupt output disabled R/W
1: Interrupt output enabled

b4 PIPE4BRDYE BRDY Interrupt Enable for Pipe 4 0: Interrupt output disabled R/W
1: Interrupt output enabled

b5 PIPESBRDYE BRDY Interrupt Enable for Pipe 5 0: Interrupt output disabled R/W
1: Interrupt output enabled

b6 PIPE6BRDYE BRDY Interrupt Enable for Pipe 6 0: Interrupt output disabled R/W
1: Interrupt output enabled

b7 PIPE7TBRDYE BRDY Interrupt Enable for Pipe 7 0: Interrupt output disabled R/W
1: Interrupt output enabled

b8 PIPESBRDYE BRDY Interrupt Enable for Pipe 8 0: Interrupt output disabled R/W
1: Interrupt output enabled

b9 PIPESBRDYE BRDY Interrupt Enable for Pipe 9 0: Interrupt output disabled R/W
1: Interrupt output enabled

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

The BRDY ENB register enables or disablesthe INTSTS0.BRDY flag to be set to 1 when the BRDY interrupt is detected
for each pipe.
On detecting the BRDY interrupt for the pipe corresponding to the bit in the BRDY ENB register to which 1 has been set
by software, the USB sets 1 to the corresponding BRDY STS.PIPEnBRDY flag (n = 0to 9) and the INTSTS0.BRDY

flag. If INTENBO.BRDYE = 1 at thistime, the USB generates the BRDY interrupt request.
While at least one PIPENBRDY flag indicates 1, the USB generates the BRDY interrupt request when the corresponding
interrupt enable bit in the BRDY ENB register is modified from O to 1 by software.
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32.2.10

Address(es): USBO.NRDYENB 000A 0038h

NRDY Interrupt Enable Register (NRDYENB)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __|PIPESN|PIPESN|PIPE7N|PIPE6N|PIPESN|PIPEAN|PIPE3N|PIPE2N|PIPELN|PIPEON
RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE | RDYE

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 PIPEONRDYE NRDY Interrupt Enable for Pipe O 0: Interrupt output disabled R/W
1: Interrupt output enabled

bl PIPEINRDYE  NRDY Interrupt Enable for Pipe 1 0: Interrupt output disabled R/W
1: Interrupt output enabled

b2 PIPE2NRDYE NRDY Interrupt Enable for Pipe 2 0: Interrupt output disabled R/W
1: Interrupt output enabled

b3 PIPEBNRDYE  NRDY Interrupt Enable for Pipe 3 0: Interrupt output disabled R/W
1: Interrupt output enabled

b4 PIPEANRDYE NRDY Interrupt Enable for Pipe 4 0: Interrupt output disabled R/W
1: Interrupt output enabled

b5 PIPESNRDYE  NRDY Interrupt Enable for Pipe 5 0: Interrupt output disabled R/W
1: Interrupt output enabled

b6 PIPE6NRDYE NRDY Interrupt Enable for Pipe 6 0: Interrupt output disabled R/W
1: Interrupt output enabled

b7 PIPE7TNRDYE  NRDY Interrupt Enable for Pipe 7 0: Interrupt output disabled R/W
1: Interrupt output enabled

b8 PIPESNRDYE NRDY Interrupt Enable for Pipe 8 0: Interrupt output disabled R/W
1: Interrupt output enabled

b9 PIPESNRDYE  NRDY Interrupt Enable for Pipe 9 0: Interrupt output disabled R/W
1: Interrupt output enabled

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

The NRDY ENB register enables or disables the INTSTS0.NRDY flag to be set to 1 when the NRDY interrupt is

detected for each pipe.

On detecting the NRDY interrupt for the pipe corresponding to the bit in the NRDY ENB register to which 1 has been set
by software, the USB sets 1 to the corresponding NRDY STS.PIPENNRDY flag (n = 0 to 9) and the INTSTSO.NRDY

flag. If INTENBO.NRDYE = 1 at thistime, the USB generatesthe NRDY interrupt request.
While at least one PIPENNRDY flag indicates 1, the USB generatesthe NRDY interrupt request when the corresponding
interrupt enable bit in the NRDY ENB register is modified from 0 to 1 by software.
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32.2.11

BEMP Interrupt Enable Register (BEMPENB)

Address(es): USB0.BEMPENB 000A 003Ah

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __|PIPE9B|PIPESB|PIPE7B|PIPE6B|PIPESB|PIPE4B|PIPE3B|PIPE2B|PIPE1B|PIPEOB
EMPE | EMPE | EMPE | EMPE | EMPE | EMPE | EMPE | EMPE | EMPE | EMPE

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 PIPEOBEMPE BEMP Interrupt Enable for Pipe O 0: Interrupt output disabled R/W
1: Interrupt output enabled

bl PIPEIBEMPE  BEMP Interrupt Enable for Pipe 1 0: Interrupt output disabled R/W
1: Interrupt output enabled

b2 PIPE2BEMPE BEMP Interrupt Enable for Pipe 2 0: Interrupt output disabled R/W
1: Interrupt output enabled

b3 PIPEBBEMPE  BEMP Interrupt Enable for Pipe 3 0: Interrupt output disabled R/W
1: Interrupt output enabled

b4 PIPE4BEMPE BEMP Interrupt Enable for Pipe 4 0: Interrupt output disabled R/W
1: Interrupt output enabled

b5 PIPESBEMPE  BEMP Interrupt Enable for Pipe 5 0: Interrupt output disabled R/W
1: Interrupt output enabled

b6 PIPE6BEMPE BEMP Interrupt Enable for Pipe 6 0: Interrupt output disabled R/W
1: Interrupt output enabled

b7 PIPE7TBEMPE  BEMP Interrupt Enable for Pipe 7 0: Interrupt output disabled R/W
1: Interrupt output enabled

b8 PIPESBBEMPE BEMP Interrupt Enable for Pipe 8 0: Interrupt output disabled R/W
1: Interrupt output enabled

b9 PIPESBEMPE  BEMP Interrupt Enable for Pipe 9 0: Interrupt output disabled R/W
1: Interrupt output enabled

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

The BEMPENB register enables or disablesthe INTSTS0.BEMPflag to be set to 1 when the BEMP interrupt is detected
for each pipe.
On detecting the BEMP interrupt for the pipe corresponding to the bit in the BEMPENB register to which 1 has been set
by software, the USB sets 1 to the corresponding BEMPSTS.PIPENBEMPflag (n = 0 to 9) and the INTSTS0.BEMP
flag. If INTENBO.BEMPE = 1 at thistime, the USB generates the BEMP interrupt request.
While at least one PIPENBEMP flag in the BEMPSTS register indicates 1, the USB generates the BEMP interrupt
request when the corresponding interrupt enable bit in the BEMPENB register is modified from 0 to 1 by software.
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32.2.12  SOF Output Configuration Register (SOFCFG)

Address(es): USB0.SOFCFG 000A 003Ch

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

_ _ _ _ _ _ __ |TRNEN| __ |BRDY| __ |EDGES| __ _ _ _
SEL M TS

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
b3tob0 — Reserved These bits are read as 0. The write value should be 0. R/W

b4 EDGESTS  Edge Interrupt Output Status Monitor Indicates 1 when the edge interrupt output signal is in R

Flag*1 the middle of the edge processing.

b5 — Reserved This bit is read as 0. The write value should be 0. R/W
b6 BRDYM BRDY Interrupt Status Clear Timing 0: Software clears the status. R/W

1: The USB clears the status when data has been read
from the FIFO buffer or data has been written to the

FIFO buffer.
b7 — Reserved This bit is read as 0. The write value should be 0. R/W
b8 TRNENSEL Transaction-Enabled Time Select*! 0: For non-low-speed communication R/W

1: For low-speed communication

bl5tob9 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Confirm that this bit is 0 before stopping the clock supply to the USB module.

EDGESTS Flag (Edge Interrupt Output Status Monitor Flag)
The EDGEST S flag indicates 1 when the edge interrupt output signal isin the middle of the edge processing.
Confirm that thisflag is O before stopping the clock supply to the USB.

BRDYM Bit (BRDY Interrupt Status Clear Timing)
The BRDYM bit specifies the timing for clearing the BRDY interrupt status for each pipe.

TRNENSEL Bit (Transaction-Enabled Time Select)

The TRNENSEL bit selects, for full-speed or low-speed communication, the transaction-enabled time in which the USB
issues tokens in aframe via the port.

Set the TRNENSEL bit to 1 when alow-speed device is connected.

The TRNENSEL bit isvalid only when the host controller is selected.

This bit should be set to 0 if the function controller is selected.
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32.2.13 Interrupt Status Register 0 (INTSTSO0)

Address(es): USBO.INTSTS0 000A 0040h

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

VBINT | RESM | SOFR | DVST | CTRT | BEMP | NRDY | BRDY |VBSTS DVSQ[2:0] VALID CTSQ[2:0]

Value after reset: 0 0 0 0/1*1 0 0 0 0 0*2 0%3 0*3 0/1*3 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 CTSQ[2:0] Control Transfer Stage Flag b2 bo R

0 0 0: Idle or setup stage
0 0 1: Control read data stage
0 1 0: Control read status stage
0 1 1: Control write data stage
1 0 0: Control write status stage
1 0 1: Control write (no data) status stage
11 0: Control transfer sequence error
b3 VALID USB Request Reception Flag 0: Setup packet is not received. R/W
1: Setup packet is received.
b6tob4  DVSQ[2:0] Device State Flag b6 b4 R
0 0 0: Powered state
0 0 1: Default state
0 1 0: Address state
0 1 1: Configured state
1 x x: Suspended state
b7 VBSTS VBUS Input Status Flag 0: USBO_VBUS pin is low. R
1: USBO_VBUS pin is high.
b8 BRDY Buffer Ready Interrupt Status 0: BRDY interrupts are not generated. R
Flag 1: BRDY interrupts are generated.
b9 NRDY Buffer Not Ready Interrupt 0: NRDY interrupts are not generated. R
Status Flag 1: NRDY interrupts are generated.
b10 BEMP Buffer Empty Interrupt Status  0: BEMP interrupts are not generated. R
Flag 1: BEMP interrupts are generated.
b1l CTRT Control Transfer Stage 0: Control transfer stage transition interrupts are not generated. R/W*4
Transition Interrupt Status 1: Control transfer stage transition interrupts are generated.
Flag*s
b12 DVST Device State Transition 0: Device state transition interrupts are not generated. R/W*4
Interrupt Status Flag*> 1: Device state transition interrupts are generated.
b13 SOFR Frame Number Refresh 0: SOF interrupts are not generated. R/W*4
Interrupt Status Flag 1: SOF interrupts are generated.
b14 RESM Resume Interrupt Status Flag 0: Resume interrupts are not generated. R/W*4
*5,%6 1: Resume interrupts are generated.
b15 VBINT VBUS Interrupt Status Flag*®¢  0: VBUS interrupts are not generated. R/W*4
1: VBUS interrupts are generated.

x: Don'’t care

Note 1. The value is 0 when the MCU is reset and 1 after a USB bus reset.

Note 2. The value is 1 when the USBO_VBUS pin is high and 0 when the USBO_VBUS pin is low.

Note 3. The value is 000b when the MCU is reset and 001b after a USB bus reset.

Note 4. To clear the VBINT, RESM, SOFR, DVST, CTRT, or VALID flag, write 0 only to the flags to be cleared; write 1 to the other flags.

Do not write 0 to the status flags indicating 0.

Note 5. The status of the RESM, DVST, and CTRT flags are changed only when the function controller is selected. Set the

corresponding interrupt enable bits to O (disabled) when the host controller is selected.

Note 6. A change in the status indicated by the VBINT and RESM flags can be detected even while the clock supply is stopped (the

SCKE bit = 0), and the interrupts are output when the corresponding interrupt enable bits are enabled. Clearing the status
through software should be done after enabling the clock supply.
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CTSQ[2:0] Flags (Control Transfer Stage Flag)
When the host controller is selected, the read value isinvalid.

VALID Flag (USB Request Reception Flag)
When the host controller is selected, the read value isinvalid.

DVSQ[2:0] Flags (Device State Flag)
The DV SQ[2:0] flags areinitialized by a USB bus reset.
When the host controller is selected, the read value isinvalid.

BRDY Flag (Buffer Ready Interrupt Status Flag)

Indicates the BRDY interrupt status.

The USB setsthe BRDY flag to 1 when at least one PIPENBRDY flag (n = 0to 9) is set to 1 among the PIPEnNBRDY
flags. These bits correspond to the BRDY ENB.PIPEnBRDY E bits (n = 0 to 9) to which 1 has been set, when the USB
detectsthe BRDY interrupt statusin at least one pipe among the pipesfor which the BRDY interrupt output is enabled by
software.

For the conditions for PIPENBRDY status assertion, refer to section 32.3.3.1, BRDY Interrupt.

The USB setsthe BRDY flag to 0 when 0 is written by software to all the PIPENBRDY flags corresponding to the
PIPENBRDY E bits that have been set to 1.

The BRDY flag cannot be set to O even if O is written to this bit by software.

NRDY Flag (Buffer Not Ready Interrupt Status Flag)

The USB setsthe NRDY flag to 1 when at least one PIPENNRDY flag (n = 0 to 9) is set to 1 among the PIPENNRDY
flags corresponding to the PIPENNRDY E bits (n = 0 to 9) to which 1 has been set (when the USB detects the NRDY
interrupt statusin at least one pipe among the pipes for which software enables the NRDY interrupt output).

For the conditions for PIPENNRDY status assertion, refer to section 32.3.3.2, NRDY Interrupt.

The USB setsthe NRDY flag to O when O is written by software to all the PIPENNRDY flags corresponding to the
PIPENNRDY E bits that have been set to 1.

The NRDY flag cannot be set to 0 even if 0 iswritten to this bit by software.

BEMP Flag (Buffer Empty Interrupt Status Flag)

The USB setsthe BEMPflag to 1 when at least one PIPENBEMPflag (n = 0to 9) is set to 1 among the PIPENBEMP
flags corresponding to the PIPENBEM PE hits (n = 0 to 9) to which 1 has been set (when the USB detects the BEMP
interrupt status in at least one pipe among the pipes for which the BEMP interrupt output is enabled by software).
For the conditions for PIPENBEMP status assertion, refer to section 32.3.3.3, BEMP Interrupt.

The USB setsthe BEMPflag to O when O is written by software to all the PIPENBEMP flags corresponding to the
PIPENBEM PE bits that have been set to 1.

The BEMP flag cannot be set to 0 even if 0 iswritten to this bit by software.

CTRT Flag (Control Transfer Stage Transition Interrupt Status Flag)

When the function controller is selected, the USB updates the value of the CTSQ[2:0] flags and setsthe CTRT flagto 1
on detecting a change in the control transfer stage.

When a control transfer stage transition interrupt is generated, clear the status before the USB detects the next control
transfer stage transition.

When the host controller is selected, the read value isinvalid.
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DVST Flag (Device State Transition Interrupt Status Flag)

When the function controller is selected, the USB updates the DV SQ[2:0] value and setsthe DV ST flag to 1 on detecting
achange in the device state.

When a device state transition interrupt is generated, clear the status before the USB detects the next device state
transition.

When the host controller is selected, the read valueisinvalid.

SOFR Flag (Frame Number Refresh Interrupt Status Flag)

(1) When the host controller is selected

The USB sets the SOFR flag to 1 on updating the frame number when the DV STCTRO.UACT bit has been set to 1 by
software. (A frame number refresh interrupt is detected every 1 ms.)

(2) When the function controller is selected

The USB sets the SOFR flag to 1 on updating the frame number. (A frame number refresh interrupt is detected every
1ms)

The USB can detect an SOFR interrupt through the internal interpolation function even when a damaged SOF packet is
received from the USB host.

RESM Flag (Resume Interrupt Status Flag)

When the function controller is selected, the USB sets the RESM flag to 1 on detecting the falling edge of the signal on
the USBO_DP pin in the suspended state (DV SQ[2:0] = 1xxb).

When the host controller is selected, the read valueisinvalid.

VBINT Flag (VBUS Interrupt Status Flag)

The USB setsthe VBINT flag to 1 on detecting alevel change (high to low or low to high) inthe USBO_VBUS pin input
value. The USB setsthe VBSTS flag to indicate the USBO_VBUS pin input value. When the VBUS interrupt is
generated, use software to repeat reading the VBSTS flag until the same value is read three or more times, and eliminate
chattering.
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32.2.14  Interrupt Status Register 1 (INTSTS1)

Address(es): USBO.INTSTS1 000A 0042h

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

OVRC EOFER PDDET
=~ |BCHG| — |DTCH |ATTCH| — — — — R SIGN | SACK | — — — INTO

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 PDDETINTO  Portable Device Detection Interrupt 0: PDDETINT interrupts are not generated. R/W
Status Flag 1: PDDETINT interrupts are generated. *1

b3tobl — Reserved These bits are read as 0. The write value should be 0. R/W

b4 SACK Setup Transaction Normal Response 0: SACK interrupts are not generated. R/W
Interrupt Status Flag 1: SACK interrupts are generated. *1

b5 SIGN Setup Transaction Error Interrupt Status  0: SIGN interrupts are not generated. R/W
Flag 1: SIGN interrupts are generated. *1

b6 EOFERR EOF Error Detection Interrupt Status 0: EOFERR interrupts are not generated. R/W
Flag 1: EOFERR interrupts are generated. *1

bl0to b7 — Reserved These bits are read as 0. The write value should be 0. R/W

b1l ATTCH ATTCH Interrupt Status Flag 0: ATTCH interrupts are not generated. R/W
1: ATTCH interrupts are generated. *1

b12 DTCH USB Disconnection Detection Interrupt ~ 0: DTCH interrupts are not generated. R/W
Status Flag 1: DTCH interrupts are generated. *1

b13 — Reserved This bit is read as 0. The write value should be 0. R/W

bl14 BCHG USB Bus Change Interrupt Status Flag  0: BCHG interrupts are not generated. R/W
*2 1: BCHG interrupts are generated. *1

b15 OVRCR Overcurrent Input Change Interrupt 0: OVRCR interrupts are not generated. R/W
Status Flag*? 1: OVRCR interrupts are generated. *1

Note 1. To clear the status indicated by the flags in the INTSTS1 register, write 0 only to the flags to be cleared; write 1 to the other
flags.

Note 2. A change in the status indicated by the OVRCR or BCHG flag can be detected even while the clock supply is stopped (while the
SYSCFG.SCKE bit = 0), and the interrupt is output when the corresponding interrupt enable bit is enabled. Clearing the status
through software should be done after setting the SYSCFG.SCKE bit to 1.
No interrupts other than those indicated by the BCHG and OVRCR flags can be detected while the clock supply is stopped
(while the SYSCFG.SCKE bit = 0).

The INTSTS1 register is used to confirm the status of each interrupt when the host controller is selected.
The various status change interrupts indicated by the flagsin the INTST S1 register should be enabled only when the host
controller is selected.

PDDETINTO Flag (Portable Device Detection Interrupt Status Flag)

Indicates the status of the portable device detection interrupt when the host controller is selected.

Thishit is set to 1 when the USB modul e detects when alevel change (high to low or low to high) occursin the input
value to the VDPDET pin of the USB physical layer transceiver (PHY). The USB module sets the PDDETST SO flag to
indicate the VDPDET input value.

When the PDDETINT interrupt is generated, use software to repeat reading the PDDETST S0 flag until the sasmevalueis
read three or more times, and eliminate chattering.
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SACK Flag (Setup Transaction Normal Response Interrupt Status Flag)

Indicates the status of the setup transaction normal response interrupt when the host controller is selected.

The USB detects the SACK interrupt when ACK response is returned from the peripheral device during the setup
transactions issued by the USB, and setsthe SACK flag to 1. Here, if the corresponding interrupt enable bit has been set
to 1 by software, the USB generates the SACK interrupt.

When the function controller is selected, the read value isinvalid.

SIGN Flag (Setup Transaction Error Interrupt Status Flag)
Indicates the status of the setup transaction error interrupt when the host controller is selected.
The USB detects the SIGN interrupt when ACK response is not returned from the peripheral device three consecutive
times during the setup transactions issued by this module, and sets the SIGN flag to 1. Here, if the corresponding
interrupt enable bit has been set to 1 by software, the USB generates the SIGN interrupt.
Specifically, the USB detects the SIGN interrupt when any of the following response conditions occur for three
consecutive setup transactions.

e Timeout is detected by the USB when the peripheral device has returned no response.

e A damaged ACK packet isreceived.

¢ A handshake other than ACK (NAK, NYET, or STALL) isreceived.

When the function controller is selected, the read valueisinvalid.

EOFERR Flag (EOF Error Detection Interrupt Status Flag)
Indicates the status of the EOFERR interrupt when the host controller is selected.
The USB detectsthe EOFERR interrupt on detecting that communication is not completed at the EOF2 timing prescribed
by USB Specification 2.0, and sets the EOFERR flag to 1. Here, if the corresponding interrupt enable bit has been set to
1 by software, the USB generates the EOFERR interrupt.
After detecting the EOFERR interrupt, the USB controls hardware as described below (irrespective of the setting of the
corresponding interrupt enable bit). All pipesin which communications are currently carried out for the USB port should
be terminated by software and perform re-enumeration of the USB port.

e Maodifiesthe DVSTCTRO.UACT bit for the port in which an EOFERR interrupt has been detected to 0.

e Putsthe port in which an EOFERR interrupt has been generated into the idle state.

When the function controller is selected, the read value isinvalid.

ATTCH Flag (ATTCH Interrupt Status Flag)
Indicates the status of the ATTCH interrupt when the host controller is selected.
The USB detects the ATTCH interrupt on detecting J-state or K-state of the full-speed or low-speed signal level for
2.5 ps, and setsthe ATTCH flag to 1. Here, if the corresponding interrupt enable bit has been set to 1 by software, the
USB generates the interrupt.
Specifically, the USB detects the ATTCH interrupt on any of the following conditions.

o K-state, SEO, or SE1 changesto J-state, and J-state continues for 2.5 ps.

e Jstate, SEO, or SE1 changesto K-state, and K-state continues for 2.5 ps.

When the function controller is selected, the read valueisinvalid.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 887 of 1852
Nov 30, 2020



RX23W Group 32. USB 2.0 Host/Function Module (USBc)

DTCH Flag (USB Disconnection Detection Interrupt Status Flag)
Indicates the status of the USB disconnection detection interrupt when the host controller is selected.
The USB detects the DTCH interrupt on detecting USB bus disconnection, and setsthe DTCH flag to 1. Here, if the
corresponding interrupt enable bit has been set to 1 by software, the USB generates the interrupt.
The USB detects bus disconnection based on USB Specification 2.0.
After detecting the DTCH interrupt, the USB controls hardware as described below (irrespective of the setting of the
corresponding interrupt enable bit). All the pipes in which communications are currently carried out for the USB port
should be terminated by software and make a transition to the wait state for bus connection to the USB port (wait state
for ATTCH interrupt generation).

e Maodifiesthe DVSTCTRO.UACT bit for the port in which aDTCH interrupt has been detected to 0.

e Putsthe port in which a DTCH interrupt has been generated into the idle state.
When the function controller is selected, the read valueisinvalid.

BCHG Flag (USB Bus Change Interrupt Status Flag)

Indicates the status of the USB bus change interrupt.

The USB detects the BCHG interrupt when a change in the full-speed or low-speed signal level occurs on the USB port
(achange from J-state, K-state, or SEQ to J-state, K-state, or SEQ), and sets the BCHG flag to 1. Here, if the
corresponding interrupt enable bit has been set to 1 by software, the USB generates the interrupt.

The USB setsthe LNST[1:0] flags to indicate the current input state of the USB port. When the BCHG interrupt is
generated, use software to repeat reading the LNST[1:0] flags until the same value is read three or more times, and
eliminate chattering.

A change in the USB bus state can be detected even while the internal clock supply is stopped.

When the function controller is selected, the read value isinvalid.

OVRCR Flag (Overcurrent Input Change Interrupt Status Flag)

Indicates the status of the USBO_OVRCURA and USBO_OVRCURB input pin change interrupt.

The USB detects the OVRCR interrupt when a change (high to low or low to high) occursin at least one of the input
valuesto the USBO_OVRCURA and USBO_OVRCURB pins, and setsthe OVRCR flag to 1. Here, if the corresponding
interrupt enable bit has been set to 1 by software, the USB generates the interrupt.
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32.2.15

Address(es): USB0.BRDYSTS 000A 0046h

BRDY Interrupt Status Register (BRDYSTYS)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __|PIPE9B|PIPESB|PIPE7B|PIPE6B|PIPESB|PIPE4B|PIPE3B|PIPE2B|PIPE1B|PIPEOB
RDY | RDY | RDY | RDY | RDY | RDY | RDY | RDY | RDY | RDY

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 PIPEOBRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 0*2 1: Interrupts are generated. *1

bl PIPE1BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 1*2 1: Interrupts are generated. *1

b2 PIPE2BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 2*2 1: Interrupts are generated. *1

b3 PIPE3BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 3*2 1: Interrupts are generated. *1

b4 PIPE4BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 4*2 1: Interrupts are generated. *1

b5 PIPESBRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 5*2 1: Interrupts are generated. *1

b6 PIPE6BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 6*2 1: Interrupts are generated. *1

b7 PIPE7BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 7*2 1: Interrupts are generated. *1

b8 PIPESBRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 8*2 1: Interrupts are generated. *1

b9 PIPE9BRDY BRDY Interrupt Status Flag for 0: Interrupts are not generated. R/W
Pipe 9*2 1: Interrupts are generated. *1

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

Note 1. When the SOFCFG.BRDYM bit is set to 0, to clear the status indicated by the flags in the BRDYSTS register, write O only to the
flags to be cleared; write 1 to the other flags.

Note 2. When the SOFCFG.BRDYM bit is set to O, clearing BRDY Interrupts should be done before accessing the FIFO.
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32.2.16  NRDY Interrupt Status Register (NRDYSTS)

Address(es): USBO.NRDYSTS 000A 0048h

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

PIPEON|PIPESN|PIPE7N|PIPE6GN|PIPESN(PIPE4AN|PIPE3N(PIPE2N|PIPEIN|PIPEON
RDY | RDY | RDY | RDY RDY | RDY | RDY | RDY | RDY RDY

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 PIPEONRDY NRDY Interrupt Status Flag for Pipe 0  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

bl PIPEINRDY NRDY Interrupt Status Flag for Pipe 1  O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b2 PIPE2NRDY NRDY Interrupt Status Flag for Pipe 2  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b3 PIPE3NRDY NRDY Interrupt Status Flag for Pipe 3  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b4 PIPE4ANRDY NRDY Interrupt Status Flag for Pipe 4  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b5 PIPESNRDY NRDY Interrupt Status Flag for Pipe 5  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b6 PIPE6NRDY NRDY Interrupt Status Flag for Pipe 6  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b7 PIPE7TNRDY NRDY Interrupt Status Flag for Pipe 7 O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b8 PIPESNRDY NRDY Interrupt Status Flag for Pipe 8  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b9 PIPEONRDY NRDY Interrupt Status Flag for Pipe 9  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

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

Note 1. To clear the status indicated by the flags in the NRDYSTS register, write 0 only to the flags to be cleared; write 1 to the other

flags.
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32.2.17 BEMP Interrupt Status Register (BEMPSTS)

Address(es): USB0.BEMPSTS 000A 004Ah

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

PIPESB|PIPE8SB|PIPE7B|PIPE6GB|PIPESB|PIPE4B|PIPE3B|PIPE2B|PIPE1B|PIPEOB
EMP | EMP | EMP | EMP | EMP | EMP | EMP | EMP | EMP | EMP

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 PIPEOBEMP BEMP Interrupt Status Flag for Pipe O  0O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

bl PIPE1IBEMP BEMP Interrupt Status Flag for Pipe 1  O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b2 PIPE2BEMP BEMP Interrupt Status Flag for Pipe 2  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b3 PIPE3BEMP BEMP Interrupt Status Flag for Pipe 3  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b4 PIPE4BEMP BEMP Interrupt Status Flag for Pipe 4  O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b5 PIPESBEMP BEMP Interrupt Status Flag for Pipe 5  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b6 PIPE6BEMP BEMP Interrupt Status Flag for Pipe 6  O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b7 PIPE7TBEMP BEMP Interrupt Status Flag for Pipe 7 O: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b8 PIPESBBEMP BEMP Interrupt Status Flag for Pipe 8  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

b9 PIPE9BEMP BEMP Interrupt Status Flag for Pipe 9  0: Interrupts are not generated. R/W
1: Interrupts are generated. *1

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

Note 1. To clear the status indicated by the flags in the BEMPSTS register, write 0 only to the flags to be cleared; write 1 to the other

flags.
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32.2.18 Frame Number Register (FRMNUM)

Address(es): USB0.FRMNUM 000A 004Ch

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

OVRN [ CRCE | — — — | | I | FIRNM[10:I0] | I | |
Value after reset: 0 0 0 0 0 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0
Bit Symbol Bit Name Description R/W
b10to b0 FRNM[10:0] Frame Number Flag Latest frame number R
b13to b1l — Reserved These bits are read as 0. The write value should be 0. R/W
b14 CRCE Receive Data Error Flag 0: No error R/W*1
1: An error occurred
b15 OVRN Overrun/Underrun Detection Status 0: No error R/W*1
Flag 1: An error occurred

Note 1. To clear the status, write 0 only to the bits to be cleared; write 1 to the other bits.

FRNM[10:0] Flags (Frame Number Flag)
These bitsindicate the latest frame number for the USB after the issuing of an SOF packet every 1 msor writing to the
FRNM[10:0] flags at the SOF packet reception.

CRCE Flag (Receive Data Error Flag)

Indicates whether a CRC error or bit stuffing error has been detected in the pipe during isochronous transfer.

The CRCE flag can be set to 0 by writing 0 to the CRCE flag by software. Here, 1 should be written to the other bitsin
FRMNUM.

On detecting a CRC error, the USB generates the internal NRDY interrupt request.

OVRN Flag (Overrun/Underrun Detection Status Flag)
Indicates whether an overrun/underrun error has been detected in the pipe during isochronous transfer.
The OVRN flag can be set to 0 by writing 0 to the OVRN flag by software. Here, 1 should be written to the other bitsin
FRMNUM.
(1) When the host controller is selected
The USB setsthe OVRN flag to 1 on any of the following conditions.
e For the isochronous transfer pipe in the transmitting direction, the time to issue an OUT token comes before all the
transmit data has been written to the FIFO buffer.
e For the isochronous transfer pipe in the receiving direction, the time to issue an IN token comes when no FIFO
buffer planes are empty.
(2) When the function controller is selected
The USB setsthe OVRN flag to 1 on any of the following conditions.
e For the isochronous transfer pipe in the transmitting direction, the IN token isreceived before all the transmit data
has been written to the FIFO buffer.
e For the isochronous transfer pipe in the receiving direction, the OUT token is received when no FIFO buffer planes
are empty.
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32.2.19 USB Request Type Register (USBREQ)

Address(es): USB0.USBREQ 000A 0054h

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

BREQUEST[7:0] BMREQUESTTYPE[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 BMREQUESTTYPE[7:0] Request Type These bits store the USB request bmRequestType value. R/W

*1
b1l5to b8 BREQUESTI[7:0] Request These bits store the USB request bRequest value. R/W

*1

Note 1. When the function controller is selected, these bits can only be read from, and writing to these bits is invalid. When the host
controller is selected, these bits can be read from and written to.

The USBREQ register stores setup requests for control transfers.

When the function controller is selected, the values of bRequest and bmRequestType that have been received are stored.
When the host controller is selected, the values of bRequest and bmRequest Type to be transmitted are set.

The USBREQ register isinitialized by a USB bus reset.

BMREQUESTTYPE[7:0] Bits (Request Type)
These bits hold the value of the bmRequestType field of a USB request.
e When the host controller is selected:
Set these bits to the value of the USB request dataiin setup transactions for transmission. Do not modify the value of
the BMREQUESTTY PE[7:0] bits while the DCPCTR.SUREQ bit is 1.
e When the function controller is selected:
These bits indicate the value of the USB request data in setup transactions for reception. Writing to the bits has no
effect.

BREQUEST][7:0] Bits (Request)
These bits store bRequest value of the USB request.
e When the host controller is selected:
Set these bits to the value of the USB request dataiin setup transactions for transmission. Do not modify the value of
the BREQUEST[7:0] bits while the DCPCTR.SUREQ bit is 1.
e When the function controller is selected:
These bitsindicate the value of the USB request datain setup transactions for reception. Writing to the bits has no
effect.
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32.2.20 USB Request Value Register (USBVAL)

Address(es): USB0.USBVAL 000A 0056h

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

When the function controller is selected, the value of wValue that has been received is stored in the USBVAL register.
When the host controller is selected, the value of wValue to be transmitted is set.
The USBVAL register isinitialized by a USB bus reset.

e When the host controller is selected:
Set these bits to the value of thewValuefield in USB requests of setup transactions for transmission. Do not modify
the value of the USBV AL register while the DCPCTR.SUREQ bit is 1.

¢ When the function controller is selected:
These bitsindicate the value of the wValue field in USB requests received in setup transactions for reception.
Writing to the USBV AL register has no effect.

32.2.21 USB Request Index Register (USBINDX)

Address(es): USB0.USBINDX 000A 0058h

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

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

The USBINDX register stores setup requests for control transfers.

When the function controller is selected, the value of windex that has been received is stored. When the host controller is
selected, the value of windex to be transmitted is set.

The USBINDX register isinitialized by a USB bus reset.

e When the host controller is selected:
Set these bits to the value of the windex field in USB requests of setup transactions for transmission. Do not modify
the value of the USBINDX register while the DCPCTR.SUREQ bit is 1.

e When the function controller is selected:
These bitsindicate the value of the windex field in USB requests received in setup transactions for reception.
Writing to the USBINDX register has no effect.
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32.2.22 USB Request Length Register (USBLENG)

Address(es): USB0.USBLENG 000A 005Ah

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

The USBLENG register stores setup requests for control transfers.

When the function controller is selected, the value of wLength that has been received is stored. When the host controller

is selected, the value of wLength to be transmitted is set.
The USBLENG register isinitialized by a USB bus reset.

e When the host controller is selected:

Set these bits to the value of the wLength field in USB requests of setup transactions for transmission. Do not
modify the value of the USBLENG register while the DCPCTR.SUREQ hit is 1.

¢ When the function controller is selected:

These bits indicate the value of the wLength field in USB requests received in setup transactions for reception.

Writing to the USBLENG register has no effect.
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32.2.23  DCP Configuration Register (DCPCFG)

Address(es): USB0.DCPCFG 000A 005Ch

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

_ _ _ _ _ _ _ _ SH;NA _ _ DIR _ _ _ _

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

b4 DIR Transfer Direction*1 0: Data receiving direction R/W

1: Data transmitting direction

b6, b5 — Reserved These bits are read as 0. The write value should be 0. R/W

b7 SHTNAK Pipe Disabled at End of Transfer*1 0: Pipe continued at the end of transfer R/W
1: Pipe disabled at the end of transfer

bl5tob8 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Modify this bit while DCPCTR.PID[1:0] bits are 00b (NAK). Before modifying this bit after modifying the DCPCTR.PID[1:0] bits
for the DCP from 01b (BUF) to 00b (NAK), check that the DCPCTR.PBUSY flag is 0. However, if the USB changes the PID[1:0]
bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

DIR Bit (Transfer Direction)
When the host controller is selected, the DIR hit sets the transfer direction of the data stage and status stage.
When the function controller is selected, the DIR bit should be set to 0.

SHTNAK Bit (Pipe Disabled at End of Transfer)
The SHTNAK bit specifies whether to modify PID[1:0] bits to 00b (NAK) upon the end of transfer when the selected
pipeisin the receiving direction.
The SHTNAK bit is valid when the selected pipe in the receiving direction.

When the SHTNAK bit is set to 1, the USB modifies the DCPCTR.PID[1:0] bits for the DCPto 00b (NAK) on
determining the end of the transfer. The USB determines that the transfer has ended on the following condition.

e A short packet (including a zero-length packet) is successfully received.
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32.2.24

Address(es): USB0.DCPMAXP 000A 005Eh

b15 b14 b13

b12

b1l

b10 b9 b8

b7

DCP Maximum Packet Size Register (DCPMAXP)

b6

b5

b4 b3 b2 bl b0

DEVSEL[3:0]

MXPS[6:0]

Value after reset: 0 0 0

0 0 0 0 0

Bit Symbol

Bit Name

Description

R/W

b6tob0  MXPS[6:0]

Maximum Packet Size*!

These bits set the maximum amount of data (maximum packet size)
in payloads for the DCP.
b

b6 0
0001000:
0010000:
0011000:
0100000:
0101000:
0110000:
0110000:
1000000:
1001000:
1010000:

8 bytes

16 bytes
24 bytes
32 bytes
40 bytes
48 bytes
56 bytes
64 bytes
72 bytes
80 bytes

R/W

1011000: 88 bytes
110000 0: 96 bytes

1101000: 104 bytes

1110000: 112 bytes

1111000: 120 bytes

Settings other than above are prohibited.

blltob? —
bl5to bl2 DEVSEL[3:0]

RIW
R/IW

These bits are read as 0. The write value should be 0.

Device Select*2 b15  b12
0 0 0 0: Address 0000
000 1: Address 0001
001 0: Address 0010
001 1: Address 0011
010 0: Address 0100
010 1: Address 0101
Settings other than above are prohibited.

Reserved

Note 1. Modify the MXPS[6:0] bits while PID[1:0] bits are 00b (NAK). Before modifying these bits after modifying the DCPCTR.PID[1:0]
bits for the DCP from 01b (BUF) to 00b (NAK), check that the DCPCTR.PBUSY flag is 0. However, if the USB changes the
PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software. After modifying the MXPS[6:0] bits and
the DCP has been set to the CURPIPE[3:0] bits in a port select register, clear the buffer by setting the BCLR bit the port control
register to 1.

Modify the DEVSEL[3:0] bits while PID[1:0] bits are 00b (NAK) and the DCPCTR.SUREQ bit is 0. To modify these bits after
modifying the DCPCTR.PID[1:0] bits for the DCP from 01b (BUF) to 00b (NAK), check that the DCPCTR.PBUSY flag is 0.
However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

Note 2.

MXPS[6:0] Bits (Maximum Packet Size)

The MXPS[6:0] bits specify the maximum amount of data (maximum packet size) in payloads for the DCP. The initial
value of the bitsis 40h (64 bytes).

Ensure that the setting of the MXPS[6:0] bitsis in compliance with USB Specification 2.0.

Do not write to the FIFO buffer or set PID[1:0] = 01b (BUF) while the setting of the MXPS[6:0] bitsisO.

DEVSEL[3:0] Bits (Device Select)

When the host controller is selected, these bits specify the address of the peripheral device which isthe communication
target during control transfer.

The DEV SEL[3:0] bits should be set after setting the address to the DEVADDNnN (n = 0 to 5) register corresponding to the
valueto be set in the DEV SEL[3:0] hits. For example, before setting the DEV SEL[3:0] bits to 0010b, the address should
be set to DEVADD2.

When the function controller is selected, the DEV SEL[3:0] bits should be set to 0000b.
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32. USB 2.0 Host/Function

Module (USBc)

32.2.25

DCP Control Register (DCPCTR)

Address(es): USB0.DCPCTR 000A 0060h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
BSTS |SUREQ| — — SLcJFEEQ — —  |SQCLR|SQSET SQ,\'IV'O PBUSY| — — | ccpL PID[L:0]
Value after reset: 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 PID[1:0] Response PID b1 b0 R/W
0 0: NAK response
0 1: BUF response (depending on the buffer state)
1 O: STALL response
1 1: STALL response
b2 CCPL Control Transfer End Enable 0: Invalid R/W
1: Completion of control transfer is enabled.
b4, b3 — Reserved These bits are read as 0. The write value should be 0. R/W
b5 PBUSY Pipe Busy Flag 0: DCP is not used for the transaction. R
1: DCP is used for the transaction.
b6 SQMON Sequence Toggle Bit Monitor Flag 0: DATAO R
1: DATA1
b7 SQSET Sequence Toggle Bit Set*2 0: Invalid R/W*1
1: Specifies DATAL.
b8 SQCLR Sequence Toggle Bit Clear*2 0: Invalid R/W*1
1: Specifies DATAO.
b10, b9 — Reserved These bits are read as 0. The write value should be 0. R/W
b1l SUREQCLR SUREQ Bit Clear 0: Invalid R/W
1: Clears the SUREQ bit to 0.
b13,b12 — Reserved These bits are read as 0. The write value should be 0. R/W
bl4 SUREQ Setup Token Transmission 0: Invalid R/W
1: Transmits the setup packet.
b15 BSTS Buffer Status Flag 0: Buffer access is disabled. R
1: Buffer access is enabled.
Note 1. Only O can be read.
Note 2. Write 1 to the SQSET and SQCLR bits while PID[1:0] bits are 00b (NAK). Before modifying these bits after modifying the

PID[1:0] bits for the DCP from 01b (BUF) to 00b (NAK), check that the PBUSY flag is 0. However, if the USB changes the
PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

PID[1:0] Bits (Response PID)
The PID[1:0] bits control the response type of the USB during control transfer.

(1) When the host controller is selected
Modify the setting of the PID[1:0] bits from 00b (NAK) to 01b (BUF) using the following procedure.
e When the transmitting direction is set
Write all the transmit data to the FIFO buffer while the DV STCTRO.UACT bit is 1 and PID[1:0] bits are 00b
(NAK), and then write 01b (BUF response). After PID[1:0] have been set to 01b (BUF), the USB executesthe OUT

transaction.

e When thereceiving direction is set
Check that the FIFO buffer is empty (or empty the buffer) while the DVSTCTRO.UACT bit is 1 and PID[1:0] bits
are 00b (NAK), and then set PID[1:0] bitsto 01b (BUF). After PID[1:0] bits have been set to 01b (BUF), the USB
executes the IN transaction.
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The USB modifies the setting of the PID[1:0] bits as follows.
e TheUSB setsPID[1:0] bitsto 11b (STALL) on receiving the data of a size exceeding the maximum packet size
when the PID[1:0] bits has been set to 01b (BUF) by software.

e The USB sets PID[1:0] bitsto 00b (NAK) on detecting areceive error, such as a CRC error, three consecutive
times.

e The USB aso sets PID[1:0] bitsto 11b (STALL) on receiving the STALL handshake.

(2) When the function controller is selected
The USB modifies the setting of the PID[1:0] bits as follows.

e The USB modifiesthe PID[1:0] bitsto 00b (NAK) on receiving the setup packet. Here, the USB sets the
INTSTSO.VALID flag to 1. The setting of the PID[1:0] bits cannot be modified until the VALID flag is set to O by
software.

e TheUSB setsPID[1:0] bitsto 11b (STALL) on receiving the data of a size exceeding the maximum packet size
when the PID[1:0] bits have been set to 01b (BUF) by software.

e The USB sets PID[1:0] bitsto 1xb (STALL) on detecting the control transfer sequence error.

e The USB sets PID[1:0] bitsto 00b (NAK) on detecting the USB bus reset.

The USB does not check the setting of the PID[1:0] bits while the SET_ADDRESS request is processed.
The PID[1:0] bitsareinitialized by a USB bus reset.

CCPL Bit (Control Transfer End Enable)

When the function controller is selected, setting the CCPL hit to 1 enables the status stage of the control transfer to be
completed.

When the CCPL bit is set to 1 by software while the corresponding PID[1:0] bits are set to 01b (BUF), the USB
completes the control transfer status stage.

During control read transfer, the USB transmits the ACK handshake in response to the OUT transaction from the USB
host, and transmits the zero-length packet in response to the IN transaction from the USB host during control write or no-
data control transfer. However, on detecting the SET_ADDRESS request, the USB operates in auto response mode from
the setup stage up to the status stage completion irrespective of the setting of the CCPL bit.

The USB maodifies the CCPL bit from 1 to O on receiving a new setup packet.

1 cannot be written to the CCPL bit by software while the INTSTS0.VALID flagis1.

The CCPL hit isinitialized by a USB bus reset.

When the host controller is selected, be sure to write O to the CCPL bit.

PBUSY Flag (Pipe Busy Flag)

The PBUSY flag indicates whether DCPis used or not for the transaction when USB changes the PID[1:0] bits from 01b
(BUF) to 00b (NAK).

The USB modifiesthe PBUSY flag from 0 to 1 upon start of the USB transaction for the relevant pipe, and modifies the
PBUSY flag from 1 to O upon completion of one transaction.

Reading the PBUSY flag after the PID[1:0] bits have been set to 00b (NAK) by software allows checking whether
maodification of the pipe settingsis possible.

For details, refer to section 32.3.4.1, Pipe Control Register Switching Procedures.
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SQMON Flag (Sequence Toggle Bit Monitor Flag)

The SQMON flag indicates the expected value of the sequence toggle bit for the next transaction during the DCP
transfer.

The USB allows the SQMON flag to toggle upon normal completion of the transaction. However, the SQMON flag is
not allowed to toggle when adata PID mismatch occurs during the transfer in the receiving direction.

When the function controller is selected, the USB sets the SQMON flag to 1 (specifies DATA1 as the expected value)
upon successful reception of the setup packet.

When the function controller is selected, the USB does not reference the SQMON flag during the IN/OUT transaction of
the status stage, and does not allow the SQMON flag to toggle upon normal completion.

SQSET Bit (Sequence Toggle Bit Set)

The SQSET bit specifies DATA 1 as the expected value of the sequence toggle bit for the next transaction during the DCP
transfer.

Do not set the SQCLR and SQSET bitsto 1 simultaneously.

SQCLR Bit (Sequence Toggle Bit Clear)

The SQCLR hit specifies DATAO as the expected value of the sequence toggle bit for the next transaction during the
DCPtransfer. The SQCLR hit indicates 0.

Do not set the SQCLR and SQSET bitsto 1 simultaneously.

SUREQCLR Bit (SUREQ Bit Clear)

When the host controller is selected, setting the SUREQCLR bit to 1 clears the SUREQ bit to 0. The SUREQCLR bit
indicates 0.

Set the SUREQCLR bit to 1 through software when communi cation has stopped with the SUREQ bit being 1 during the
setup transaction. However, for normal setup transactions, the USB automatically clears the SUREQ bit to O upon
completion of the transaction; therefore, clearing the SUREQ bit through software is not necessary.

Controlling the SUREQ bit through the SUREQCLR bit must be done while the DV STCTRO.UACT hit is 0 and thus
communication is halted or while no transfer is being performed with bus disconnection detected.

When the function controller is selected, be sure to write 0 to the SUREQCLR hit.

SUREQ Bit (Setup Token Transmission)

The USB transmits the setup packet by setting the SUREQ bit to 1 when the host controller is selected.

After completing the setup transaction process, the USB generates either the SACK or SIGN interrupt and sets the
SUREQ bit to 0.

The USB also sets the SUREQ hit to 0 when software sets the SUREQCLR bit to 1.

Before setting the SUREQ bit to 1, set the DCPMAXP.DEV SEL[3:0] bits, registers USBREQ, USBVAL, USBINDX,
and USBLENG appropriately to transmit the desired USB request in the setup transaction. Before setting this bit to 1,
check that the PID[1:0] bitsfor the DCP are set to 00b (NAK). After setting the SUREQ bit to 1, do not modify the
DCPMAXPDEV SEL[3:0] bits, registers USBREQ, USBVAL, USBINDX, or USBLENG until the setup transaction is
completed (the SUREQ hit = 1).

Write 1 to the SUREQ bit only when transmitting the setup token; for other purposes, write 0.

When the function controller is selected, be sure to write 0 to the SUREQ bhit.

BSTS Flag (Buffer Status Flag)
Indicates whether DCP FIFO buffer accessis enabled or disabled.
The meaning of the BSTS flag depends on the setting of I SEL bit in the port select register as shown bel ow.
e When the ISEL bit = 0, the BSTS flag indicates whether the received data can be read from the buffer.
e WhenthelISEL hit = 1, the BSTS flag indicates whether the data to be transmitted can be written to the buffer.
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32.2.26  Pipe Window Select Register (PIPESEL)

Address(es): USBO.PIPESEL 000A 0064h

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

_ _ _ _ _ _ _ — — — — — PIPESEL[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

b3to b0  PIPESEL[3:0] Pipe Window Select b3 b0 ) R/W
00 0 0: No pipe selected

0001:Pipel
0010:Pipe 2
0011:Pipe3
0100: Pipe4
0101:Pipe5
0110:Pipe6
0111:Pipe7
1000: Pipe 8
100 1: Pipe 9
Settings other than above are prohibited.

bl5tob4 — Reserved These bits are read as 0. The write value should be 0. R/W

Pipes 1 to 9 should be set using registers PIPESEL, PIPECFG, PIPEMAXP, PIPEPERI, PIPENCTR, PIPENTRE, and
PIPENnTRN.

After selecting the pipe using the PIPESEL register, functions of the pipe should be set using registers PIPECFG,
PIPEMAXP, and PIPEPERI. PIPEnCTR, PIPENTRE, and PIPENnTRN can be set regardless of the pipe selectionin the
PIPESEL register.

PIPESEL[3:0] Bits (Pipe Window Select)

The PIPESEL[3:0] bits select the pipe number corresponding to registers PIPECFG, PIPEMAXP, and PIPEPERI which
data are written to or read from.

Selecting a pipe number through the PIPESEL [3:0] bits allows writing to and reading from registers PIPECFG,
PIPEMAXP, and PIPEPERI which correspond to the selected pipe number.

When PIPESEL [3:0] = 0000b, O isread from all of the bitsin registers PIPECFG, PIPEMAXP, and PIPEPERI. Writing
to these bitsisinvalid.
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32.2.27

Address(es): USBO0.PIPECFG 000A 0068h

Pipe Configuration Register (PIPECFG)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
TYPE[L:0] — — — | BFRE|DBLB| — SHENA — — | DR EPNUM[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 EPNUM[3:0] Endpoint Number*1 These bits specify the endpoint number for the R/W

selected pipe.
Setting 0000b means an unused pipe.
b4 DIR Transfer Direction*2.*3 0: Receiving direction R/IW
1: Transmitting direction
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R/W
b7 SHTNAK Pipe Disabled at End of Transfer*! 0: Pipe assignment continued at the end of transfer R/W
1: Pipe assignment disabled at the end of transfer
b8 — Reserved This bit is read as 0. The write value should be 0. R/W
b9 DBLB Double Buffer Mode*2:*3 0: Single buffer R/IW
1: Double buffer
b10 BFRE BRDY Interrupt Operation Specification  0: BRDY interrupt upon transmitting or receiving data R/W
*2,%3 1: BRDY interrupt upon completion of reading data
b13tobll — Reserved These bits are read as 0. The write value should be 0. R/W

b15, b14  TYPE[1:0]

Transfer Type*1

e Pipes 1 and 2
b15 b14
0 0: Pipe not used

0 1: Bulk transfer
1 0: Setting prohibited
1 1:Isochronous transfer

e Pipes3to5
b15 b14
0 0: Pipe not used

0 1: Bulk transfer
1 O: Setting prohibited
1 1: Setting prohibited

e Pipes6to9

b15 bl4

0 O: Pipe not used

0 1: Setting prohibited
1 O: Interrupt transfer
1 1: Setting prohibited

R/IW

Note 1. Modify the TYPE[1:0], SHTNAK, and EPNUM][3:0] bits while the PIPEnCTR.PID[1:0] bits are 00b (NAK). Before modifying these
bits after modifying the PIPEnCTR.PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK), check that the
PIPEnCTR.PBUSY flag is 0. However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be
checked by software.
Modify the BFRE, DBLB, and DIR bits while the PIPEnCTR.PID[1:0] bits are 00b (NAK) and before the pipe is selected by the
CURPIPE[3:0] bits in the port select register. Before modifying these bits after modifying the PIPEnCTR.PID[1:0] bits for the
selected pipe from 01b (BUF) to 00b (NAK), check that the PIPEnCTR.PBUSY flag is 0. However, if the USB changes the

Note 2.

Note 3.

PID[1:0] bits to 00b (NAK), checking the PIPEnCTR.PBUSY flag through software is not necessary.

To modify the BFRE, DBLB, and DIR bits after completing USB communication using the selected pipe, write 1 and then O to the
PIPEnCTR.ACLRM bit continuously through software to clear the FIFO buffer assigned to the selected pipe while the PID[1:0]
bits and CURPIPE[3:0] bits are in the state described in the above note 2.

The PIPECFG register specifiesthe transfer type, buffer memory access direction, and endpoint numbersfor pipes 1to 9.
It also selects single or double buffer mode, and whether to continue or disable pipe operation at the end of transfer.
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EPNUM][3:0] Bits (Endpoint Number)

The EPNUM[3:0] bits specify the endpoint number for the selected pipe.

Setting 0000b means an unused pipe.

Do not make the settings such that the combination of the settings of the DIR and EPNUM[3:0] bits should be the same
for two or more pipes (EPNUM[3:0] bits = 0000b can be set for all of the pipes).

DIR Bit (Transfer Direction)

The DIR bit specifies the transfer direction for the selected pipe.

When the DIR bit has been set to 0 by software, the USB uses the selected pipe in the receiving direction, and when
software has set the DIR bit to 1, the USB uses the selected pipe in the transmitting direction.

SHTNAK Bit (Pipe Disabled at End of Transfer)
The SHTNAK bit specifieswhether to modify the PID[1:0] bitsto 00b (NAK) upon the end of transfer when the selected
pipeisin the receiving direction.
The SHTNAK bit isvalid when the selected pipeis pipe 1 to 5 in the receiving direction.
When the SHTNAK bit has been set to 1 by software for the selected pipe in the receiving direction, the USB modifies
the PIPENCTR.PID[1:0] bits corresponding to the selected pipe to 00b (NAK) on determining the end of the transfer. The
USB determines that the transfer has ended on any of the following conditions.

e A short packet (including a zero-length packet) is successfully received.

¢ Thetransaction counter is used and the number of packets specified by the counter are successfully received.

DBLB Bit (Double Buffer Mode)
The DBLB bit selects either single or double buffer mode for the FIFO buffer used by the selected pipe.
The DBLB hit is valid when the selected pipeispipe 1to 5.

BFRE Bit (BRDY Interrupt Operation Specification)

The BFRE bit specifiesthe BRDY interrupt generation timing from the USB to the CPU with respect to the selected
pipe.

When the BFRE hit has been set to 1 by software and the selected pipe isin the receiving direction, the USB detects the
transfer completion and generates the BRDY interrupt on having read the relevant packet.

When the BRDY interrupt is generated with the above conditions, 1 should be written to the BCLR bit in the port control
register by software. The FIFO buffer assigned to the selected pipeis not enabled for reception until 1 iswritten to the
BCLR bit.

When the BFRE hit has been set to 1 by software and the selected pipe isin the transmitting direction, the USB does not
generate the BRDY interrupt.

For details, refer to section 32.3.3.1, BRDY Interrupt.

TYPE[1:0] Bits (Transfer Type)

The TYPE[1:0] bits select the transfer type for the pipe selected by the PIPESEL .PIPESEL [3:0] bits (selected pipe).
Before setting the PID[1:0] bitsto 01b (BUF) for the selected pipe (before starting USB communication using the
selected pipe), set the TYPE[1:0] bits to avalue other than 00b.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 903 of 1852
Nov 30, 2020



RX23W Group 32. USB 2.0 Host/Function Module (USBc)

32.2.28 Pipe Maximum Packet Size Register (PIPEMAXP)

Address(es): USB0.PIPEMAXP 000A 006Ch

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

DEVSEL[3:0] — — — MXPSI[8:0]
0/1
Value after reset: 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b8 to b0 MXPS[8:0] Maximum Packet Size*2 e Pipes 1 and 2: R/W
1 byte (001h) to 256 bytes (100h)
e Pipes 3t0 5:

8 bytes (008h), 16 bytes (010h),

32 bytes (020h), 64 bytes (040h)

(Bits [8:7] and [2:0] are not provided.)
® Pipes 610 9:

1 byte (001h) to 64 bytes (040h)

(Bits [8:7] are not provided.)

blltob9 — Reserved These bits are read as 0. The write value should be 0. R/W
b15to bl2 DEVSEL[3:0] Device Select*3 b3 b0 R/W

0 0 0 0: Address 0000

000 1: Address 0001

00 1 0: Address 0010

001 1: Address 0011

010 0: Address 0100

010 1: Address 0101

Settings other than above are prohibited.

Note 1. The value of these bits is 0000h when no pipe is selected with the PIPESEL.PIPESEL[3:0] bits and 0040h when a pipe is
selected.

Note 2. Modify the MXPS[8:0] bits while the PIPEnCTR.PID[1:0] bits are 00b (NAK) and before the pipe is selected by the
CURPIPE[3:0] bits in the port select register. Before modifying these bits after modifying the PIPEnCTR.PID[1:0] bits for the
selected pipe from 01b (BUF) to 00b (NAK), check that the PIPEnCTR.PBUSY flag is 0. However, if the USB changes the
PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

Note 3. Modify the DEVSEL[3:0] bits while the PIPEnCTR.PID[1:0] bits are 00b (NAK). To modify these bits after modifying the
PIPENCTR.PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK), check that the PIPEnCTR.PBUSY flag is 0.
However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

The PIPEMAXP register specifies the maximum packet size for pipes 1to 9.

MXPS[8:0] Bits (Maximum Packet Size)

The MXPS[8:0] bits specify the maximum data payload (maximum packet size) for the selected pipe.

These bits should be set to the appropriate value for each transfer type based on USB Specification 2.0. Note that the
maximum value of pipes 1 and 2 is 256. While MXPS[8:0] = 000h, do not write to the FIFO buffer or do not set the
PID[1:0] bitsto 01b (BUF).

DEVSEL[3:0] Bits (Device Select)

When the host controller is selected, these bits specify the USB device address of the periphera device which isthe
communication target.

The DEV SEL[3:0] bits should be set after setting the address to the DEVADDN (n = 0 to 5) register corresponding to the
valueto be set in the DEV SEL[3:0] bits. For example, before setting the DEV SEL[3:0] bitsto 0010b, the address should
be set to DEVADD2.

When the function controller is selected, the DEV SEL [3:0] bits should be set to 0000b.
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32.2.29 Pipe Cycle Control Register (PIPEPERI)

Address(es): USBO.PIPEPERI 000A 006Eh

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

— — — IFIS — — — — — — — — — IIITV[2:O]I
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I 0
Bit Symbol Bit Name Description R/W
b2 to b0 IITV[2:0] Interval Error Detection Interval Specify the interval error detection timing for the selected pipe in  R/W
*1 terms of frames, which is expressed as nth power of 2.
bll1tob3 — Reserved These bits are read as 0. The write value should be 0. R/IW
b12 IFIS Isochronous IN Buffer Flush 0: The buffer is not flushed. R/W

1: The buffer is flushed.

bl5to b1l3 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Modify the 1ITV[2:0] bits while the PIPEnCTR.PID[1:0] bits are 00b (NAK). To modify these bits after modifying the
PIPEnCTR.PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK), check that the PIPEnCTR.PBUSY flag is 0.
However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

The PIPEPERI register selects whether the buffer isflushed or not when an interval error occurred during isochronous IN
transfer, and sets the interval error detection interval for pipes1to 9.

[ITV[2:0] Bits (Interval Error Detection Interval)

Before modifying the 11 TV[2:0] bits after USB communication has been completed with the [ITV[2:0] bitsset to a
certain value, set the PID[1:0] bitsto 00b (NAK) and then set the PIPENCTR.ACLRM bit to 1 to initialize the interval
timer.

ThellTV[2:0] bitsareinvalid for pipes 3 to 5; set the 11 TV[2:0] bitsto 000b for pipes3to 5.

IFIS Bit (Isochronous IN Buffer Flush)

Specifies whether to flush the buffer when the pipe selected by the PIPESEL .PIPESEL [3:0] bits (selected pipe) is used
for isochronous IN transfers.

When the function controller is selected and the selected pipe isfor isochronous IN transfers, the USB automatically
clears the FIFO buffer when the USB fails to receive the IN token from the USB host within the interval set by the
[1TV[2:0] bitsin terms of frames.

In double buffer mode (the PIPECFG.DBLB hit = 1), the USB only clears the datain the plane used earlier.

The USB clearsthe FIFO buffer on receiving the SOF packet immediately after the frame in which the USB has expected
to receive the IN token. Even if the SOF packet is damaged, the USB also clears the FIFO buffer at the right timing to
receive the SOF packet by using the internal interpolation function.

When the host controller is selected, set the 11 TV[2:0] bits to 000b.

When the selected pipeis not for isochronous transfer, set the 11 TV[2:0] bits to 000b.
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32.2.30 Pipe n Control Registers (PIPENCTR) (n =11t0 9)
e PIPENCTR (n=1t05)

Address(es): USB0.PIPE1CTR 000A 0070h, USBO.PIPE2CTR 000A 0072h, USB0.PIPE3CTR 000A 0074h, USBO.PIPE4ACTR 000A 0076h,
USBO.PIPE5CTR 000A 0078h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
BSTS 'NEAUF — — — ATsEP ACLRM|SQCLR|SQSET SQ,\’}"O PBUSY| — — — PID[L: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 PID[1:0] Response PID b1 b0 R/W
0 0: NAK response
0 1: BUF response (depending on the buffer state)
1 O: STALL response
1 1: STALL response
b4 to b2 — Reserved These bits are read as 0. The write value should be O. R/W
b5 PBUSY Pipe Busy Flag 0: The relevant pipe is not used for the transaction. R
1: The relevant pipe is used for the transaction.
b6 SQMON Sequence Toggle Bit 0: DATAO R
Confirmation 1: DATA1
b7 SQSET Sequence Toggle Bit Set*2  0: Write disabled R/W*1
1: Specifies DATAL.
b8 SQCLR Sequence Toggle Bit Clear  0: Write disabled R/W*L
*2 1: Specifies DATAOQ.
b9 ACLRM Auto Buffer Clear Mode*3  0: Disabled R/W
1: Enabled (all buffers are initialized)
b10 ATREPM Auto Response Mode*2 0: Auto response is disabled. R/W
1: Auto response is enabled.
b13to b1l — Reserved These bits are read as 0. The write value should be 0. R/W
b14 INBUFM Transmit Buffer Monitor 0: There is no data to be transmitted in the buffer memory. R
Flag 1: There is data to be transmitted in the buffer memory.
b15 BSTS Buffer Status Flag 0: Buffer access by the CPU is disabled. R
1: Buffer access by the CPU is enabled.

Note 1. Only O can be read.

Note 2. Modify the ATREPM bit or write 1 to the SQCLR or SQSET bit while the PID[1:0] bits are 00b (NAK). Before modifying these bits
after modifying the PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK), check that the PBUSY flag is 0. However, if
the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

Note 3. Modify the ACLRM bit while PID[1:0] bits are 00b (NAK) and before the pipe is selected by the CURPIPE[3:0] bits in the port

select register. Before modifying this bit after modifying the PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK),
check that the PBUSY flag is 0. However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to
be checked by software.

The PIPENCTR register can be set regardless of the pipe selection in the PIPESEL register.
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PID[1:0] Bits (Response PID)
The PID[1:0] bits specify the response type for the next transaction of the relevant pipe.
The default setting of the PID[1:0] bits are 00b (NAK). Modify the setting of the PID[1:0] bitsto 01b (BUF) to use the
relevant pipe for USB transfer. Table 32.6 and Table 32.7 show the basic operation (operation when there are no errors
in the transmitted and received packets) of the USB depending on the PID[1:0] bit setting.
After modifying the setting of the PID[1:0] bits through software from 01b (BUF) to 00b (NAK) during USB
communication using the relevant pipe, check that the PBUSY flagis 1 to seeif USB transfer using the relevant pipe has
actually entered the NAK state. However, if the USB changes the PID[1:0] bitsto 00b (NAK), the PBUSY flag does not
need to be checked by software.
The USB modifies the setting of the PID[1:0] bitsin the following cases.
e The USB setsthe PID[1:0] bitsto 00b (NAK) on recognizing the completion of the transfer when the relevant pipe
isin the receiving direction and the PIPECFG.SHTNAK hit for the selected pipe has been set to 1 by software.
e The USB setsthe PID[1:0] bitsto 11b (STALL) on receiving a data packet with a payload exceeding the maximum
packet size of the relevant pipe.
e The USB setsthe PID[1:0] bitsto 00b (NAK) on detecting a USB bus reset when the function controller is selected.
e The USB setsthe PID[1:0] bitsto 00b (NAK) on detecting a receive error, such asa CRC error, three consecutive
times when the host controller is selected.
e TheUSB setsthe PID[1:0] bitsto 11b (STALL) on receiving the STALL handshake when the host controller is
selected.

To specify each response type, set the PID[1:0] bits as follows.
e Tomake atransition from NAK (00b) to STALL, set 10b.
e To makeatransition from BUF (01b) to STALL, set 11b.
e Tomakeatransition from STALL (11b) to NAK, set 10b and then 00b.
e Tomakeatransition from STALL (11b) to BUF, set 10b, 00b, and then 01b.
e Tomakeatransition from STALL (10b) to BUF, set 00b and then 01b.

PBUSY Flag (Pipe Busy Flag)

The PBUSY flag indicates whether the relevant pipe is being currently used or not for the transaction.

The USB modifiesthe PBUSY flag from 0 to 1 upon start of the USB transaction for the relevant pipe, and modifies the
PBUSY flag from 1 to O upon completion of one transaction.

Reading the PBUSY flag after the PID[1:0] bits have been set to 00b (NAK) by software allows checking whether
maodification of the pipe settingsis possible.

For details, refer to section 32.3.4.1, Pipe Control Register Switching Procedures.

SQMON Bit (Sequence Toggle Bit Confirmation)

The SQMON flag indicates the expected value of the sequence toggle bit for the next transaction of the relevant pipe.
When the relevant pipeis not for the isochronous transfer, the USB allows the SQMON flag to toggle upon normal
completion of the transaction. However, the SQMON flag is not allowed to toggle when a data PID mismatch occurs
during the transfer in the receiving direction.

SQSET Bit (Sequence Toggle Bit Set)

The SQSET hit should be set to 1 to set DATAL as the expected value of the sequence toggle bit for the next transaction
of the relevant pipe.

Setting the SQSET hit to 1 through software allows the USB to set DATA 1 as the expected value of the sequence toggle
bit of the relevant pipe. The USB sets the SQSET hit to 0.
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SQCLR Bit (Sequence Toggle Bit Clear)

The SQCLR hit should be set to 1 to clear the expected value (to set DATAO as the expected value) of the sequence
toggle bit for the next transaction of the relevant pipe.

Setting the SQCLR bit to 1 through software allows the USB to set DATAO as the expected value of the sequence toggle
bit of the relevant pipe. The USB setsthe SQCLR bit to 0.

ACLRM Bit (Auto Buffer Clear Mode)

Enables or disables auto buffer clear mode for the relevant pipe.

To delete the information in the FIFO buffer assigned to the relevant pipe completely, write 1 and then 0 to the ACLRM
bit continuously.

Table 32.8 shows the information cleared by writing 1 and 0 to the ACLRM bit continuously and the cases in which
clearing the information is necessary.

ATREPM Bit (Auto Response Mode)

Enables or disables auto response mode for the relevant pipe.

When the function controller is selected and the relevant pipeisfor bulk transfer, the ATREPM bit can be set to 1.
When the ATREPM hit is set to 1, the USB responds to the token from the USB host as described below.

(1) When therelevant pipeisfor bulk IN transfer (the PIPECFG.TY PE[1:0] bits = 01b and the PIPECFG.DIR bit = 1)
When the ATREPM hit = 1 and PID[1:0] = 01b (BUF), the USB transmits a zero-length packet in response to the IN
token.

The USB updates (allows toggling of) the sequence toggle bit (data PID) each time the USB receivesACK from the USB
host (in asingle transaction, IN token is received, zero-length packet is transmitted, and then ACK isreceived.).

In this case, the USB does not generate the BRDY or BEMP interrupt.

(2) Whentherelevant pipeisfor bulk OUT transfer (the PIPECFG.TY PE[1:0] bits= 01b and the PIPECFG.DIR bit = Q)
When the ATREPM bit = 1 and PID[1:0] = 01b (BUF), the USB returns NAK in response to the OUT token and
generates the NRDY interrupt.

For USB communication in auto response mode, set the ATREPM bit to 1 while the FIFO buffer is empty. Do not write
to the FIFO buffer during USB communication in auto response mode.

When the relevant pipe is for isochronous transfer, be sure to set the ATREPM bit to O.

When the host controller is selected, be sure to set the ATREPM bit to O.

INBUFM Flag (Transmit Buffer Monitor Flag)

Indicates the relevant FIFO buffer status when the relevant pipe isin the transmitting direction.

When the relevant pipe isin the transmitting direction (the PIPECFG.DIR bit = 1), the USB setsthe INBUFM flag to 1
when the CPU or DMAC/DTC completes writing data to at least one FIFO buffer plane.

The USB setsthe INBUFM flag to O when the USB completes transmitting the data from the FIFO buffer plane to which
all the data has been written. In double buffer mode (the PIPECFG.DBLB bit = 1), the USB setsthe INBUFM flag to O
when the USB completes transmitting the data from the two FIFO buffer planes before the CPU or DMAC/DTC
completes writing data to one FIFO buffer plane.

The INBUFM flag indicates the same value as the BSTS flag when the relevant pipeisin the receiving direction (the
PIPECFG.DIR bit = 0).
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BSTS Flag (Buffer Status Flag)

Indicates the FIFO buffer status for the relevant pipe.
The meaning of the BSTS flag depends on the settings of the PIPECFG.DIR hit, PIPECFG.BFRE hit, and
DnFIFOSEL.DCLRM bits as shown in Table 32.9.

Table 32.6 Operation of USB depending on PID[1:0] Bits Setting (When Host Controller is Selected)
Transfer Direction
PID[1:0] Bits Transfer Type (DIR Bit) Operation of USB
00b (NAK) Operation does not Operation does not Does not issue tokens.
depend on the depend on the setting.
setting.
01b (BUF) Bulk or interrupt Operation does not Issues tokens while the DVSTCTRO.UACT bit is 1 and the FIFO
depend on the setting. buffer corresponding to the relevant pipe is ready for transmission
and reception.
Does not issue tokens while the DVSTCTRO.UACT bit is 0 or the
FIFO buffer corresponding to the relevant pipe is not ready for
transmission or reception.
Isochronous Operation does not Issues tokens irrespective of the status of the FIFO buffer
depend on the setting. corresponding to the relevant pipe.
10b (STALL) or Operation does not Operation does not Does not issue tokens.

11b (STALL)

depend on the
setting.

depend on the setting.

Table 32.7 Operation of USB depending on PID[1:0] Bits Setting (When Function Controller is Selected)
Transfer Direction
PID[1:0] Bits Transfer Type (DIR Bit) Operation of USB
00b (NAK) Bulk or interrupt Operation does not Returns NAK in response to the token from the USB host.
depend on the setting.
Isochronous Operation does not Returns nothing in response to the token from the USB host.
depend on the setting.
01b (BUF) Bulk Receiving direction Receives data and returns ACK in response to the OUT token from
(DIR bit = 0) the USB host if the FIFO buffer corresponding to the relevant pipe is
ready for reception.
Interrupt Receiving direction Receives data and returns ACK in response to the OUT token from
(DIR bit = 0) the USB host if the FIFO buffer corresponding to the relevant pipe is
ready for reception.
Bulk or interrupt Transmitting direction ~ Transmits data in response to the token from the USB host if the
(DIR bit=1) corresponding FIFO buffer is ready for transmission. Returns NAK if
not ready.
Isochronous Receiving direction Receives data in response to the OUT token from the USB host if the
(DIR bit = 0) FIFO buffer corresponding to the relevant pipe is ready for reception.
Discards data if not ready.
Isochronous Transmitting direction  Transmits data in response to the token from the USB host if the
(DIR bit = 1) corresponding FIFO buffer is ready for transmission. Transmits the
zero-length packet if not ready.
10b (STALL) or  Bulk or interrupt Operation does not Returns STALL in response to the token from the USB host.

11b (STALL)

depend on the setting.

Isochronous

Operation does not

depend on the setting.

Returns nothing in response to the token from the USB host.
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Table 32.8 Information Cleared by USB by Setting ACLRM =1
No. Information Cleared by ACLRM Bit Manipulation Cases in which Clearing Information is Necessary

1 All the information in the FIFO buffer assigned to the relevant ~ When the pipe is to be initialized
pipe (both FIFO buffer planes are cleared when double buffer
mode is selected)
2 The interval count value when the relevant pipe is for When the interval count value is to be reset
isochronous transfer
Internal flags concerning the PIPECFG.BFRE bit When the PIPECFG.BFRE setting is modified
4 FIFO buffer toggle control When the PIPECFG.DBLB setting is modified
Internal flags concerning the transaction count When the transaction count function is forcibly terminated
Table 32.9 Operation of BSTS Flag
DIR Bit BFRE Bit DCLRM Bit BSTS Flag Function
0 0 0 The received data can be read from the FIFO buffer.
The received data has been completely read from the FIFO buffer.
1 Setting prohibited
1 0 The received data can be read from the FIFO buffer.
The BCLR bit in the port control register has been set to 1 by software after the received
data has been completely read from the FIFO buffer.
1 The received data can be read from the FIFO buffer.
The received data has been completely read from the FIFO buffer.
1 0 0 The transmit data can be written to the FIFO bulffer.
The transmit data has been completely written to the FIFO buffer.
1 Setting prohibited
1 0 Setting prohibited
1 Setting prohibited
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e PIPENCTR (n=610 9)

Address(es): USBO.PIPE6CTR 000A 007Ah, USBO.PIPE7CTR 000A 007Ch, USBO.PIPESCTR 000A 007Eh, USB0.PIPESCTR 000A 0080h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1l b0
BSTS | — — — — —  |ACLRM|SQCLR|SQSET SQ,\’IV'O PBUSY| — — — PID[L: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
b1, b0 PID[1:0] Response PID b1 b0 R/W
0 0: NAK response
0 1: BUF response (depending on the buffer state)
1 0: STALL response
1 1: STALL response
b4 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b5 PBUSY Pipe Busy Flag 0: The relevant pipe is not used at the USB bus. R
1: The relevant pipe is used at the USB bus.
b6 SQMON Sequence Toggle Bit 0: DATAO R
Confirmation Flag 1: DATA1
b7 SQSET Sequence Toggle Bit Set*2  0: Invalid R/W
1: Specifies DATAL. *1
b8 SQCLR Sequence Toggle Bit Clear  0O: Invalid R/W
*2 1: Specifies DATAO. *1
b9 ACLRM Auto Buffer Clear Mode*2*3  0: Auto buffer clear mode is disabled. R/W
1: Auto buffer clear mode is enabled (all buffers are initialized)
bl4tobl0 — Reserved These bits are read as 0. The write value should be 0. R/W
b15 BSTS Buffer Status Flag 0: Buffer access is disabled. R

1: Buffer access is enabled.

Note 1. Only O can be read. Only 1 can be written.

Note 2. Write 1 to the SQCLR or SQSET bit while the PID[1:0] bits are 00b (NAK). Before modifying these bits after modifying the
PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK), check that the PBUSY flag is 0. However, if the USB changes
the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

Note 3. Modify the ACLRM bit while the PID[1:0] bits are 00b (NAK) and before the pipe is selected by the CURPIPE[3:0] bits in the port
select register. Before modifying this bit after modifying the PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK),
check that the PBUSY flag is 0. However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to
be checked by software.
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PID[1:0] Bits (Response PID)
The PID[1:0] bits specify the response type for the next transaction of the relevant pipe.
The default setting of the PID[1:0] bits are 00b (NAK). Modify the setting of the PID[1:0] bitsto 01b (BUF) to use the
relevant pipe for USB transfer. Table 32.6 and Table 32.7 show the basic operation (operation when there are no errors
in the transmitted and received packets) of the USB depending on the setting of the PID[1:0] bits.
After modifying the setting of the PID[1:0] bits through software from 01b (BUF) to 00b (NAK) during USB
communication using the relevant pipe, check that the PBUSY flagis 1 to seeif USB transfer using the relevant pipe has
actually entered the NAK state. However, if the USB changes the PID[1:0] bitsto 00b (NAK), the PBUSY flag does not
need to be checked by software.
The USB modifies the setting of the PID[1:0] bitsin the following cases.
e The USB setsthe PID[1:0] bitsto 11b (STALL) on receiving a data packet with a payload exceeding the maximum
packet size of the relevant pipe.
e The USB setsthe PID[1:0] bitsto 00b (NAK) on detecting a USB bus reset when the function controller is selected.
e The USB setsthe PID[1:0] bitsto 00b (NAK) on detecting a receive error, such asa CRC error, three consecutive
times when the host controller is selected.
e TheUSB setsthe PID[1:0] bitsto 11b (STALL) on receiving the STALL handshake when the host controller is
selected.

To specify each response type, set the PID[1:0] bits as follows.
e Tomake atransition from NAK (00b) to STALL, set 10b.
e To make atransition from BUF (01b) to STALL, set 11b.
e Tomakeatransition from STALL (11b) to NAK, set 10b and then 00b.
e Tomakeatransition from STALL (11b) to BUF, set 10b, 00b, and then 01b.
e Tomakeatransition from STALL (10b) to BUF, set 00b and then 01b.

PBUSY Flag (Pipe Busy Flag)

The PBUSY flag indicates whether the relevant pipe is being currently used or not for the transaction.

The USB modifiesthe PBUSY flag from 0 to 1 upon start of the USB transaction for the relevant pipe, and modifies the
PBUSY flag from 1 to O upon completion of one transaction.

Reading the PBUSY flag after the PID[1:0] bits has been set to 00b (NAK) by software allows checking whether
maodification of the pipe settingsis possible.

SQMON Flag (Sequence Toggle Bit Confirmation Flag)

The SQMON flag indicates the expected value of the sequence toggle bit for the next transaction of the relevant pipe.
The USB allows the SQMON flag to toggle upon normal completion of the transaction. However, the SQMON flag is
not allowed to toggle when adata PID mismatch occurs during the transfer in the receiving direction.

SQSET Bit (Sequence Toggle Bit Set)

The SQSET hit should be set to 1 to set DATA1 as the expected value of the sequence toggle bit for the next transaction
of the relevant pipe.

Setting the SQSET bit through software allows the USB to set DATA1 as the expected value of the sequence toggle bit of
the relevant pipe. The USB sets the SQSET hit to O.

SQCLR Bit (Sequence Toggle Bit Clear)

The SQCLR hit should be set to 1 to clear the expected value (to set DATAO as the expected value) of the sequence
toggle bit for the next transaction of the relevant pipe.

Setting the SQCLR bit to 1 through software allows the USB to set DATAO as the expected value of the sequence toggle
bit of the relevant pipe. The USB setsthe SQCLR bit to 0.

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 912 of 1852
Nov 30, 2020



RX23W Group 32. USB 2.0 Host/Function Module (USBc)

ACLRM Bit (Auto Buffer Clear Mode)

Enables or disables auto buffer clear mode for the relevant pipe.

To delete the information in the FIFO buffer assigned to the relevant pipe completely, write 1 and then 0 to the ACLRM
bit continuously.

Table 32.10 shows the information cleared by writing 1 and 0 to the ACLRM bit continuously and the cases in which
clearing the information is necessary.

BSTS Flag (Buffer Status Flag)

Indicates the FIFO buffer status for the relevant pipe.

The meaning of the BSTS flag depends on the settings of the PIPECFG.DIR bit, PIPECFG.BFRE bit, and
DnFIFOSEL.DCLRM bits as shown in Table 32.9.

Table 32.10 Information Cleared by USB by Setting the ACLRM Bit =1

No. Information Cleared by ACLRM Bit Manipulation Cases in which Clearing Information is Necessary

1 All the information in the FIFO buffer assigned to the selected When the pipe is to be initialized
pipe

2 The interval count value when the selected pipe is for When the interval count value is to be reset
interrupt transfer and the host controller is selected
Internal flags concerning the PIPECFG.BFRE bit When the PIPECFG.BFRE setting is modified

4 Internal flags concerning the transaction count When the transaction count function is forcibly terminated
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32.2.31

Pipe n Transaction Counter Enable Register (PIPENTRE) (n =1 to 5)

Address(es): USBO.PIPE1TRE 000A 0090h, USB0.PIPE2TRE 000A 0094h, USBO.PIPE3TRE 000A 0098h, USB0.PIPE4TRE 000A 009Ch,
USBO.PIPESTRE 000A 00AOh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — |TRENB|TRCLR| — — — — — — — —
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 TRCLR Transaction Counter Clear 0: Invalid R/W
1: The current counter value is cleared.
b9 TRENB Transaction Counter Enable  0: Transaction counter is disabled. R/W
1: Transaction counter is enabled.
bl5to b10 — Reserved These bits are read as 0. The write value should be 0. R/W
Note:  Modify each bit in the PIPENTRE register while the PID[1:0] bits are 00b (NAK). Before modifying these bits after modifying the

PIPENCTR.PID[1:0] bits for the selected pipe from 01b (BUF) to 00b (NAK), check that the PIPEnCTR.PBUSY flag is 0.
However, if the USB changes the PID[1:0] bits to 00b (NAK), the PBUSY flag does not need to be checked by software.

TRCLR Bit (Transaction Counter Clear)
Clears the current value of the transaction counter corresponding to the relevant pipe and then sets the TRCLR bit to 0.

TRENB Bit (Transaction Counter Enable)
Enables or disables the transaction counter.
For the pipein the receiving direction, setting the TRENB bit to 1 after setting the total number of the packets to be
received in the PIPENTRN register through software allows the USB to control hardware as described below on having
received the number of packets equal to the setting of the PIPENnTRN register.
e Whilethe PIPECFG.SHTNAK bhit is 1, the USB modifies the PID[1:0] bitsto 00b (NAK) for the corresponding
pipe on having received the number of packets equal to the setting of the PIPENTRN register.
e Whilethe PIPECFG.BFRE hit is 1, the USB assertsthe BRDY interrupt on having received the number of packets
equal to the setting of the PIPENTRN register and then reading the last received data.

For the pipe in the transmitting direction, set the TRENB bit to O.

When the transaction counter is not used, set the TRENB bit to O.

When the transaction counter is used, set the PIPENTRN register before setting the TRENB bit to 1. Set the TRENB bit
to 1 before receiving the first packet to be counted by the transaction counter.
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32.2.32  Pipe n Transaction Counter Register (PIPEnTRN) (n = 1 to 5)

Address(es): USBO0.PIPE1TRN 000A 0092h, USBO.PIPE2TRN 000A 0096h, USB0.PIPE3TRN 000A 009Ah, USBO.PIPE4TRN 000A 009Eh,
USBO.PIPE5TRN 000A 00A2h

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

The PIPENTRN register retains the setting by a USB bus reset.

e When written to:

Thisregister specifies the total of packets (number of transactions) to be received in corresponding pipe.
e When read from:

This register indicates the specified number of transactions if the PIPENTRE.TRENB bit isO.

This register indicates the number of currently counted transactions if the PIPEnNTRE.TRENB bit is 1.

The USB increments the value of the PIPENTRN register by one when all of the following conditions are satisfied on
receiving the packet.

e ThePIPENTRE.TRENB bit=1

e (PIPENTRN set value # current counter value + 1) on receiving the packet.

e The payload of the received packet agrees with the setting of the PIPEMAXP.MXPS[8:0] hits.

The USB sets the value of the PIPENTRN register to 0000h when any of the following conditions are satisfied.
(1) All of the following conditions are satisfied.

e ThePIPENTRE.TRENB bit=1

e (PIPENTRN set value = current counter value + 1) on receiving the packet.

e The payload of the received packet agrees with the setting of the PIPEMAXP.MXPS[8:0] hits.
(2) All of thefollowing conditions are satisfied.

e The PIPENTRE.TRENB bit =1

e The USB hasreceived a short packet.
(3) All of the following conditions are satisfied.

e ThePPIPENTRE.TRENB bit=1

e The PIPEnTRE.TRCLR bit has been set to 1 by software.

For the pipe in the transmitting direction, set the PIPENTRN register to 0000h.

When the transaction counter is not used, set the PIPENTRN register to 0000h.

Setting the number of transactions to be transferred to the PIPENTRN register is only enabled when the
PIPENTRE.TRENB bit is 0. To modify the number of transactions to be transferred, set the TRCLR bit to 1 (to clear the
current counter value) before setting the PIPENTRE.TRENB bit to 1.
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32.2.33  Device Address n Configuration Register (DEVADDnN) (n =0 to 5)

Address(es): USB0.DEVADDO 000A 00D0Oh, USB0.DEVADD1 000A 00D2h, USBO.DEVADD2 000A 00D4h, USB0.DEVADD3 000A 00D6h,
USB0.DEVADD4 000A 00D8h, USB0.DEVADDS5 000A 00DAh

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

— — — — — — — — | usBsPD[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
b5tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b7, b6 USBSPDI[1:0] Transfer Speed of Communication b7 b6 R/W

0 0: DEVADDn is not used
0 1: Low-speed

1 0: Full-speed

1 1: Setting prohibited

Target Device

bl5to b8 — Reserved These bits are read as 0. The write value should be 0. R/IW

The DEVADDN register specifies the transfer speed of the peripheral device which isthe communication target for pipes

0to9.
When the host controller is selected, the bitsin the DEVADDNn register should be set before starting communication

using each pipe.
The bitsin the DEVADDN register should be modified while no valid pipes are using the settings of the bits. Valid pipes
refer to the pipes satisfying both of the following conditions:
e The DEVADDN register is selected by the DEV SEL[3:0] bits.
e ThePID[1:0] bitsare set to 01b (BUF) for the selected pipe or the selected pipe is the DCP with the
DCPCTR.SUREQ hit set to 1.

USBSPDJ[1:0] Bits (Transfer Speed of Communication Target Device)
The USBSPD[1:0] hits specify the USB transfer speed of the communication target peripheral device.
Set these bits to 01b when alow-speed device is connected, whereas set them to 10b when a full-speed deviceis

connected.
When the host controller is selected, the USB refers to the setting of the USBSPD[1:0] bits to generate packets.

When the function controller is selected, set these bits to 00b.
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32.2.34  USB Module Control Register (USBMC)

Address(es): USB0.USBMC 000A 00CCh

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

_ _ _ _ _ _ _ _ _ _ _ _ _ __ |vDbus
BE
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Description R/W
b0 VDDUSBE USB Power Supply Circuit On/Off 0: USB power supply circuit off R/W

Control 1: USB power supply circuit on

bl — Reserved This bit is read as 1. The write value should be 1. R/W
bl5tob2 — Reserved These bits are read as 0. The write value should be O. R/W

VDDUSBE Bit (USB Power Supply Circuit On/Off Control)
The USB power supply circuit generates the reference voltage for battery charging. Set this bit to 1 when using the

battery charging function.
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32.2.35

Address(es): USB0.USBBCCTRLO 000A 00BOh

BC Control Register 0 (USBBCCTRLDO)

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ _ __ |PDDET|CHGDE|BATCH| __ | VDMS |IDPSIN|VDPSR|IDMSIN|IDPSR | RPDM
STSO | TSTSO | GEO RCEO | KEO CEO KEO CEO EO
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 RPDMEO D- Pin Pull-Down Control 0: Pull-down off R/W
1: Pull-down on
bl IDPSRCEO D+ Pin IDPSRC Output Control 0: Stop R/W
1: 10 pA output
b2 IDMSINKEO D—- Pin 0.6 V Input Detection 0: Detection off R/W
(Comparator and Sink) Control 1: Detection on (comparator and sink current on)
b3 VDPSRCEO D+ Pin VDPSRC (0.6 V) Output 0: Stop R/W
Control 1: 0.6 V output
b4 IDPSINKEO D+ Pin 0.6 V Input Detection 0: Detection off R/W
(Comparator and Sink) Control 1: Detection on (comparator and sink current on)
b5 VDMSRCEO D— Pin VDMSRC (0.6 V) Output 0: Stop R/W
Control 1: 0.6 V output
b6 — Reserved This bit is read as 0. The write value should be 0. R/W
b7 BATCHGEO BC (Battery Charger) Function ChO 0: Disabled R/W
General Enable Control 1: Enabled
b8 CHGDETSTSO D- Pin 0.6 V Input Detection Status 0: Not detected R
Flag*! 1: Detected
b9 PDDETSTSO D+ Pin 0.6 V Input Detection Status 0: Not detected R
Flag*2 1: Detected
bl5to b10 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Valid when IDMSINKEO = 1.
Note 2. Valid when IDPSINKEO = 1.

RPDMEDOQ Bit (D— Pin Pull-Down Control)

When using the battery charging function, set this bit to 1 to control the pull-down resistor of the D— pin.

IDPSRCEDOQ Bit (D+ Pin IDPSRC Output Control)
With this bit set to 1, when the function controller is selected, current output is enabled upon detection of the connection
of the data pin and the D+ pinis pulled up.

IDMSINKEDO Bit (D— Pin 0.6 V Input Detection (Comparator and Sink) Control)
With this bit set to 1, when the function controller is selected, the USB module detects whether VDM SRC (0.6 V) that is
output from the host to D— upon primary detection is connected, or whether VDPSRC (0.6 V) that is output from the

function to D+ is connected to the function's D— via the host.

VDPSRCEQ Bit (D+ Pin VDPSRC (0.6 V) Output Control)
With this bit set to 1, when the function controller is selected, output is enabled upon primary detection and VDPSRC

(0.6 V) isapplied to D+.
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IDPSINKEO Bit (D+ Pin 0.6 V Input Detection (Comparator and Sink) Control)

With this bit set to 1, when the function controller selected, the USB module detects whether VDM SRC (0.6 V) that is
output from the function to D—is connected to the function’s D+ (DCP) viathe host. When the host controller is selected,
the USB module detects whether VDPSRC (0.6 V) that is output from the function to D+ upon primary detection is
connected.

VDMSRCEDO Bit (D— Pin VDMSRC (0.6 V) Output Control)

With this bit set to 1, when the function controller selected, output is enabled upon secondary detection and VDM SRC
(0.6 V) isapplied to D—. When the host controller is selected, output is enabled upon primary detection and VDM SRC
(0.6 V) isapplied to D—.

CHGDETSTSO Flag (D—- Pin 0.6 V Input Detection Status Flag)

When the host controller is selected, thisflag is set to 1 if the USB module detects whether VDM SRC (0.6 V) that is
output from the host to D— during primary detection is connected, or whether VDPSRC (0.6 V) that is output from the
function to D+ is connected to the function’s D— via the host.

PDDETSTSO Flag (D+ Pin 0.6 V Input Detection Status Flag)

When the function controller is selected, thisflag isset to 1 if the USB module detects whether VDM SRC (0.6 V) that is
output from the function to D— during secondary detection is connected to the function’s D+ (DCP) viathe host.

When the host controller is selected, thisbit isset to 1 if the USB module detects whether VDPSRC (0.6 V) that is output
from the function to D+ during primary detection is connected.
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32.3 Operation

32.3.1 System Control

This section describes the register settings that are necessary for initialization of this module and power consumption
control.

32.3.1.1 Setting Data to the USB Related Register

Setting the SY SCFG.USBE hit to 1 after starting the clock supply to the USB (SY SCFG.SCKE bit = 1) enables and starts
USB operation.

32.3.1.2 Controller Function Selection

For the USB, the host or function controller can be selected using the SY SCFG.DCFM bit. Note that the DCFM bit
should be modified in theinitial settingsimmediately after areset is released or when pull-up resistors of the D+ and D—
lines and pull-down resistors of the D+ and D—lines are disabled (the SY SCFG.DPRPU bit = 0, DMRPU bit = 0, and
DRPD bhit = 0).

32.3.1.3 Controlling USB Data Bus Resistors

The USB has pull-up and pull-down resistors for the D+ and D— lines. Pull up or pull down these lines by setting the
SY SCFG.DPRPU, DMRPU, and DRPD bits.

When the function controller is selected, confirm that connection to the USB host is made, then set the DPRPU or
DMRPU bit to 1 and pull up the D+ line (during full-speed) and D— line (during low-speed).

When the DPRPU or DMRPU bit is set to 0 during communication with the PC, the USB modul e disables the pull-up
resistor of the USB data line, thus notifying the USB host of disconnection.

When the host controller is selected, set the DRPD bit and pull down the D+ and D—lines.

Table 32.11  Controlling USB Data Bus Resistors

Settings Controlling USB Data Bus Resistors
DRPD DPRPU DMRPU D- D+ Remarks
0 0 0 Open Open When not used
0 1 0 Open Pull-up When operating as the function controller (full-speed)
0 0 1 Pull-up Open When operating as the function controller (low-speed)
1 0 0 Pull-down Pull-down When operating as the host controller
Other than above — — Setting prohibited
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32.3.14 Example of USB External Connection Circuit

Figure 32.2 shows an example of OTG connection of the USB connector in the self-powered state.

The USB controlsthe signals for enabling pull-up resistors for the D+ and D— signals and pull-down resistors for the D+
and D-signals. These signals can be pulled up or down using the SY SCFG.DPRPU, DMRPU, and DRPD hits.

When the function controller is selected and the DPRPU or DMRPU bit is set to 0 during communication with the host
controller, the pull-up resistor of the USB dataline is disabled, making it possible to notify the USB host of the device
disconnection.
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External connection
MCU
OTG power
supply IC
USBO_EXICEN
'|> = SHDN#
USBO_VBUSEN
'|> = OFFVBUS#
USBO_OVRCURA
< = STATUSL
A USBO_OVRCURB | gTATUS2
~
<II USBO_ID ID_ouT
ID_IN
VBUS ®
A
USB transceiver g; USB
O O AB connector
Reu T Z Reo
—ID
VBUS
ZDRV
USBO_DP
W\I — D+
USBO_DM
D—
ZDRV
[
,T/I :] Reo § § Reo
\I /]
~N
N YV Zprv: Output impedance
Rpy: Pull-up resistor
Rpp: Pull-down resistor
Figure 32.2 Sample OTG Connection of USB Connector in Self-Powered State
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Figure 32.3 shows an example of functional connection of the USB connector in the self-powered state.

External connection
MCU
P16 or PB5' USBO_VBUS 100 @
*+ I VWA I
1MQ 0.1 pF L *2;
UsB
USB B connector
transceiver
RF’U Rpu
— VBUS
Z
o USBO_DP 5
& +
Wy USBO_DM
D—
ZDF{V
4
TS Zpry: Output impedance
J/] Rpy: Pull-up resistor
~N
ﬂ/]— Note 1. P16 and PB5 are 5 V tolerant.
Note 2. Design the board so that the total VBUS capacitance
ranges from 1.0 to 10 pF.
Figure 32.3 Functional Connection of USB Connector in Self-Powered State
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Figure 32.4 shows an example of functional connection of the USB connector with Battery Charging Specification
Revision 1.2 supported.

External connection

Charging IC
MCU supporting BC 1.2
SCLO
'|> scLo
Charging battery
SDAO
'|> -] SDAO
P16 or PB5” USBO_VBUS e
VBUS T
10 kQ {;
*2
usB 100 Q uUsB
transceiver Q Q

VW B connector

0.14F
Reu § g Rey

L S \/BUS
Z
'W\,DRV USBO_DP -
USBO_DM D
Zprv

Note 1. When Battery Charging Spec. Rev.1.2 is to be
supported, ensure that the VBUS wiring width is enough
for at least 1.5 A (shown in bold lines).

Note 2. Use a resistor value such that the discharging time of
VBUS is within 500 ms.

Note 3. P16 and PB5 are 5 V tolerant.

Note 4. Design the board so that the total VBUS capacitance
ranges from 1.0 to 10 pF.

4
%‘ Zpry: Output impedance
_ Rpy: Pull-up resistor
~
N
~

Figure 32.4 Functional Connection Sample of USB Connector with Battery Charging Specification Rev.1.2
Supported
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Figure 32.5 shows an example of host connection of the USB connector.

External connection
MCU
USBO_VBUSEN
Power
supply IC
for non-
OTG USB
_-1 | usBo_OVRCURA host™
~
*1
VBUS  |em—
g At least 120 pF
usB usB
transceiver A connector
Zory — \/BUS
M USBO DP D+
USB0_DM D
Zprv
j/l N Zpry: Output impedance
< » Rpp: Pull-down resistor
~d Note 1. When Battery Charging Spec. Rev.1.2 is to be
supported, ensure that the power supply IC and the
VBUS wiring width are enough for at least 1.5 A.
Figure 32.5 Sample Host Connection of USB Connector
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Figure 32.6 shows an example of functional connection of the USB connector in bus powered state.

External connection

MCU s USB
ystem power
supplies (3.3 V) B connector
System power
supply (Si\i Regulator VBUS
— 1
USBO_VBUS é %77
USB
transceiver O
Reu Z Reu
Zprv
USBO_DP
M . = D+
USBO_DM D
ZDRV
] o
~
Zpry: Output impedance
Rpy: Pull-up resistor

Figure 32.6 Functional Connection Sample of USB Connector in Bus Powered State

The examples of external circuits given in this section are simplified circuits, and their operation in every system is not
guaranteed.
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32.3.2 Interrupt Sources

Table 32.12 liststhe interrupt sources in the USB.
When an interrupt generation condition is satisfied and the interrupt output is enabled using the corresponding interrupt
enable register, aUSB interrupt request isissued the Interrupt Controller (ICU) and an USB interrupt will be generated.

Table 32.12  Interrupt Sources

Function
That
Bit to be Generates
Set Name Interrupt Source the Interrupt  Status Flag
VBINT VBUS interrupt e When a change in the state of the USBO_VBUS input pin has been Host/function™>  INTSTSO.
detected (low to high or high to low) VBSTS
RESM Resume interrupt e When a change in the state of the USB bus has been detected in the Function —
suspended state (J-state to K-state or J-state to SEO)
SOFR Frame number update  [Host controller is selected] Host/function —
interrupt e When an SOF packet with a different frame number has been transmitted
[Function controller is selected]
e When an SOF packet with a different frame number has been received
DVST Device state transition e When a device state transition has been detected Function INTSTSO.
interrupt (any of the following conditions) DVSQ[2:0]
A USB bus reset detected
Suspended state detected
SET_ADDRESS request received
SET_CONFIGURATION request received
CTRT Control transfer stage e When a stage transition has been detected in control transfer Function INTSTSO.
transition interrupt (any of the following conditions) CTSQ[2:0]
Setup stage completed
Control write transfer status stage transition
Control read transfer status stage transition
Control transfer completed
A control transfer sequence error occurred
BEMP Buffer empty interrupt e When transmission of all data in the buffer memory has been completed  Host/function BEMPSTS.
and the buffer has become empty PIPENnBEMP
e When a packet larger than the maximum packet size has been received
NRDY Buffer not ready [Host controller is selected] Host/function NRDYSTS.
interrupt e When STALL has been received from the peripheral device for the issued PIPENNRDY
token
e When a response has not been received correctly from the peripheral
device for the issued token (no response was returned three consecutive
times or a packet reception error occurred three consecutive times)
e When an overrun/underrun occurred during isochronous transfer
[Function controller is selected]
e When NAK has been returned for an IN or OUT token while the PID[1:0]
bits are 01b (BUF)
e When a CRC error or a bit stuffing error occurred during data reception in
isochronous transfer
e When an overrun/underrun occurred during data reception in isochronous
transfer
BRDY Buffer ready interrupt e When the buffer has become ready (reading or writing is enabled) Host/function BRDYSTS.
PIPENBRDY
OVRCR Overcurrent input e When a change in the state of the USBO_OVRCURA or Host INTSTS1.
change interrupt USBO_OVRCURSB input pin has been detected (low to high or high to OVRCR
low)
BCHG Bus change interrupt e When a change of USB bus state has been detected Host/function SYSSTSO.
LNST[1:0]
DTCH Disconnection e When disconnection of a peripheral device has been detected in full- Host DVSTCTRO.
detection during full- speed operation RHST[2:0]
speed operation
ATTCH Device connection e When J-state or K-state is detected on the USB port for 2.5 ps. Used for ~ Host —
detection checking whether a peripheral device is connected.
EOFERR EOF error detection e When an EOF error of a peripheral device has been detected Host —
SACK Normal setup e When the normal response (ACK) for the setup transaction has been Host —
operation received
SIGN Setup error e When a setup transaction error (no response or ACK packet corruption) Host —
was detected three consecutive times
PDDETINTO Portable device * When connection of the portable device has been detected Host INTSTS1.
detection interrupt PDDETINTO

Note 1. Though this interrupt can be generated while the host function is selected, it is not usually used with the host function.
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Figure 32.7 shows the circuits related to the interruptsin the USB.
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Figure 32.7 Circuits Related to Interrupts in USB
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Table 32.13 shows the interrupts generated in the USBO.

Table 32.13  USB Interrupts

Interrupt DTC DMAC
Name Interrupt Status Flag Activation Activation
DOFIFO DMA/DTC transfer request O Possible Possible
D1FIFO DMA/DTC transfer request 1 Possible Possible
USBI VBUS interrupt, resume interrupt, frame number update interrupt, device state Not possible  Not possible

transition interrupt, control transfer stage transition interrupt, buffer empty interrupt,
buffer not ready interrupt, buffer ready interrupt, overcurrent input change interrupt,
bus change interrupt, disconnection detection during full-speed operation, device
connection detection, EOF error detection, normal setup operation, setup error, and
portable device detection interrupt

USBR VBUS interrupt, resume interrupt, overcurrent input change interrupt, bus change Not possible  Not possible
interrupt, and portable device detection interrupt

32.3.3 Interrupt Descriptions
32.3.3.1 BRDY Interrupt

The BRDY interrupt is generated when either of the host controller or function controller is selected. The following
shows the conditions under which the USB sets 1 to a corresponding bit in the BRDY STS register. Under this condition,
the USB generates aBRDY interrupt if software has set 1 to the BRDY ENB.PIPENBRDY E bit that correspondsto the
pipe and 1 to the INTENBO.BRDY E bit.

The conditions for generating and clearing the BRDY interrupt depend on the settings of the SOFCFG.BRDY M bit and
PIPECFG.BFRE hit for each pipe as described bel ow.

(1) When the SOFCFG.BRDYM Bit = 0 and the PIPECFG.BFRE Bit = 0

With these settings, the BRDY interrupt indicates that the FIFO port is accessible.
On any of the following conditions, the USB generates an internal BRDY interrupt request trigger and sets 1 to the
BRDY STS.PIPENBRDY flag corresponding to the pertinent pipe.

(@) For the pipe in the transmitting direction:
e Whenthe DIR bit is changed from 0 to 1 by software.

e When packet transmission is completed using the pertinent pipe while write-access from the CPU to the FIFO
buffer for the pertinent pipeis disabled (when the BSTS flag is read as 0).

e When one FIFO buffer is empty on completion of writing data to the other FIFO buffer in double buffer mode.

¢ No request trigger is generated until completion of writing data to the currently-written FIFO buffer even if
transmission to the other FIFO buffer is completed.

¢ When the hardware flushes the buffer of the pipe for isochronous transfers.

e When 1iswritten to the PIPENCTR.ACLRM bit, which causes the FIFO buffer to make transition from the write-
disabled to write-enabled state.

No request trigger is generated for the DCP (that is, during data transmission for control transfers).
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(b) For the pipe in the receiving direction:

e When packet reception is completed successfully thus enabling the FIFO buffer to be read while read-access from
the CPU to the FIFO buffer for the pertinent pipeis disabled (when the BSTS flag is read as 0).
No request trigger is generated for the transaction in which data PID mismatch has occurred.

e When one FIFO buffer is read-enabled on completion of reading data from the other FIFO buffer in double buffer
mode.
No request trigger is generated until completion of reading data from the currently-read FIFO buffer even if
reception by the other FIFO buffer is completed.

When the function controller is selected, the BRDY interrupt is not generated in the status stage of control transfers.
The BRDY interrupt status of the pertinent pipe can be set to 0 by writing O to the corresponding PIPENBRDY flag
through software. In this case, 1s should be written to the PIPENBRDY flags for the other pipes.

Clear the BRDY status before accessing the FIFO buffer.

(2) When the SOFCFG.BRDYM Bit = 0 and the PIPECFG.BFRE Bit =1

With these settings, the USB generatesaBRDY interrupt on completion of reading all datafor asingle transfer using the
pipe in the receiving direction, and sets 1 to the bit in the BRDY STS register corresponding to the pertinent pipe.
On any of the following conditions, the USB determines that the last data for a single transfer has been received.

¢ When ashort packet including a zero-length packet is received.

¢ When the pipe n transaction counter register (PIPENTRN) is used and the number of packets specified by the
PIPENTRN register are completely received.

When the pertinent datais completely read after any of the above conditions has been satisfied, the USB determines that
al datafor asingle transfer has been completely read.

When a zero-length packet is received while the FIFO buffer is empty, the USB module determinesthat all datafor a
single transfer has been completely read when the FRDY flag in the FIFO port control register is 1 and the DTLN[8:0]
flags are 0. In this casg, to start the next transfer, write 1 to the BCLR bit in the corresponding port control register
through software.

With these settings, the USB does not detect aBRDY interrupt for the pipe in the transmitting direction.

The BRDY interrupt status of the pertinent pipe can be set to 0 by writing O to the corresponding

BRDY STS.PIPEnBRDY flag through software. In this case, 1s should be written to the PIPENBRDY flags for the other
pipes.

In this mode, the PIPECFG.BFRE bit setting should not be modified until all datafor asingle transfer has been
processed. When it is necessary to modify the PIPECFG.BFRE bit before completion of processing, all FIFO buffersfor
the pertinent pipe should be cleared using the PIPENCTR.ACLRM hit.
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(3) When the SOFCFG.BRDYM Bit = 1 and the PIPECFG.BFRE Bit =0

With these settings, the BRDY STS.PIPENBRDY values are linked to the BSTS flag setting for each pipe. In other words,
the BRDY interrupt status flags (PIPEnBRDY) are set to 1 or O by the USB depending on the FIFO buffer status.

(@) For the pipe in the transmitting direction:

The BRDY interrupt status bits are set to 1 when the FIFO buffer is ready for write access, and are set to O when it
is not ready.

However, the BRDY interrupt is not generated even if the DCP in the transmitting direction is ready for write
access.

(b) For the pipe in the receiving direction:

The BRDY interrupt status bits are set to 1 when the FIFO buffer isready for read access, and are set to 0 when all
data have been read (not ready for read access).

When a zero-length packet is received while the FIFO buffer is empty, the pertinent bit is set to 1 and the BRDY
interrupt is continuously generated until BCLR = 1 is written through software.

With this setting, the PIPENBRDY flag cannot be set to 0 through software.

When the SOFCFG.BRDYM bit is set to 1, all PIPECFG.BFRE bits (for al pipes) should be set to 0.
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Figure 32.8 shows the timing of BRDY interrupt generation.

USB bus

FIFO buffer status

BRDY interrupt
(BRDYSTS.PIPENBRDY flag)

(1) Example of zero-length packet reception or data packet reception when BFRE = 0 (single-buffer mode)

*1

—| Token Packet Data Packet

H ACK Handshake |

Ready for reception

Ready for read access

USB bus

FIFO buffer status

(2) Example of data packet reception when BFRE = 1 (single-buffer mode)

0

A BRDY interrupt is generated because the
FIFO buffer becomes ready for read access.”

*1

—{ Token Packet | <Last> Data Packet

H ACK Handshake |

Ready for reception

Ready for read access

BRDY interrupt
(BRDYSTS.PIPENBRDY flag)

(3) Example of packet

USB bus

FIFO buffer status

transmission (single-buffer mode)

The FIFO buffer becomes A BRDY interrupt is generated
ready for read access.™ because the transfer has ended.™

4 0

*1

—| Token Packet Data Packet ] ACK Handshake |

Ready for transmission

Ready for write access

BRDY interrupt
(BRDYSTS.PIPENBRDY flag)

[ Packet transmitted by host device [] Packet transmitted by function device

Note 1. The ACK handshake is not used in isochronous transfers.
Note 2. The FIFO buffer becomes ready for read access under the following condition:

When a packet is received while no data remains unread in the FIFO buffer in the CPU.
Note 3. A transfer ends under either of the following conditions:

(1) When a short packet including a zero-length packet is received

(2) When the number of packets specified in the transaction counter are received

0

A BRDY interrupt is generated
because the FIFO buffer
becomes ready for write access.

Figure 32.8 Timing of BRDY Interrupt Generation

The condition that USB clearsthe INTSTS0.BRDY flag depends on the SOFCFG.BRDY M hit setting. Table 32.14
shows the condition for clearing the BRDY flag.

Table 32.14 Cond

ition for Clearing BRDY Flag

BRDYM Bit Condition for Clearing BRDY Flag
0 The USB sets the BRDY flag to 0 when all bits in the BRDYSTS register have been set to 0 by software.
1 The USB sets the BRDY flag to 0 when the BSTS flags for all pipes have become 0.
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32.3.3.2 NRDY Interrupt

On generating an internal NRDY interrupt request for the pipe whose PID[1:0] bits are set to 01b (BUF) by software, the
USB sets the corresponding NRDY STS.PIPENNRDY flag to 1. If the corresponding bit in the NRDY ENB register has
been set to 1 by software, the USB sets the INTSTS0.NRDY flag to 1 and generates a USB interrupt.

The following describes the conditions on which the USB generates the internal NRDY interrupt request for agiven
pipe.

Note that the internal NRDY interrupt request is not generated during setup transaction execution when the host
controller is selected. During setup transactions when the host controller is selected, the SACK or SIGN interrupt is
detected.

Theinternal NRDY interrupt request is not generated during status stage execution of the control transfer when the
function controller is selected.

(1) When Host Controller is Selected

(@) For the pipe in the transmitting direction:
On any of the following conditions, the USB detectsan NRDY interrupt.

e For the pipe for isochronous transfers, when the time to issue an OUT token comes while thereis no datato be
transmitted in the FIFO buffer.
In this case, the USB transmits a zero-length packet following the OUT token and sets the bit corresponding to the
NRDY STS.PIPENNRDY flag and the FRMNUM.OVRN flag to 1.

e During communications other than setup transactions using the pipe for the transfers other than isochronous
transfers, when any combination of the following two cases occur three consecutive times: 1) no responseis
returned from the peripheral device (when timeout is detected before detection of the handshake packet from the
peripheral device) and 2) an error is detected in the packet from the peripheral device.

In this case, the USB sets the bit corresponding to the PIPENNRDY flag to 1 and modifies the setting of the
PID[1:Q] bits of the corresponding pipeto 00b (NAK).

e During communications other than setup transactions, when the STALL handshake is received from the peripheral
device.
In this case, the USB sets the bit corresponding to the PIPENNRDY flag to 1 and modifies the setting of the
PID[1:0] bits of the corresponding pipeto 11b (STALL).

(b) For the pipe in the receiving direction:

e For the pipefor isochronous transfers, when the time to issue an IN token comes while there is no space availablein
the FIFO buffer.
In this case, the USB discardsthe received datafor the IN token and setsthe PIPENNRDY flag corresponding to the
pipe and the OVRN flag to 1.
When a packet error is detected in the received datafor the IN token, the USB also sets the FRMNUM.CRCE flag to
1

¢ For the pipe for the transfers other than isochronous transfers, when any combination of the following two cases
occur three consecutive times: 1) no response is returned from the peripheral device for the IN token issued by the
USB (when timeout is detected before detection of the DATA packet from the peripheral device) and 2) an error is
detected in the packet from the peripheral device.

In this case, the USB sets the PIPENNRDY flag corresponding to the pipe to 1 and modifies the setting of the
PID[1:0] bits of the corresponding pipe to 00b (NAK).

e For the pipe for isochronous transfers, when no response is returned from the peripheral device for the IN token
(when timeout is detected before detection of the DATA packet from the peripheral device) or an error isdetected in
the packet from the peripheral device.

In this case, the USB setsthe PIPENNRDY flag corresponding to the pipe to 1. (The setting of the PID[1:0] bits of
the pipe is not modified.)

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 933 of 1852
Nov 30, 2020



RX23W Group 32. USB 2.0 Host/Function Module (USBc)

e For the pipe for isochronous transfers, when a CRC error or a bit stuffing error is detected in the received data
packet.
In this case, the USB setsthe PIPENNRDY flag corresponding to the pipe and the CRCE flag to 1.

e Whenthe STALL handshake isreceived.
In this case, the USB sets the PIPENNRDY flag corresponding to the pipe to 1 and modifies the setting of the
PID[1:0] bits of the corresponding pipeto 11b (STALL).

(2) When Function Controller is Selected

(a) For the pipe in the transmitting direction:

e When an IN token isreceived while there is no data to be transmitted in the FIFO buffer.
In this case, the USB generatesa NRDY interrupt request at the reception of the IN token and sets the
NRDY STS.PIPENNRDY flag to 1.
For the pipe for the isochronous transfersin which an interrupt is generated, the USB transmits a zero-length packet
and setsthe FRMNUM.OVRN flag to 1.

(b) For the pipe in the receiving direction:

e When an OUT token isreceived while there is no space available in the FIFO buffer.
For the pipe for the isochronous transfers in which an interrupt is generated, the USB generatesa NRDY interrupt
request at the reception of the OUT token and sets the PIPENNRDY flag to 1 and OVRN flag to 1.
For the pipe for the transfers other than isochronous transfers in which an interrupt is generated, the USB generates
aNRDY interrupt request when aNAK handshake istransferred after the datafollowing the OUT token is received,
and sets the PIPENNRDY flag to 1.
However, during re-transmission (due to data PID mismatch), the NRDY interrupt request is not generated. In
addition, if an error occursin the DATA packet, the NRDY interrupt request is not generated.

e For the pipe for isochronous transfers, when atoken is not received successfully within an interval frame.

In this case, the USB generates aNRDY interrupt request when SOF isreceived, and setsthe PIPENNRDY flag to
1
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Figure 32.9 showsthe timing of NRDY interrupt generation when the function controller is selected.

(1) Example of data transmission (single-buffer mode)
*1

USB bus — _ INTokenPacket !l  NAKHandshake |

FIFO buffer status - ] : -
Ready for write access [there is no data to be transmitted)
]

NRDY interrupt f
(NRDYSTS.PIPENNRDY flag) 2

A

A NRDY interrupt is generated

(2) Example of data reception: OUT token reception (single-buffer mode)
] *1

USB bus —| OUT Token Packet |—| Data Packet |—| NAK Handshake |—

Ready for read access (there is no space to receive data)i

FIFO buffer status

]

NRDY interrupt !
(NRDYSTS.PIPENNRDY flag) 2 |
1

]

(CRCE flag, etc.)™

A

A NRDY interrupt is generated
(3) Example of data reception: PING token reception (single-buffer mode)

USB bus — PING Packet NAK Handshake |

-

FIFO buffer status T
Ready for read access (th:are is no space to receive data)
1

NRDY interrupt
(NRDYSTS.PIPENNRDY flag) 2

A

A NRDY interrupt is generated

[[_] Packet transmitted by host device [_] Packet transmitted by function device

Note 1. The handshake is not used in isochronous transfers.
Note 2. The value of the PIPENNRDY flag changes to 1 only when the PIPEnCTR.PID[1:0] bits are set to 01b (BUF response).
Note 3. The CRCE and OVRN flags change only while the target pipe is set to isochronous transfers.

Figure 32.9 Timing of NRDY Interrupt Generation (When Function Controller is Selected)

RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 935 of 1852
Nov 30, 2020



RX23W Group

32. USB 2.0 Host/Function Module (USBc)

32.3.3.3 BEMP Interrupt

On detecting a BEMP interrupt for the pipe whose PID[1:0] bits are set to 01b (BUF) by software, the USB sets the
corresponding BEMPSTS.PIPENBEMPflag to 1. If the corresponding bit in the BEMPENB register has been set to 1 by

software, the USB setsthe INTSTS0.BEMP flag to 1 and generates a USB interrupt.

The following describes the conditions on which the USB generates an internal BEM P interrupt request.

(1)

For the pipe in the transmitting direction:

When the FIFO buffer of the corresponding pipe is empty on completion of transmission (including zero-length packet

transmission).

In single buffer mode, an internal BEMP interrupt request is generated simultaneously with the BRDY interrupt for the
pipe other than DCP. However, the internal BEMP interrupt request is not generated on any of the following conditions.

¢ When the CPU or DMAC/DTC has already started writing data to the FIFO buffer of the CPU on completion of

transmitting data from one FIFO buffer in double buffer mode.

¢ When the buffer is cleared (emptied) by setting the PIPENCTR.ACLRM or the BCLR bit in the port control register to

1

e When IN transfer (zero-length packet transmission) is performed during the control transfer status stage while the

function controller is selected.

)

For the pipe in the receiving direction:

When the successfully-received data packet size exceeds the specified maximum packet size.

In this case, the USB generates a BEMP interrupt request, sets the corresponding BEMPSTS.PIPENBEMPflag to 1,
discards the received data, and modifies the setting of the PID[1:0] bits of the corresponding pipeto 11b (STALL).
Here, the USB returns no response when used as the host controller, and returns STALL response when used as the

function controller.

However, the internal BEMP interrupt request is not generated on any of the following conditions.

¢ When aCRC error or abit stuffing error is detected in the received data.
e When a setup transaction is being performed,

Writing O to the BEM PSTS.PIPENBEMP flag clears the status.

Writing 1 to the BEMPSTS.PIPENBEMP flag has no effect.

Figure 32.10 shows the timing of BEMP interrupt generation when the function controller is sel ected.

(1) Example of data transmission

*1

USB bus —{  INToken Packet | Data Packet H

ACK Handshake

|_—

FIFO buffer status Ready for transmission

l_ Ready for write access

BEMP interrupt
(BEMPSTS.PIPENBEMP flag)

(there is no data to be
transmitted)

(2) Example of data reception

A

A BEMP interrupt is generated

USB bus —| OUT Token Packet |— Data Packet (Maximum __|

STALL Handshake

—

Packet size over)

BEMP interrupt
(BEMPSTS.PIPENBEMP flag)

A

A BEMP interrupt is generated

[[] Packet transmitted by host device ~ [__| Packet transmitted by function device

Note 1. The handshake is not used in isochronous transfers.

Figure 32.10

Timing of BEMP Interrupt Generation (When Function Controller is Selected)
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32.3.34 Device State Transition Interrupt

Figure 32.11 isadiagram of device state transitions in the USB. The USB controls device state and generates device
state transition interrupts. However, recovery from the suspended state (resume signal detection) is detected by means of
the resume interrupt. The device state transition interrupts can be enabled or disabled individually using INTENBO. The
device state to which a transition was made can be confirmed using the INTSTS0.DV SQ[2:0] flags.

When atransition is made to the default state, a device state transition interrupt is generated after aUSB busreset is
detected.

Device state can be controlled only when the function controller is selected. The device state transition interrupts can

a so be generated only when the function controller is selected.

Suspended state detection

(DVST is setto 1)
Powered Suspended

state state

(DVSQ = 000b) /% _ _ ~\ (DVSQ = 100b)

- -

- am -

Resume (RESM is set to 1)

USB bus reset detection
(DVST is setto 1)

Suspended state detection

(DVST is setto 1)
Default Suspended

state state

(DVSQ = 001b) /% _ _ A\ (DVSQ = 101b)
R e

Resume (RESM is set to 1)

USB bus reset detection
(DVST is set to'1)

SetAddress
execution SetAddress execution
(Address = 0) (DVSTis setto 1)

(DVST is setto 1)

(Address > 0)

Suspended state detection
(DVST is setto 1)
Suspended

state

~\ (DVSQ = 110b)

Address
state
(DVSQ = 010b) /% _

-
-
s§----—

Resume (RESM is set to 1)

SetConfiguration
. EXT_CUt'OnI o SetConfiguration execution
(configuration value = 0) (configuration value # 0)
(DVST is setto 1) (DVST is set to 1)

Suspended state detection

(DVST is setto 1)
Configured Suspended

state state

(DVSQ =011b) /% _ _ ~\ (DVSQ = 111b)

-

S eaam="-

Resume (RESM is set to 1)

Note: For the transition indicated in solid line, the DVST bit is set to 1.
For the transition indicated in dashed line, the RESM bit is set to 1.

Figure 32.11  Device State Transitions
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32.3.35 Control Transfer Stage Transition Interrupt

Figure 32.12 isadiagram of control transfer stage transitionsin the USB. The USB controls the control transfer
sequence and generates control transfer stage transition interrupts. The control transfer stage transition interrupts can be
enabled or disabled individualy using INTENBO. The transfer stage to which atransition was made can be confirmed
using the INTSTS0.CTSQ[2:0] flags.

Control transfer stage transition interrupts are generated only when the function controller is selected.

The control transfer sequence errors are listed below. If an error occurs, the DCPCTR.PID[1:0] bits are set to 1xb
(STALL response).

During control read transfer:

e AnOUT token is received while no data has been transferred for the IN token at the data stage.
e AnIN token isreceived at the status stage.
e A datapacket with PID = DATAO isreceived at the status stage.
During control write transfer:
e AnIN token isreceived while no ACK response has been returned for the OUT token at the data stage.
e A datapacket with PID = DATAOQ isreceived for the first data packet at the data stage.
e AnOUT token isreceived at the status stage
During no-data control transfers:
e AnOUT token isreceived at the status stage.

At the control write transfer data stage, if the number of receive data exceeds the wL ength value of the USB request, it
cannot be recognized as a control transfer sequence error. At the control read transfer status stage, packets other than
zero-length packets are received by an ACK response and the transfer ends normally.

When a CTRT interrupt occurs in response to a sequence error (INTSTS0.CTRT = 1), CTSQ[2:0] = 110b valueis
retained until the CTRT flag = 0 iswritten from the system (the interrupt statusis cleared). Therefore, while CTSQ[2:0]
= 110b isbeing held, the CTRT interrupt that ends the setup stage will not be generated even if anew USB request is
received. (The USB retains the setup stage end, and after the interrupt status has been cleared by software, a setup stage
end interrupt is generated.)

Setup token reception

CTSQ = 110b
control transfer
sequence error

\ Error Error detection and setup token
Setup token reception detection reception are valid at all stages

I in the box.
Setup /

token reception
ACK / —

trans- CTSQ = 001b
mission
control read
data stage

T\ ACK
CTSQ = 010b r :ﬁ;‘;o N
control read

status stage

CTSQ = 000b
setup stage

OUT token CTSQ = 000b

idle stage

ACK
transmission

ACK
reception

CTSQ =011b
control write
data stage

CTSQ = 100b
control write
status stage

IN token

ACK
transmission

Note: K
CTRT interrupts

(1) Setup stage completed

(2) Control read transfer status stage transition
(3) Control write transfer status stage transition
(4) Control transfer completed

(5) Control transfer sequence error

ACK
reception

CTSQ =101b
no data control
status stage

Figure 32.12  Control Transfer Stage Transitions
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32.3.3.6 Frame Update Interrupt

With the host controller selected, an interrupt is generated at the timing when the frame number is updated. With the
function controller selected, an SOFR interrupt is generated when the frame number is updated.

When the function controller is selected, the USB updates the frame number and generates an SOFR interrupt if it detects
anew SOF packet during full-speed operation.

32.3.3.7 VBUS Interrupt

When the USBO_VBUS pin level changes, aVBUS interrupt is generated. The level of the USBO_VBUS pin can be
checked with the INTSTS0.VBST S flag. Whether the host controller is connected or disconnected can be confirmed
using the VBUS interrupt. However, if the system is activated with the host controller connected, the first VBUS
interrupt is not generated because there is no change in the USBO_VBUS pin level.

32.3.3.8 Resume Interrupt

When the function controller is selected, aresume interrupt is generated when the device state i s the suspended state and
the USB bus state has changed (from J-state to K-state, or from J-state to SEQ). Recovery from the suspended stateis
detected by means of the resume interrupt.

When the host controller is selected, no resume interrupt is generated. Use the BCHG interrupt to detect achangein the
USB bus state.

32.3.3.9 OVRCR Interrupt

An OVRCR interrupt is generated when the USBO_OVRCURA or USBO_OVRCURSB pin level has changed. The levels
of the USBO_OVRCURA and USBO_OVRCURB pins can be checked with the SY SSTS0.0VCMON][1:0] bits. The
external power supply |C can check whether overcurrent has been detected using the OVRCR interrupt.

For OTG connection, whether a change has been detected in the VBUS comparator can be checked using the OVRCR
interrupt.

32.3.3.10 BCHG Interrupt

A BCHG interrupt is generated when the USB bus state has changed. The BCHG interrupt can be used to detect whether
the peripheral device is connected and can also be used to detect aremote wakeup when the host controller is selected.
The BCHG interrupt is generated regardless of whether the host controller or function controller is sel ected.

32.3.3.11 DTCH Interrupt

A DTCH interrupt is generated when disconnection of the USB bus s detected while the host controller is selected. The
USB detects bus disconnection based on USB Specification 2.0.
After detecting a DTCH interrupt, the USB controls hardware as described below (irrespective of the value set in the
corresponding interrupt enable bit). All pipesin which communications are currently carried out for the pertinent port
should be terminated by software and make atransition to the wait state for bus connection to the pertinent port (wait
state for ATTCH interrupt generation).

e Maodifiesthe DVSTCTRO.UACT bit for the port in which aDTCH interrupt has been detected to 0.

e Putsthe port in which a DTCH interrupt has been generated into the idle state.
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32.3.3.12 SACK Interrupt

A SACK interrupt is generated when an ACK response for the transmitted setup packet has been received from the
peripheral device with the host controller selected. The SACK interrupt can be used to confirm that the setup transaction
has been completed successfully.

32.3.3.13  SIGN Interrupt

A SIGN interrupt is generated when an ACK response for the transmitted setup packet has not been correctly received
from the peripheral device three consecutive times with the host controller selected. The SIGN interrupt can be used to
detect no ACK response transmitted from the peripheral device or corruption of an ACK packet.

32.3.3.14 ATTCH Interrupt

AnATTCH interrupt is generated when J-state or K-state of the full-speed signal level is detected on the USB port for
2.5 pswith the host controller selected. To be more specific, an ATTCH interrupt is detected on any of the following
conditions.

e When K-state, SEO, or SE1 changes to J-state, and J-state continues 2.5 ps.

¢ When J-state, SEO, or SE1 changes to K-state, and K-state continues 2.5 s.

32.3.3.15 EOFERR Interrupt

An EOFERR interrupt is generated when it is detected that communication is not completed at the EOF2 timing
prescribed in USB Specification 2.0.
After detecting an EOFERR interrupt, the USB controls hardware as described below (irrespective of the value set in the
corresponding interrupt enable bit). All pipesin which communications are currently carried out for the pertinent port
should be terminated by software and perform re-enumeration of the pertinent port.

e Modifiesthe DVSTCTRO.UACT bit for the port in which an EOFERR interrupt has been detected to 0.

e Putsthe port in which an EOFERR interrupt has been generated into the idle state.

32.3.3.16  Portable Device Detection Interrupt

A portable device detection interrupt is generated when the USB modul e detects alevel change (high to low or low to
high) in the PDDET output from the USB-PHY. When a portable device detection interrupt is generated, use software to
repeat reading the PDDETST S0 flag until the same value is read three or more times, and perform debouncing.
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3234

Pipe Control

Table 32.15 liststhe pipe settings for the USB. With USB datatransfer, datatransfer is carried out using the pipe that the
software has associated with the endpoint. The USB has ten pipes that are used for data transfer.
Appropriate settings should be made for each of the pipes according to the specifications of the system.

Table 32.15 Pipe Settings
Register
Name Bit Name Setting Remarks
DCPCFG TYPE[1:0] Specifies the transfer type Pipes 1 to 9: Can be set
PIPECFG BFRE Selects the BRDY interrupt  Pipes 1to 5: Can be set
mode
DBLB Selects double buffer mode Pipes 1to 5: Can be set
DIR Selects transfer direction IN or OUT can be set
EPNUM[3:0] Endpoint number Pipes 1to 9: Can be set
A value other than 0000b should be set when the pipe is used.
SHTNAK Selects disabled state for Pipes 1 and 2: Can be set (only when bulk transfer has been
pipe when transfer ends selected)
Pipes 3t0 5: Can be set
DCPMAXP  DEVSEL[3:0] Selects a device Referenced only when the host controller is selected.
PIPEMAXP MXPSI[8:0] Maximum packet size Compliant with USB Specification 2.0.
PIPEPERI IFIS Buffer flush Pipes 1 and 2: Can be set (only when isochronous transfer has
been selected)
Pipes 310 9: Cannot be set
1ITV[2:0] Interval counter Pipes 1 and 2: Can be set (only when isochronous transfer has
been selected)
Pipes 3 to 5: Cannot be set
Pipes 6 to 9: Can be set (only when the host controller has been
selected)
DCPCTR BSTS Buffer status For the DCP, receive buffer status and transmit buffer status are
PIPENCTR switched with the ISEL bit.
INBUFM IN buffer monitor Available only for pipes 1 to 5.
SUREQ SETUP request Can be set only for the DCP.
Can be controlled only when the host controller has been selected.
SUREQCLR SUREQ clear Can be set only for the DCP.
Can be controlled only when the host controller has been selected.
ATREPM Auto response mode Pipes 1to 5: Can be set
Can be set only when the function controller has been selected.
ACLRM Auto buffer clear Pipes 1 to 9: Can be set
SQCLR Sequence clear Clears the data toggle bit.
SQSET Sequence set Sets the data toggle bit.
SQMON Sequence monitor Monitors the data toggle bit.
PBUSY Pipe busy status
PID[1:0] Response PID Refer to section 32.3.4.6, Response PID.
PIPEnNTRE TRENB Transaction counter enable  Pipes 1to 5: Can be set
TRCLR Current transaction counter  Pipes 1 to 5: Can be set
clear
PIPEnNTRN — Transaction counter Pipes 1 to 5: Can be set
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32.34.1 Pipe Control Register Switching Procedures

Thefollowing bitsin the pipe control registers can be modified only when USB communication is prohibited (PID[1:0] =
00b (NAKY)).

The following shows the registers and bits that should not be modified when USB communication is enabled (PID[1:0] =
01b (BUF)).

e Bitsinthe DCPCFG and DCPMAXP registers

e The SQCLR and SQSET bhitsin the DCPCTR register

e Bitsinregisters PIPECFG, PIPEMAXP, and PIPEPERI

e The ATREPM, ACLRM, SQCLR, and SQSET bitsin the PIPENCTR register

¢ Bitsinthe PIPENTRE and PIPENTRN registers

In order to modify the above bitsin the USB communication enabled (PID[1:0] = 01b (BUF)) state, follow the procedure
shown below:

1. A request to modify bitsin the pipe control register occurs.

2. Modify the PID[1:0] bits corresponding to the pipe to 00b (NAK).

3. Wait until the corresponding PBUSY flagis set to 0.

4. Modify the bitsin the pipe control register.

The following bitsin the pipe control registers can be modified only when the pertinent pipe information has not been set
by the CURPIPE[3:0] bitsin registers CFIFOSEL, DOFIFOSEL , and D1FIFOSEL.

Registers that should not be set when the CURPIPE[3:0] bits are set:
¢ Bitsinthe DCPCFG and DCPMAXP register
e Bitsinregisters PIPECFG, PIPEMAXP and PIPEPERI

In order to modify pipe information, the CURPIPE[3:0] bits in the port select registers should be set to a pipe other than
the pipe to be modified. For the DCP, the buffer should be cleared using the BCLR bit in the port control register after the
pipe information is modified.

32.3.4.2 Transfer Types
The PIPECFG.TY PE[1:0] bits are used to specify the transfer type for each pipe. The transfer typesthat can be set for the
pipes are asfollows.

e DCP: No setting is necessary (fixed at control transfer).

e Pipes1and 2: These should be set to bulk transfer or isochronous transfer.

e Pipes3to5: These should be set to bulk transfer.

e Pipes6to 9: These should be set to interrupt transfer.

32.3.4.3 Endpoint Number
The PIPECFG.EPNUM{[3:0] bits are used to set the endpoint number for each pipe. The DCPisfixed at endpoint 0. The
other pipes can be set from endpoint 1 to endpoint 15.

¢ DCP: No setting is necessary (fixed at endpoint 0).

e Pipes1to 9: The endpoint numbers from 1 to 15 should be selected and set.
These should be set so that the combination of the PIPECFG.DIR bit and EPNUM[3:0] bitsis unique.
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32.34.4 Maximum Packet Size Setting

The DCPMAXPMXPS[6:0] bits and the PIPEMAXP.MXPS[8:0] bits are used to specify the maximum packet size for
each pipe. DCPand pipes 1to 5 can be set to any of the maximum pipe sizes defined by USB Specification 2.0. For pipes
6t0 9, 64 bytes are the upper limit of the maximum packet size. The maximum packet size should be set before
beginning the transfer (PID[1:0] = 01b (BUF)).

e DCP: Set 8, 16, 32, or 64.

e Pipes1to5: Set 8, 16, 32, or 64 when using bulk transfer.

e Pipes1and 2: Set avalue between 1 and 256 when using isochronous transfer.

e Pipes6to9: Set avalue between 1 and 64.

32.3.45 Transaction Counter (For Pipes 1 to 5 in Reading Direction)

When the specified number of transactions has been completed in the data packet receiving direction, the USB
recognizes that the transfer has ended. Two transaction counters are provided: one isthe PIPENTRN register that
specifies the number of transactions to be executed and the other is the current counter that internally counts the number
of executed transactions. With the PIPECFG.SHTNAK bit set to 1, when the current counter value matches the specified
number of transactions, the corresponding PIPENCTR.PID[1:0] bits are set to 00b (NAK) and the subsequent transfer is
disabled. The transactions can be counted again from the beginning by initializing the current counter of the transaction
counter function through the PIPEnTRE.TRCLR bit. The information read from PIPENTRN differs depending on the
setting of the PIPENTRE.TRENB bit.

e The TRENB bit = 0: The specified transaction counter value can be read.

e The TRENB bit = 1: The current counter value indicating the internally counted number of executed transactions
can be read.

When operating the TRCLR bit, the following should be noted.
e |f the transactions are being counted and PID[1:0] = 01b (BUF), the current counter cannot be cleared.
e |f thereisany dataleft in the buffer, the current counter cannot be cleared.
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32.3.4.6 Response PID

The PID[1:0] bitsin the DCPCTR and PIPENCTR registers are used to set the response PID for each pipe.
The following shows the USB operation with various response PID settings:

(1) Response PID settings when the host controller is selected:
Theresponse PID is used to specify the execution of transactions.
e NAK setting: Using pipesis disabled. No transaction is executed.

e BUF setting: Transactions are executed based on the status of the buffer memory.
For OUT direction: If there are transmit data in the buffer memory, an OUT token isissued.
For IN direction: If there is an area to receive data in the buffer memory, an IN token isissued.

e STALL setting: Using pipesis disabled. No transaction is executed.

Note:  Setup transactions for the DCP are set with the DCPCTR.SUREQ bit.

(2) Response PID settings when the function controller is selected:

Theresponse PID is used to specify the response to transactions from the host.
e NAK setting: The NAK response is returned in response to the generated transaction.
e BUF setting: Responses are made to transactions according to the status of the buffer memory.
e STALL setting: The STALL responseis returned in response to the generated transaction.

Note:  For setup transactions, an ACK response is returned regardless of the PID[1:0] bits setting, and the USB request
is stored in the register.
The USB may write to the PID[1:0] bits, depending on the results of the transaction as described below.

(3) When the host controller has been selected and the response PID is set by hardware:

e NAK setting: In the following cases, PID[1:0] = 00b (NAK) is set and issuing of tokens is automatically stopped:
When atransfer other than isochronous transfer has been performed and an NRDY interrupt is generated.
(For details, refer to section 32.3.3.2, NRDY Interrupt.)
- If ashort packet is received when the PIPECFG.SHTNAK bit has been set to 1 for bulk transfer.
- If the transaction counting ends when the SHTNAK hit has been set to 1 for bulk transfer.
e BUF setting: There is no BUF writing by the USB.
e STALL setting: In the following cases, PID[1:0] = 1xb (STALL) is set and issuing of tokensis automatically
stopped:
When STALL isreceived in response to the transmitted token.
When the size of the receive data packet exceeds the maximum packet size.

(4) When the function controller has been selected and the response PID is set by hardware:

¢ NAK setting: In the following cases, PID[1:0] = 00b (NAK) is set and NAK isreturned in response to transactions:
When the SETUP token is received normally (DCP only).
If the transaction counting ends or a short packet is received when the PIPECFG.SHTNAK bit has been set to 1 for
bulk transfer.

e BUF setting: There is no BUF writing by the USB.

e STALL setting: In the following cases, PID[1:0] = 1xb (STALL) isset and STALL isreturned in response to
transactions:
When amaximum packet size exceeded error is detected in the received data packet.
When a control transfer sequence error has been detected (DCP only).
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32.3.4.7 Data PID Sequence Bit

The USB automatically toggles the sequence bit in the data PID when data is transferred successfully in the control
transfer data stage, bulk transfer, and interrupt transfer. The sequence hit of the next data PID to be transmitted can be
confirmed with the SQMON flag in the DCPCTR and PIPENCTR registers. When data is transmitted, the sequence bit
switches at the timing of ACK handshake reception. When data is received, the sequence bit switches at the timing of
ACK handshake transmission. The DCPCTR.SQCLR hit and the PIPENCTR.SQSET hit can be used to change the data
PID sequence bit.

When the function controller has been selected and control transfer is used, the USB automatically sets the sequence bit
when astage transition is made. DATA 1 isreturned when the setup stage is ended. The sequence bit is not referenced and
PID = DATA1 isreturned in a status stage. Therefore, software settings are not required. However, when the host
controller has been selected and control transfer is used, the sequence bit should be set by software at a stage transition.
For the ClearFeature request transmission or reception, the data PID sequence bit should be set by software regardl ess of
whether the host controller or function controller is selected.

32.3.4.8 Response PID = NAK Function

The USB has afunction that disables pipe operation (response PID = NAK) at the timing at which thefinal data packet of
atransaction isreceived (the USB automatically distinguishes this based on reception of a short packet or the transaction
counter) by setting the PIPECFG.SHTNAK bit to 1.

When the double buffer mode is being used for the buffer memory, using this function enables reception of data packets
in transfer units. If pipe operation has been disabled, software should set the pipe to the enabled state again (response PID
= BUF).

The response PID = NAK function can be used only when bulk transfers are used.

32.3.4.9 Auto Response Mode

With the pipes for bulk transfer (pipe 1 to pipe 5), when the PIPENCTR.ATREPM bit is set to 1, atransition is made to
auto response mode. During an OUT transfer (the PIPECFG.DIR bit = 0), OUT-NAK mode is entered, and during an IN
transfer (the DIR bit = 1), null auto response mode is entered.

32.3.4.10 OUT-NAK Mode

With the pipes for bulk OUT transfer, NAK isreturned in response to an OUT token and an NRDY interrupt is output
when the PIPENCTR.ATREPM bit is set to 1. To make a transition from normal mode to OUT-NAK mode, OUT-NAK
mode should be specified in the pipe operation disabled state (response PID = NAK) before enabling pipe operation
(response PID = BUF). After pipe operation has been enabled, OUT-NAK mode becomes valid. However, if an OUT
token is received immediately before pipe operation is disabled, the token datais normally received, and an ACK is
returned to the host.

To make atransition from OUT-NAK mode to normal mode, OUT-NAK maode should be canceled in the pipe operation
disabled state (response PID = NAK) before enabling pipe operation (response PID = BUF). In norma mode, reception
of OUT datais enabled.
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32.3.4.11  Null Auto Response Mode

With the pipes for bulk IN transfer, zero-length packets are continuously transmitted when the PIPENCTR.ATREPM bit
issetto 1.

To make atransition from normal mode to null auto response mode, null auto response mode should be set in the pipe
operation disabled state (response PID = NAK) before enabling pipe operation (response PID = BUF). After pipe
operation has been enabled, null auto response mode becomes valid. Before setting null auto response mode, the
PIPENCTR.INBUFM = 0 should be confirmed because the mode can be set only when the buffer is empty. If the
INBUFM flagis 1, the buffer should be emptied with the PIPENCTR.ACLRM bit. While a transition to null auto
response mode is being made, data should not be written from the FIFO port.

To make atransition from null auto response mode to normal mode, pipe operation disabled state (response PID = NAK)
should be retained for the period of zero-length packet transmission (about 10 ps) before canceling null auto response
mode. In normal mode, data can be written from the FIFO port; therefore, packet transmission to the host is enabled by
enabling pipe operation (response PID = BUF).

32.35 FIFO Buffer Memory

32.35.1 FIFO Buffer Memory

The USB has FIFO buffer memory for data transfer. The memory area used for each pipe is managed by the USB. The
FIFO buffer memory has two states depending on whether the access right is assigned to the system (CPU side) or the
USB (SIE side).

(1) Buffer Status

Table 32.16 and Table 32.17 show the buffer status in the USB. The buffer memory status can be confirmed using the
DCPCTR.BSTS flag and the PIPENCTR.INBUFM flag. The transfer direction for the buffer memory can be specified
using either the PIPECFG.DIR bit or the CFIFOSEL.ISEL bit (when DCPis selected).

The INBUFM flag isvalid for pipe O to pipe 5 in the transmitting direction.

When atransmitting pipe uses the double buffer configuration, software can read the BSTS flag to monitor the buffer
memory status on the CPU side and the INBUFM flag to monitor the buffer memory status on the SIE side. When the
BEMP interrupt may not show the buffer empty status because the write access to the FIFO port by the CPU or DMAC/
DTC is dlow, software can use the INBUFM flag to confirm the end of transmission.

Table 32.16  Buffer Status Indicated by the BSTS Flag

ISEL or DIR BSTS Buffer Memory Status

0 (receiving direction) 0 There is no received data, or data is being received.
Reading from the FIFO port is disabled.

0 (receiving direction) 1 There is received data, or a zero-length packet has been received.
Reading from the FIFO port is allowed.
Note that when a zero-length packet is received, reading is not possible and the buffer must be
cleared.

1 (transmitting direction) 0 The transmission has not been completed.
Writing to the FIFO port is disabled.

1 (transmitting direction) 1 The transmission has been completed.
CPU write is allowed.
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Table 32.17  Buffer Status Indicated by the INBUFM Flag

DIR INBUFM Buffer Memory Status
0 (receiving direction) Invalid Invalid
1 (transmitting direction) 0 The transmission has been completed.

There is no waiting data to be transmitted.

1 (transmitting direction) 1 The FIFO port has written data to the buffer.
There is data to be transmitted.

32.3.5.2 FIFO Buffer Clearing

Table 32.18 shows the clearing of the FIFO buffer memory by the USB. The buffer memory can be cleared using the
BCLR, DnFIFOSEL.DCLRM, and PIPENCTR.ACLRM bit in the port control register.
Either a single or double buffer configuration can be selected for pipes 1 to 5, using the PIPECFG.DBLB bit.

Table 32.18  List of Buffer Clearing Methods

Mode for Automatically Clearing

FIFO Buffer Clearing Buffer Memory on Buffer Memory after Reading Auto Buffer Clear Mode for
Clearing Mode CPU Side Specified Pipe Data Discarding All Received Packets
Register used CFIFOCTR DnFIFOSEL PIPEnCTR
DnFIFOCTR
Bit used BCLR DCLRM ACLRM
Clearing condition Cleared by writing 1 1: Mode valid 1: Mode valid
0: Mode invalid 0: Mode invalid

(1) Auto Buffer Clear Mode Function

With the USB, all received data packets are discarded if the PIPENCTR.ACLRM bit isset to 1. If a correct data packet
has been received, the ACK response is returned to the host controller. The auto buffer clear mode function can be set
only in the buffer memory reading direction.

If the ACLRM bit isset to 1 and then to O, the buffer memory of the selected pipe can be cleared regardless of the access
direction.

An access cycle of at least 100 nsis reguired for the interna hardware sequence processing time between ACLRM =1
and ACLRM =0.
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32.35.3 FIFO Port Functions

Table 32.19 shows the settings for the FIFO port functions of the USB. In write access, writing data until the maximum
packet size is reached automatically enables transmission of the data. To enabl e transmission before the maximum packet
size isreached, the BVAL hit in the port control register should be set to end writing. To send a zero-length packet, the
BCLR bit in the register should be used to clear the buffer and then the BVAL bit set in order to end writing.

In reading, reception of new packets is automatically enabled when all data has been read. Data cannot be read when a
zero-length packet has been received (the DTLN[8:0] flags = 0), so the BCLR bit in the register should be used to clear
the buffer. The length of the receive data can be confirmed using the DTLN[8:0] flagsin the port control register.

Table 32.19  FIFO Port Function Settings

Register Name Bit Name Description

CFIFOSEL, RCNT Selects DTLN read mode.
D”f”:OSEL REW Buffer memory rewind (re-read, rewrite).
(n=0.1) DCLRM Automatically clears receive data for a specified pipe after the data has been read (only for DnFIFO).
DREQE Enables DMA/DTC transfers (only for DnFIFO).
MBW FIFO port access bit width.
BIGEND Selects FIFO port endian.
ISEL FIFO port access direction (only for DCP).
CURPIPE Selects the current pipe.
CFIFOCTR, BVAL Ends writing to the buffer memory.
anlFOCTR BCLR Clears the buffer memory on the CPU side.
(n=0.1) DTLN Checks the length of receive data.

(1) FIFO Port Selection

Table 32.20 shows the pipes that can be selected with the various FIFO ports. The pipe to be accessed should be
selected using the CURPIPE[3:0] bitsin the port select register. After the pipe is selected, whether the written value can
be correctly read from the CURPIPE[3:0] bits should be checked. (If the previous pipe number isread, it indicates that
the pipe modification is being executed by the USB controller.) Then, the FRDY flag in a port control register = 1is
checked.

In addition, the bus width to be accessed should be selected using the MBW bhit in the port select register. The buffer
memory access direction conforms to the PIPECFG.DIR bit. Only for the DCP, the | SEL bit in the port select register
determines the direction.

Table 32.20 FIFO Port Access Categorized by Pipe

Pipe Access Method Port that can be Used
DCP CPU access CFIFO port register
Pipe 1 to pipe 9 CPU access CFIFO port register
DOFIFO/D1FIFO port register
DMAC/DTC access DOFIFO/D1FIFO port register
(2) REW Bit

It is possible to temporarily stop access to the pipe currently being accessed, access a different pipe, and then continue
processing for the current pipe again. The REW bit in the port select register is used for this processing.

If apipeis selected through the CURPIPE[3:0] bitsin the port select register with the REW bit set to 1, the pointer used
for reading from and writing to the buffer memory isreset, and reading or writing can be carried out from the first byte.
If apipeis selected with O set for the REW bit, data can be read and written in continuation from the previous selection,
without the pointer being reset.

To access the FIFO port, the FRDY flag in the port control register = 1 should be checked after selecting a pipe.
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32.354 DMA Transfers (DOFIFO and D1FIFO Ports)

(1) Overview of DMA Transfers

For pipes 1 to 9, the FIFO port can be accessed using the DMAC. When accessing the buffer for the pipe targeted for

DMA transfer is enabled, a DMA transfer request is issued.

The unit of transfer to the FIFO port should be selected using the DnFIFOSEL.MBW bit and the pipe targeted for the
DMA transfer should be selected using the DnFIFOSEL .CURPIPE[3:0] bits. The selected pipe should not be changed
during the DMA transfer.

(2) DnFIFO Auto Clear Mode (DOFIFO and D1FIFO Port Reading Direction)

If 1issetinthe DnFIFOSEL.DCLRM bhit, the USB automatically clears the buffer memory of the selected pipe when
reading of data from the buffer memory has been completed.

Table 32.21 shows the packet reception and buffer memory clearing processing by software for each of the various
settings. As shown in Table 32.21, the buffer clearing conditions depend on the value set in the PIPECFG.BFRE hit.
Using the DnFIFOSEL.DCLRM bit eliminates the need for the buffer to be cleared by software in any situation that
requires buffer clearing. This enables DMA transfers without involving software.

The DnFIFO auto clear mode can be set only in the buffer memory reading direction.

Table 32.21  Packet Reception and Buffer Memory Clearing Processing by Software

Register Setting

DCLRM =0 DCLRM =1
Buffer Status
When Packet is Received BFRE =0 BFRE =1 BFRE =0 BFRE =1
Buffer full Clearing is not Clearing is not Clearing is not Clearing is not
necessary necessary necessary necessary

Zero-length packet reception

Clearing is necessary

Clearing is necessary

Clearing is not
necessary

Clearing is not
necessary

Normal short packet reception

Clearing is not
necessary

Clearing is necessary

Clearing is not
necessary

Clearing is not
necessary

Transaction count end

Clearing is not
necessary

Clearing is necessary

Clearing is not
necessary

Clearing is not
necessary
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32.3.6 Control Transfers Using DCP

In the data stage of control transfers, datais transferred using the default control pipe (DCP).
The DCP buffer memory is a 64-byte single buffer and is afixed areathat is shared for both control reading and control
writing. The buffer memory can be accessed only through the CFIFO port.

32.3.6.1 Control Transfers When the Host Controller is Selected

(1) Setup Stage

Registers USBREQ, USBVAL, USBINDX, and USBLENG are the registers that are used to transmit a USB request for
setup transactions. Writing setup packet data to the registers and writing 1 to the DCPCTR.SUREQ bit transmits the
specified data for setup transactions. Upon completion of the transaction, the SUREQ hit is set to 0. The above USB
reguest registers should not be modified while SUREQ = 1.

After the attached state of the connected function device is detected, the first setup transaction for the device should be
issued by using the sequence described above with the DCPMAXP.DEV SEL [3:0] hits set to 0 and the
DEVADDO0.USBSPDI[1:0] bits set appropriately.

After the connected function deviceis shifted to the Address state, setup transactions should be issued by using the
seguence described above with the assigned USB address set in the DEV SEL[3:0] bits and the bitsin the DEVADDnN
register corresponding to the specified USB address set appropriately. For example, when PIPEMAXPDEV SEL[3:0] =
0010b, make appropriate settings in the DEVADD2 register; when PIPEMAXPDEV SEL[3:0] = 0101b, make
appropriate settings in the DEVADDS register.

When the setup transaction data has been sent, an interrupt request is generated according to the response received from
the peripheral device (SIGN or SACK flag in the INTSTSL register), by means of which the result of the setup
transactions can be confirmed.

A data packet of DATAO (USB request) is transmitted as the data packet for a setup transaction regardless of the setting
of the DCPCTR.SQMON flag.

(2) Data Stage

Dataistransferred using the DCP buffer memory.

The access direction of the DCP buffer memory should be specified using the CFIFOSEL .ISEL bit. The transfer
direction should be specified using the DCPCFG.DIR bit.

For the first data packet of the data stage, the data PID should be transferred as DATA1. Set data PID = DATA1 in the
DCPCTR.SQSET hit and the PID[1:0] bits= 01b (BUF). Completion of datatransfer is detected using the BRDY or
BEMP interrupt.

For control write transfers, when the number of data bytesto be sent is an integer multiple of the maximum packet size,
software should control so as to send a zero-length packet at the end.

(3) Status Stage

Zero-length packet datais transferred in the direction opposite to that in the data stage. Asin the data stage, datais
transferred using the DCP buffer memory. Transactions are done in the same manner as the data stage.

For the data packets of the status stage, the data PID should be set to DATA1 using the DCPCTR.SQSET hit.

For reception of a zero-length packet, the received data length should be confirmed using the CFIFOCTR.DTLN[8:0]
flags after aBRDY interrupt is generated, and the buffer memory should then be cleared using the CFIFOCTR.BCLR
bit.
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32.3.6.2 Control Transfers When the Function Controller is Selected

(1) Setup Stage
The USB sends an ACK response for a correct setup packet targeted to the USB. The operation of the USB in the setup
stageis described below.
When receiving a new setup packet, the USB sets the following bits.
e SettheINTSTSO.VALID flagto 1.
e Set the DCPCTR.PID[1:0] bitsto 00b (NAK).
e Set the DCPCTR.CCPL hit to 0.

When receiving a data packet right after the setup packet, the USB stores the USB request parametersin registers
USBREQ, USBVAL, USBINDX, and USBLENG.

Response processing with respect to the control transfer should be carried out after setting the VALID flag = 0. In the
VALID flag = 1 state, PID[1:0] = 01b (BUF) cannot be set, and the data stage cannot be terminated.

Using the function of the VALID flag, the USB can suspend the current request processing when receiving anew USB
request during a control transfer, and can send a response to the newest request.

In addition, the USB automatically detects the direction bit (bit 8 of bmRequestType) and the request data length
(wLength) of the received USB request, distinguishes between control read transfer, control write transfer, and no-data
control transfer, and controls stage transitions. For awrong sequence, the sequence error of the control transfer stage
transition interrupt is generated, and the software is notified of occurrence of the error. For the stage control of the USB,
refer to Figure 32.12.

(2) Data Stage

Data transfers corresponding to received USB requests should be done using the DCP. Before accessing the DCP buffer
memory, the access direction should be specified using the CFIFOSEL .ISEL bit.

If the transfer datais larger than the size of the DCP buffer memory, the data transfer should be carried out using the
BRDY interrupt for control write transfers and the BEM P interrupt for control read transfers.

(3) Status Stage

Control transfers are terminated by setting the DCPCTR.CCPL bit to 1 while the DCPCTR.PID[1:0] bits are set to 01b
(BUF).

After the above settings have been made, the USB automatically executes the status stage in accordance with the data
transfer direction determined at the setup stage. The specific procedure is as follows.

e For control read transfers
A zero-length packet is received from the USB host and an ACK response is sent.

e For control write transfers and no-data control transfers
A zero-length packet is transmitted and an ACK response is received from the USB host.

(4) Control Transfer Auto Response Function
The USB automatically responds to a correct SET_ADDRESS request. If any of the following errors occursin the
SET_ADDRESS request, a response from the software is necessary.

e bmRequestTypeis not 00h: Any transfer other than a control write transfer

e windex isnot 00h: Request error

e windex isnot 00h: Any transfer other than a no-data control transfer

e wValueislarger than 7Fh: Request error

e INTSTS0.DVSQ[2:0] are 011b (Configured state): Control transfer of a device state error

For all requests other than the SET_ADDRESS request, a response is required from the corresponding software.
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32.3.7 Bulk Transfers (Pipes 1 to 5)

The buffer memory usage (single/double buffer setting) can be selected for bulk transfers. The USB provides the
following functions for bulk transfers.
e BRDY interrupt function (PIPECFG.BFRE hit: refer to section 32.3.3.1, (2) When the SOFCFG.BRDYM Bit =
0 and the PIPECFG.BFRE Bit=1
e Transaction count function
(PIPENTRE.TRENB and TRCLR bits and PIPENTRN register: refer to section 32.3.4.5, Transaction Counter
(For Pipes 1 to 5 in Reading Direction)
e Response PID = NAK function (PIPECFG.SHTNAK bhit: refer to section 32.3.4.8, Response PID = NAK
Function

e Auto response mode (PIPENCTR.ATREPM hit: refer to section 32.3.4.9, Auto Response Mode)

32.3.8 Interrupt Transfers (Pipes 6 to 9)

When the function controller is selected, the USB carries out interrupt transfers in accordance with the timing controlled
by the host controller.
When the host controller is selected, the timing of issuing atoken can be specified using the interval counter.

32.3.8.1 Interval Counter during Interrupt Transfers When the Host Controller is
Selected

For interrupt transfers, interval s between transactions are set in the PIPEPERI.1ITV[2:0] bits. The USB controller issues
interrupt transfer tokens based on the specified intervals.

(1) Counter Initialization

The interval counter isinitialized when the MCU isreset or when the PIPENCTR.ACLRM bit is set to 1. Note that the
PIPEPERI.IITV[2:0] bits are not initialized when the ACLRM bit is used for initialization.

Note that the interval counter isnot initialized in the following case.

e USB busreset or USB suspended
The lITV[2:0] bits are not initialized. Setting 1 to the DVSTCTRO.UACT hit starts counting from the value before
entering the USB bus reset state or USB suspended state.

(2) Operation When Transmission/Reception is Impossible at Token Issuance Timing
The USB cannot issue tokens even at token issuance timing in the following cases. In such a case, the USB attempts
transactions at the subsequent interval.

e When the PID[1:0] bits are set to 00b (NAK) or 1xb (STALL).

¢ When the buffer memory isfull at the token sending timing in the receiving (IN) direction.

e When there is no datato be sent in the buffer memory at the token sending timing in the transmitting (OUT)
direction.
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32.3.9 Isochronous Transfers (Pipes 1 and 2)
The USB has the following functions for isochronous transfers.
e Notification of isochronous transfer error information
e [nterval counter (specified by the PIPEPERI.IITV[2:0] bits)
e |sochronous IN transfer data setup control (IDLY function)
o Isochronous IN transfer buffer flush function (specified by the PIPEPERI.IFIS bit)

32.3.9.1 Error Detection in Isochronous Transfers

The USB has afunction for detecting the error information described below, so that when errors occur in isochronous
transfers, they can be controlled by software. Table 32.22 and Table 32.23 show the priority in which errors are
confirmed and the interrupts generated corresponding to errors.

(@) PID errors
o If the PID of the received packet isillegal.

(b) CRC errors and bit stuffing errors
e |f anerror occursin the CRC of the received packet or the hit stuffing isillegal.

(c) Maximum packet size exceeded

e The data of the received packet is larger than the specified maximum packet size.

(d) Overrun and underrun errors

e When the host controller is selected
When the buffer memory isfull at the token sending timing in the IN (receiving) direction.
When thereis no datato be sent in the buffer memory at the token sending timing in the OUT (transmitting)
direction.

e When the function controller is selected
When thereis no data to be sent in the buffer memory at the token receiving timing in the IN (transmitting)
direction.
When the buffer memory isfull at the token receiving timing in the OUT (receiving) direction.

(e) Interval errors

Aninterval error is generated on any of the following conditions when the function controller is selected.
¢ During anisochronous IN transfer, an IN token could not be received in the interval frame.
e During an isochronous OUT transfer, an OUT token could not be received in the interval frame.

Table 32.22  Error Detection When a Token is Received

Detection
Priority Error Generated Interrupt and Status
1 PID errors No interrupts are generated in both cases when the host controller is selected and the
function controller is selected (ignored as a corrupted packet).
2 CRC errors and bit stuffing No interrupts generated in both cases when the host controller is selected and the
errors function controller is selected (ignored as a corrupted packet).
3 Overrun and underrun errors ~ An NRDY interrupt is generated to set the FRMNUM.OVRN flag to 1 in both cases when
the host controller is selected and function controller is selected.
When the function controller is selected, a zero-length packet is transmitted in response
to IN token. However, no data packets are received in response to OUT token.
4 Interval errors An NRDY interrupt is generated when the function controller is selected. It is not
generated when the host controller is selected.
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Table 32.23  Error Detection When a Data Packet is Received

Detection
Priority Error Generated Interrupt and Status
1 PID errors No interrupts are generated (ignored as a corrupted packet).
2 CRC errors and bit stuffing An NRDY interrupt is generated to set the FRMNUM.CRCE to 1 bit in both cases when
errors the host controller is selected and the function controller is selected.
3 Maximum packet size A BEMP interrupt is generated to set the PID[1:0] bits to 1xb (STALL) in both cases when
exceeded errors the host controller is selected and the function controller is selected.

32.3.9.2 Data PID
When the function controller is selected, the USB operates as follows in response to the received PID.
IN direction

e DATAQ: Sent as data packet PID

e DATAL Not sent

e DATAZ2: Not sent

e mMDATA: Not sent

OUT direction
e DATAO: Received normally as data packet PID
e DATAL: Received normally as data packet PID
e DATAZ2: Packets are ignored
e mMDATA: Packets areignored

32.3.9.3 Interval Counter

Theisochronous transfer interval can be set using the PIPEPERI.IITV[2:0] bits. The interval counter enables the
functions shown in Table 32.24 when the function controller is selected. When the host controller is selected, the USB
generates the token issuance timing. When the host controller is selected, the interval counter operation is the same as
that in theinterrupt transfer.

Table 32.24 Interval Counter Function When the Function Controller is Selected

Transfer
Direction Function Conditions for Detection
IN Flushes transmit buffer When an IN token cannot be successfully received in the interval frame during an
isochronous IN transfer
ouT Notifies that a token not being  When an OUT token cannot be successfully received in the interval frame during an

received isochronous OUT transfer

Theinterval count is carried out when an SOF isreceived or for interpolated SOFs, so the i sochronism can be maintained
even if an SOF is damaged. The frameinterval that can be set is the 2! TV[2:0] frames.
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(1) Counter Initialization When the Function Controller is Selected

The interval counter isinitialized when the MCU isreset or when the PIPENCTR.ACLRM bit is set to 1. Note that the
PIPEPERI.IITV[2:0] bits are not initialized when the ACLRM bit is used for initialization.

After theinterval counter has beeninitialized, counting is started under either of the following conditions 1 and 2 when a

packet has been transferred successfully.

1. An SOFisreceived after transmission of datain response to an IN token while the PID[1:0] bits are 01b (BUF).
2. An SOF isreceived after reception of data of an OUT token while the PID[1:0] bits are 01b (BUF).

Note that the interval counter is not initialized under the following conditions.

e When the PID[1:0] bits are set to 00b (NAK) or 1xb (STALL)
Theinterval timer does not stop. The USB attempts transactions at the subsequent interval.

e Whenthe USB busisreset or USB is suspended

The lITV[2:0] bitsare not initialized. When an SOF has been received, counting is restarted from the value prior to

the reception of the SOF.

(2)

Interval Counting and Transfer Control When the Host Controller is Selected

The USB controlsthe interval between token issuance operations based on the PIPEPERI.IITV[2:0] bit settings.
Specifically, the USB issues atoken for a selected pipe once every 2!/ TVI2:0] frames.
The USB starts counting the token issuanceinterval at the frame following the frame in which the PID[1:0] bits have

been set to 01b (BUF) by software.

L L w = [ w|l=] S
USBbus |O o} o1l =31 olRII=
] 0] allo||5 aflo]|5
PDbitsetng | NAk | BUF | BUF | BUF |
Token Token Token Token
Token . - . .
not issued not issued issued issued
Interval counter started
Figure 32.13  Token Issuance When IITV[2:0] = 000b
L w w||= fj w w||= fj w w||= fj
USBbus [O [} ol 2|l [} ol 2|l o} ol 2|l
] %] al[oll5 %] a|[oll5 ] a|lo]|a
PDbitseting | nNak | BUF | BUF [ BUF | BUF | BUF | BUF |
Token Token Token Token Token Token Token Token
not issued not issued issued not issued issued not issued issued
Interval counter started
Figure 32.14  Token Issuance When 1ITV[2:0] = 001b
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When the selected pipe is set for isochronous transfers, the USB carries out the following operation in addition to
controlling the token issuance interval. The USB issues a token even when the NRDY interrupt generation condition is
satisfied.

(a) When the selected pipe is for isochronous IN transfers

The USB generatesan NRDY interrupt when the USB issues an IN token but does not receive a packet successfully from
a peripheral device (no response or packet error).

The USB setsthe FRMNUM.OVRN flag to 1 generating an NRDY interrupt when the time to issue an IN token comes
while the USB cannot receive data because the FIFO buffer isfull (due to the fact that the CPU or DMAC/DTC istoo
slow to read data from the FIFO buffer).

(b) When the selected pipe is for isochronous OUT transfers

The USB setsthe OVRN flag to 1 generating an NRDY interrupt and transmitting a zero-length packet when the time to
issue an OUT token comes while thereis no data to be transmitted in the FIFO buffer (because the CPU or DMAC/DTC
istoo slow to write datato the FIFO buffer).
The token issuance interval isreset on any of the following conditions.
e When the USB isreset through areset pin
(The l1TV[2:Q] bitsare also set to 0).

e When the PIPENCTR.ACLRM bhit has been set to 1 by software.
(3) Interval Counting and Transfer Control When the Function Controller is Selected

(&) When the selected pipe is for isochronous OUT transfers

The USB generates an NRDY interrupt when the USB fails to receive a data packet within the interval set by the
PIPEPERI.IITV[2:0] bits.

The USB also generates an NRDY interrupt when the USB fails to receive data because of a CRC error or other errors
contained in the data packet or because of the FIFO buffer being full.

The NRDY interrupt is generated at the timing of SOF packet reception. Even if the SOF packet is corrupted, the internal
interpolation allows the interrupt to be generated at the timing to receive the SOF packet.

However, when the 11 TV[2:0] bits are set to a value other than 0, the USB generates an NRDY interrupt on receiving an
SOF packet for every interval after starting interval counting operation.

When the PID[1:0] bits are set to 00b (NAK) by software after starting the interval timer, the USB does not generate an
NRDY interrupt on receiving an SOF packet.

Thetiming to start interval counting depends on the setting of 11TV[2:0] bits as shown below.

e WhenthelITV[2:0] = 000b: The interval counting starts when software has set the PID[1:0] bits for the selected

pipeto 01b (BUF).

LL LL w =] w =[S

USBbus [0 e} o2« o<

a ] aflo]15 aflo]15

PDbitseting | NAk | NAK | BUF BUF |
Token Token Token Token
Token reception reception reception reception
is not waited is not waited  is waited is waited
Interval counter started

Figure 32.15  Relationship between Frames and Expected Token Reception When 1ITV[2:0] = 000b
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e When thelITV[2:0] # 000b: Theinterval counting starts on completion of successful reception of the first data
packet after the PID[1:0] bits for the selected pipe have been modified to 01b (BUF).

[ L | |= [V || ' ||
R H HHH H HHH H HH
) %] n||o %] nl|o n nl|o
[ ~Nak ] BUF [ B BUF | B BUF | B

DATA
DATA
DATA

PID bit setting UF UF UF |
Token Token Token Token Token Token Token
Token reception reception reception reception reception reception reception
is not waited is not waited is waited is not waited is waited is not waited is waited

Interval counter started

Figure 32.16  Relationship between Frames and Expected Token Reception When 1ITV[2:0] # 000b

(b) When the selected pipe is for isochronous IN transfers

The PIPEPERI.IFIS bit should be 1 for this use. When IFIS = 0, the USB transmits a data packet in response to the
received IN token irrespective of the setting of the PIPEPERI.IITV[2:0] bits.

When IFIS =1, the USB clearsthe FIFO buffer when the USB failsto receive an IN token in the frame at the interval set
by the IITV[2:0] bits while there is data to be transmitted in the FIFO buffer.

The USB dso clears the FIFO buffer when the USB failsto receive an IN token successfully because of abus error such
asaCRC error contained in the IN token.

The FIFO buffer is cleared at the timing of SOF packet reception. Even if the SOF packet is corrupted, the internal
interpolation allows the FIFO buffer to be cleared at the timing to receive the SOF packet.

Thetiming to start interval counting depends on the setting of the [1TV[2:0] bits (similar to the timing during OUT
transfers).
The interval is counted on any of the following conditions in function controller mode.

e When ahardware-reset is applied to the USB (here, the 11 TV[2:0] bits are also set to 000b).
e When the PIPENCTR.ACLRM bit is set to 1 by software.
e When the USB detects a USB bus reset.
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(4) Setup of Data to be Transmitted Using Isochronous Transfer When the Function Controller is
Selected

With isochronous data transmission using the USB in the function controller, after data has been written to the buffer
memory, a data packet can be transmitted with the next frame after the frame in which an SOF packet is detected. This
function is called the isochronous transfer transmission data setup function, and it makes it possible to designate the
frame from which transmission began.

In adouble buffer configuration, even after the writing of data to both buffers has been completed, transmission will be
enabled for only one buffer to which data writing was completed first. Accordingly, even if multiple IN tokens are
received, only one packet of datais transmitted from a single buffer.

When an IN token is received, if the buffer memory isin the transmission enabled state, the USB transmits data as a
normal response. If the buffer memory is not in the transmission enabled state, however, a zero-length packet is sent and
an underrun error occurs.

Figure 32.17 shows an example of transmission using the isochronous transfer transmission data setup function with the
USB when 11TV[2:0] = 000b (every frame) has been set.

(1) Reception starting example 1 (when transmit data is ready before IN token reception starts)

SOF SOF SOF SOF

Receive token J_l H H |_|_

Transmit packet

Buffer A Empty X Writing X \évr:glgg X Transfer enabled
Buffer B Empty X Writing X Writing ended

(2) Reception starting example 2 (when transmit data is ready after IN token reception starts (1))
SOF

Receive token IN IN H IN
Zero- Zero-
Transmit packet length length 1@7
’

s
Buffer A Empty XWritingX Writing ended X Transfer enabled X Empty

Buffer B Empty

(3) Reception starting example 2 (when transmit data is ready after IN token reception starts (2))

SOF SOF SOF SOF

Receive token J_l IN |_| IN |'| IN |‘|_
Zero-

7’

L V]
Buffer A Empty X Writing \glr:ggg XTransfer enabledX Empty X Writing X ’/ Writing ended X:
L
Buffer B Empty X Writing X Writing ended XTransfer enabledX Empty X

(4) Example of IN token reception outside the interval

SOF SOF SOF SOF

Receive token J IN |—| IN IN |—| IN |_|—
Transmit packet Zero- - Zero-
p length » Data-A length ﬂ Data-B

4

rd Vi
Buffer A Empty X Writing X \g/r:g'gg XTransfer enabledX Empty XWriting X " Writing ended X:
L
Buffer B Empty X Writing X Writing ended XTransfer enabledx Empty X

Figure 32.17  Example of Data Setup Function Operation
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(5) Isochronous Transfer Transmission Buffer Flush When the Function Controller is Selected

If an SOF packet of the next frameis received without receiving an IN token in an interval frame during isochronous data
transmission, the USB operates asif an IN token had been corrupted, and clears the buffer for which transmission is
enabled, putting that buffer in the writing enabled state.
If adouble buffer configuration is used and writing to both buffers has been completed, the buffer memory that was
cleared is assumed as the data having been sent in the interval frame, and transmission is enabled for the buffer memory
that is not cleared with SOF packet reception.
The timing of the buffer flush function depends on the setting of the PIPEPERI.IITV[2:0] bits.
¢ WhenthellTV[2:0] = 000b
The buffer flush operation starts from the next frame after the pipe becomes valid.
¢ WhenthellTV[2:0] # 000b
The buffer flush operation is carried out after the first successful transaction.

Figure 32.18 shows an example of the buffer flush function in the USB. When an unanticipated token isreceived before
theinterval frame, the USB sends the write data or a zero-length packet as an underrun error according to the data setup
state.

SOF SOF SOF SOF
. Writing - Writing
Buffer A Empty XWntlngX ended X Transfer enabled X Empty XertlngX ended X:

TBuffer is flushed

Buffer B Empty XWritingX Writing ended X Transfer enabled X:

Figure 32.18  Example of Buffer Flush Operation
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Figure 32.19 shows an example of interval error occurrence in the USB. There are five types of interval errors, as
shown below. Theinterval error is generated at the timing indicated by (@D in the figure, and the buffer flush function is
activated.
If an interval error occurs during an IN transfers, the buffer flush function is activated; if it occurs during an OUT
transfer, an NRDY interrupt is generated.
The FRMNUM.OVRN flag should be used to distinguish between NRDY interrupts such as received packet errors and
OVerrun errors.
In response to tokens that are shaded in the figure, responses are sent according to the buffer memory status.
IN direction

o |f the buffer isin the transmission enabled state, the datais transferred as a normal response.

o |f the buffer isin the transmission disabled state, a zero-length packet is sent and an underrun error occurs.
OUT direction

¢ |f the buffer isin the reception enabled state, the datais received as a normal response.

¢ |f the buffer isin the reception disabled state, the datais discarded and an overrun error occurs.

soF _]| I 1 M I I [l 1
v | i s i
(2) Token corrupted i i ©) i i
(3) Packet inserted | E [Token| i [Token] E
(4) Frame misaligned 1 i i ©) E ® i ©
(5) Frame misaligned 2 | E E @ E @
. . . .
(6) Token delayed i i (@) [Token] i [ Token | i
D ! - !

& >

Interval when IITV = 1

Token received in the specified interval
Token received in the frame outside the interval

Figure 32.19  Example of Interval Error Occurrence When 1ITV[2:0] = 001b
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32.3.10  SOF Interpolation Function

When the function controller is selected and if data could not be received at intervals of 1 ms because an SOF packet was
corrupted or missing, the USB interpolates the SOF. The SOF interpolation operation begins when the USBE and SCKE
bitsin the SY SCFG register have been set to 1 and an SOF packet is received. The interpolation function isinitialized
under the following conditions.

e MCU reset
e USB bus reset
e Suspended state detected

The SOF interpolation operates as follows.
e Theinterpolation function is not activated until an SOF packet is received.

o After the first SOF packet is received, interpolation is carried out by counting 1 mswith an internal clock of
48 MHz.

e After the second and subsequent SOF packets are received, interpolation is carried out at the previous reception
interval.

e Interpolationisnot carried out in the suspended state or while a USB bus reset is being received.

The USB supports the following functions based on the SOF packet reception. These functions aso operate normally
with SOF interpolation, if the SOF packet was missing.

e Updating of the frame number
e SOFR interrupt timing
e |sochronoustransfer interval count

If an SOF packet is missing, the FRMNUM.FRNM[10:0] flags are not updated.
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32.3.11 Pipe Schedule

32.3.11.1 Conditions for Generating a Transaction

When the host controller is selected and the DV STCTRO.UACT bit has been set to 1, the USB generates atransaction
under the conditions shown in Table 32.25.

Table 32.25 Conditions for Generating a Transaction

Conditions for Generation

Transaction DIR PID[1:0] 1ITV[O] Buffer State SUREQ
Setup —=1 —1 —1 —1 1 setting
Control transfer data stage, status stage, IN BUF Invalid Receive area —*1
bulk transfer exists
ouT BUF Invalid Transmit data —=1
exists
Interrupt transfer IN BUF Valid Receive area —*1
exists
ouT BUF Valid Transmit data —=1
exists
Isochronous transfer IN BUF Valid *2 —*1
ouT BUF Valid *3 —*1

Note 1. Symbols (—) in the table indicate that the condition is unrelated to the generating of tokens. "Valid" indicates that, for interrupt
transfers and isochronous transfers, a transaction is generated only in transfer frames that are based on the interval counter.
"Invalid" indicates that a transaction is generated regardless of the interval counter.

Note 2. This indicates that a transaction is generated regardless of whether there is a receive area. If there is no receive area, however,
the received data is discarded.

Note 3. This indicates that a transaction is generated regardless of whether there is any data to be transmitted. If there is no data to be
transmitted, however, a zero-length packet is transmitted.

32.3.11.2 Transfer Schedule

This section describes the transfer scheduling within aframe of the USB. After the USB sends an SOF, the transfer is
carried out in the sequence described below.

1. Execution of periodic transfers
A pipeissearched in the order of Pipe 1 — Pipe2 — Pipe 6 — Pipe 7 — Pipe 8 — Pipe 9, and then, if thereisa
pipe for which an isochronous or interrupt transfer transaction can be generated, the transaction is generated.

2. Setup transactions for control transfers
The DCP is checked, and if a setup transaction is possible, it is sent.

3. Execution of bulk transfers, control transfer data stages, and control transfer status stages
A pipeissearched in the order of DCP — Pipe 1 — Pipe 2 — Pipe 3 — Pipe 4 — Pipe 5, and then, if thereis apipe
for which atransaction for a bulk transfer, a control transfer data stage, or a control transfer status stage can be
generated, the transaction is generated.
When atransaction is generated, processing moves to the next pipe transaction regardless of whether the response
from the peripheral deviceis ACK or NAK. If thereistime for transfer within the frame, step 3 is repeated.

32.3.11.3 Enabling USB Communication

Setting the DV STCTRO.UACT hit to 1 initiates SOF transmission and transaction generation is enabled.
Setting the UACT bit to O stops SOF transmission and a suspend state is entered. If the setting of the UACT bit is
changed from 1 to O, processing stops after the next SOF is sent.
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32.4 Usage Notes

324.1 Setting the Module-Stop Function

Operation of the USB module can be disabled or enabled by setting a bit in the module stop control register B
(MSTPCRB). The USB isinitially disabled after areset. Registersin the USB only become accessible after it has been
released from the module-stop state. For details, refer to section 11, Low Power Consumption.
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32.5 Battery Charging Detection Processing

It is possible to control the processing for data contact detection (D+ line contact check), primary detection (charger
detection), and secondary detection (charger verification), which are defined in the battery charging specification.
The following describes required operations for a function device and a host device, individualy.

3251 Processing When Function Controller is Selected

The following processing is required when operating the USB module as a portable device for battery charging.

(1) Detect when the datalines (D+ and D-) have made contact and start the processing for primary detection.

(2) After primary detection starts, wait 40 ms for masking, and then check the D— voltage level to confirm the primary
detection result.

(3) If the charger is detected during primary detection, also start secondary detection.

(4) After secondary detection starts, wait 40 ms for masking, and then check the D+ voltage level to confirm the
secondary detection result.

For step (1), after VBUS is detected using the VBIT interrupt and the VBSTS flag, wait for 300 to 900 ms by software,
and then set the VDPSRCEO and IDM SINKEO bitsin the USBBCCTRLO register to 1. Or set the IDPSRCEO bit to 1,
and after a change from high to low on the D+ line is detected using the LNST[1:0] flags, set the IDPSRCEDO hit to 0 and
set the VDPSRCEO and IDMSINKEQ bitsto 1. Set the VDPSRCEO and IDMSINKEQ bits to O at the same time.*1

For step (2), set the VDPSRCEOQ and IDMSINKEOQ bitsto 1 and wait 40 ms by software, and then usethe CHGDETSTS0
flag to verify the primary detection result.*2

For step (3), if the CHGDETSTSO flag isset to 1 in step (2), verify that the charger is detected, and then set the
VDPSRCEO and IDMSINKEQ hitsto 0 and set the VDM SRCEO and IDPSINKEO bitsto 1.

For step (4), set the VDM SRCEO and IDPSINKEQ bitsto 1 and wait for 40 ms by software, and then use the
PDDETST SO0 flag to verify the secondary detection result.

The following shows the process flow.

Note 1. The battery charging specification describes two implementation methods of the process flow for data contact
detection (D+/D- line contact check). One of the methods is to detect a change to logic low due to the pull-down
resistor of the host device when the D+ and D- lines have made contact with the target while the D+ line is held
at logic high by applying a current of 7 to 13 pA on the D+ line. The other method is to wait for 300 to 900 ms after
VBUS is detected.

Note 2. During primary detection, when the voltage on the D- line is detected to be 0.25 to 0.4 V or above and 0.8 to
2.0 V or below, the target device is recognized as the host device for battery charging (charging downstream
port). When using a PHY in which the CHGDETSTSO flag only indicates that the voltage on the D- line is 0.25 to
0.4V or above, add the processing to check that the voltage on D- line is 0.8 V to 2.0 V or below using the
LNST[1:0] flags, as necessary.
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Figure 32.20  Process Flow for Operating as Portable Device
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32.5.2 Processing When Host Controller is Selected

The following processing is required when operating the USB module as a charging downstream port for battery
charging.

(1) Startdriving the VBUS.

(2) Enablethe portable device detection circuit.

(3) Monitor the portable device detection signal, and start driving the D—lineif the detection signal is high.
(4) Detect when the portable device detection signal islow level and stop driving the D—line.

Or, the following processing can also be used in accordance with the battery charging specification.
(A) After disconnection is detected, start driving the D— line within 200 ms.
(B) After connection is detected, stop driving the D—line within 10 ms.

The D-line must be driven to allow the portable device to detect the primary detection described in section 32.5.1,
Processing When Function Controller is Selected. The above steps (1) to (4) apply when the portable device
detection function is provided by hardware. This method isto drive the D— line when the portable device is detected.
Steps (A) and (B) apply when the portable device function is not provided or available by hardware. Regardless of
detection of the portable device, the D—lineisdriven in the disconnected state and the lineis not driven in the connected
state. In the battery charging specification, either of these methods can be used.

For steps (3) and (4), after achangein the portable device detection signal is detected using the PDDETINT interrupt, the
current signa state can be confirmed by reading the PDDETST SO flag.

Steps (A) and (B) can be performed only in a software timer.

The following show the process flow for steps (1) to (4) and the process flow for steps (A) to (B), respectively.
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Portable Device
Detection Drive VBUS
Processing ¢

PD detection circuit enabled
(IDPSINKEOQ = 1)

v

PD detection interrupt enabled
(PDDETINTEO = 1)

|
<

PD detection interrupt?
(PDDETINT)

Connection detected?

Repeat reading several times D+ pull-up detected?

to perform debouncing.

If SUSP = 0, use BCHG interrupt and
LNST[1:0] for verification.
Yes| |t SUSP = 1, use ATTCH interrupt for

PDDETSTSO bit = 1?

verification.
v
. . Target is normal peripheral
Target is normal portable device .
device
I
D-Line Drive l
Control | Set VDMSRCEO bit to 1 |

<
»€

).

y

PD detection interrupt?
(PDDETINT)

Yes
Repeat reading
several times to
perform debouncing.

Connection detected?
D+ pull-up detected?

If SUSP =0, use BCHG interrupt and
LNST[1:0] for verification.

If SUSP =1, use ATTCH interrupt for
verification.

PDDETSTSO bit = 0?

Set VDMSRCEQO bit to 0

Figure 32.21  Process Flow for Operating as Charging Downstream Port (Steps (1) to (4))
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Figure 32.22  Process Flow for Operating as Charging Downstream Port (Steps (A) to (B))
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33.  Serial Communications Interface (SClg, SClh)

ThisMCU has four independent serial communications interface (SCI) channels. The SCI consists of the SClg module
(SCI1, SCI5, and SCI8) and the SCIh module (SCI12).

The SClg module (SCI1, SCI5, and SCI8) can handle both asynchronous and clock synchronous serial communications.
Asynchronous serial data communications can be carried out with standard asynchronous communications chips such as
a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communications Interface Adapter (ACIA).
As an extended function in asynchronous communications mode, the SCI also supports smart card (1C card) interfaces
conforming to | SO/IEC 7816-3 (standard for Identification Cards). The SCI is aso supports simple SPI interfaces, and
simple 12C-bus interfaces when configured for single-master systems.

The SClh module includes the functions of the SClg module, and supports an extended serial communication protocol
formed of Start Frames and Information Frames.

In this section, “PCLK” is used to refer to PCLKB.

33.1 Overview

Table 33.1 lists the specifications of the SClg module, Table 33.2 lists the specifications of the SCIh module, and
Table 33.3 lists the specifications of the individual SCI channels.

Figure 33.1 shows the block diagram of SCI1 and SCI8, Figure 33.2 shows the block diagram of SCI5, and Figure
33.3 shows the block diagram of SCI12 (SCIh).

Table 33.1 SClg Specifications (1/2)

Iltem Description
Serial communication modes e Asynchronous
e Clock synchronous
e Smart card interface
e Simple 12C-bus
e Simple SPI bus
Transfer speed Bit rate specifiable with the on-chip baud rate generator.
Full-duplex communications Transmitter: Continuous transmission possible using double-buffer structure.
Receiver: Continuous reception possible using double-buffer structure.
1/O pins Refer to Table 33.4 to Table 33.6.
Data transfer Selectable as LSB first or MSB first transfer*1
Interrupt sources Transmit end, transmit data empty, receive data full, and receive error

Completion of generation of a start condition, restart condition, or stop condition (for
simple 12C mode)

Low power consumption function Module stop state can be set for each channel.
Asynchronous mode  Data length 7, 8, or 9 bits
Transmission stop bit 1 or 2 bits
Parity Even parity, odd parity, or no parity
Receive error detection  Parity, overrun, and framing errors
Hardware flow control CTSn# and RTSn# pins can be used in controlling transmission/reception.
Start-bit detection Low level or falling edge is selectable.
Break detection When a framing error occurs, a break can be detected by reading the RXDn pin
level directly.
Clock source An internal or external clock can be selected.

Transfer rate clock input from the TMR can be used. (SCI5)

Double-speed mode Baud rate generator double-speed mode is selectable.

Multi-processor Serial communication among multiple processors

communications function

Noise cancellation The signal paths from input on the RXDn pins incorporate digital noise filters.
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Table 33.1 SClg Specifications (2/2)
Iltem Description
Clock synchronous Data length 8 bits

mode

Receive error detection

Overrun error

Hardware flow control

CTSn# and RTSn# pins can be used in controlling transmission/reception.

Smart card interface
mode

Error processing

An error signal can be automatically transmitted when detecting a parity error during
reception

Data can be automatically retransmitted when receiving an error signal during
transmission

Data type

Both direct convention and inverse convention are supported.

Simple 12C mode

Transfer format

12C-bus format

Operating mode

Master (single-master operation only)

Transfer rate

Fast mode is supported (refer to section 33.2.11, Bit Rate Register (BRR) to set the
transfer rate).

Noise cancellation

The signal paths from input on the SSCLn and SSDAn pins incorporate digital noise
filters, and the interval for noise cancellation is adjustable.

Simple SPI bus

Data length

8 bits

Detection of errors

Overrun error

SS input pin function

Applying the high level to the SSn# pin can cause the output pins to enter the
high-impedance state.

Clock settings

Four kinds of settings for clock phase and clock polarity are selectable.

Bit rate modulation function

Correction of outputs from the on-chip baud rate generator can reduce errors.

Event link function (supported by SCI5 only)

Error (receive error or error signal detection) event output

Receive data full event output

Transmit data empty event output

Transmit end event output

Note 1. In simple I2C mode, only MSB first is available.

Table 33.2

SCIh Specifications (1/2)

Item

Description

Serial communication modes

e Asynchronous

¢ Clock synchronous
e Smart card interface
e Simple 12C-bus

o Simple SPI bus

Transfer speed

Bit rate specifiable with the on-chip baud rate generator.

Full-duplex communications

Transmitter: Continuous transmission possible using double-buffer structure.

Receiver: Continuous reception possible using double-buffer structure.

1/O pins

Refer to Table 33.4 to Table 33.7.

Data transfer

Selectable as LSB first or MSB first transfer*!

Interrupt sources

Transmit end, transmit data empty, receive data full, and receive error
Completion of generation of a start condition, restart condition, or stop condition (for simple
12C mode)

Low power consumption function

Module stop state can be set.
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Table 33.2 SClh Specifications (2/2)
Iltem Description
Asynchronous Data length 7, 8, or 9 bits
mode
Transmission stop bit 1 or 2 bits
Parity Even parity, odd parity, or no parity
Receive error detection  Parity, overrun, and framing errors
Hardware flow control CTSn# and RTSn# pins can be used in controlling transmission/reception.
Start-bit detection Low level or falling edge is selectable.
Break detection When a framing error occurs, a break can be detected by reading the RXDn pin level
directly.
Clock source An internal or external clock can be selected.
Transfer rate clock input from the TMR can be used.

Double-speed mode Baud rate generator double-speed mode is selectable.
Multi-processor Serial communication among multiple processors
communications function
Noise cancellation The signal paths from input on the RXDn pins incorporate digital noise filters.

Clock Data length 8 bits

rsnygggronous Receive error detection ~ Overrun error
Hardware flow control CTSn# and RTSn# pins can be used in controlling transmission/reception.

Smart card Error processing An error signal can be automatically transmitted when detecting a parity error during

interface mode

reception

Data can be automatically retransmitted when receiving an error signal during transmission

Data type Both direct convention and inverse convention are supported.
Simple 12C Transfer format 12C-bus format
mode Operating mode Master (single-master operation only)
Transfer rate Fast mode is supported (refer to section 33.2.11, Bit Rate Register (BRR) to set the
transfer rate).
Noise cancellation The signal paths from input on the SSCLn and SSDAn pins incorporate digital noise filters,
and the interval for noise cancellation is adjustable.
Simple SPI Data length 8 bits
bus Detection of errors Overrun error
SS input pin function Applying the high level to the SSn# pin can cause the output pins to enter the
high-impedance state.
Clock settings Four kinds of settings for clock phase and clock polarity are selectable.
Extended Start Frame transmission e Output of a low level as the Break Field over a specified width and generation of
serial mode interrupts on completion

» Detection of bus collisions and the generation of interrupts on detection

Start Frame reception

o Detection of the Break Field low width and generation of an interrupt on detection

e Comparison of Control Fields 0 and 1 and generation of an interrupt when the two match
* Two kinds of data for comparison (primary and secondary) can be set in Control Field 1.
o A priority interrupt bit can be set in Control Field 1.

Handling of Start Frames that do not include a Break Field

Handling of Start Frames that do not include a Control Field O

Function for measuring bit rates

1/0 control function

o Selectable polarity for TXDX12 and RXDX12 signals

o Selection of a digital filter for the RXDX12 signal

¢ Half-duplex operation employing RXDX12 and TXDX12 signals multiplexed on the same
pin

» Selectable timing for the sampling of data received through RXDX12

Timer function

e Usable as a reload timer

Bit rate modulation function

Correction of outputs from the on-chip baud rate generator can reduce errors.

Note 1. In simple I2C mode, only MSB first is available.
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Table 33.3 Functions of SCI Channels
Item SCI1, SCI8 SCI5 SClI12
Asynchronous mode Available Available Available
Clock synchronous mode Available Available Available
Smart card interface mode Available Available Available
Simple 12C mode Available Available Available
Simple SPI mode Available Available Available
Extended serial mode Not available Not available Available
TMR clock input Not available Available Available
Event link function Not available Available Not available
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Figure 33.1 Block Diagram of SClg (SCI1 and SCI8)
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Figure 33.2 Block Diagram of SClg (SCI5)
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Table 33.4 to Table 33.7 list the pin configuration of the SCls for the individual modes.

Table 33.4 SCI Pin Configuration in Asynchronous Mode and Clock Synchronous Mode
Channel Pin Name 110 Function
SCI1 SCK1 /10 SCI1 clock input/output
RXD1 Input SCI1 receive data input
TXD1 Output SCI1 transmit data output
CTS1#/RTS1# 1/0 SCI1 transfer start control input/output
SCI5 SCK5 110 SCI5 clock input/output
RXD5 Input SCI5 receive data input
TXD5 Output SCI5 transmit data output
CTS5#/RTS5# 110 SCI5 transfer start control input/output
SCi8 SCK8 110 SCI8 clock input/output
RXD8 Input SCI8 receive data input
TXD8 Output SCI8 transmit data output
CTS8#/RTS8# 110 SCI8 transfer start control input/output
SCl12 SCK12 110 SCI12 clock input/output
RXD12 Input SCI12 receive data input
TXD12 Output SCI12 transmit data output
CTS12#/RTS12# 1/0 SCI12 transfer start control input/output
Table 33.5 SCI Pin Configuration in Simple 12C Mode
Channel Pin Name 110 Function
SCil SSCL1 1/0 SCI1 I2C clock input/output
SSDA1 1/0 SCI1 12C data input/output
SCI5 SSCL5 1/0 SCI5 12C clock input/output
SSDA5 1/10 SCI5 12C data input/output
SCI8 SSCL8 /0 SCI8 12C clock input/output
SSDAS 110 SCI8 I12C data input/output
SCl12 SSCL12 1/0 SCI12 12C clock input/output
SSDA12 1/0 SCI12 I12C data input/output
Table 33.6 SCI Pin Configuration in Simple SPI Mode (1/2)
Channel Pin Name 110 Function
SCil SCK1 1/0 SCI1 clock input/output
SMISO1 110 SCI1 slave transmit data input/output
SMOSI1 1/0 SCI1 master transmit data input/output
SS1# Input SCI1 chip select input
SCI5 SCK5 110 SCI5 clock input/output
SMISO5 110 SCI5 slave transmit data input/output
SMOSI5 1/0 SCI5 master transmit data input/output
SS5# Input SCI5 chip select input
SCi8 SCK8 1/0 SCI8 clock input/output
SMISO8 110 SCI8 slave transmit data input/output
SMOSI8 110 SCI8 master transmit data input/output
SS8# Input SCI8 chip select input
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Table 33.6 SCI Pin Configuration in Simple SPI Mode (2/2)

Channel Pin Name 110 Function

SCI12 SCK12 1/0 SCI12 clock input/output
SMISO12 1/0 SCI12 slave transmit data input/output
SMOSI12 /0 SCI12 master transmit data input/output
SS12# Input SCI12 chip select input

Table 33.7 SCI Pin Configuration in Extended Serial Mode

Channel Pin Name 110 Function
SCI12 RXDX12 Input SCI12 receive data input
TXDX12 Output SCI12 transmit data output
SIOX12 1/0 SCI12 transfer data input/output
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33.2 Register Descriptions

33.2.1 Receive Shift Register (RSR)

The RSR register is a shift register which is used to receive seria datainput from the RXDn pin and convertsit into
parale data.

When one frame of data has been received, it is automatically transferred to the RDR register.

The RSR register cannot be directly accessed by the CPU.

33.2.2 Receive Data Register (RDR)

Address(es): SCI1.RDR 0008 A025h, SCI5.RDR 0008 AOA5h, SCI8.RDR 0008 A105h, SCI12.RDR 0008 B305h

b7 b6 b5 b4 b3 b2 bl b0

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

The RDR register is an 8-bit register that stores receive data.

When one frame of serial data has been received, the received serial dataistransferred from the RSR register to the RDR
register. Then the RSR register can receive the next data.

Since the RSR and RDR registers function as a double buffer in this way, continuous receive operations can be
performed.

Read the RDR register only once after areceive datafull interrupt (RXI) has occurred. Notethat if next one frame of data
isreceived before reading receive data from the RDR register, an overrun error occurs.

The RDR register cannot be written to by the CPU.
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33.2.3 Receive Data Register H, L, HL (RDRH, RDRL, RDRHL)
e Receive Data Register H (RDRH)
Address(es): SCI1.RDRH 0008 A030h, SCI5.RDRH 0008 AOBOh, SCI8.RDRH 0008 A110h, SCI12.RDRH 0008 B310h

¢ Receive Data Register L (RDRL)

Address(es): SCI1.RDRL 0008 A031h, SCI5.RDRL 0008 AOB1h, SCI8.RDRL 0008 A111h, SCI12.RDRL 0008 B311h

e Receive Data Register HL (RDRHL)

Address(es): SCI1.RDRHL 0008 A030h, SCI5.RDRHL 0008 A0BOh, SCI8.RDRHL 0008 A110h, SCI12.RDRHL 0008 B310h

| RDRHL |

| RDRH RDRL |

b7 b6 b5 b4 b3 b2 bl b0 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

The RDRH and RDRL registers are 8-bit registers that store receive data. Use these registers when asynchronous mode
and 9-hit data length are selected.

The RDRL register isthe shadow register of the RDR register; i.e. accessto the RDRL register is equivalent to accessto
the RDR register.

After one frame of dataisreceived, thereceived dataistransferred from the RSR register to these registers, thus allowing
the RSR register to receive the next data.

The RSR, RDRH and RDRL registers have a double-buffered construction to enable continuous reception.

Read the RDRH and RDRL registers should be performed only once in the order from the RDRH register to the RDRL
register when areceive datafull interrupt (RXI) request isissued. Note that an overrun error occurs when the next frame
of dataisreceived before the received data has been read from the RDRL register.

The CPU cannot write to the RDRH and RDRL registers. Bits 0 to 7 in the RDRH register are fixed to 0. These bits are
read as 0.

The RDRHL register can be accessed in 16-bit units.
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33.24 Transmit Data Register (TDR)

Address(es): SCI1.TDR 0008 A023h, SCI5.TDR 0008 AOA3h, SCI8.TDR 0008 A103h, SCI12.TDR 0008 B303h

b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 1 1 1 1 1 1 1 1

The TDR register is an 8-bit register that stores transmit data.

When the SCI detects that the TSR register is empty, it transfers the transmit data written in the TDR register to the TSR
register and starts transmission.

The double-buffered structures of the TDR register and the TSR register enable continuous serial transmission. If the
next transmit data has already been written to the TDR register when one frame of data is transmitted, the SCI transfers
the written data to the TSR register to continue transmission.

The CPU is ableto read from or write to the TDR register at any time. Only write transmit data to the TDR register once
after each instance of the transmit data empty interrupt (TX1).
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33.2.5 Transmit Data Register H, L, HL (TDRH, TDRL, TDRHL)
e Transmit Data Register H (TDRH)
Address(es): SCI1.TDRH 0008 AO2Eh, SCI5. TDRH 0008 AOAEh, SCI8.TDRH 0008 A10Eh, SCI12.TDRH 0008 B30Eh

e Transmit Data Register L (TDRL)

Address(es): SCI1.TDRL 0008 A02Fh, SCI5.TDRL 0008 AOAFh, SCI8. TDRL 0008 A10Fh, SCI12.TDRL 0008 B30Fh

e Transmit Data Register HL (TDRHL)

Address(es): SCI1.TDRHL 0008 A02Eh, SCI5.TDRHL 0008 AOAEh, SCI8. TDRHL 0008 A10Eh, SCI12.TDRHL 0008 B30Eh

| TDRHL |

| TDRH TDRL |

b7 b6 b5 b4 b3 b2 bl b0 b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The TDRH and TDRL registers are 8-bit registers that store transmit data. Use these registers when asynchronous mode
and 9-hit data length are selected.

The TDRL register isthe shadow register of the TDR register; i.e. access to the TDRL register is equivalent to access to
the TDR register.

When empty space is detected in the TSR register, the transmit data stored in the TDRH and TDRL registersis
transferred to the TSR register; i.e., transmitting is started.

The TSR, TDRH and TDRL registers have a double-buffered construction to realize continuous reception. When the
next datato be transmitted is stored in the TDRL register after one frame of data has been transmitted, the transmitting
operation is continued by transfer to the TSR register.

The CPU can read and write to the TDRH and TDRL registers. Bits0to 7 in the RDRH register are fixed to 1. These bits
areread as 1. The write value should be 1.

Writing transmit datato the TDRH and TDRL registers should be performed only once in the order from the TDRH
register to the TDRL register when atransmit data empty interrupt (TX1) request is issued.

The TDRHL register can be accessed in 16-bit units.

33.2.6 Transmit Shift Register (TSR)

The TSR register is ashift register that transmits serial data.

To perform serial datatransmission, the SCI first automatically transfers transmit data from the TDR register to the TSR
register, and then sends the data to the TXDn pin.

The TSR register cannot be directly accessed by the CPU.
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33.2.7 Serial Mode Register (SMR)

Some bits in the SMR register have different functionsin smart card interface mode and non-smart card interface mode.

(1) Non-Smart Card Interface Mode (SCMR.SMIF = 0)

Address(es): SCI1.SMR 0008 A020h, SCI5.SMR 0008 AOAOh, SCI8.SMR 0008 A100h, SCI12.SMR 0008 B300h

b7 b6 b5 b4 b3 b2 b1l b0

CM CHR PE PM STOP MP CKSJ1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 CKS[1:0] Clock Select bl b0 R/W*4

0 0: PCLK (n = 0)*1

0 1: PCLK/4 (n = 1)*L
1 0: PCLK/16 (n = 2)*L
1 1: PCLK/64 (n = 3)*1

b2 MP Multi-Processor Mode (Valid only in asynchronous mode) R/W*4
0: Multi-processor communications function is disabled
1: Multi-processor communications function is enabled

b3 STOP Stop Bit Length (Valid only in asynchronous mode) R/W*4
0: 1 stop bit
1: 2 stop bits

b4 PM Parity Mode (Valid only when the PE bit is 1) R/W*4

0: Selects even parity
1: Selects odd parity

b5 PE Parity Enable (Valid only in asynchronous mode) R/W*4
e When transmitting
0: Parity bit addition is not performed
1: The parity bit is added
¢ When receiving
0: Parity bit checking is not performed
1: The parity bit is checked

b6 CHR Character Length (Valid only in asynchronous mode*2) R/W*4

Selects in combination with the SCMR.CHR1 bit.
CHRL CHR
0 O: Transmit/receive in 9-bit data length

0 1: Transmit/receive in 9-bit data length
1 0: Transmit/receive in 8-bit data length (initial value)
1  1: Transmit/receive in 7-bit data length*3

b7 CM Communications Mode 0: Asynchronous mode or simple 12C mode R/W*4
1: Clock synchronous mode or simple SPI mode

Note 1. nis the decimal notation of the value of n in the BRR register (refer to section 33.2.11, Bit Rate Register (BRR)).
Note 2. In other than asynchronous mode, this bit setting is invalid and a fixed data length of 8 bits is used.

Note 3. LSB first is fixed and the MSB (bit 7) in the TDR register is not transmitted in transmission.

Note 4. Writable only when the SCR.TE bit is 0 and the SCR.RE bit is O (both serial transmission and reception are disabled).

CKS[1:0] Bits (Clock Select)
These bits select the clock source for the on-chip baud rate generator.
For the relation between the settings of these bits and the baud rate, refer to section 33.2.11, Bit Rate Register (BRR).

MP Bit (Multi-Processor Mode)

Disables/enables the multi-processor communications function. The settings of the PE bit and PM bit areinvalid in
multi-processor mode.
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STOP Bit (Stop Bit Length)

Selects the stop bit length in transmission.

In reception, only the first stop bit is checked regardless of this bit setting. If the second stop bit is 0, it istreated as the
start bit of the next transmit frame.

PM Bit (Parity Mode)
Selects the parity mode (even or odd) for transmission and reception.
The setting of the PM bit isinvalid in multi-processor mode.

PE Bit (Parity Enable)
When thisbit is set to 1, the parity bit is added to transmit data, and the parity bit is checked in reception.
Irrespective of the setting of the PE bit, the parity bit is not added or checked in multi-processor format.

CHR Bit (Character Length)

Selects the data length for transmission and reception.

Selects in combination with the SCMR.CHRL1 bit.

In other than asynchronous mode, a fixed data length of 8 bitsis used.
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(2) Smart Card Interface Mode (SCMR.SMIF = 1)

Address(es): SMCI1.SMR 0008 A020h, SMCI5.SMR 0008 AOAOh, SMCI8.SMR 0008 A100h, SMCI12.SMR 0008 B300h

b7 b6 b5 b4 b3 b2 bl b0
GM | BLK PE PM BCP[1:0] CKS[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
b1, b0 CKS[1:0] Clock Select bl bo R/W*2
0 0: PCLK (n=0)*1
0 1: PCLK/4 (n=1)*1
1 0: PCLK/16 (n = 2)*1
1 1: PCLK/64 (n = 3)*1
b3, b2 BCP[1:0] Base Clock Pulse Selects the number of base clock cycles in combination with the SCMR.BCP2 R/W*2
bit.
Table 33.8 lists the combinations of the SCMR.BCP2 bit and SMR.BCP[1:0] bits.
b4 PM Parity Mode (Valid only when the PE bit is 1) R/W*2
0: Selects even parity
1: Selects odd parity
b5 PE Parity Enable When this bit is set to 1, a parity bit is added to transmit data, and the parity of RIW*2
received data is checked. Set this bit to 1 in smart card interface mode.
b6 BLK Block Transfer 0: Non-block transfer mode operation R/W*2
Mode 1: Block transfer mode operation
b7 GM GSM Mode 0: Non-GSM mode operation R/W*2
1: GSM mode operation
Note 1. nis the decimal notation of the value of n in the BRR register (refer to section 33.2.11, Bit Rate Register (BRR)).

Note 2. Writable only when the SCR.TE bit is 0 and the SCR.RE bit is 0 (both serial transmission and reception are disabled).

CKSJ[1:0] Bits (Clock Select)
These hits select the clock source for the on-chip baud rate generator.
For the relationship between the settings of these bits and the baud rate, refer to section 33.2.11, Bit Rate Register

(BRR).

BCP[1:0] Bits (Base Clock Pulse)

These bits select the number of base clock cyclesin a 1-bit data transfer time in smart card interface mode.
Set these bits in combination with the SCMR.BCP2 bit.
For details, refer to section 33.6.4, Receive Data Sampling Timing and Reception Margin.

Table 33.8

Combinations of the SCMR.BCP2 Bit and SMR.BCP[1:0] Bits

SCMR.BCP2 B

it

SMR.BCP[1:0] Bits

Number of Base Clock Cycles for 1-Bit Transfer Period

0

93 clock cycles (S = 93)*1

128 clock cycles (S = 128)*1

186 clock cycles (S = 186)*1

512 clock cycles (S = 512)*1

32 clock cycles (S = 32)*1 (Initial Value)

64 clock cycles (S = 64)*1

372 clock cycles (S = 372)*1

PR |RP|IFPIO|O|OC| O

Rrlr|lo|lo|lr|r]|o

P O|FRP|O|Fr,|O|PFr]| O

256 clock cycles (S = 256)*1

Note 1. S is the value of S in the BRR register (refer to section 33.2.11, Bit Rate Register (BRR)).
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PM Bit (Parity Mode)

Selects the parity mode for transmission and reception (even or odd).

For details on the usage of thisbit in smart card interface mode, refer to section 33.6.2, Data Format (Except in Block
Transfer Mode).

PE Bit (Parity Enable)

Set the PE bit to 1.
The parity bit is added to transmit data before transmission, and the parity bit is checked in reception.

BLK Bit (Block Transfer Mode)
Setting this bit to 1 allows block transfer mode operation.
For details, refer to section 33.6.3, Block Transfer Mode.

GM Bit (GSM Mode)

Setting this bit to 1 allows GSM mode operation.

In GSM mode, the SSR.TEND flag set timing is put forward to 11.0 etu (elementary time unit = 1-bit transfer time) from
the start and the clock output control function is appended. For details, refer to section 33.6.6, Serial Data
Transmission (Except in Block Transfer Mode) and section 33.6.8, Clock Output Control.
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33.2.8 Serial Control Register (SCR)

Some bits in the SCR register have different functions in smart card interface mode and non-smart card interface mode.

(1) Non-Smart Card Interface Mode (SCMR.SMIF = 0)

Address(es): SCI1.SCR 0008 A022h, SCI5.SCR 0008 A0A2h, SCI8.SCR 0008 A102h, SCI12.SCR 0008 B302h

b7 b6 b5 b4 b3 b2 b1l b0

TIE RIE TE RE MPIE | TEIE CKE[1:0]

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b1, b0 CKE[1:0] Clock Enable (Asynchronous mode) R/W*1
bl bo

0 0: On-chip baud rate generator
The SCKn pin becomes high-impedance.

0 1: On-chip baud rate generator
The clock with the same frequency as the bit rate is output
from the SCKn pin.

1 x: External clock or TMR clock*2
* The clock with a frequency 16 times the bit rate should be
input from the SCKn pin. Input a clock signal with a frequency
eight times the bit rate when the SEMR.ABCS bit is 1.
» The SCKn pin becomes high-impedance when the TMR
clock*2 is used.

(Clock synchronous mode)
bl bo
0 x: Internal clock

The SCKn pin functions as the clock output pin.
1 x: External clock
The SCKn pin functions as the clock input pin.

b2 TEIE Transmit End Interrupt Enable  0: A TEI interrupt request is disabled R/W
1: ATEl interrupt request is enabled
b3 MPIE Multi-Processor Interrupt (Valid in asynchronous mode when the SMR.MP bit is 1) R/W
Enable 0: Normal reception

1: When the data with the multi-processor bit set to O is received,
the data is not read, and setting the status flags RDRF, ORER,
and FER in the SSR register to 1 is disabled. When the data with
the multi-processor bit set to 1 is received, the MPIE bit is
automatically cleared to 0, and normal reception is resumed.

b4 RE Receive Enable 0: Serial reception is disabled R/W*3
1: Serial reception is enabled

b5 TE Transmit Enable 0: Serial transmission is disabled R/W*3
1: Serial transmission is enabled

b6 RIE Receive Interrupt Enable 0: RXI and ERI interrupt requests are disabled R/W
1: RXI and ERI interrupt requests are enabled

b7 TIE Transmit Interrupt Enable 0: ATXI interrupt request is disabled R/W
1: ATXI interrupt request is enabled

x: Don't care

Note 1. Writable only when TE = 0 and RE = 0.

Note 2. TMR clock is selectable for SCI5 and SCI12.

Note 3. 1 can be written only when TE = 0 and RE = 0, while the SMR.CM bit is 1. After setting TE or RE to 1, only O can be written to
TE and RE. While the SMR.CM bit is 0 and the SIMR1.IICM bit is 0, writing is enabled under any condition.
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CKEJ[1:0] Bits (Clock Enable)
These bits select the clock source and SCKn pin function.
The combination of the settings of these bits and of the SEMR.ACSO hit setsthe internal TMR clock.

TEIE Bit (Transmit End Interrupt Enable)

Enables or disables a TEI interrupt request.

A TEI interrupt request is disabled by setting the TEIE bit to O.

In simple 12C mode, the TEI is allocated to the interrupt on completion of issuing a start, restart, or stop condition (STI).
In this case, the TEIE bit can be used to enable or disable the STI.

MPIE Bit (Multi-Processor Interrupt Enable)

When this hit is set to 1 and the data with the multi-processor bit set to O is received, the datais not read and setting the
status flags RDRF, ORER, and FER in the SSR register to 1 is disabled. When the data with the multi-processor bit set to
lisreceived, the MPIE bit is automatically cleared to 0, and normal reception is resumed. For details, refer to section
33.4, Multi-Processor Communications Function.

When the data with the multi-processor bit set to 0 isreceived, the receive datais not transferred from the RSR register to
the RDR register, areceive error is not detected, and setting the flags RDRF, ORER, and FER to 1 is disabled.

When the data with the multi-processor bit set to 1 is received, the MPB bit is set to 1, the MPIE bit is automatically
cleared to O, the RXI and ERI interrupt requests are enabled (if the SCR.RIE hit is set to 1), and setting the flags RDRF,
ORER, and FER to 1 is enabled.

Set the MPIE bit to 0 if multi-processor communications function is not to be used.

RE Bit (Receive Enable)

Enables or disables serial reception.

When thishit is set to 1, serial reception is started by detecting the start bit in asynchronous mode or the synchronous
clock input in clock synchronous mode. Note that the SMR register should be set prior to setting the RE bit to 1 in order
to designate the reception format.

Even if reception is halted by setting the RE bit to O, the ORER, FER, PER, and RDRF flags in the SSR register are not
affected and the previous value is retained.

TE Bit (Transmit Enable)

Enables or disables serial transmission.

When thishit is set to 1, seria transmission is started by writing transmit data to the TDR register. Note that the SMR
register should be set prior to setting the TE bit to 1 in order to designate the transmission format.

RIE Bit (Receive Interrupt Enable)

Enables or disables RX| and ERI interrupt requests.

An RXI interrupt request is disabled by setting the RIE bit to O.

An ERI interrupt request can be canceled by reading 1 from the ORER, FER, or PER flag in the SSR register and then
setting the flag to O, or setting the RIE bit to O.

TIE Bit (Transmit Interrupt Enable)
Enables or disables TXI interrupt request.
A TXI interrupt request is disabled by setting the TIE bit to 0.
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(2) Smart Card Interface Mode (SCMR.SMIF = 1)

Address(es): SMCI1.SCR 0008 A022h, SMCI5.SCR 0008 A0A2h, SMCI8.SCR 0008 A102h, SMCI12.SCR 0008 B302h

b7 b6 b5 b4 b3 b2 bl b0

TIE RIE TE RE MPIE | TEIE CKE[1:0]

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
b1, b0 CKE[1:0] Clock Enable e When SMR.GM =0 R/W*1
bl bo

0 0: Output disabled

The SCKn pin becomes high-impedance.
0 1: Clock output
1 x: Setting prohibited

e When SMR.GM =1

bl bo

0 0: Output fixed low
x 1: Clock output

1 0: Output fixed high

b2 TEIE Transmit End Interrupt Enable This bit should be 0 in smart card interface mode. R/W
b3 MPIE Multi-Processor Interrupt Enable  This bit should be 0 in smart card interface mode. R/W
b4 RE Receive Enable 0: Serial reception is disabled R/W*2

1: Serial reception is enabled

b5 TE Transmit Enable 0: Serial transmission is disabled R/W*2
1: Serial transmission is enabled

b6 RIE Receive Interrupt Enable 0: RXI and ERI interrupt requests are disabled R/W
1: RXI and ERI interrupt requests are enabled

b7 TIE Transmit Interrupt Enable 0: ATXI interrupt request is disabled R/W
1: ATXI interrupt request is enabled

x: Don'’t care
Note 1. Writable only when TE =0 and RE = 0.
Note 2. 1 can be written only when TE = 0 and RE = 0. After setting TE or RE to 1, only 0 can be written in TE and RE.

For details on interrupt requests, refer to section 33.12, Interrupt Sources.

CKE[1:0] Bits (Clock Enable)
These bits control the clock output from the SCKn pin.
In GSM mode, clock output can be dynamically switched. For details, refer to section 33.6.8, Clock Output Control.

TEIE Bit (Transmit End Interrupt Enable)
This bit should be 0 in smart card interface mode.

MPIE Bit (Multi-Processor Interrupt Enable)
Thisbit should be 0 in smart card interface mode.
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RE Bit (Receive Enable)

Enables or disables serial reception.

When thishitisset to 1, serial reception is started by detecting the start bit. Note that the SMR register should be set prior
to setting the RE bit to 1 in order to designate the reception format.

Even if reception is halted by setting the RE bit to O, the ORER, FER, and PER flagsin the SSR register are not affected
and the previous value is retained.

TE Bit (Transmit Enable)

Enables or disables serial transmission.

When thishit is set to 1, serial transmission is started by writing transmit data to the TDR register. Note that the SMR
register should be set prior to setting the TE hit to 1 in order to designate the transmission format.

RIE Bit (Receive Interrupt Enable)

Enables or disables RX| and ERI interrupt requests.

An RXI interrupt request is disabled by setting the RIE bit to O.

An ERI interrupt request can be canceled by reading 1 from the ORER, FER, or PER flag in the SSR register and then
setting the flag to O, or setting the RIE bit to O.

TIE Bit (Transmit Interrupt Enable)
Enables or disables TXI interrupt request.
A TXI interrupt request is disabled by setting the TIE bit to 0.
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33.2.9 Serial Status Register (SSR)

Some bits in the SSR register have different functions in smart card interface mode and non-smart card interface mode.

(1) Non-Smart Card Interface Mode (SCMR.SMIF = 0)

Address(es): SCI1.SSR 0008 A024h, SCI5.SSR 0008 A0A4h, SCI8.SSR 0008 A104h, SCI12.SSR 0008 B304h

b7 b6 b5 b4 b3 b2 bl b0

TDRE | RDRF | ORER | FER PER | TEND | MPB | MPBT

Value after reset: 1 0 0 0 0 1 0 0
Bit Symbol Bit Name Description R/W
b0 MPBT Multi-Processor Bit Transfer Sets the multi-processor bit for adding to the transmission frame R/W

0: Data transmission cycles
1: ID transmission cycles

bl MPB Multi-Processor Value of the multi-processor bit in the reception frame R
0: Data transmission cycles
1: ID transmission cycles

b2 TEND Transmit End Flag 0: A character is being transmitted. R
1: Character transfer has been completed.

b3 PER Parity Error Flag 0: No parity error occurred R/(W)
1: A parity error has occurred *1

b4 FER Framing Error Flag 0: No framing error occurred R/(W)
1: Aframing error has occurred *1

b5 ORER Overrun Error Flag 0: No overrun error occurred R/(W)
1: An overrun error has occurred *1

b6 RDRF Receive Data Full Flag 0: No valid data is held in the RDR register R/(W)
1: Received data is held in the RDR register *2

b7 TDRE Transmit Data Empty Flag 0: Data to be transmitted is held in the TDR register R/(W)
1: No data is held in the TDR register *2

Note 1. Only O can be written to this bit, to clear the flag. To clear this flag, confirm that the flag is 1 and then set it to 0.
Note 2. Write 1 when writing is necessary.

MPB Bit (Multi-Processor)
Holds the value of the multi-processor bit in the reception frame. This bit does not change when the SCR.RE hit is 0.

TEND Flag (Transmit End Flag)
Indicates completion of transmission.
[Setting conditions]
e When the SCR.TE bit is set to O (seria transmission is disabled)
When the SCR.TE bit is changed from 0 to 1, the TEND flag is not affected and retains the value 1.
e Whenthe TDR register is not updated at the time of transmission of the tail-end bit of a character being transmitted
[Clearing condition]
e When transmit data are written to the TDR register whilethe SCR.TE bitis 1
When setting the TEND flag to 0 to complete the interrupt handling, refer to section 15.4.1.2, Operation of
Status Flags for Level-Detected Interrupts.
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PER Flag (Parity Error Flag)
Indicates that a parity error has occurred during reception in asynchronous mode and the reception ends abnormally.
[Setting condition]
e When aparity error is detected during reception
Although receive data when the parity error occursis transferred to the RDR register, no RXI interrupt request
occurs. Note that when the PER flag is being set to 1, the subsequent receive datais not transferred to the RDR
register.
[Clearing condition]
e When 0 iswritten to the PER flag after reading PER = 1
When setting the PER flag to 0 to complete the interrupt handling, refer to section 15.4.1.2, Operation of Status
Flags for Level-Detected Interrupts.
Even when the SCR.RE bit is set to O (serial reception is disabled), the PER flag is not affected and retains its
previous value.

FER Flag (Framing Error Flag)
Indicates that aframing error has occurred during reception in asynchronous mode and the reception ends abnormally.
[Setting condition]
e When the stop hitisO
In 2-stop-bit mode, only the first stop bit is checked whether it is 1 but the second stop bit is not checked. Note that
although receive data when the framing error occursis transferred to the RDR register, no RXI interrupt request
occurs. In addition, when the FER flag is being set to 1, the subsequent receive datais not transferred to the RDR
register.
[Clearing condition]
e When 0 iswritten to the FER flag after reading FER = 1
When setting the FER flag to 0 to complete the interrupt handling, refer to section 15.4.1.2, Operation of Status
Flags for Level-Detected Interrupts.
Even when the SCR.RE bit is set to O, the FER flag is not affected and retains its previous value.

ORER Flag (Overrun Error Flag)
Indicates that an overrun error has occurred during reception and the reception ends abnormally.
[Setting condition]
e When the next datais received before receive datais read from the RDR register
Inthe RDR register, receive dataprior to an overrun error occurrenceis retained, but data received after the overrun
error occurrenceislost. When the ORER flag is set to 1, subsequent serial reception cannot be performed. Note that,
in clock synchronous mode, serial transmission also cannot continue.
[Clearing condition]
¢ When 0 iswritten to the ORER flag after reading ORER = 1
When setting the ORER flag to 0 to complete the interrupt handling, refer to section 15.4.1.2, Operation of
Status Flags for Level-Detected Interrupts.
Even when the SCR.RE hit is set to 0, the ORER flag is not affected and retains its previous value.

RDRF Flag (Receive Data Full Flag)
Indicates whether the RDR register has received data.
[Setting condition]
¢ When data has been received normally, and transferred from the RSR register to the RDR register
[Clearing condition]
e When dataisread from the RDR register
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TDRE Flag (Transmit Data Empty Flag)
Indicates whether the TDR register has data to be transmitted.
[Setting condition]
e When dataistransferred from the TDR register to the TSR register
[Clearing condition]
e When dataiswritten to the TDR register

(2) Smart Card Interface Mode (SCMR.SMIF = 1)

Address(es): SMCI1.SSR 0008 A024h, SMCI5.SSR 0008 AOA4h, SMCI8.SSR 0008 A104h, SMCI12.SSR 0008 B304h

b7 b6 b5 b4 b3 b2 b1l b0

TDRE | RDRF | ORER | ERS PER | TEND | MPB | MPBT

Value after reset: 1 0 0 0 0 1 0 0
Bit Symbol Bit Name Description R/W
b0 MPBT Multi-Processor Bit Transfer This bit should be set to 0 in smart card interface mode. R/IW
bl MPB Multi-Processor This bit is not used in smart card interface mode. It should be set R
to 0.
b2 TEND Transmit End Flag 0: A character is being transmitted. R
1: Character transfer has been completed.
b3 PER Parity Error Flag 0: No parity error occurred R/(W)
1: A parity error has occurred *1
b4 ERS Error Signal Status Flag 0: Low error signal not responded R/(W)
1: Low error signal responded *1
b5 ORER Overrun Error Flag 0: No overrun error occurred R/I(W)
1: An overrun error has occurred *1
b6 RDRF Receive Data Full Flag 0: No valid data is held in the RDR register R/(W)
1: Received data is held in the RDR register *2
b7 TDRE Transmit Data Empty Flag 0: Data to be transmitted is held in the TDR register R/(W)
1: No data is held in the TDR register *2
Note 1. Only O can be written to this bit, to clear the flag. To clear this flag, confirm that the flag is 1 and then set it to 0.
Note 2. Write 1 when writing is necessary.
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TEND Flag (Transmit End Flag)
With no error signal from the receiving side, this bit is set to 1 when further data for transfer is ready to be transferred to
the TDR register.
[Setting conditions]
e Whenthe SCR.TE hit is 0 (serial transmission is disabled)
When the SCR.TE bit is changed from 0 to 1, the TEND flag is not affected and retains the value 1.
e When a specified period has elapsed after the latest transmission of 1 byte, the ERSflag is 0, and the TDR register
is not updated
The set timing is determined by register settings as listed below.
When SMR.GM = 0and SMR.BLK =0, 12.5 etu after the start of transmission
When SMR.GM =0 and SMR.BLK =1, 11.5 etu after the start of transmission
When SMR.GM =1 and SMR.BLK =0, 11.0 etu after the start of transmission
When SMR.GM =1 and SMR.BLK =1, 11.0 etu after the start of transmission
[Clearing condition]
e When transmit data are written to the TDR register whilethe SCR.TE bitis 1
When setting the TEND flag to O to complete the interrupt handling, refer to section 15.4.1.2, Operation of
Status Flags for Level-Detected Interrupts.

PER Flag (Parity Error Flag)
Indicates that a parity error has occurred during reception in asynchronous mode and the reception ends abnormally.
[Setting condition]
e When aparity error is detected during reception
Although receive data when the parity error occursistransferred to the RDR register, no RX| interrupt request
occurs. Note that when the PER flag is being set to 1, the subsequent receive datais not transferred to the RDR
register.
[Clearing condition]
e When 0 iswritten to the PER flag after reading PER = 1
When setting the PER flag to 0 to complete the interrupt handling, refer to section 15.4.1.2, Operation of Status
Flags for Level-Detected Interrupts.
Even when the SCR.RE bit is set to O (seria reception is disabled), the PER flag is not affected and retains its
previous value.

ERS Flag (Error Signal Status Flag)
[Setting condition]
e Whenalow error signal is sampled
[Clearing condition]
e When 0 iswritten to the ERS flag after reading ERS= 1
When setting the ERS flag to 0 to compl ete the interrupt handling, refer to section 15.4.1.2, Operation of Status
Flags for Level-Detected Interrupts.
Even when the SCR.RE hit is set to 0, the ERS flag is not affected and retains its previous val ue.
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ORER Flag (Overrun Error Flag)
Indicates that an overrun error has occurred during reception and the reception ends abnormally.
[Setting condition]
e When the next datais received before receive datais read from the RDR register
Inthe RDR register, the receive data prior to an overrun error occurrence is retained, but datareceived following the
overrun error occurrence islost. When the ORER flag is set to 1, subsequent serial reception cannot be performed.
[Clearing condition]
e When 0 iswritten to the ORER flag after reading ORER = 1
When setting the ORER flag to 0 to complete the interrupt handling, refer to section 15.4.1.2, Operation of
Status Flags for Level-Detected Interrupts.
Even when the SCR.RE bit is set to 0, the ORER flag is not affected and retains its previous value.

RDRF Flag (Receive Data Full Flag)
Indicates whether the RDR register has received data.
[Setting condition]
¢ When data has been received normally, and transferred from the RSR register to the RDR register
[Clearing condition]
e When dataisread from the RDR register

TDRE Flag (Transmit Data Empty Flag)
Indicates whether the TDR register has data to be transmitted.
[Setting condition]
¢ When dataistransferred from the TDR register to the TSR register
[Clearing condition]
e When dataiswritten to the TDR register
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33.2.10

Smart Card Mode Register (SCMR)

Address(es): SCI1.SCMR 0008 A026h, SCI5.SCMR 0008 AOA6h, SCI8.SCMR 0008 A106h, SCI12.SCMR 0008 B306h,
SMCI1.SCMR 0008 A026h, SMCI5.SCMR 0008 AOA6h, SMCI8.SCMR 0008 A106h, SMCI12.SCMR 0008 B306h

b7 b6 b5 b4 b3 b2 bl b0
BCP2 | — — |CHR1| SDIR | SINV [ — | SMIF
Value after reset: 1 1 1 1 0 0 1 0
Bit Symbol Bit Name Description R/W
b0 SMIF Smart Card Interface Mode  0: Non-smart card interface mode R/W*1
Select (Asynchronous mode, clock synchronous mode, simple SPI mode,
or simple 12C mode)
1: Smart card interface mode
bl — Reserved This bit is read as 1. The write value should be 1. R/W
b2 SINV Transmitted/Received Data  0: Data bits in the TDR register are transferred to the TSR register as ~ R/W*1
Invert*2, *3 they are. Data bits in the RSR register are transferred to the RDR
register as they are.
1: Data bits in the TDR register are transferred to the TSR register with
inverting. Data bits in the RSR register are transferred to the RDR
register with inverting.
b3 SDIR Transmitted/Received Data  0: Transfer with LSB first R/W*L
Transfer Direction*2. *4 1: Transfer with MSB first
b4 CHR1 Character Length 1*5 Selects in combination with the SMR.CHR bit. R/W*1
CHR1 CHR
0 0: Transmit/receive in 9-bit data length
0 1: Transmit/receive in 9-bit data length
1 0: Transmit/receive in 8-bit data length (initial value)
1 1: Transmit/receive in 7-bit data length*6
b6, b5 — Reserved These bits are read as 1. The write value should be 1. R/W
b7 BCP2 Base Clock Pulse 2 Selects the number of base clock cycles in combination with the R/W*1
SMR.BCP[1:0] bits.
Table 33.9 lists the combinations of the SCMR.BCP2 bit and
SMR.BCP[1:0] bits.
Note 1. Writable only when the SCR.TE bit is 0 and the SCR.RE bit is 0 (both serial transmission and reception are disabled).
Note 2. This bit can be used in the smart card interface mode, asynchronous mode (multi-processor mode), clock synchronous mode,
and simple SPI mode.
Note 3. Set this bit to 0 if operation is to be in simple 12C mode.
Note 4. Set this bit to 1 if operation is to be in simple 12C mode.
Note 5. This bit is only valid in asynchronous mode. The setting is invalid and a fixed data length of 8 bits is used in modes other than
asynchronous mode.
Note 6. LSB first should be selected and the value of MSB (b7) in the TDR register cannot be transmitted.

SMIF Bit (Smart Card Interface Mode Select)

When this bit is set to 1, smart card interface mode is selected.

When thishit is set to 0, non-smart card interface mode, i.e., asynchronous mode (including multi-processor mode),
clock synchronous mode, simple SPI mode, or simple 12C mode is selected.

SINV Bit (Transmitted/Received Data Invert)
Thisbit is used to invert the logic level of the data bits when the data is transferred between data register and shift
register. This bit does not affect the logic level of the parity bit. To invert the parity bit, invert the SMR.PM bit.

CHR1 Bit (Character Length 1)

Selects the data length of transmit/receive data.

Selects in combination with the SMR.CHR hit.

A fixed data length of 8 bitsis used in modes other than asynchronous mode.
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BCP2 Bit (Base Clock Pulse 2)
Selects the number of base clock cyclesin a 1-bit datatransfer time in smart card interface mode. Set this bit in
combination with the SMR.BCP[1:0] bits.

Table 33.9 Combinations of the SCMR.BCP2 Bit and SMR.BCP[1:0] Bits
SCMR.BCP2 Bit SMR.BCPJ[1:0] Bits Number of Base Clock Cycles for 1-Bit Transfer Period
93 clock cycles (S = 93)*1
128 clock cycles (S = 128)*1
186 clock cycles (S = 186)*1
512 clock cycles (S = 512)*1
32 clock cycles (S = 32)*1 (Initial Value)
64 clock cycles (S = 64)*1
372 clock cycles (S = 372)*1
256 clock cycles (S = 256)*1

RPlFRP|FP|FP|O|lO|O| O
Pl RP|O|O|FR|FL|[O| O
P O|FRP|O|Fr,|O|FR|O

Note 1. S is the value of S in the BRR register (refer to section 33.2.11, Bit Rate Register (BRR)).
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33.2.11 Bit Rate Register (BRR)

Address(es): SCI1.BRR 0008 A021h, SCI5.BRR 0008 AOA1h, SCI8.BRR 0008 A101h, SCI12.BRR 0008 B301h

b7 b6 b5 b4 b3 b2 bl b0

Value after reset: 1 1 1 1 1 1 1 1

The BRR register is an 8-bit register that adjusts the bit rate.

As each SCI channel has independent baud rate generator control, different bit rates can be set for each. Table 33.10
shows the relationship between the setting (N) in the BRR register and the bit rate (B) for normal asynchronous mode,
multi-processor communication, clock synchronous mode, smart card interface mode, simple SPI mode, and simple 12C
mode.

The BRR register is writable only when the TE and RE bitsin the SCR register are 0.

Table 33.10 Relationship between N Setting in the BRR Register and Bit Rate B
SEMR Settings
Mode BGDM bit | ABCS bit |BRR Setting Error (%)
Asynchronous, 0 0 6 6
multi-processor N = %—1 Error = { PCLZK ><110 —1}><100
communication 642 xB Bx64x2°" T x(N+1)
0 1 6
PCLK x 10 6
N = == 1 Error = { PCLR 10 —1}><100
1 0 32x2 x B Bx32x2°" T x(N+1)
1 1 6 6
PCLK x 10
N = —2n>i1 -1 Error = { PCI‘Z}:_XllO —1}><100
16x2 xB Bx16x2 x (N +1)
Clock synchronous, simple SPI \ = PCLK x 10° .
8x2°""'xB
Smart card interface 6
PCLK x 10 6
N = =05 1 Error = { Pebrx 1D —1}><100
Sx2 x B BxSx2""" X (N+1)
i 2C*1
Simple 12C N = PCLK x 10° 1
64x22""1xB
B: Bit rate (bps)
N: BRR setting for on-chip baud rate generator (0 < N < 255)
PCLK:  Operating frequency (MHz)

nand S: Determined by the settings of the SMR and SCMR registers as listed in Table 33.12 and Table 33.13.
Note 1. Adjust the bit rate so that the widths at high and low level of the SCL output in simple 12C mode satisfy the 12C-bus standard.

Table 33.11  Calculating Widths at High and Low Level for SCL
Mode SCL Formula (Result in Seconds)
> - - —
12C High period (minimum value) (N +1)><4><22”’1><7>< 1 -
PCLK x 10
Low period (minimum value) (N +l)><4><22n_1><8>< 1 .
PCLKx 10
RO1UH0823EJ0110 Rev.1.10 RENESAS Page 996 of 1852

Nov 30, 2020



RX23W Group 33. Serial Communications Interface (SClg, SClh)

Table 33.12 Clock Source Settings

SMR.CKSJ[1:0] Bit Setting Clock Source n
00 PCLK 0
01 PCLK/4 1
10 PCLK/16 2
11 PCLK/64 3

Table 33.13 Base Clock Settings in Smart Card Interface Mode

SCMR.BCP2 Bit Setting SMR.BCP[1:0] Bit Setting Base Clock Cycles for 1-bit Period S

0 00 93 clock cycles 93
0 01 128 clock cycles 128
0 10 186 clock cycles 186
0 11 512 clock cycles 512
1 00 32 clock cycles 32
1 01 64 clock cycles 64
1 10 372 clock cycles 372
1 11 256 clock cycles 256

Table 33.14 lists examples of N settingsin the BRR register in normal asynchronous mode. Table 33.15 liststhe
maximum bit rate settable for each operating frequency. Examples of BRR (N) settingsin clock synchronous mode and
simple SPI mode are listed in Table 33.18. Examples of BRR (N) settingsin smart card interface mode are listed in
Table 33.20. Examples of BRR (N) settingsin simple 12C mode are listed in Table 33.22. In smart card interface mode,
the number of base clock cycles Sin a 1-bit data transfer time can be selected. For details, refer to section 33.6.4,
Receive Data Sampling Timing and Reception Margin. Table 33.16 and Table 33.19 list the maximum bit rates
with external clock input.

When either the SEMR.ABCS or BGDM hit is set to 1 in asynchronous mode, the bit rate becomes twice that listed in
Table 33.14. When both of those bits are set to 1, the bit rate becomes four times the listed value.
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Table 33.14 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode)

Operating Frequency PCLK (MHz)
Bit Rate 8 9.8304 10 12 12.288
(bps) n N Error (%) | n N Error (%) | n N Error (%) | n N Error (%) | n N Error (%)
110 2 141 | 0.03 2 174 | -0.26 2 177 | -0.25 2 212 | 0.03 2 217 | 0.08
150 2 103 | 0.16 2 127 | 0.00 2 129 | 0.16 2 155 | 0.16 2 159 | 0.00
300 1 207 | 0.16 1 255 | 0.00 2 64 | 0.16 2 77 | 0.16 2 79 | 0.00
600 1 103 | 0.16 1 127 | 0.00 1 129 | 0.16 1 155 | 0.16 1 159 | 0.00
1200 0 207 | 0.16 0 255 | 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 103 | 0.16 0 127 | 0.00 0 129 | 0.16 0 155 | 0.16 0 159 | 0.00
4800 0 51 | 0.16 0 63 | 0.00 0 64 | 0.16 0 77 | 0.16 0 79 | 0.00
9600 0 25 | 0.16 0 31 | 0.00 0 32 | -1.36 0 38 | 0.16 0 39 | 0.00
19200 0 12 | 0.16 0 15 | 0.00 0 15 | 1.73 0 19 | -2.34 0 19 | 0.00
31250 0 7 0.00 0 9 -1.70 0 9 0.00 0 11 | 0.00 0 11 | 2.40
38400 — | = | = 0 0.00 0 7 1.73 0 9 -2.34 0 9 0.00
Operating Frequency PCLK (MHz)
Bit Rate 14 16 17.2032 18 19.6608
(bps) n N Error (%) | n N Error (%) | n N Error (%) | n N Error (%) | n N Error (%)
110 2 248 | -0.17 3 70 0.03 3 75 0.48 3 79 | -0.12 3 86 0.31
150 2 181 | 0.16 2 207 | 0.16 2 223 | 0.00 2 233 | 0.16 2 255 | 0.00
300 2 90 | 0.16 2 103 | 0.16 2 111 | 0.00 2 116 | 0.16 2 127 | 0.00
600 1 181 | 0.16 1 207 | 0.16 1 223 | 0.00 1 233 | 0.16 1 255 | 0.00
1200 1 90 | 0.16 1 103 | 0.16 1 111 | 0.00 1 116 | 0.16 1 127 | 0.00
2400 0 181 | 0.16 0 207 | 0.16 0 223 | 0.00 0 233 | 0.16 0 255 | 0.00
4800 0 90 | 0.16 0 103 | 0.16 0 111 | 0.00 0 116 | 0.16 0 127 | 0.00
9600 0 45 | -0.93 0 51 0.16 0 55 0.00 0 58 | -0.69 0 63 0.00
19200 0 22 | -0.93 0 25 | 0.16 0 27 | 0.00 0 28 | 1.02 0 31 | 0.00
31250 0 13 | 0.00 0 15 | 0.00 0 16 | 1.20 0 17 | 0.00 0 19 | -1.70
38400 — | = | = 0 12 | 0.16 0 13 | 0.00 0 14 | -2.34 0 15 | 0.00
Operating Frequency PCLK (MHz)
Bit Rate 20 25 30
(bps) n N Error (%) | n N Error (%) | n N Error (%)
110 3 88 | -0.25 3 110 | -0.02 3 132 | 0.13
150 3 64 | 0.16 3 80 | 0.47 3 97 | -0.35
300 2 129 | 0.16 2 162 | -0.15 2 194 | 0.16
600 2 64 | 0.16 2 80 | 0.47 2 97 | -0.35
1200 1 129 | 0.16 1 162 | —-0.15 1 194 | 0.16
2400 1 64 | 0.16 1 80 | 0.47 1 97 | -0.35
4800 0 129 | 0.16 0 162 | -0.15 0 194 | 0.16
9600 0 64 | 0.16 0 80 | 0.47 0 97 | -0.35
19200 0 32 | -1.36 0 40 | -0.76 0 48 | -0.35
31250 0 19 | 0.00 0 24 | 0.00 0 29 | 0.00
38400 0 15 | 1.73 0 19 | 1.73 0 23 | 1.73
Note:  This is an example when the ABCS and BGDM bits in the SEMR register are 0.
When either the ABCS bit or BGDM bit is set to 1, the bit rate doubles.
When both ABCS and BGDM bits in the SEMR register are set to 1, the bit rate increases four times.
RO1UHO0823EJ0110 Rev.1.10 RENESAS Page 998 of 1852

Nov 30, 2020



	Cover
	Notice
	General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products
	How to Use This Manual
	Contents
	Features
	1. Overview
	1.1 Outline of Specifications
	1.2 List of Products
	1.3 Block Diagram
	1.4 Pin Functions
	1.5 Pin Assignments
	1.5.1 85-Pin BGA
	1.5.2 83-Pin LGA
	1.5.3 56-Pin QFN

	1.6 List of Pins and Pin Functions
	1.6.1 85-Pin BGA
	1.6.2 83-Pin LGA
	1.6.3 56-Pin QFN


	2. CPU
	2.1 Features
	2.2 Register Set of the CPU
	2.2.1 General-Purpose Registers (R0 to R15)
	2.2.2 Control Registers
	2.2.2.1 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP)
	2.2.2.2 Exception Table Register (EXTB)
	2.2.2.3 Interrupt Table Register (INTB)
	2.2.2.4 Program Counter (PC)
	2.2.2.5 Processor Status Word (PSW)
	2.2.2.6 Backup PC (BPC)
	2.2.2.7 Backup PSW (BPSW)
	2.2.2.8 Fast Interrupt Vector Register (FINTV)
	2.2.2.9 Floating-Point Status Word (FPSW)

	2.2.3 Accumulator

	2.3 Processor Mode
	2.3.1 Supervisor Mode
	2.3.2 User Mode
	2.3.3 Privileged Instruction
	2.3.4 Switching Between Processor Modes

	2.4 Data Types
	2.4.1 Integer
	2.4.2 Floating-Points
	2.4.3 Bitwise Operations
	2.4.4 Strings

	2.5 Endian
	2.5.1 Switching the Endian
	2.5.2 Access to I/O Registers
	2.5.3 Notes on Access to I/O Registers
	2.5.4 Data Arrangement
	2.5.4.1 Data Arrangement in Registers
	2.5.4.2 Data Arrangement in Memory

	2.5.5 Notes on the Allocation of Instruction Codes

	2.6 Vector Table
	2.6.1 Exception Vector Table
	2.6.2 Interrupt Vector Table

	2.7 Operation of Instructions
	2.7.1 Restrictions on RMPA and String-Manipulation Instructions
	2.7.1.1 Transfer Size and Data Prefetching
	2.7.1.2 Access to the External Space
	2.7.1.3 Access to I/O Registers


	2.8 Number of Cycles
	2.8.1 Instruction and Number of Cycle
	2.8.2 Numbers of Cycles for Response to Interrupts


	3. Operating Modes
	3.1 Operating Mode Types and Selection
	3.2 Register Descriptions
	3.2.1 Mode Monitor Register (MDMONR)
	3.2.2 System Control Register 1 (SYSCR1)

	3.3 Details of Operating Modes
	3.3.1 Single-Chip Mode
	3.3.2 Boot Mode
	3.3.2.1 Boot Mode (USB Interface)
	3.3.2.2 Boot Mode (SCI)


	3.4 Transitions of Operating Modes
	3.4.1 Operating Mode Transitions Determined by the Mode-Setting Pins


	4. Address Space
	4.1 Address Space

	5. I/O Registers
	5.1 I/O Register Addresses (Address Order)

	6. Resets
	6.1 Overview
	6.2 Register Descriptions
	6.2.1 Reset Status Register 0 (RSTSR0)
	6.2.2 Reset Status Register 1 (RSTSR1)
	6.2.3 Reset Status Register 2 (RSTSR2)
	6.2.4 Software Reset Register (SWRR)

	6.3 Operation
	6.3.1 RES# Pin Reset
	6.3.2 Power-On Reset and Voltage Monitoring 0 Reset
	6.3.3 Voltage Monitoring 1 Reset
	6.3.4 Independent Watchdog Timer Reset
	6.3.5 Watchdog Timer Reset
	6.3.6 Software Reset
	6.3.7 Determination of Cold/Warm Start
	6.3.8 Determination of Reset Generation Source


	7. Option-Setting Memory (OFSM)
	7.1 Overview
	7.2 Register Descriptions
	7.2.1 Option Function Select Register 0 (OFS0)
	7.2.2 Option Function Select Register 1 (OFS1)
	7.2.3 Endian Select Register (MDE)

	7.3 Usage Note
	7.3.1 Setting Example of Option-Setting Memory


	8. Voltage Detection Circuit (LVDAb)
	8.1 Overview
	8.2 Register Descriptions
	8.2.1 Voltage Monitoring 1 Circuit Control Register 1 (LVD1CR1)
	8.2.2 Voltage Monitoring 1 Circuit Status Register (LVD1SR)
	8.2.3 Voltage Monitoring Circuit Control Register (LVCMPCR)
	8.2.4 Voltage Detection Level Select Register (LVDLVLR)
	8.2.5 Voltage Monitoring 1 Circuit Control Register 0 (LVD1CR0)

	8.3 VCC Input Voltage Monitor
	8.3.1 Monitoring Vdet0
	8.3.2 Monitoring Vdet1

	8.4 Reset from Voltage Monitor 0
	8.5 Interrupt and Reset from Voltage Monitoring 1
	8.6 Event Link Output
	8.6.1 Interrupt Handling and Event Linking


	9. Clock Generation Circuit
	9.1 Overview
	9.2 Register Descriptions
	9.2.1 System Clock Control Register (SCKCR)
	9.2.2 System Clock Control Register 3 (SCKCR3)
	9.2.3 PLL Control Register (PLLCR)
	9.2.4 PLL Control Register 2 (PLLCR2)
	9.2.5 USB-dedicated PLL Control Register (UPLLCR)
	9.2.6 USB-dedicated PLL Control Register 2 (UPLLCR2)
	9.2.7 Main Clock Oscillator Control Register (MOSCCR)
	9.2.8 Sub-Clock Oscillator Control Register (SOSCCR)
	9.2.9 Low-Speed On-Chip Oscillator Control Register (LOCOCR)
	9.2.10 IWDT-Dedicated On-Chip Oscillator Control Register (ILOCOCR)
	9.2.11 High-Speed On-Chip Oscillator Control Register (HOCOCR)
	9.2.12 High-Speed On-Chip Oscillator Control Register 2 (HOCOCR2)
	9.2.13 Oscillation Stabilization Flag Register (OSCOVFSR)
	9.2.14 Oscillation Stop Detection Control Register (OSTDCR)
	9.2.15 Oscillation Stop Detection Status Register (OSTDSR)
	9.2.16 Main Clock Oscillator Wait Control Register (MOSCWTCR)
	9.2.17 CLKOUT Output Control Register (CKOCR)
	9.2.18 Main Clock Oscillator Forced Oscillation Control Register (MOFCR)
	9.2.19 Memory Wait Cycle Setting Register (MEMWAIT)
	9.2.20 Low-Speed On-Chip Oscillator Trimming Register (LOCOTRR)
	9.2.21 IWDT-Dedicated On-Chip Oscillator Trimming Register (ILOCOTRR)
	9.2.22 High-Speed On-Chip Oscillator Trimming Register n (HOCOTRRn) (n = 0, 3)

	9.3 Main Clock Oscillator
	9.3.1 Connecting a Crystal
	9.3.2 External Clock Input
	9.3.3 Handling of Pins When the Main Clock is Not Used
	9.3.4 Notes on the External Clock Input

	9.4 Sub-Clock Oscillator
	9.4.1 Connecting 32.768-kHz Crystal
	9.4.2 Handling of Pins When Sub-Clock is Not Used

	9.5 Dedicated Clock Oscillator for Bluetooth
	9.5.1 Connecting the Oscillator
	9.5.2 Connecting the Bluetooth-Dedicated Clock Output Pin

	9.6 Oscillation Stop Detection Function
	9.6.1 Oscillation Stop Detection and Operation after Detection
	9.6.2 Oscillation Stop Detection Interrupts

	9.7 PLL Circuit
	9.8 Internal Clock
	9.8.1 System Clock
	9.8.2 Peripheral Module Clock
	9.8.3 FlashIF Clock
	9.8.4 USB Clock
	9.8.5 CAN Clock
	9.8.6 CAC Clock
	9.8.7 RTC-Dedicated Clock
	9.8.8 IWDT-Dedicated Clock
	9.8.9 SSI Clock
	9.8.10 Clocks for BLE
	9.8.11 Low-Power Timer Clock

	9.9 Usage Notes
	9.9.1 Notes on Clock Generation Circuit
	9.9.2 Note on Rewriting the SCKCR3 Register
	9.9.3 Notes on Resonator
	9.9.4 Notes on Board Design
	9.9.5 Notes on Resonator Connection Pins
	9.9.6 Notes on Sub-Clock


	10. Clock Frequency Accuracy Measurement Circuit (CAC)
	10.1 Overview
	10.2 Register Descriptions
	10.2.1 CAC Control Register 0 (CACR0)
	10.2.2 CAC Control Register 1 (CACR1)
	10.2.3 CAC Control Register 2 (CACR2)
	10.2.4 CAC Interrupt Request Enable Register (CAICR)
	10.2.5 CAC Status Register (CASTR)
	10.2.6 CAC Upper-Limit Value Setting Register (CAULVR)
	10.2.7 CAC Lower-Limit Value Setting Register (CALLVR)
	10.2.8 CAC Counter Buffer Register (CACNTBR)

	10.3 Operation
	10.3.1 Measuring Clock Frequency
	10.3.2 Digital Filtering of Signals on the CACREF Pin

	10.4 Interrupt Requests
	10.5 Usage Notes
	10.5.1 Module Stop Function Setting


	11. Low Power Consumption
	11.1 Overview
	11.2 Register Descriptions
	11.2.1 Standby Control Register (SBYCR)
	11.2.2 Module Stop Control Register A (MSTPCRA)
	11.2.3 Module Stop Control Register B (MSTPCRB)
	11.2.4 Module Stop Control Register C (MSTPCRC)
	11.2.5 Module Stop Control Register D (MSTPCRD)
	11.2.6 Operating Power Control Register (OPCCR)
	11.2.7 Sub Operating Power Control Register (SOPCCR)
	11.2.8 Sleep Mode Return Clock Source Switching Register (RSTCKCR)

	11.3 Reducing Power Consumption by Switching Clock Signals
	11.4 Module Stop Function
	11.5 Function for Lower Operating Power Consumption
	11.5.1 Setting Operating Power Control Mode

	11.6 Low Power Consumption Modes
	11.6.1 Sleep Mode
	11.6.1.1 Entry to Sleep Mode
	11.6.1.2 Exit from Sleep Mode
	11.6.1.3 Sleep Mode Return Clock Source Switching Function

	11.6.2 Deep Sleep Mode
	11.6.2.1 Entry to Deep Sleep Mode
	11.6.2.2 Exit from Deep Sleep Mode

	11.6.3 Software Standby Mode
	11.6.3.1 Entry to Software Standby Mode
	11.6.3.2 Exit from Software Standby Mode
	11.6.3.3 Example of Software Standby Mode Application


	11.7 Usage Notes
	11.7.1 I/O Port States
	11.7.2 Module Stop State of DMAC and DTC
	11.7.3 On-Chip Peripheral Module Interrupts
	11.7.4 Write Access to MSTPCRA, MSTPCRB, MSTPCRC, and MSTPCRD
	11.7.5 Timing of WAIT Instructions
	11.7.6 Rewrite the Register by DMAC and DTC in Sleep Mode


	12. Battery Backup Function
	12.1 Overview
	12.2 Register Descriptions
	12.2.1 VBATT Control Register (VBATTCR)
	12.2.2 VBATT Status Register (VBATTSR)
	12.2.3 VBATT Pin Voltage Drop Detection Interrupt Control Register (VBTLVDICR)

	12.3 Operation
	12.3.1 Battery Backup Function
	12.3.2 VBATT Pin Voltage Monitoring Function

	12.4 Usage Notes

	13. Register Write Protection Function
	13.1 Register Descriptions
	13.1.1 Protect Register (PRCR)


	14. Exception Handling
	14.1 Exception Events
	14.1.1 Undefined Instruction Exception
	14.1.2 Privileged Instruction Exception
	14.1.3 Access Exceptions
	14.1.4 Floating-Point Exception
	14.1.5 Reset
	14.1.6 Non-Maskable Interrupt
	14.1.7 Interrupt
	14.1.8 Unconditional Trap

	14.2 Exception Handling Procedure
	14.3 Acceptance of Exception Events
	14.3.1 Acceptance Timing and Saved PC Value
	14.3.2 Vector and Site for Saving the Values in the PC and PSW

	14.4 Hardware Processing for Accepting and Returning from Exceptions
	14.5 Hardware Pre-Processing
	14.5.1 Undefined Instruction Exception
	14.5.2 Privileged Instruction Exception
	14.5.3 Access Exceptions
	14.5.4 Floating-Point Exception
	14.5.5 Reset
	14.5.6 Non-Maskable Interrupt
	14.5.7 Interrupt
	14.5.8 Unconditional Trap

	14.6 Return from Exception Handling Routine
	14.7 Priority of Exception Events

	15. Interrupt Controller (ICUb)
	15.1 Overview
	15.2 Register Descriptions
	15.2.1 Interrupt Request Register n (IRn) (n = interrupt vector number)
	15.2.2 Interrupt Request Enable Register m (IERm) (m = 02h to 1Fh)
	15.2.3 Interrupt Source Priority Register n (IPRn) (n = interrupt vector number)
	15.2.4 Fast Interrupt Set Register (FIR)
	15.2.5 Software Interrupt Generation Register (SWINTR)
	15.2.6 DTC Transfer Request Enable Register n (DTCERn) (n = interrupt vector number)
	15.2.7 DMAC Trigger Select Register m (DMRSRm) (m = DMAC channel number)
	15.2.8 IRQ Control Register i (IRQCRi) (i = 0, 1, and 4 to 7)
	15.2.9 IRQ Pin Digital Filter Enable Register 0 (IRQFLTE0)
	15.2.10 IRQ Pin Digital Filter Setting Register 0 (IRQFLTC0)
	15.2.11 Non-Maskable Interrupt Status Register (NMISR)
	15.2.12 Non-Maskable Interrupt Enable Register (NMIER)
	15.2.13 Non-Maskable Interrupt Status Clear Register (NMICLR)
	15.2.14 NMI Pin Interrupt Control Register (NMICR)
	15.2.15 NMI Pin Digital Filter Enable Register (NMIFLTE)
	15.2.16 NMI Pin Digital Filter Setting Register (NMIFLTC)

	15.3 Vector Table
	15.3.1 Interrupt Vector Table
	15.3.2 Fast Interrupt Vector Table
	15.3.3 Non-maskable Interrupt Vector Area

	15.4 Interrupt Operation
	15.4.1 Detecting Interrupts
	15.4.1.1 Operation of Status Flags for Edge-Detected Interrupts
	15.4.1.2 Operation of Status Flags for Level-Detected Interrupts

	15.4.2 Enabling and Disabling Interrupt Sources
	15.4.3 Selecting Interrupt Request Destinations
	15.4.4 Determining Priority
	15.4.5 Multiple Interrupts
	15.4.6 Fast Interrupt
	15.4.7 Digital Filter
	15.4.8 External Pin Interrupts

	15.5 Non-maskable Interrupt Operation
	15.6 Return from Power-Down States
	15.6.1 Return from Sleep Mode or Deep Sleep Mode
	15.6.2 Return from Software Standby Mode

	15.7 Usage Note
	15.7.1 Note on WAIT Instruction Used with Non-Maskable Interrupt


	16. Buses
	16.1 Overview
	16.2 Description of Buses
	16.2.1 CPU Buses
	16.2.2 Memory Buses
	16.2.3 Internal Main Buses
	16.2.4 Internal Peripheral Buses
	16.2.5 Write Buffer Function (Internal Peripheral Bus)
	16.2.6 Parallel Operation

	16.3 Register Descriptions
	16.3.1 Bus Error Status Clear Register (BERCLR)
	16.3.2 Bus Error Monitoring Enable Register (BEREN)
	16.3.3 Bus Error Status Register 1 (BERSR1)
	16.3.4 Bus Error Status Register 2 (BERSR2)
	16.3.5 Bus Priority Control Register (BUSPRI)

	16.4 Bus Error Monitoring Section
	16.4.1 Types of Bus Error
	16.4.1.1 Illegal Address Access
	16.4.1.2 Timeout

	16.4.2 Operations When a Bus Error Occurs
	16.4.3 Conditions Leading to Bus Errors

	16.5 Interrupt
	16.5.1 Interrupt Source


	17. Memory-Protection Unit (MPU)
	17.1 Overview
	17.1.1 Types of Access Control
	17.1.2 Regions for Access Control
	17.1.3 Background Region
	17.1.4 Overlap between Regions
	17.1.5 Instructions and Data that Span Regions

	17.2 Register Descriptions
	17.2.1 Region-n Start Page Number Register (RSPAGEn) (n = 0 to 7)
	17.2.2 Region-n End Page Number Register (REPAGEn) (n = 0 to 7)
	17.2.3 Memory-Protection Enable Register (MPEN)
	17.2.4 Background Access Control Register (MPBAC)
	17.2.5 Memory-Protection Error Status-Clearing Register (MPECLR)
	17.2.6 Memory-Protection Error Status Register (MPESTS)
	17.2.7 Data Memory-Protection Error Address Register (MPDEA)
	17.2.8 Region Search Address Register (MPSA)
	17.2.9 Region Search Operation Register (MPOPS)
	17.2.10 Region Invalidation Operation Register (MPOPI)
	17.2.11 Instruction-Hit Region Register (MHITI)
	17.2.12 Data-Hit Region Register (MHITD)

	17.3 Functions
	17.3.1 Memory Protection
	17.3.2 Region Search
	17.3.3 Protection of Registers Related to the Memory-Protection Unit
	17.3.4 Flow for Determination of Access by the Memory-Protection Function

	17.4 Procedures for Using Memory Protection
	17.4.1 Setting Access-Control Information
	17.4.2 Enabling Memory Protection
	17.4.3 Transition to User Mode
	17.4.4 Processing in Response to Memory-Protection Errors


	18. DMA Controller (DMACA)
	18.1 Overview
	18.2 Register Descriptions
	18.2.1 DMA Source Address Register (DMSAR)
	18.2.2 DMA Destination Address Register (DMDAR)
	18.2.3 DMA Transfer Count Register (DMCRA)
	18.2.4 DMA Block Transfer Count Register (DMCRB)
	18.2.5 DMA Transfer Mode Register (DMTMD)
	18.2.6 DMA Interrupt Setting Register (DMINT)
	18.2.7 DMA Address Mode Register (DMAMD)
	18.2.8 DMA Offset Register (DMOFR)
	18.2.9 DMA Transfer Enable Register (DMCNT)
	18.2.10 DMA Software Start Register (DMREQ)
	18.2.11 DMA Status Register (DMSTS)
	18.2.12 DMA Activation Source Flag Control Register (DMCSL)
	18.2.13 DMA Module Activation Register (DMAST)

	18.3 Operation
	18.3.1 Transfer Mode
	18.3.2 Extended Repeat Area Function
	18.3.3 Address Update Function Using Offset
	18.3.4 Activation Sources
	18.3.5 Operation Timing
	18.3.6 DMAC Execution Cycles
	18.3.7 Activating the DMAC
	18.3.8 Starting DMA Transfer
	18.3.9 Registers during DMA Transfer
	18.3.10 Channel Priority

	18.4 Ending DMA Transfer
	18.4.1 Transfer End by Completion of Specified Total Number of Transfer Operations
	18.4.2 Transfer End by Repeat Size End Interrupt
	18.4.3 Transfer End by Interrupt on Extended Repeat Area Overflow

	18.5 Interrupts
	18.6 Event Link Function
	18.7 Low Power Consumption Function
	18.8 Usage Notes
	18.8.1 DMA Transfer to Peripheral Modules
	18.8.2 Access to the Registers during DMA Transfer
	18.8.3 DMA Transfer to Reserved Areas
	18.8.4 Interrupt Request by the DMA Activation Source Flag Control Register (DMCSL) at the End of each Transfer
	18.8.5 Setting of DMAC Activation Source Select Register of the Interrupt Controller (ICU.DMRSRm)
	18.8.6 Suspending or Restarting DMA Activation


	19. Data Transfer Controller (DTCa)
	19.1 Overview
	19.2 Register Descriptions
	19.2.1 DTC Mode Register A (MRA)
	19.2.2 DTC Mode Register B (MRB)
	19.2.3 DTC Transfer Source Register (SAR)
	19.2.4 DTC Transfer Destination Register (DAR)
	19.2.5 DTC Transfer Count Register A (CRA)
	19.2.6 DTC Transfer Count Register B (CRB)
	19.2.7 DTC Control Register (DTCCR)
	19.2.8 DTC Vector Base Register (DTCVBR)
	19.2.9 DTC Address Mode Register (DTCADMOD)
	19.2.10 DTC Module Start Register (DTCST)
	19.2.11 DTC Status Register (DTCSTS)

	19.3 Request Sources
	19.3.1 Allocating Transfer Information and DTC Vector Table

	19.4 Operation
	19.4.1 Transfer Information Read Skip Function
	19.4.2 Transfer Information Write-Back Skip Function
	19.4.3 Normal Transfer Mode
	19.4.4 Repeat Transfer Mode
	19.4.5 Block Transfer Mode
	19.4.6 Chain Transfer
	19.4.7 Operation Timing
	19.4.8 Execution Cycles of the DTC
	19.4.9 DTC Bus Mastership Release Timing

	19.5 DTC Setting Procedure
	19.6 Examples of DTC Usage
	19.6.1 Normal Transfer
	19.6.2 Chain Transfer When the Counter is 0

	19.7 Interrupt Source
	19.8 Event Link
	19.9 Low Power Consumption Function
	19.10 Usage Notes
	19.10.1 Start Address of Transfer Information
	19.10.2 Allocating Transfer Information
	19.10.3 Setting the DTC Transfer Request Enable Register in the Interrupt Controller (ICU.DTCERn)


	20. Event Link Controller (ELC)
	20.1 Overview
	20.2 Register Descriptions
	20.2.1 Event Link Control Register (ELCR)
	20.2.2 Event Link Setting Register n (ELSRn) (n = 1 to 4, 7, 8, 10, 12, 14 to 16, 18 to 29)
	20.2.3 Event Link Option Setting Register A (ELOPA)
	20.2.4 Event Link Option Setting Register B (ELOPB)
	20.2.5 Event Link Option Setting Register C (ELOPC)
	20.2.6 Event Link Option Setting Register D (ELOPD)
	20.2.7 Port Group Setting Register n (PGRn) (n = 1, 2)
	20.2.8 Port Group Control Register n (PGCn) (n = 1, 2)
	20.2.9 Port Buffer Register n (PDBFn) (n = 1, 2)
	20.2.10 Event Link Port Setting Register m (PELm) (m = 0 to 3)
	20.2.11 Event Link Software Event Generation Register (ELSEGR)

	20.3 Operation
	20.3.1 Relation between Interrupt Handling and Event Linking
	20.3.2 Event Linkage
	20.3.3 Operation of Peripheral Timer Modules When Event Signal is Input
	20.3.4 Operation of CTSU When Event Signal is Input
	20.3.5 Operation of A/D and D/A Converters When Event Signal is Input
	20.3.6 I/O Port Operation When Event Signal is Input and Event Generation
	20.3.7 Example of Procedure for Linking Events

	20.4 Usage Notes
	20.4.1 Setting ELSRn Register
	20.4.2 Setting Bit-Rotating Operation of Output Port Groups
	20.4.3 Linking DMA/DTC Transfer End Signal as Event
	20.4.4 Clock Settings
	20.4.5 Module Stop Function Setting


	21. I/O Ports
	21.1 Overview
	21.2 I/O Port Configuration
	21.3 Register Descriptions
	21.3.1 Port Direction Register (PDR)
	21.3.2 Port Output Data Register (PODR)
	21.3.3 Port Input Data Register (PIDR)
	21.3.4 Port Mode Register (PMR)
	21.3.5 Open Drain Control Register 0 (ODR0)
	21.3.6 Open Drain Control Register 1 (ODR1)
	21.3.7 Pull-Up Control Register (PCR)
	21.3.8 Drive Capacity Control Register (DSCR)

	21.4 Initialization of the Port Direction Register (PDR)
	21.5 Handling of Unused Pins

	22. Multi-Function Pin Controller (MPC)
	22.1 Overview
	22.2 Register Descriptions
	22.2.1 Write-Protect Register (PWPR)
	22.2.2 P0n Pin Function Control Register (P0nPFS) (n = 3, 5, 7)
	22.2.3 P1n Pin Function Control Registers (P1nPFS) (n = 4 to 7)
	22.2.4 P2n Pin Function Control Register (P2nPFS) (n = 1, 2, 5 to 7)
	22.2.5 P3n Pin Function Control Registers (P3nPFS) (n = 0, 1)
	22.2.6 P4n Pin Function Control Registers (P4nPFS) (n = 0 to 7)
	22.2.7 PBn Pin Function Control Registers (PBnPFS) (n = 0, 1, 3, 5, 7)
	22.2.8 PCn Pin Function Control Registers (PCnPFS) (n = 0, 2 to 7)
	22.2.9 PDn Pin Function Control Registers (PDnPFS) (n = 3)
	22.2.10 PEn Pin Function Control Registers (PEnPFS) (n = 0 to 4)
	22.2.11 PJn Pin Function Control Registers (PJnPFS) (n = 3)

	22.3 Usage Notes
	22.3.1 Procedure for Specifying Input/Output Pin Function
	22.3.2 Notes on MPC Register Setting
	22.3.3 Note on Using Analog Functions
	22.3.4 Notes on Using the CTSU Function of the Capacitive Touch Sensing Unit


	23. Multi-Function Timer Pulse Unit 2 (MTU2a)
	23.1 Overview
	23.2 Register Descriptions
	23.2.1 Timer Control Register (TCR)
	23.2.2 Timer Mode Register (TMDR)
	23.2.3 Timer I/O Control Register (TIOR)
	23.2.4 Timer Interrupt Enable Register (TIER)
	23.2.5 Timer Status Register (TSR)
	23.2.6 Timer Buffer Operation Transfer Mode Register (TBTM)
	23.2.7 Timer Input Capture Control Register (TICCR)
	23.2.8 Timer A/D Converter Start Request Control Register (TADCR)
	23.2.9 Timer A/D Converter Start Request Cycle Set Registers A and B (TADCORA and TADCORB)
	23.2.10 Timer A/D Converter Start Request Cycle Set Buffer Registers A and B (TADCOBRA and TADCOBRB)
	23.2.11 Timer Counter (TCNT)
	23.2.12 Timer General Register (TGR)
	23.2.13 Timer Start Register (TSTR)
	23.2.14 Timer Synchronous Register (TSYR)
	23.2.15 Timer Read/Write Enable Register (TRWER)
	23.2.16 Timer Output Master Enable Register (TOER)
	23.2.17 Timer Output Control Register 1 (TOCR1)
	23.2.18 Timer Output Control Register 2 (TOCR2)
	23.2.19 Timer Output Level Buffer Register (TOLBR)
	23.2.20 Timer Gate Control Register (TGCR)
	23.2.21 Timer Subcounter (TCNTS)
	23.2.22 Timer Dead Time Data Register (TDDR)
	23.2.23 Timer Cycle Data Register (TCDR)
	23.2.24 Timer Cycle Buffer Register (TCBR)
	23.2.25 Timer Interrupt Skipping Set Register (TITCR)
	23.2.26 Timer Interrupt Skipping Counter (TITCNT)
	23.2.27 Timer Buffer Transfer Set Register (TBTER)
	23.2.28 Timer Dead Time Enable Register (TDER)
	23.2.29 Timer Waveform Control Register (TWCR)
	23.2.30 Noise Filter Control Registers (NFCR)
	23.2.31 Bus Master Interface

	23.3 Operation
	23.3.1 Basic Functions
	23.3.2 Synchronous Operation
	23.3.3 Buffer Operation
	23.3.4 Cascaded Operation
	23.3.5 PWM Modes
	23.3.6 Phase Counting Mode
	23.3.7 Reset-Synchronized PWM Mode
	23.3.8 Complementary PWM Mode
	23.3.9 A/D Converter Start Request Delaying Function
	23.3.10 Noise Filter

	23.4 Interrupt Sources
	23.4.1 Interrupt Sources and Priorities
	23.4.2 DTC/DMAC Activation
	23.4.3 A/D Converter Activation

	23.5 Operation Timing
	23.5.1 Input/Output Timing
	23.5.2 Interrupt Signal Timing

	23.6 Usage Notes
	23.6.1 Module Clock Stop Mode Setting
	23.6.2 Count Clock Restrictions
	23.6.3 Notes on Cycle Setting
	23.6.4 Contention between TCNT Write and Clear Operations
	23.6.5 Contention between TCNT Write and Increment Operations
	23.6.6 Contention between TGR Write Operation and Compare Match
	23.6.7 Contention between Buffer Register Write Operation and Compare Match
	23.6.8 Contention between Buffer Register Write and TCNT Clear Operations
	23.6.9 Contention between TGR Read Operation and Input Capture
	23.6.10 Contention between TGR Write Operation and Input Capture
	23.6.11 Contention between Buffer Register Write Operation and Input Capture
	23.6.12 Contention between MTU2.TCNT Write Operation and Overflow/Underflow in Cascaded Operation
	23.6.13 Counter Value When Count Operation is Stopped in Complementary PWM Mode
	23.6.14 Buffer Operation Setting in Complementary PWM Mode
	23.6.15 Buffer Operation and Compare Match Flags in Reset-Synchronized PWM Mode
	23.6.16 Overflow Flags in Reset-Synchronized PWM Mode
	23.6.17 Contention between Overflow/Underflow and Counter Clearing
	23.6.18 Contention between TCNT Write Operation and Overflow/Underflow
	23.6.19 Notes on Transition from Normal Mode or PWM Mode 1 to Reset-Synchronized PWM Mode
	23.6.20 Output Level in Complementary PWM Mode or Reset-Synchronized PWM Mode
	23.6.21 Interrupts during Periods in the Module Stop State
	23.6.22 Simultaneous Input Capture in MTU1.TCNT and MTU2.TCNT in Cascade Connection
	23.6.23 Notes When Complementary PWM Mode Output Protection Functions are Not Used
	23.6.24 Points for Caution to Prevent Malfunctions in Synchronous Clearing for Complementary PWM Mode
	23.6.25 Continuous Output of Interrupt Signal in Response to a Compare Match
	23.6.26 Usage Notes on A/D Converter Delaying Function in Complementary PWM Mode

	23.7 MTU Output Pin Initialization
	23.7.1 Operating Modes
	23.7.2 Operation in Case of Re-Setting Due to Error during Operation
	23.7.3 Overview of Pin Initialization Procedures and Mode Transitions in Case of Error during Operation

	23.8 Operations Linked by the ELC
	23.8.1 Event Signal Output to the ELC
	23.8.2 MTU Operations in Response to Receiving Event Signals from the ELC
	23.8.3 Notes on MTU by Event Signal Reception from the ELC


	24. Port Output Enable 2 (POE2a)
	24.1 Overview
	24.2 Register Descriptions
	24.2.1 Input Level Control/Status Register 1 (ICSR1)
	24.2.2 Output Level Control/Status Register 1 (OCSR1)
	24.2.3 Input Level Control/Status Register 2 (ICSR2)
	24.2.4 Software Port Output Enable Register (SPOER)
	24.2.5 Port Output Enable Control Register 1 (POECR1)
	24.2.6 Port Output Enable Control Register 2 (POECR2)
	24.2.7 Input Level Control/Status Register 3 (ICSR3)

	24.3 Operation
	24.3.1 Input Level Detection Operation
	24.3.2 Output-Level Compare Operation
	24.3.3 High-Impedance Control Using Registers
	24.3.4 High-Impedance Control on Detection of Stopped Oscillation
	24.3.5 High-Impedance Control in Response to Receiving an Event Signal from the ELC
	24.3.6 Release from the High-Impedance

	24.4 Interrupts
	24.5 Usage Notes
	24.5.1 Transitions to Software Standby Mode
	24.5.2 When the POE Is Not Used
	24.5.3 Specifying Pins Corresponding to the MTU
	24.5.4 Notes on High-Impedance Control by Event Signal Reception from the ELC


	25. 16-Bit Timer Pulse Unit (TPUa)
	25.1 Overview
	25.2 Register Descriptions
	25.2.1 Timer Control Register (TCR)
	25.2.2 Timer Mode Register (TMDR)
	25.2.3 Timer I/O Control Register (TIORH, TIORL, TIOR)
	25.2.4 Timer Interrupt Enable Register (TIER)
	25.2.5 Timer Status Register (TSR)
	25.2.6 Timer Counter (TCNT)
	25.2.7 Timer General Register A (TGRA), Timer General Register B (TGRB), Timer General Register C (TGRC), Timer General Register D (TGRD)
	25.2.8 Timer Start Register (TSTR)
	25.2.9 Timer Synchronous Register (TSYR)
	25.2.10 Noise Filter Control Register (NFCR)

	25.3 Operation
	25.3.1 Basic Functions
	25.3.2 Synchronous Operation
	25.3.3 Buffer Operation
	25.3.4 Cascaded Operation
	25.3.5 PWM Modes
	25.3.6 Phase Counting Mode
	25.3.6.1 Phase Counting Mode Application Example

	25.3.7 Noise Filters

	25.4 Interrupt Sources
	25.5 DTC Activation
	25.6 DMAC Activation
	25.7 A/D Converter Activation
	25.8 Operation Timing
	25.8.1 Input/Output Timing
	25.8.2 Interrupt Signal Timing

	25.9 Usage Notes
	25.9.1 Module Stop Function Setting
	25.9.2 Input Clock Restrictions
	25.9.3 Notes on Cycle Setting
	25.9.4 Conflict between TPUm.TCNT Write and Clear Operations
	25.9.5 Conflict between TPUm.TCNT Write and Increment Operations
	25.9.6 Conflict between TPUm.TGRy Write and Compare Match
	25.9.7 Conflict between Buffer Register Write and Compare Match
	25.9.8 Conflict between TPUm.TGRy Read and Input Capture
	25.9.9 Conflict between TPUm.TGRy Write and Input Capture
	25.9.10 Conflict between Buffer Register Write and Input Capture
	25.9.11 TCNT Simultaneous Input Capture in Cascade Operation
	25.9.12 Conflict between Overflow/Underflow and Counter Clearing
	25.9.13 Conflict between TPUm.TCNT Write and Overflow/Underflow
	25.9.14 Multiplexing of I/O Pins
	25.9.15 Continuous Output of Compare-Match Pulse Interrupt Signal
	25.9.16 Continuous Output of Input-Capture Pulse Interrupt Signal
	25.9.17 Continuous Output of Underflow Pulse Interrupt Signal


	26. 8-Bit Timer (TMR)
	26.1 Overview
	26.2 Register Descriptions
	26.2.1 Timer Counter (TCNT)
	26.2.2 Time Constant Register A (TCORA)
	26.2.3 Time Constant Register B (TCORB)
	26.2.4 Timer Control Register (TCR)
	26.2.5 Timer Counter Control Register (TCCR)
	26.2.6 Timer Control/Status Register (TCSR)
	26.2.7 Timer Counter Start Register (TCSTR)

	26.3 Operation
	26.3.1 Pulse Output
	26.3.2 External Counter Reset Input

	26.4 Operation Timing
	26.4.1 TCNT Count Timing
	26.4.2 Timing of Interrupt Signal Output on a Compare Match
	26.4.3 Timing of Timer Output Signal at Compare Match
	26.4.4 Timing of Counter Clear by Compare Match
	26.4.5 Timing of the External Reset for TCNT
	26.4.6 Timing of Interrupt Signal Output on an Overflow

	26.5 Operation with Cascaded Connection
	26.5.1 16-Bit Count Mode
	26.5.2 Compare Match Count Mode

	26.6 Interrupt Sources
	26.6.1 Interrupt Sources and DTC Activation

	26.7 Link Operation by ELC
	26.7.1 Event Signal Output to ELC
	26.7.2 TMR Operation when Receiving an Event Signal from ELC
	26.7.3 Notes on Operating TMR According to an Event Signal from ELC

	26.8 Usage Notes
	26.8.1 Module Stop State Setting
	26.8.2 Notes on Setting Cycle
	26.8.3 Conflict between TCNT Write and Counter Clear
	26.8.4 Conflict between TCNT Write and Increment
	26.8.5 Conflict between TCORA or TCORB Write and Compare Match
	26.8.6 Conflict between Compare Matches A and B
	26.8.7 Switching of Internal Clocks and TCNT Operation
	26.8.8 Clock Source Setting with Cascaded Connection
	26.8.9 Continuous Output of Compare Match Interrupt Signal


	27. Compare Match Timer (CMT)
	27.1 Overview
	27.2 Register Descriptions
	27.2.1 Compare Match Timer Start Register 0 (CMSTR0)
	27.2.2 Compare Match Timer Start Register 1 (CMSTR1)
	27.2.3 Compare Match Timer Control Register (CMCR)
	27.2.4 Compare Match Counter (CMCNT)
	27.2.5 Compare Match Constant Register (CMCOR)

	27.3 Operation
	27.3.1 Periodic Count Operation
	27.3.2 CMCNT Count Timing

	27.4 Interrupts
	27.4.1 Interrupt Sources
	27.4.2 Timing of Compare Match Interrupt Generation

	27.5 Link Operations by ELC
	27.5.1 Event Signal Output to ELC
	27.5.2 CMT Operation When Receiving an Event Signal from ELC
	27.5.3 Notes on Operating CMT According to an Event Signal from ELC

	27.6 Usage Notes
	27.6.1 Setting the Module Stop Function
	27.6.2 Conflict between CMCNT Counter Writing and Compare Match
	27.6.3 Conflict between CMCNT Counter Writing and Incrementing


	28. Realtime Clock (RTCe)
	28.1 Overview
	28.2 Register Descriptions
	28.2.1 64-Hz Counter (R64CNT)
	28.2.2 Second Counter (RSECCNT)/Binary Counter 0 (BCNT0)
	28.2.3 Minute Counter (RMINCNT)/Binary Counter 1 (BCNT1)
	28.2.4 Hour Counter (RHRCNT)/Binary Counter 2 (BCNT2)
	28.2.5 Day-of-Week Counter (RWKCNT)/Binary Counter 3 (BCNT3)
	28.2.6 Date Counter (RDAYCNT)
	28.2.7 Month Counter (RMONCNT)
	28.2.8 Year Counter (RYRCNT)
	28.2.9 Second Alarm Register (RSECAR)/Binary Counter 0 Alarm Register (BCNT0AR)
	28.2.10 Minute Alarm Register (RMINAR)/Binary Counter 1 Alarm Register (BCNT1AR)
	28.2.11 Hour Alarm Register (RHRAR)/Binary Counter 2 Alarm Register (BCNT2AR)
	28.2.12 Day-of-Week Alarm Register (RWKAR)/Binary Counter 3 Alarm Register (BCNT3AR)
	28.2.13 Date Alarm Register (RDAYAR)/Binary Counter 0 Alarm Enable Register (BCNT0AER)
	28.2.14 Month Alarm Register (RMONAR)/Binary Counter 1 Alarm Enable Register (BCNT1AER)
	28.2.15 Year Alarm Register (RYRAR)/Binary Counter 2 Alarm Enable Register (BCNT2AER)
	28.2.16 Year Alarm Enable Register (RYRAREN)/Binary Counter 3 Alarm Enable Register (BCNT3AER)
	28.2.17 RTC Control Register 1 (RCR1)
	28.2.18 RTC Control Register 2 (RCR2)
	28.2.19 RTC Control Register 3 (RCR3)
	28.2.19.1 Notes on using a low CL crystal unit

	28.2.20 Time Error Adjustment Register (RADJ)
	28.2.21 Time Capture Control Register n (RTCCRn) (n = 0, 1)
	28.2.22 Second Capture Register n (RSECCPn) (n = 0, 1)/BCNT0 Capture Register n (BCNT0CPn) (n = 0, 1)
	28.2.23 Minute Capture Register n (RMINCPn) (n = 0, 1)/BCNT1 Capture Register n (BCNT1CPn) (n = 0, 1)
	28.2.24 Hour Capture Register n (RHRCPn) (n = 0, 1)/BCNT2 Capture Register n (BCNT2CPn) (n = 0, 1)
	28.2.25 Date Capture Register n (RDAYCPn) (n = 0, 1)/BCNT3 Capture Register n (BCNT3CPn) (n = 0, 1)
	28.2.26 Month Capture Register n (RMONCPn) (n = 0, 1)

	28.3 Operation
	28.3.1 Outline of Initial Settings of Registers after Power On
	28.3.2 Clock and Count Mode Setting Procedure
	28.3.3 Setting the Time
	28.3.4 30-Second Adjustment
	28.3.5 Reading 64-Hz Counter and Time
	28.3.6 Alarm Function
	28.3.7 Procedure for Disabling Alarm Interrupt
	28.3.8 Time Error Adjustment Function
	28.3.8.1 Automatic Adjustment
	28.3.8.2 Adjustment by Software
	28.3.8.3 Procedure for Changing the Mode of Adjustment
	28.3.8.4 Procedure for Stopping Adjustment

	28.3.9 Time Capture Function

	28.4 Interrupt Sources
	28.5 Event Link Output
	28.5.1 Interrupt Handling and Event Linking

	28.6 Usage Notes
	28.6.1 Register Writing during Counting
	28.6.2 Use of Periodic Interrupts
	28.6.3 RTCOUT (1-Hz/64-Hz) Clock Output
	28.6.4 Transitions to Low Power Consumption Modes after Setting Registers
	28.6.5 Notes on Writing to and Reading from Registers
	28.6.6 Changing the Count Mode
	28.6.7 Initialization Procedure When the Realtime Clock is Not to be Used


	29. Low-Power Timer (LPT)
	29.1 Overview
	29.2 Register Descriptions
	29.2.1 Low-Power Timer Control Register 1 (LPTCR1)
	29.2.2 Low-Power Timer Control Register 2 (LPTCR2)
	29.2.3 Low-Power Timer Control Register 3 (LPTCR3)
	29.2.4 Low-Power Timer Period Setting Register (LPTPRD)
	29.2.5 Low-Power Timer Compare Register 0 (LPCMR0)
	29.2.6 Low-Power Timer Standby Wakeup Enable Register (LPWUCR)

	29.3 Operation
	29.3.1 Periodic Counting Operation
	29.3.2 Count Timing of Low-Power Timer Counter
	29.3.3 Clearing Timing of Low-Power Timer Counter

	29.4 Wakeup from Software Standby Mode by an Interrupt through the Event Link Controller (ELC)
	29.5 Usage Notes
	29.5.1 Notes on Transition to Software Standby Mode


	30. Watchdog Timer (WDTA)
	30.1 Overview
	30.2 Register Descriptions
	30.2.1 WDT Refresh Register (WDTRR)
	30.2.2 WDT Control Register (WDTCR)
	30.2.3 WDT Status Register (WDTSR)
	30.2.4 WDT Reset Control Register (WDTRCR)
	30.2.5 Option Function Select Register 0 (OFS0)

	30.3 Operation
	30.3.1 Count Operation in Each Start Mode
	30.3.1.1 Register Start Mode
	30.3.1.2 Auto-Start Mode

	30.3.2 Control over Writing to the WDTCR and WDTRCR Registers
	30.3.3 Refresh Operation
	30.3.4 Reset Output
	30.3.5 Interrupt Source
	30.3.6 Reading the Down-Counter Value
	30.3.7 Correspondence between Option Function Select Register 0 (OFS0) and WDT Registers


	31. Independent Watchdog Timer (IWDTa)
	31.1 Overview
	31.2 Register Descriptions
	31.2.1 IWDT Refresh Register (IWDTRR)
	31.2.2 IWDT Control Register (IWDTCR)
	31.2.3 IWDT Status Register (IWDTSR)
	31.2.4 IWDT Reset Control Register (IWDTRCR)
	31.2.5 IWDT Count Stop Control Register (IWDTCSTPR)
	31.2.6 Option Function Select Register 0 (OFS0)

	31.3 Operation
	31.3.1 Count Operation in Each Start Mode
	31.3.1.1 Register Start Mode
	31.3.1.2 Auto-Start Mode

	31.3.2 Control over Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Registers
	31.3.3 Refresh Operation
	31.3.4 Status Flags
	31.3.5 Reset Output
	31.3.6 Interrupt Sources
	31.3.7 Reading the Counter Value
	31.3.8 Correspondence between Option Function Select Register 0 (OFS0) and IWDT Registers

	31.4 Link Operation by ELC
	31.5 Usage Notes
	31.5.1 Refresh Operations
	31.5.2 Clock Divide Ratio Setting


	32. USB 2.0 Host/Function Module (USBc)
	32.1 Overview
	32.2 Register Descriptions
	32.2.1 System Configuration Control Register (SYSCFG)
	32.2.2 System Configuration Status Register 0 (SYSSTS0)
	32.2.3 Device State Control Register 0 (DVSTCTR0)
	32.2.4 CFIFO Port Register (CFIFO), D0FIFO Port Register (D0FIFO), D1FIFO Port Register (D1FIFO)
	32.2.5 CFIFO Port Select Register (CFIFOSEL), D0FIFO Port Select Register (D0FIFOSEL), D1FIFO Port Select Register (D1FIFOSEL)
	32.2.6 CFIFO Port Control Register (CFIFOCTR), D0FIFO Port Control Register (D0FIFOCTR), D1FIFO Port Control Register (D1FIFOCTR)
	32.2.7 Interrupt Enable Register 0 (INTENB0)
	32.2.8 Interrupt Enable Register 1 (INTENB1)
	32.2.9 BRDY Interrupt Enable Register (BRDYENB)
	32.2.10 NRDY Interrupt Enable Register (NRDYENB)
	32.2.11 BEMP Interrupt Enable Register (BEMPENB)
	32.2.12 SOF Output Configuration Register (SOFCFG)
	32.2.13 Interrupt Status Register 0 (INTSTS0)
	32.2.14 Interrupt Status Register 1 (INTSTS1)
	32.2.15 BRDY Interrupt Status Register (BRDYSTS)
	32.2.16 NRDY Interrupt Status Register (NRDYSTS)
	32.2.17 BEMP Interrupt Status Register (BEMPSTS)
	32.2.18 Frame Number Register (FRMNUM)
	32.2.19 USB Request Type Register (USBREQ)
	32.2.20 USB Request Value Register (USBVAL)
	32.2.21 USB Request Index Register (USBINDX)
	32.2.22 USB Request Length Register (USBLENG)
	32.2.23 DCP Configuration Register (DCPCFG)
	32.2.24 DCP Maximum Packet Size Register (DCPMAXP)
	32.2.25 DCP Control Register (DCPCTR)
	32.2.26 Pipe Window Select Register (PIPESEL)
	32.2.27 Pipe Configuration Register (PIPECFG)
	32.2.28 Pipe Maximum Packet Size Register (PIPEMAXP)
	32.2.29 Pipe Cycle Control Register (PIPEPERI)
	32.2.30 Pipe n Control Registers (PIPEnCTR) (n = 1 to 9)
	32.2.31 Pipe n Transaction Counter Enable Register (PIPEnTRE) (n = 1 to 5)
	32.2.32 Pipe n Transaction Counter Register (PIPEnTRN) (n = 1 to 5)
	32.2.33 Device Address n Configuration Register (DEVADDn) (n = 0 to 5)
	32.2.34 USB Module Control Register (USBMC)
	32.2.35 BC Control Register 0 (USBBCCTRL0)

	32.3 Operation
	32.3.1 System Control
	32.3.1.1 Setting Data to the USB Related Register
	32.3.1.2 Controller Function Selection
	32.3.1.3 Controlling USB Data Bus Resistors
	32.3.1.4 Example of USB External Connection Circuit

	32.3.2 Interrupt Sources
	32.3.3 Interrupt Descriptions
	32.3.3.1 BRDY Interrupt
	32.3.3.2 NRDY Interrupt
	32.3.3.3 BEMP Interrupt
	32.3.3.4 Device State Transition Interrupt
	32.3.3.5 Control Transfer Stage Transition Interrupt
	32.3.3.6 Frame Update Interrupt
	32.3.3.7 VBUS Interrupt
	32.3.3.8 Resume Interrupt
	32.3.3.9 OVRCR Interrupt
	32.3.3.10 BCHG Interrupt
	32.3.3.11 DTCH Interrupt
	32.3.3.12 SACK Interrupt
	32.3.3.13 SIGN Interrupt
	32.3.3.14 ATTCH Interrupt
	32.3.3.15 EOFERR Interrupt
	32.3.3.16 Portable Device Detection Interrupt

	32.3.4 Pipe Control
	32.3.4.1 Pipe Control Register Switching Procedures
	32.3.4.2 Transfer Types
	32.3.4.3 Endpoint Number
	32.3.4.4 Maximum Packet Size Setting
	32.3.4.5 Transaction Counter (For Pipes 1 to 5 in Reading Direction)
	32.3.4.6 Response PID
	32.3.4.7 Data PID Sequence Bit
	32.3.4.8 Response PID = NAK Function
	32.3.4.9 Auto Response Mode
	32.3.4.10 OUT-NAK Mode
	32.3.4.11 Null Auto Response Mode

	32.3.5 FIFO Buffer Memory
	32.3.5.1 FIFO Buffer Memory
	32.3.5.2 FIFO Buffer Clearing
	32.3.5.3 FIFO Port Functions
	32.3.5.4 DMA Transfers (D0FIFO and D1FIFO Ports)

	32.3.6 Control Transfers Using DCP
	32.3.6.1 Control Transfers When the Host Controller is Selected
	32.3.6.2 Control Transfers When the Function Controller is Selected

	32.3.7 Bulk Transfers (Pipes 1 to 5)
	32.3.8 Interrupt Transfers (Pipes 6 to 9)
	32.3.8.1 Interval Counter during Interrupt Transfers When the Host Controller is Selected

	32.3.9 Isochronous Transfers (Pipes 1 and 2)
	32.3.9.1 Error Detection in Isochronous Transfers
	32.3.9.2 Data PID
	32.3.9.3 Interval Counter

	32.3.10 SOF Interpolation Function
	32.3.11 Pipe Schedule
	32.3.11.1 Conditions for Generating a Transaction
	32.3.11.2 Transfer Schedule
	32.3.11.3 Enabling USB Communication


	32.4 Usage Notes
	32.4.1 Setting the Module-Stop Function

	32.5 Battery Charging Detection Processing
	32.5.1 Processing When Function Controller is Selected
	32.5.2 Processing When Host Controller is Selected


	33. Serial Communications Interface (SCIg, SCIh)
	33.1 Overview
	33.2 Register Descriptions
	33.2.1 Receive Shift Register (RSR)
	33.2.2 Receive Data Register (RDR)
	33.2.3 Receive Data Register H, L, HL (RDRH, RDRL, RDRHL)
	33.2.4 Transmit Data Register (TDR)
	33.2.5 Transmit Data Register H, L, HL (TDRH, TDRL, TDRHL)
	33.2.6 Transmit Shift Register (TSR)
	33.2.7 Serial Mode Register (SMR)
	33.2.8 Serial Control Register (SCR)
	33.2.9 Serial Status Register (SSR)
	33.2.10 Smart Card Mode Register (SCMR)
	33.2.11 Bit Rate Register (BRR)
	33.2.12 Modulation Duty Register (MDDR)
	33.2.13 Serial Extended Mode Register (SEMR)
	33.2.14 Noise Filter Setting Register (SNFR)
	33.2.15 I2C Mode Register 1 (SIMR1)
	33.2.16 I2C Mode Register 2 (SIMR2)
	33.2.17 I2C Mode Register 3 (SIMR3)
	33.2.18 I2C Status Register (SISR)
	33.2.19 SPI Mode Register (SPMR)
	33.2.20 Extended Serial Module Enable Register (ESMER)
	33.2.21 Control Register 0 (CR0)
	33.2.22 Control Register 1 (CR1)
	33.2.23 Control Register 2 (CR2)
	33.2.24 Control Register 3 (CR3)
	33.2.25 Port Control Register (PCR)
	33.2.26 Interrupt Control Register (ICR)
	33.2.27 Status Register (STR)
	33.2.28 Status Clear Register (STCR)
	33.2.29 Control Field 0 Data Register (CF0DR)
	33.2.30 Control Field 0 Compare Enable Register (CF0CR)
	33.2.31 Control Field 0 Receive Data Register (CF0RR)
	33.2.32 Primary Control Field 1 Data Register (PCF1DR)
	33.2.33 Secondary Control Field 1 Data Register (SCF1DR)
	33.2.34 Control Field 1 Compare Enable Register (CF1CR)
	33.2.35 Control Field 1 Receive Data Register (CF1RR)
	33.2.36 Timer Control Register (TCR)
	33.2.37 Timer Mode Register (TMR)
	33.2.38 Timer Prescaler Register (TPRE)
	33.2.39 Timer Count Register (TCNT)

	33.3 Operation in Asynchronous Mode
	33.3.1 Serial Data Transfer Format
	33.3.2 Receive Data Sampling Timing and Reception Margin in Asynchronous Mode
	33.3.3 Clock
	33.3.4 Double-Speed Mode
	33.3.5 CTS and RTS Functions
	33.3.6 SCI Initialization (Asynchronous Mode)
	33.3.7 Serial Data Transmission (Asynchronous Mode)
	33.3.8 Serial Data Reception (Asynchronous Mode)

	33.4 Multi-Processor Communications Function
	33.4.1 Multi-Processor Serial Data Transmission
	33.4.2 Multi-Processor Serial Data Reception

	33.5 Operation in Clock Synchronous Mode
	33.5.1 Clock
	33.5.2 CTS and RTS Functions
	33.5.3 SCI Initialization (Clock Synchronous Mode)
	33.5.4 Serial Data Transmission (Clock Synchronous Mode)
	33.5.5 Serial Data Reception (Clock Synchronous Mode)
	33.5.6 Simultaneous Serial Data Transmission and Reception (Clock Synchronous Mode)

	33.6 Operation in Smart Card Interface Mode
	33.6.1 Sample Connection
	33.6.2 Data Format (Except in Block Transfer Mode)
	33.6.3 Block Transfer Mode
	33.6.4 Receive Data Sampling Timing and Reception Margin
	33.6.5 SCI Initialization (Smart Card Interface Mode)
	33.6.6 Serial Data Transmission (Except in Block Transfer Mode)
	33.6.7 Serial Data Reception (Except in Block Transfer Mode)
	33.6.8 Clock Output Control

	33.7 Operation in Simple I2C Mode
	33.7.1 Generation of Start, Restart, and Stop Conditions
	33.7.2 Clock Synchronization
	33.7.3 SSDA Output Delay
	33.7.4 SCI Initialization (Simple I2C Mode)
	33.7.5 Operation in Master Transmission (Simple I2C Mode)
	33.7.6 Master Reception (Simple I2C Mode)
	33.7.7 Recovery from Bus Hang-up

	33.8 Operation in Simple SPI Mode
	33.8.1 States of Pins in Master and Slave Modes
	33.8.2 SS Function in Master Mode
	33.8.3 SS Function in Slave Mode
	33.8.4 Relationship between Clock and Transmit/Receive Data
	33.8.5 SCI Initialization (Simple SPI Mode)
	33.8.6 Transmission and Reception of Serial Data (Simple SPI Mode)

	33.9 Bit Rate Modulation Function
	33.10 Extended Serial Mode Control Section: Description of Operation
	33.10.1 Serial Transfer Protocol
	33.10.2 Transmitting a Start Frame
	33.10.3 Receiving a Start Frame
	33.10.3.1 Priority Interrupt Bit

	33.10.4 Detection of Bus Collisions
	33.10.5 Digital Filter for Input on the RXDX12 Pin
	33.10.6 Bit Rate Measurement
	33.10.7 Selectable Timing for Sampling Data Received through RXDX12
	33.10.8 Timer

	33.11 Noise Cancellation Function
	33.12 Interrupt Sources
	33.12.1 Buffer Operations for TXI and RXI Interrupts
	33.12.2 Interrupts in Asynchronous Mode, Clock Synchronous Mode, and Simple SPI Mode
	33.12.3 Interrupts in Smart Card Interface Mode
	33.12.4 Interrupts in Simple I2C Mode
	33.12.5 Interrupt Requests from the Extended Serial Mode Control Section

	33.13 Event Linking
	33.14 Usage Notes
	33.14.1 Setting the Module Stop Function
	33.14.2 Break Detection and Processing
	33.14.3 Mark State and Sending Breaks
	33.14.4 Receive Error Flags and Transmit Operations (Clock Synchronous Mode and Simple SPI Mode)
	33.14.5 Writing Data to the TDR Register
	33.14.6 Restrictions on Clock Synchronous Transmission (Clock Synchronous Mode and Simple SPI Mode)
	33.14.7 Restrictions on Using DMAC or DTC
	33.14.8 Notes on Starting Transfer
	33.14.9 SCI Operations during Low Power Consumption State
	33.14.10 External Clock Input in Clock Synchronous Mode and Simple SPI Mode
	33.14.11 Limitations on Simple SPI Mode
	33.14.12 Limitation 1 on Usage of the Extended Serial Mode Control Section
	33.14.13 Limitation 2 on Usage of the Extended Serial Mode Control Section
	33.14.14 Note on Transmit Enable Bit (TE Bit)
	33.14.15 Note on Stopping Reception When Using the RTS Function in Asynchronous Mode


	34. IrDA Interface
	34.1 Overview
	34.2 Register Descriptions
	34.2.1 IrDA Control Register (IRCR)

	34.3 Operation
	34.3.1 Transmission
	34.3.2 Reception
	34.3.3 Selecting High-Level Pulse Width

	34.4 Usage Notes
	34.4.1 Module Stop Function Setting
	34.4.2 SCI5 Setting
	34.4.3 Minimum Pulse-Width during Reception
	34.4.4 Notes on IrDA Initial Setting/Resetting


	35. I2C-bus Interface (RIICa)
	35.1 Overview
	35.2 Register Descriptions
	35.2.1 I2C-bus Control Register 1 (ICCR1)
	35.2.2 I2C-bus Control Register 2 (ICCR2)
	35.2.3 I2C-bus Mode Register 1 (ICMR1)
	35.2.4 I2C-bus Mode Register 2 (ICMR2)
	35.2.5 I2C-bus Mode Register 3 (ICMR3)
	35.2.6 I2C-bus Function Enable Register (ICFER)
	35.2.7 I2C-bus Status Enable Register (ICSER)
	35.2.8 I2C-bus Interrupt Enable Register (ICIER)
	35.2.9 I2C-bus Status Register 1 (ICSR1)
	35.2.10 I2C-bus Status Register 2 (ICSR2)
	35.2.11 Slave Address Register Ly (SARLy) (y = 0 to 2)
	35.2.12 Slave Address Register Uy (SARUy) (y = 0 to 2)
	35.2.13 I2C-bus Bit Rate Low-Level Register (ICBRL)
	35.2.14 I2C-bus Bit Rate High-Level Register (ICBRH)
	35.2.15 I2C-bus Transmit Data Register (ICDRT)
	35.2.16 I2C-bus Receive Data Register (ICDRR)
	35.2.17 I2C-bus Shift Register (ICDRS)

	35.3 Operation
	35.3.1 Communication Data Format
	35.3.2 Initial Settings
	35.3.3 Master Transmit Operation
	35.3.4 Master Receive Operation
	35.3.5 Slave Transmit Operation
	35.3.6 Slave Receive Operation

	35.4 SCL Synchronization Circuit
	35.5 SDA Output Delay Function
	35.6 Digital Noise Filters
	35.7 Address Match Detection
	35.7.1 Slave-Address Match Detection
	35.7.2 Detection of the General Call Address
	35.7.3 Device-ID Address Detection
	35.7.4 Host Address Detection

	35.8 Automatic Low-Hold Function for SCL
	35.8.1 Function to Prevent Wrong Transmission of Transmit Data
	35.8.2 NACK Reception Transfer Suspension Function
	35.8.3 Function to Prevent Failure to Receive Data

	35.9 Arbitration-Lost Detection Functions
	35.9.1 Master Arbitration-Lost Detection (MALE Bit)
	35.9.2 Function to Detect Loss of Arbitration during NACK Transmission (NALE Bit)
	35.9.3 Slave Arbitration-Lost Detection (SALE Bit)

	35.10 Start Condition/Restart Condition/Stop Condition Generating Function
	35.10.1 Generating a Start Condition
	35.10.2 Generating a Restart Condition
	35.10.3 Generating a Stop Condition

	35.11 Bus Hanging
	35.11.1 Timeout Function
	35.11.2 Additional SCL Output Function
	35.11.3 RIIC Reset and Internal Reset

	35.12 SMBus Operation
	35.12.1 SMBus Timeout Measurement
	35.12.2 Packet Error Code (PEC)
	35.12.3 SMBus Host Notification Protocol (Notify ARP Master Command)

	35.13 Interrupt Sources
	35.13.1 Buffer Operation for TXI and RXI Interrupts

	35.14 Initialization of Registers and Functions When a Reset is Applied or a Condition is Detected
	35.15 Event Link Function (Output)
	35.15.1 Interrupt Handling and Event Linking

	35.16 Usage Notes
	35.16.1 Setting Module Stop Function
	35.16.2 Notes on Starting Transfer


	36. CAN Module (RSCAN)
	36.1 Overview
	36.2 Register Descriptions
	36.2.1 Bit Configuration Register L (CFGL)
	36.2.2 Bit Configuration Register H (CFGH)
	36.2.3 Control Register L (CTRL)
	36.2.4 Control Register H (CTRH)
	36.2.5 Status Register L (STSL)
	36.2.6 Status Register H (STSH)
	36.2.7 Error Flag Register L (ERFLL)
	36.2.8 Error Flag Register H (ERFLH)
	36.2.9 Global Configuration Register L (GCFGL)
	36.2.10 Global Configuration Register H (GCFGH)
	36.2.11 Global Control Register L (GCTRL)
	36.2.12 Global Control Register H (GCTRH)
	36.2.13 Global Status Register (GSTS)
	36.2.14 Global Error Flag Register (GERFLL)
	36.2.15 Global Transmit Interrupt Status Register (GTINTSTS)
	36.2.16 Timestamp Register (GTSC)
	36.2.17 Receive Rule Number Configuration Register (GAFLCFG)
	36.2.18 Receive Rule Entry Register jAL (GAFLIDLj) (j = 0 to 15)
	36.2.19 Receive Rule Entry Register jAH (GAFLIDHj) (j = 0 to 15)
	36.2.20 Receive Rule Entry Register jBL (GAFLMLj) (j = 0 to 15)
	36.2.21 Receive Rule Entry Register jBH (GAFLMHj) (j = 0 to 15)
	36.2.22 Receive Rule Entry Register jCL (GAFLPLj) (j = 0 to 15)
	36.2.23 Receive Rule Entry Register jCH (GAFLPHj) (j = 0 to 15)
	36.2.24 Receive Buffer Number Configuration Register (RMNB)
	36.2.25 Receive Buffer Receive Complete Flag Register (RMND0)
	36.2.26 Receive Buffer Register nAL (RMIDLn) (n = 0 to 15)
	36.2.27 Receive Buffer Register nAH (RMIDHn) (n = 0 to 15)
	36.2.28 Receive Buffer Register nBL (RMTSn) (n = 0 to 15)
	36.2.29 Receive Buffer Register nBH (RMPTRn) (n = 0 to 15)
	36.2.30 Receive Buffer Register nCL (RMDF0n) (n = 0 to 15)
	36.2.31 Receive Buffer Register nCH (RMDF1n) (n = 0 to 15)
	36.2.32 Receive Buffer Register nDL (RMDF2n) (n = 0 to 15)
	36.2.33 Receive Buffer Register nDH (RMDF3n) (n = 0 to 15)
	36.2.34 Receive FIFO Control Register m (RFCCm) (m = 0, 1)
	36.2.35 Receive FIFO Status Register m (RFSTSm) (m = 0, 1)
	36.2.36 Receive FIFO Pointer Control Register m (RFPCTRm) (m = 0, 1)
	36.2.37 Receive FIFO Access Register mAL (RFIDLm) (m = 0, 1)
	36.2.38 Receive FIFO Access Register mAH (RFIDHm) (m = 0, 1)
	36.2.39 Receive FIFO Access Register mBL (RFTSm) (m = 0, 1)
	36.2.40 Receive FIFO Access Register mBH (RFPTRm) (m = 0, 1)
	36.2.41 Receive FIFO Access Register mCL (RFDF0m) (m = 0, 1)
	36.2.42 Receive FIFO Access Register mCH (RFDF1m) (m = 0, 1)
	36.2.43 Receive FIFO Access Register mDL (RFDF2m) (m = 0, 1)
	36.2.44 Receive FIFO Access Register mDH (RFDF3m) (m = 0, 1)
	36.2.45 Transmit/Receive FIFO Control Register 0L (CFCCL0)
	36.2.46 Transmit/Receive FIFO Control Register 0H (CFCCH0)
	36.2.47 Transmit/Receive FIFO Status Register 0 (CFSTS0)
	36.2.48 Transmit/Receive FIFO Pointer Control Register 0 (CFPCTR0)
	36.2.49 Transmit/Receive FIFO Access Register 0AL (CFIDL0)
	36.2.50 Transmit/Receive FIFO Access Register 0AH (CFIDH0)
	36.2.51 Transmit/Receive FIFO Access Register 0BL (CFTS0)
	36.2.52 Transmit/Receive FIFO Access Register 0BH (CFPTR0)
	36.2.53 Transmit/Receive FIFO Access Register 0CL (CFDF00)
	36.2.54 Transmit/Receive FIFO Access Register 0CH (CFDF10)
	36.2.55 Transmit/Receive FIFO Access Register 0DL (CFDF20)
	36.2.56 Transmit/Receive FIFO Access Register 0DH (CFDF30)
	36.2.57 Receive FIFO Message Lost Status Register (RFMSTS)
	36.2.58 Transmit/Receive FIFO Message Lost Status Register (CFMSTS)
	36.2.59 Receive FIFO Interrupt Status Register (RFISTS)
	36.2.60 Transmit/Receive FIFO Receive Interrupt Status Register (CFISTS)
	36.2.61 Transmit Buffer Control Register p (TMCp) (p = 0 to 3)
	36.2.62 Transmit Buffer Status Register p (TMSTSp) (p = 0 to 3)
	36.2.63 Transmit Buffer Transmit Request Status Register (TMTRSTS)
	36.2.64 Transmit Buffer Transmit Complete Status Register (TMTCSTS)
	36.2.65 Transmit Buffer Transmit Abort Status Register (TMTASTS)
	36.2.66 Transmit Buffer Interrupt Enable Register (TMIEC)
	36.2.67 Transmit Buffer Register pAL (TMIDLp) (p = 0 to 3)
	36.2.68 Transmit Buffer Register pAH (TMIDHp) (p = 0 to 3)
	36.2.69 Transmit Buffer Register pBH (TMPTRp) (p = 0 to 3)
	36.2.70 Transmit Buffer Register pCL (TMDF0p) (p = 0 to 3)
	36.2.71 Transmit Buffer Register pCH (TMDF1p) (p = 0 to 3)
	36.2.72 Transmit Buffer Register pDL (TMDF2p) (p = 0 to 3)
	36.2.73 Transmit Buffer Register pDH (TMDF3p) (p = 0 to 3)
	36.2.74 Transmit History Buffer Control Register (THLCC0)
	36.2.75 Transmit History Buffer Status Register (THLSTS0)
	36.2.76 Transmit History Buffer Access Register (THLACC0)
	36.2.77 Transmit History Buffer Pointer Control Register (THLPCTR0)
	36.2.78 Global RAM Window Control Register (GRWCR)
	36.2.79 Global Test Configuration Register (GTSTCFG)
	36.2.80 Global Test Control Register (GTSTCTRL)
	36.2.81 Global Test Protection Unlock Register (GLOCKK)
	36.2.82 RAM Test Register r (RPGACCr) (r = 0 to 127)

	36.3 CAN Modes
	36.3.1 Global Modes
	36.3.2 Channel Modes

	36.4 Reception Function
	36.4.1 Data Processing Using the Receive Rule Table
	36.4.2 Timestamp

	36.5 Transmission Functions
	36.5.1 Transmit Priority Determination
	36.5.2 Transmission Using Transmit Buffers
	36.5.3 Transmission Using FIFO Buffers
	36.5.4 Transmit History Function

	36.6 Test Function
	36.6.1 Standard Test Mode
	36.6.2 Listen-Only Mode
	36.6.3 Self-Test Mode (Loopback Mode)
	36.6.4 RAM Test

	36.7 Interrupt
	36.8 RAM Window
	36.9 Initial Settings
	36.9.1 Clock Setting
	36.9.2 Bit Timing Setting
	36.9.3 Communication Speed Setting
	36.9.4 Receive Rule Setting
	36.9.5 Buffer Setting

	36.10 Reception Procedure
	36.10.1 Receive Buffer Reading Procedure
	36.10.2 FIFO Buffer Reading Procedure

	36.11 Transmission Procedure
	36.11.1 Procedure for Transmission from Transmit Buffers
	36.11.2 Procedure for Transmission from Transmit/Receive FIFO Buffers
	36.11.3 Transmit History Buffer Reading Procedure

	36.12 Test Settings
	36.12.1 Self-Test Mode Setting Procedure
	36.12.2 Protection Unlock Procedure
	36.12.3 RAM Test Setting Procedure

	36.13 Notes on the CAN Module

	37. Serial Sound Interface (SSI)
	37.1 Overview
	37.2 Register Descriptions
	37.2.1 Control Register (SSICR)
	37.2.2 Status Register (SSISR)
	37.2.3 FIFO Control Register (SSIFCR)
	37.2.4 FIFO Status Register (SSIFSR)
	37.2.5 Transmit FIFO Data Register (SSIFTDR)
	37.2.6 Receive FIFO Data Register (SSIFRDR)
	37.2.7 TDM Mode Register (SSITDMR)

	37.3 Operation
	37.3.1 Bus Format
	37.3.2 Non-Compressed Mode
	37.3.3 WS Continue Mode
	37.3.4 Operating States
	37.3.5 Transmit Operation
	37.3.6 Receive Operation
	37.3.7 Serial Bit Clock Control

	37.4 Interrupt Sources
	37.5 Usage Notes
	37.5.1 Setting the Module Stop Function
	37.5.2 Notes on Changing Transmission Modes
	37.5.3 Limits on WS Continue Mode


	38. Serial Peripheral Interface (RSPIa)
	38.1 Overview
	38.2 Register Descriptions
	38.2.1 RSPI Control Register (SPCR)
	38.2.2 RSPI Slave Select Polarity Register (SSLP)
	38.2.3 RSPI Pin Control Register (SPPCR)
	38.2.4 RSPI Status Register (SPSR)
	38.2.5 RSPI Data Register (SPDR)
	38.2.6 RSPI Sequence Control Register (SPSCR)
	38.2.7 RSPI Sequence Status Register (SPSSR)
	38.2.8 RSPI Bit Rate Register (SPBR)
	38.2.9 RSPI Data Control Register (SPDCR)
	38.2.10 RSPI Clock Delay Register (SPCKD)
	38.2.11 RSPI Slave Select Negation Delay Register (SSLND)
	38.2.12 RSPI Next-Access Delay Register (SPND)
	38.2.13 RSPI Control Register 2 (SPCR2)
	38.2.14 RSPI Command Register m (SPCMDm) (m = 0 to 7)

	38.3 Operation
	38.3.1 Overview of RSPI Operations
	38.3.2 Controlling RSPI Pins
	38.3.3 RSPI System Configuration Examples
	38.3.3.1 Single Master/Single Slave (with This MCU Acting as Master)
	38.3.3.2 Single Master/Single Slave (with This MCU Acting as Slave)
	38.3.3.3 Single Master/Multi-Slave (with This MCU Acting as Master)
	38.3.3.4 Single Master/Multi-Slave (with This MCU Acting as Slave)
	38.3.3.5 Multi-Master/Multi-Slave (with This MCU Acting as Master)
	38.3.3.6 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation) (with This MCU Acting as Master)
	38.3.3.7 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation) (with This MCU Acting as Slave)

	38.3.4 Data Format
	38.3.4.1 When Parity is Disabled (SPCR2.SPPE = 0)
	38.3.4.2 When Parity is Enabled (SPCR2.SPPE = 1)

	38.3.5 Transfer Format
	38.3.5.1 CPHA = 0
	38.3.5.2 CPHA = 1

	38.3.6 Communications Operating Mode
	38.3.6.1 Full-Duplex Synchronous Serial Communications (SPCR.TXMD = 0)
	38.3.6.2 Transmit Operations Only (SPCR.TXMD = 1)

	38.3.7 Transmit Buffer Empty/Receive Buffer Full Interrupts
	38.3.8 Error Detection
	38.3.8.1 Overrun Error
	38.3.8.2 Parity Error
	38.3.8.3 Mode Fault Error

	38.3.9 Initializing RSPI
	38.3.9.1 Initialization by Clearing the SPE Bit
	38.3.9.2 System Reset

	38.3.10 SPI Operation
	38.3.10.1 Master Mode Operation
	38.3.10.2 Slave Mode Operation

	38.3.11 Clock Synchronous Operation
	38.3.11.1 Master Mode Operation
	38.3.11.2 Slave Mode Operation

	38.3.12 Loopback Mode
	38.3.13 Self-Diagnosis of Parity Bit Function
	38.3.14 Interrupt Sources

	38.4 Link Operation by Event Linking
	38.4.1 Receive Buffer Full Event Output
	38.4.2 Transmit Buffer Empty Event Output
	38.4.3 Mode Fault, Overrun, or Parity Error Event Output
	38.4.4 RSPI Idle Event Output
	38.4.5 Transmission-Completed Event Output

	38.5 Usage Notes
	38.5.1 Setting Module Stop Function
	38.5.2 Note on Low Power Consumption Functions
	38.5.3 Notes on Starting Transfer
	38.5.4 Notes on the SPRF and SPTEF flags


	39. CRC Calculator (CRC)
	39.1 Overview
	39.2 Register Descriptions
	39.2.1 CRC Control Register (CRCCR)
	39.2.2 CRC Data Input Register (CRCDIR)
	39.2.3 CRC Data Output Register (CRCDOR)

	39.3 Operation
	39.4 Usage Notes
	39.4.1 Module Stop Function Setting
	39.4.2 Note on Transmission


	40. SD Host Interface (SDHIa)
	40.1 Overview
	40.2 Register Details
	40.2.1 Command Register (SDCMD)
	40.2.2 Argument Register (SDARG)
	40.2.3 Data Stop Register (SDSTOP)
	40.2.4 Block Count Register (SDBLKCNT)
	40.2.5 Response Register 10 (SDRSP10), Response Register 32 (SDRSP32), Response Register 54 (SDRSP54), Response Register 76 (SDRSP76)
	40.2.6 SD Status Register 1 (SDSTS1)
	40.2.7 SD Status Register 2 (SDSTS2)
	40.2.8 SD Interrupt Mask Register 1 (SDIMSK1)
	40.2.9 SD Interrupt Mask Register 2 (SDIMSK2)
	40.2.10 SDHI Clock Control Register (SDCLKCR)
	40.2.11 Transfer Data Size Register (SDSIZE)
	40.2.12 Card Access Option Register (SDOPT)
	40.2.13 SD Error Status Register 1 (SDERSTS1)
	40.2.14 SD Error Status Register 2 (SDERSTS2)
	40.2.15 SD Buffer Register (SDBUFR)
	40.2.16 SDIO Mode Control Register (SDIOMD)
	40.2.17 SDIO Status Register (SDIOSTS)
	40.2.18 SDIO Interrupt Mask Register (SDIOIMSK)
	40.2.19 DMA Transfer Enable Register (SDDMAEN)
	40.2.20 SDHI Software Reset Register (SDRST)
	40.2.21 Swap Control Register (SDSWAP)

	40.3 SDHI Operation
	40.3.1 Data Block Format of the SD Card
	40.3.2 SD Buffer and the SDBUFR Register
	40.3.3 SD Card Detection
	40.3.3.1 Using the SDHI_CD Pin to Detect an SD Card
	40.3.3.2 Using the SDHI_D3 Pin to Detect an SD Card

	40.3.4 SD Card Write Protection
	40.3.4.1 Using the SDHI_WP Pin to Enable Write Protection
	40.3.4.2 Using a Command to Enable Write Protection

	40.3.5 Communication Errors and Timeouts
	40.3.6 Examples of Issuing a Command
	40.3.6.1 Command Absent of Response Reception and Data Transfer
	40.3.6.2 Command Absent of Data Transfer
	40.3.6.3 Single Block Read Command (CMD17)
	40.3.6.4 Single Block Write Command (CMD24)
	40.3.6.5 Multi-Block Read Command (CMD18)
	40.3.6.6 Multi-Block Write Command (CMD25)
	40.3.6.7 IO_RW_DIRECT Command (CMD52)
	40.3.6.8 IO_RW_EXTENDED Command (CMD53 (Multi-Block Read))
	40.3.6.9 IO_RW_EXTENDED (CMD53 Multi-Block Write)
	40.3.6.10 DMA Transfer


	40.4 Interrupts
	40.4.1 DMA Transfer Triggered by Interrupt Requests

	40.5 Notes on Using the SDHI
	40.5.1 Illegal Read Access During a Multi-Block Read and How To Avoid It
	40.5.2 SDBUFR Register Illegal Write Error
	40.5.3 Automatic Control of the SDHI Clock Output
	40.5.4 Restrictions on Setting the C52PUB Bit During a Multi-Block Write Sequence
	40.5.5 Note on Setting the SDCLKCR Register
	40.5.6 Writing to the SDSTOP Register During a Multi-Block Read Sequence
	40.5.7 Controlling Module Operation


	41. Bluetooth Low Energy (BLE)
	41.1 Overview
	41.2 Operation
	41.2.1 State Transitions

	41.3 Interrupts
	41.4 Certificates of Compliance
	41.4.1 Radio-Related Laws
	41.4.2 Bluetooth SIG Certification
	41.4.3 Labeling and Information RX23W Users Should Provide to End Users of Their Products

	41.5 Usage Notes
	41.5.1 RF Transceiver Power-Supply
	41.5.2 Wireless Standards
	41.5.3 Notes on Board Design


	42. Trusted Secure IP (TSIP-Lite)
	42.1 Overview
	42.2 Operation
	42.2.1 Operating Modes and State Transitions
	42.2.2 Encryption Engine
	42.2.3 Key Installation
	42.2.4 Encryption and Decryption
	42.2.5 Generating Key Generation Information (by Using Random Numbers)
	42.2.6 Random Number Generation

	42.3 Interrupt
	42.4 Usage Notes
	42.4.1 Standby Mode
	42.4.2 Setting the Module Stop Function
	42.4.3 TSIP-Lite Library


	43. Capacitive Touch Sensing Unit (CTSU)
	43.1 Overview
	43.2 Register Descriptions
	43.2.1 CTSU Control Register 0 (CTSUCR0)
	43.2.2 CTSU Control Register 1 (CTSUCR1)
	43.2.3 CTSU Synchronous Noise Reduction Setting Register (CTSUSDPRS)
	43.2.4 CTSU Sensor Stabilization Wait Control Register (CTSUSST)
	43.2.5 CTSU Measurement Channel Register 0 (CTSUMCH0)
	43.2.6 CTSU Measurement Channel Register 1 (CTSUMCH1)
	43.2.7 CTSU Channel Enable Control Register 0 (CTSUCHAC0)
	43.2.8 CTSU Channel Enable Control Register 1 (CTSUCHAC1)
	43.2.9 CTSU Channel Enable Control Register 2 (CTSUCHAC2)
	43.2.10 CTSU Channel Enable Control Register 3 (CTSUCHAC3)
	43.2.11 CTSU Channel Enable Control Register 4 (CTSUCHAC4)
	43.2.12 CTSU Channel Transmit/Receive Control Register 0 (CTSUCHTRC0)
	43.2.13 CTSU Channel Transmit/Receive Control Register 1 (CTSUCHTRC1)
	43.2.14 CTSU Channel Transmit/Receive Control Register 2 (CTSUCHTRC2)
	43.2.15 CTSU Channel Transmit/Receive Control Register 3 (CTSUCHTRC3)
	43.2.16 CTSU Channel Transmit/Receive Control Register 4 (CTSUCHTRC4)
	43.2.17 CTSU High-Pass Noise Reduction Control Register (CTSUDCLKC)
	43.2.18 CTSU Status Register (CTSUST)
	43.2.19 CTSU High-Pass Noise Reduction Spectrum Diffusion Control Register (CTSUSSC)
	43.2.20 CTSU Sensor Offset Register 0 (CTSUSO0)
	43.2.21 CTSU Sensor Offset Register 1 (CTSUSO1)
	43.2.22 CTSU Sensor Counter (CTSUSC)
	43.2.23 CTSU Reference Counter (CTSURC)
	43.2.24 CTSU Error Status Register (CTSUERRS)

	43.3 Operation
	43.3.1 Principles of Measurement Operation
	43.3.2 Measurement Modes
	43.3.2.1 Initial Setting Flowchart
	43.3.2.2 Status Counter
	43.3.2.3 Self-Capacitance Single Scan Mode Operation
	43.3.2.4 Self-Capacitance Multi-Scan Mode Operation
	43.3.2.5 Mutual Capacitance Full Scan Mode Operation

	43.3.3 Items Common to Multiple Modes
	43.3.3.1 Sensor Stabilization Wait Time and Measurement Time
	43.3.3.2 Interrupts


	43.4 Usage Notes
	43.4.1 Measurement Result Data (CTSUSC and CTSURC Counters)
	43.4.2 Software Trigger
	43.4.3 External Trigger
	43.4.4 Notes on Forcibly Stopping Operation
	43.4.5 TSCAP Pin
	43.4.6 Notes during Measurement Operation (CTSUCR0.CTSUSTRT Bit = 1)


	44. 12-Bit A/D Converter (S12ADE)
	44.1 Overview
	44.2 Register Descriptions
	44.2.1 A/D Data Registers y (ADDRy) (y = 0 to 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)
	44.2.2 A/D Self-Diagnosis Data Register (ADRD)
	44.2.3 A/D Control Register (ADCSR)
	44.2.4 A/D Channel Select Register A0 (ADANSA0)
	44.2.5 A/D Channel Select Register A1 (ADANSA1)
	44.2.6 A/D Channel Select Register B0 (ADANSB0)
	44.2.7 A/D Channel Select Register B1 (ADANSB1)
	44.2.8 A/D-Converted Value Addition/Average Function Select Register 0 (ADADS0)
	44.2.9 A/D-Converted Value Addition/Average Function Select Register 1 (ADADS1)
	44.2.10 A/D-Converted Value Addition/Average Count Select Register (ADADC)
	44.2.11 A/D Control Extended Register (ADCER)
	44.2.12 A/D Conversion Start Trigger Select Register (ADSTRGR)
	44.2.13 A/D Conversion Extended Input Control Register (ADEXICR)
	44.2.14 A/D Sampling State Register n (ADSSTRn) (n = 0 to 7, L, T, O)
	44.2.15 A/D Disconnection Detection Control Register (ADDISCR)
	44.2.16 A/D Event Link Control Register (ADELCCR)
	44.2.17 A/D Group Scan Priority Control Register (ADGSPCR)
	44.2.18 A/D Compare Function Control Register (ADCMPCR)
	44.2.19 A/D Compare Function Window A Channel Select Register 0 (ADCMPANSR0)
	44.2.20 A/D Compare Function Window A Channel Select Register 1 (ADCMPANSR1)
	44.2.21 A/D Compare Function Window A Extended Input Select Register (ADCMPANSER)
	44.2.22 A/D Compare Function Window A Comparison Condition Setting Register 0 (ADCMPLR0)
	44.2.23 A/D Compare Function Window A Comparison Condition Setting Register 1 (ADCMPLR1)
	44.2.24 A/D Compare Function Window A Extended Input Comparison Condition Setting Register (ADCMPLER)
	44.2.25 A/D Compare Function Window A Lower-Side Level Setting Register (ADCMPDR0)
	44.2.26 A/D Compare Function Window A Upper-Side Level Setting Register (ADCMPDR1)
	44.2.27 A/D Compare Function Window A Channel Status Register 0 (ADCMPSR0)
	44.2.28 A/D Compare Function Window A Channel Status Register 1 (ADCMPSR1)
	44.2.29 A/D Compare Function Window A Extended Input Channel Status Register (ADCMPSER)
	44.2.30 A/D High-Potential/Low-Potential Reference Voltage Control Register (ADHVREFCNT)
	44.2.31 A/D Compare Function Window A/B Status Monitor Register (ADWINMON)
	44.2.32 A/D Compare Function Window B Channel Select Register (ADCMPBNSR)
	44.2.33 A/D Compare Function Window B Lower-Side Level Setting Register (ADWINLLB)
	44.2.34 A/D Compare Function Window B Upper-Side Level Setting Register (ADWINULB)
	44.2.35 A/D Compare Function Window B Channel Status Register (ADCMPBSR)
	44.2.36 A/D Data Storage Buffer Register n (ADBUFn) (n = 0 to 15)
	44.2.37 A/D Data Storage Buffer Enable Register (ADBUFEN)
	44.2.38 A/D Data Storage Buffer Pointer Register (ADBUFPTR)

	44.3 Operation
	44.3.1 Scanning Operation
	44.3.2 Single Scan Mode
	44.3.2.1 Basic Operation
	44.3.2.2 Channel Selection and Self-Diagnosis
	44.3.2.3 A/D Conversion of Temperature Sensor Output/Internal Reference Voltage
	44.3.2.4 A/D Conversion in Double Trigger Mode

	44.3.3 Continuous Scan Mode
	44.3.3.1 Basic Operation
	44.3.3.2 Channel Selection and Self-Diagnosis

	44.3.4 Group Scan Mode
	44.3.4.1 Basic Operation
	44.3.4.2 A/D Conversion in Double Trigger Mode
	44.3.4.3 Operation under Group-A Priority Control

	44.3.5 Compare Function (Window A, Window B)
	44.3.5.1 Compare Function Window A/B
	44.3.5.2 ELC Output of Compare Function
	44.3.5.3 Using Data Buffers
	44.3.5.4 Restrictions for Compare Function

	44.3.6 Analog Input Sampling Time and Scan Conversion Time
	44.3.7 Usage Example of A/D Data Register Automatic Clearing Function
	44.3.8 A/D-Converted Value Addition/Average Mode
	44.3.9 Disconnection Detection Assist Function
	44.3.10 Starting A/D Conversion with Asynchronous Trigger
	44.3.11 Starting A/D Conversion with Synchronous Trigger from Peripheral Module

	44.4 Interrupt Sources and DTC/DMAC Transfer Requests
	44.4.1 Interrupt Requests

	44.5 Event Link Function
	44.5.1 Event Output to the ELC
	44.5.2 12-Bit A/D Converter Operation by Event from the ELC
	44.5.3 Note on 12-Bit A/D Converter When an Event Is Input from the ELC

	44.6 Selecting Reference Voltage
	44.7 Allowable Impedance of Signal Source
	44.8 Usage Notes
	44.8.1 Notes on Reading Data Registers
	44.8.2 Notes on Stopping A/D Conversion
	44.8.3 A/D Conversion Restarting Timing and Termination Timing
	44.8.4 Notes on Scan End Interrupt Handling
	44.8.5 Module Stop Function Setting
	44.8.6 Notes on Entering Low Power Consumption States
	44.8.7 Notes on Canceling Software Standby Mode
	44.8.8 Pin Setting when the 12-bit A/D Converter is Used
	44.8.9 Error in Absolute Accuracy When Disconnection Detection Assistance is in Use
	44.8.10 ADHSC Bit Rewriting Procedure
	44.8.11 Voltage Range of Analog Power Supply Pins
	44.8.12 Notes on Board Design
	44.8.13 Notes on Noise Prevention


	45. 12-Bit D/A Converter (R12DAA)
	45.1 Overview
	45.2 Register Descriptions
	45.2.1 D/A Data Register m (DADRm) (m = 0, 1)
	45.2.2 D/A Control Register (DACR)
	45.2.3 Data Register Format Select Register (DADPR)
	45.2.4 D/A A/D Synchronous Start Control Register (DAADSCR)
	45.2.5 D/A VREF Control Register (DAVREFCR)

	45.3 Operation
	45.3.1 Measure against Interference between D/A and A/D Conversion
	45.3.2 Notes on Using the Internal Reference Voltage as the Reference Voltage

	45.4 Event Link Operation Setting Procedure
	45.5 Usage Notes on Event Link Operation
	45.6 Usage Notes
	45.6.1 Module Stop Function Setting
	45.6.2 Operation of the D/A Converter in Module Stop State
	45.6.3 Operation of the D/A Converter in Software Standby Mode
	45.6.4 Note on Usage When Measure against Interference between D/A and A/D Conversion is Enabled


	46. Temperature Sensor (TEMPSA)
	46.1 Overview
	46.2 Register Descriptions
	46.2.1 Temperature Sensor Calibration Data Register (TSCDRH, TSCDRL)

	46.3 Using the Temperature Sensor
	46.3.1 Before Using the Temperature Sensor
	46.3.2 Setting the 12-Bit A/D Converter


	47. Comparator B (CMPBa)
	47.1 Overview
	47.2 Register Descriptions
	47.2.1 Comparator B1 Control Register 1 (CPB1CNT1)
	47.2.2 Comparator B1 Control Register 2 (CPB1CNT2)
	47.2.3 Comparator B1 Flag Register (CPB1FLG)
	47.2.4 Comparator B1 Interrupt Control Register (CPB1INT)
	47.2.5 Comparator B1 Filter Select Register (CPB1F)
	47.2.6 Comparator B1 Mode Select Register (CPB1MD)
	47.2.7 Comparator B1 Reference Input Voltage Select Register (CPB1REF)
	47.2.8 Comparator B1 Output Control Register (CPB1OCR)

	47.3 Operation
	47.3.1 Comparator Bn Digital Filter (n = 2, 3)
	47.3.2 Comparator Bn Output Function (n = 2, 3)
	47.3.3 Example of Using Comparator B to Exit Software Standby Mode

	47.4 Comparator B2 and Comparator B3 Interrupts
	47.5 Usage Note
	47.5.1 Module Stop Function Setting


	48. Data Operation Circuit (DOC)
	48.1 Overview
	48.2 Register Descriptions
	48.2.1 DOC Control Register (DOCR)
	48.2.2 DOC Data Input Register (DODIR)
	48.2.3 DOC Data Setting Register (DODSR)

	48.3 Operation
	48.3.1 Data Comparison Mode
	48.3.2 Data Addition Mode
	48.3.3 Data Subtraction Mode

	48.4 Interrupt Requests
	48.5 Event Link Output
	48.5.1 Interrupt Handling and Event Linking

	48.6 Usage Note
	48.6.1 Module Stop Function Setting


	49. RAM
	49.1 Overview
	49.2 Operation
	49.2.1 Low Power Consumption Function
	49.2.2 Notes on Self-Diagnosis of the RAM


	50. Flash Memory (FLASH)
	50.1 Overview
	50.2 ROM Area and Block Configuration
	50.3 E2 DataFlash Area and Block Configuration
	50.4 Register Descriptions
	50.4.1 E2 DataFlash Control Register (DFLCTL)
	50.4.2 Flash P/E Mode Entry Register (FENTRYR)
	50.4.3 Protection Unlock Register (FPR)
	50.4.4 Protection Unlock Status Register (FPSR)
	50.4.5 Flash P/E Mode Control Register (FPMCR)
	50.4.6 Flash Initial Setting Register (FISR)
	50.4.7 Flash Reset Register (FRESETR)
	50.4.8 Flash Area Select Register (FASR)
	50.4.9 Flash Control Register (FCR)
	50.4.10 Flash Extra Area Control Register (FEXCR)
	50.4.11 Flash Processing Start Address Register H (FSARH)
	50.4.12 Flash Processing Start Address Register L (FSARL)
	50.4.13 Flash Processing End Address Register H (FEARH)
	50.4.14 Flash Processing End Address Register L (FEARL)
	50.4.15 Flash Write Buffer Register n (FWBn) (n = 0 to 3)
	50.4.16 Flash Status Register 0 (FSTATR0)
	50.4.17 Flash Status Register 1 (FSTATR1)
	50.4.18 Flash Error Address Monitor Register H (FEAMH)
	50.4.19 Flash Error Address Monitor Register L (FEAML)
	50.4.20 Flash Start-Up Setting Monitor Register (FSCMR)
	50.4.21 Flash Access Window Start Address Monitor Register (FAWSMR)
	50.4.22 Flash Access Window End Address Monitor Register (FAWEMR)
	50.4.23 Unique ID Register n (UIDRn) (n = 0 to 3)

	50.5 Start-Up Program Protection
	50.6 Area Protection
	50.7 Programming and Erasure
	50.7.1 Sequencer Modes
	50.7.1.1 E2 DataFlash Access Disabled Mode
	50.7.1.2 Read Mode
	50.7.1.3 P/E Modes

	50.7.2 Mode Transitions
	50.7.2.1 Transition from E2 DataFlash Access Disable Mode to Read Mode
	50.7.2.2 Transition from Read Mode to P/E Mode
	50.7.2.3 Transition from P/E Mode to Read Mode

	50.7.3 Software Commands
	50.7.4 Software Command Usage
	50.7.4.1 Program
	50.7.4.2 Block Erase
	50.7.4.3 All-Block Erase
	50.7.4.4 Blank Check
	50.7.4.5 Start-Up Area Information Program/Access Window Information Program
	50.7.4.6 Forced Stop of Software Commands

	50.7.5 Interrupt

	50.8 Boot Mode
	50.8.1 Boot Mode (USB Interface)
	50.8.1.1 Operating Conditions in Boot Mode (USB Interface)

	50.8.2 Boot Mode (SCI Interface)
	50.8.2.1 Operating Conditions in Boot Mode (SCI Interface)
	50.8.2.2 Starting Up in Boot Mode (SCI Interface)

	50.8.3 Boot Mode (FINE Interface)
	50.8.3.1 Operating Conditions in Boot Mode (FINE Interface)


	50.9 Flash Memory Protection
	50.9.1 ID Code Protection
	50.9.1.1 Boot Mode ID Code Protection
	50.9.1.2 On-Chip Debugging Emulator ID Code Protection


	50.10 Communication Protocol
	50.10.1 State Transition in Boot Mode (SCI Interface)
	50.10.2 Command and Response Configuration
	50.10.3 Response to Undefined Commands
	50.10.4 Boot Mode Status Inquiry
	50.10.5 Inquiry Commands
	50.10.5.1 Supported Device Inquiry
	50.10.5.2 Data Area Availability Inquiry
	50.10.5.3 User Area Information Inquiry
	50.10.5.4 Data Area Information Inquiry
	50.10.5.5 Block Information Inquiry

	50.10.6 Setting Commands
	50.10.6.1 Device Select
	50.10.6.2 Operating Frequency Select
	50.10.6.3 Program/Erase Host Command Wait State Transition

	50.10.7 ID Code Authentication Command
	50.10.7.1 ID Code Check

	50.10.8 Program/Erase Commands
	50.10.8.1 User/Data Area Program Preparation
	50.10.8.2 Program
	50.10.8.3 Data Area Program
	50.10.8.4 Erase Preparation
	50.10.8.5 Block Erase

	50.10.9 Read-Check Commands
	50.10.9.1 Memory Read
	50.10.9.2 User Area Checksum
	50.10.9.3 Data Area Checksum
	50.10.9.4 User Area Blank Check
	50.10.9.5 Data Area Blank Check
	50.10.9.6 Access Window Information Program
	50.10.9.7 Access Window Read


	50.11 Serial Programmer Operation in Boot Mode (SCI Interface)
	50.11.1 Bit Rate Automatic Adjustment Procedure
	50.11.2 Procedure to Receive the MCU Information
	50.11.3 Procedure to Select the Device and Change the Bit Rate
	50.11.4 Procedure for Transition to the Program/Erase Host Command Wait State
	50.11.5 Procedure to Unlock Boot Mode ID Code Protection
	50.11.6 Procedure to Erase the User Area and Data Area
	50.11.7 Procedure to Program the User Area and Data Area
	50.11.8 Procedure to Check Data in the User Area
	50.11.9 Procedure to Check Data in the Data Area
	50.11.10 Procedure to Set the Access Window in the User Area

	50.12 Rewriting by Self-Programming
	50.12.1 Overview

	50.13 Usage Notes
	50.14 Usage Notes in Boot Mode

	51. Electrical Characteristics
	51.1 Absolute Maximum Ratings
	51.2 DC Characteristics
	51.2.1 Normal I/O Pin Output Characteristics (1)
	51.2.2 Normal I/O Pin Output Characteristics (2)
	51.2.3 Normal I/O Pin Output Characteristics (3)

	51.3 AC Characteristics
	51.3.1 Clock Timing
	51.3.2 Reset Timing
	51.3.3 Timing of Recovery from Low Power Consumption Modes
	51.3.4 Control Signal Timing
	51.3.5 Timing of On-Chip Peripheral Modules
	51.3.5.1 Timing of I/O Ports
	51.3.5.2 Timing of MTU/TPU
	51.3.5.3 Timing of POE
	51.3.5.4 Timing of TMR
	51.3.5.5 Timing of SCI
	51.3.5.6 Timing of RIIC
	51.3.5.7 Timing of RSPI
	51.3.5.8 Timing of SSI
	51.3.5.9 Timing of SDHI
	51.3.5.10 Timing of A/D Converter Trigger
	51.3.5.11 Timing of CAC
	51.3.5.12 Timing of CLKOUT
	51.3.5.13 Timing of CLKOUT_RF


	51.4 USB Characteristics
	51.5 A/D Conversion Characteristics
	51.6 D/A Conversion Characteristics
	51.7 Temperature Sensor Characteristics
	51.8 Comparator Characteristics
	51.9 CTSU Characteristics
	51.10 Characteristics of Power-On Reset Circuit and Voltage Detection Circuit
	51.11 Oscillation Stop Detection Timing
	51.12 Battery Backup Function Characteristics
	51.13 ROM (Flash Memory for Code Storage) Characteristics
	51.14 E2 DataFlash Characteristics (Flash Memory for Data Storage)
	51.15 BLE Characteristics
	51.15.1 Transmission Characteristics
	51.15.2 Reception Characteristics (2 Mbps)
	51.15.3 Reception Characteristics (1 Mbps)
	51.15.4 Reception Characteristics (500 kbps)
	51.15.5 Reception Characteristics (125 kbps)

	51.16 Usage Notes
	51.16.1 Connecting VCL Capacitor and Bypass Capacitors


	Appendix 1. Port States in Each Processing Mode
	Appendix 2. Package Dimensions
	REVISION HISTORY
	Colophon
	Address List
	Back cover

