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1. Overview

The TM WFAHLEXNIO4 IEEE 802.11 ah Wi-Fi HaLow Evaluation Kit is designed for testing the capabilities of the
Wi-Fi HaLow transceiver through a familiar Linux user experience. With the EVK, users can test the functionality
of the WFAHLEXNIO4 in a variety of contexts, including raw throughput measurement with the iperf tool, or

simple pinging between two separate EVKs to determine maximum usable range.
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2. EVK Specification

PCBA WFAHLEXNIO4 evaluation board + Raspberry Pi 4
= Gigabit Ethernet x1

Connectivity = USB 3.0 x2
* USB 2.0 x2

Storage Micro SD card slot

Power supply External adaptor DC 5V 3.0A

Storage Temperature -20to 65°C

Operating Temperature 0to 45°C
Product Size (L)130 x (W)88 x (H)19 mm




M TeECHMAN

IEEE 802.11 ah Module EVAL Kit User Manual

3. EVK Content

Item

PCBA

Module card x1

RF Cable x1

Antenna x1
8GB micro SD card x1

DC adapter

Description

1. WFAHLEXNIO4 evaluation board with M.2 E key for the module on the
carrier board

2. Raspberry Pi4 model B
Support Wi-Fi HaLow

SMA to IPEX MHF1 pigtail cable for conductive performance validation or

connecting to external antenna
External dipole antenna for OTA test
For EVK image

USB type-C adaptor, DC 5.1V 3.0A (PN : KSA-15E-051300HU)
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4. EVK Block Diagram

802.11 ah EVL Board

M.2 E-key Socket

40 Pin Header
(20 pins x 2)
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M.2 E-key
Carrier Board

802.11 ah
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Raspberry Pi 4

Type C

Ethernet

LISB

Micro
SD card

DC 5V
SSH over Ethernet

USB to UART

EVK Image
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5. EVK Introduction

The EVK consists of 802.11 ah EVL board, 802.11 ah module, and Raspberry Pi 4. It supports external antenna for
802.11 ah, Ethernet port, USB port, Micro SD card slot, UART debug interface, Morse Micro module debug
interface, and powered by external adaptor. Please refer to the following table and pin header define for more

detail.

Item Description

SMA RF connector for external antenna
Morse Micro debug port (1407)

UART debug port (J303)

RESET button

Micro SD card slot

802.11 ah module

Gigabit Ethernet

USB 3.0 port

O 00 N o U B~ W N

USB 2.0 port

[ERy
o

USB-C connector for 5V DC adaptor
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Morse Micro module debug port pin header define:

1. MM_VDDIO ey X ¢\ |5

3. JTAG_TDI B 4,)TAG_TDO

5. JTAG_TCK B 6.JTAG_TMS

7. JTAG_TRST B 8. RESET_N

9. UART1_RX B 10. UART1_TX

11.SPI_CLK N 12. SPI_MOSI

13. SPI_MISO B 14.SPI_CS

15.HOST_SEL  ~“mmws  mm . 16. WAKE
J407

UART debug port pin header define:

17X
2RX
_ 3.GND

J303
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6. IPERF Traffic Setup

(pre configured devices)

For a first boot startup process with newly flashed EKHO3s, please proceed to section 7.

The following reflects the configuration of a ROUTER/EXTENDER pair with one device configured as an
AP/ROUTER and the other as a STA/EXTENDER. The combination of ROUTER and EXTENDER creates a Layer 3

forwarding network.

AN
Vb »\\ Browser
‘/1 S ROUTER EXTENDER
( “Cloud” . ) |
( Y
Y /
J
~AL
PN
4 . >>> : .'
o] S § |
0
L] —_——
DHCP server wlanl: DHCP bro: 10.42.0.10

DHCP Server: 10.42.0.11-100
wlanl: 10.42.1.1
DHCP Server: 10.42.1.2-100

NAT'd (iptables) Layer3 forwarding

1. Connect the EKHO3 to your computer via Ethernet (see section 1.1).
2. In a web browser, navigate to 10.42.0.2 for AP or 10.42.0.3 for STA.

a. Note, if router mode is enabled on the AP, the wired IP address will be DHCP assigned from the upstream
router.

3. Navigate to the ‘Shell’ page under the Tools section in the navigation bar.
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Morse Micro

Shell

Click the button below for shell access

| Spawn Shell |

4. Click the ‘Spawn Shell’ button to launch a shell.

5. Type ‘iperf3 -s’ and press enter to launch the iperf3 server.

MM buildroot login: root
# ipert3 -s

6. Remove the Ethernet cable from your PC.

7. Connect the EKHO3 to your computer via Ethernet (see section 1.1).

8. In a web browser, navigate to 10.42.0.2 for AP or 10.42.0.3 for STA..

9. Navigate to the ‘Shell’ page under the ‘Tools’ section in the navigation bar.

10. Click the ‘Spawn Shell’ button to launch a shell.

11. Type ‘iperf3 -c IP_ADDR -u -b 25M’ where IP_ADDR is the IP address of the other side of the HaLow link and
press enter to launch the iperf3 client. The STA will connect as an iperf3 client to the server running on the AP to

run traffic between them.
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Morse Micro

# iperf3 -c 192.168.1.2 -u -b 25m
Connecting to host 192.168.1.2, port 5281

5] local 192.168.1.3 port 35608 connected to 192.168.1.2 port 52081
Transter

1D]
5]
5]
5]
5]

Interval
.00
.eo
.ee
.00
.eo
.ee
.00
.eo
.ee

Interval
6.80-10.00
9.80-10.085

sec
sec
sec
sec
sec
sec
sec
sec
sec

1.18
918
926

1.e9
706
727

1.1
994

1015

MBytes
KBytes
KBytes
MBytes
KBytes
KBytes
MBytes
KBytes
KBytes

Transfer

9.55
9.55

7. Getting Started

MBytes
MBytes

Bitrate

9.

86

7.52

[V Y RV - I |

.59
.16
.78
.95

=]

Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

Bitrate
8.01 Mbits/sec
7.97 Mbits/sec

Total Datagrams
851
649
655
791
499
514
728
7e3
718
887

Jitter Lost/Total Datagrams
©.000 ms ©/6915 (V%) sender
1.618 ms 1/6915 (0.014%) receiver

When booting, the device will try to restore the state previously set by the GUI if there is one. If no previous

state is available, the device’s br0 will default to 10.42.0.3.

7.1 AP Setup

1. Connect the EKHO3 to your computer via Ethernet (see section 1.1).

2. In a web browser, navigate to 10.42.0.3.

3. If you are prompted to initialize the HaLow Interface (see below screenshot),

select a region from the dropdown(ex. AU) and click ‘Submit’ to start the interface and get redirected to the

main status page.

10
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Morse Micro Tools

r_
A

®
Regions

egions
No region selected for HaLow. Please select a region to use below

AU | Submit
4. Navigate to the ‘AP/Router Config’ page under the HalLow section in the navigation bar.

i)

System Status

Status Halow Tools Help

Morse Micro

Quick Setup

AP/Router Config
Firmware Version rel 1 8 1 2023 May 25
Driver Version O-rel 1 8 1 2023 May 25 ;
Morsectrl Version rel_1_8 1 2023 _May 25 B Bl oty
Build Version rel_1_8 1 2023 _May_ 25
System Time 2023-05-25 22:50:53 pm
Runming Time 4m 57s
RAM usage 1.918%
Storage usage 3.324%

5. Configure the AP as desired. Click “Advanced” for detail setting. Note what the HaLow IP Address is, you will

need it later to test the connection.

Morse Micro

Quick Setup

Configure as access point (AP) or station (STA):

SSID: Max length 32, Special characters allowed "-_." |rv1orserv1 icro |
Security type:

(12345678 |
Show password

Region

Password: Special characters allowed "-_."

(o) (Advaness>> |

Warning: Quick setup for router expects an [P address through DHCP on its wired interface

11
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Morse Micro

Status

AP/Router Config

SSID: Max length 32, Special characters allowed "-_."
Security type:

"

Password: Special characters allowed "-_.

Enable protected management frames (PMEF):
Region:

Operating bandwidth (in MHz):

Select channel:

Beacon Interval:

DTIM Period:

Max Inactivity (1-65536):

Wired IP Address Method:

Wired IP Address:
Wired Netmask:

Wired Gateway:

Enable DHCP server on Hal ow interface:

Hal.ow IP Address:
HaLow Netmask:
Halow Gateway:

Enable traffic forwarding:

Bridge mode:

Morse Micro Configuration Interface

‘ MorseMicro |
SAE w

112345678 |
Show password

O Enabled
® Disabled

(O Enabled
@® Disabled
\ Apply H Reset |

Current Mode: NONE

6. Click Apply to apply the configuration and bring up the router. Note, if a change is made to the wired IP

Address, then please remember to navigate to the new address from the wired ethernet side.

7. Navigate to the ‘Shell’ page under the Tools section in the navigation bar.

12
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Morse Micro

Shell

Click the button below for shell access

| Spawn Shell |

8. Click the ‘Spawn Shell’ button to launch a shell.
9. Type ‘root’ and hit enter to log in

10. Type ‘iperf3 -s’ and hit enter to launch the iperf3 server.

MM buildroot login: root

7.2 STA Setup

1. Connect the EKHO3 to your computer via Ethernet (see section 1.1).
2. Using a web browser, navigate to 10.42.0.3

3. If you are prompted to initialize the HalLow Interface (see below screenshot), select a region from the

dropdown(ex. AU) and click ‘Submit’ to start the interface and get redirected to the main status page.

13




M TeECHMAN

IEEE 802.11 ah Module EVAL Kit User Manual

Morse Micro

Regions

No region selected for HaLow. Please select a region to use below.

Submit |

4. Navigate to the ‘Extender Config’ page under the HaLow section in the navigation bar.

Morse Micro

Quick Set
System Status wick Setup

AP/Router Config
Firmware Version

Driver Version
. - STA/Extender Config
Morsectr] Version =

Build Version

Svstem Time

5. Setup the STA configuration as desired. The scan button can be used to populate the dropdown with available

SSIDs.

)

STA/Extender Config

Morse Micro Status HaLow Tools Help

S
Select SSID from dropdown or enter manually EI ca‘n |
- MaorseMicro
Becurity type:
Password __7
asswor I Show password

Enable protected management frames (PMF):
Region

®
HaLow IP Address Method: ®DHCP

(O Static

®

Enable DHCP server on wired mterface: . Enabled
(U Disabled

Wired IP Address 10.42.0.3
Wired Netmask: 255.255.255.0
Specify IP address range to serve on wired interface: 0
Enable traffic forwarding:
Bridge mode: Enabled

@® Disabled

[Apply |[ Reset |

14
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Click Apply to apply the configuration and bring up the STA/extender.

Connected to MorseMicro-3ef7c8
DHCP server started successfully
Traffic forwarding is enabled

Wired IP address:

10.42.0.3

Halow IP address: 10.42.1.15

7. Navigate to the ‘Shell’

page under the Tools section in the navigation bar. Note, if a change is made to the

wired IP Address, then please remember to navigate to the new address from the wired ethernet side.

8. Click the ‘Spawn Shell’

button to launch a shell.

9. Type ‘iperf3 -c IP_ADDR -u-b 25M" where IP_ADDR is the IP address of the HaLow Router and press enter

to launch the iperf3 client. The extender should connect as an iperf3 client to the server running on the router

and show traffic running between them.

ing to host

ID) Interval
5] o)
5]
5]
5]
5]
5]
5]
5]
5]
3]

0]
3
5]

iperft Done.

.80
2.80
.ee
4.00
.80
.88
7.8
.80
9.00

~# iperf3 -c

16.42.1.

fbotﬁﬂorseM)cra-(SEQSﬁ:-o

Hide Shall [ Cior

NNNNNNNN

1,

.28

34

.33
.31
.33

10.42.1.1 -1

g port 5281
5] local 10.42.1.2 port 39313 connected to 10
Transfer

MBytes
MBytes

MBytes
MBytes

Mbit
19. Mbit
19.7 Mbit
19.7
19.
19.7
19.

Bitrate

19.6 Mbits/
18.3 Mbits/se

Advanced

42.1rlport 5201

Total Datagrams
1650

) § <

Jitter Lost/Total Datagrams
066 ms 06/16924 (0%) sender
.301 ms 18768/16924 (6.3%) receiver

15
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|IEEE 802.11AH MODULE DATASHEET

Product: IEEE 802.11ah module
Solution: Morse Micro MODULE
Model: WFAHLEXNI04

Version 0.4

P N

16
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Revision History

0.1 2023/8/29 Preliminary version Jerry Chuang Bob
0.3 2023/9/14 Modify PCB Dimensions 2D drawing Arthur Chen  Bob
0.4 2023/9/14 Modify ID rendering Tony Cahng Bob

17




M TECHMAN

IEEE 802.11 ah Module EVAL Kit User Manual

Index

1. PRODUCT INTRODUCTION ..uvevitiaiatesesesesseseseseesesesessesesessssesesesessesesessssesesessssesesessssesesassssesesessasesesansssesesssssesesnnes 20
1.1 AAPPLICATION ..voviuiuvvetesessesesesesesesessesesesessesesessssssesesesseseses st esesess s esesess s esesese s esesess s et esass s esesess s esesassssetesennanas 20
2. FEATURE «..vveutstetetesestesesesessesesasssseseseseseseseseseseseseesesesassasesesessesesesessesesesesseseses e s esesase s esesase s esesenessesesenesesesanes 21
3. CERTIFICATION ..ttt et ete et eee et e e e see et e eaeseteaesseeeeesaesesesesaeeasessesetesesseeesessesssesaeseeaanas FERI R EREE -
4, FUNCTIONAL DESCRIPTION w.uvvviutstesesesesesesesesesesesesesesessssesesessesesessssesesesessesesessnsesesessssesesensssesesensssesesensssesesenes 22
4.1 BLOCK DIAGRAM.....ocvtitiiteitieteeteetetestestestessessstsets et estesessessessessessesesssssessesessesseneessesesssssessens FERI R EREER -
4.2 SDIO HOST REQUIREMENTS ....vveueaveveseseasesesssssesesessesesessssesesessssesesessasasesessssesesessssesesesssesessnsasesesessssesessnsssesesassssesens 22
4.3 POWER MANAGEMENT....cuttevetisttesesesesesesessssesesessssesesassssesesessesesesassesesasessesesessssesesessssesesessssesesesessesesessssesesansssesens 23
4.4 DIGITALINTERFACES ©.uvveveuesesesesessesesestsesessssssesesessssesessssssesesessesesessssesesessssesesessssesesessssesesessssesesesessesesessssesesansssesens 23
5. ELECTRICAL SPECIFICATION ......vviuteteveteaeseseseaeesesesessesesessssesesessssesesessssesesesssesesesssesesessssesesessasesesasseseseseassesesnans 23
5.1 ABSOLUTE MAXIMUM RATING ....vviuiervetesistesesesetesesesessesesessssesesessssesesessssesesessssesesessssesesassssesesesssesessasssesesessssesessans 23
5.2 RECOMMENDED OPERATING CONDITIONS. ....vveteuiatrereseeesesessssesesasessesesessssesesasesesesesssesesenssesesesssesesessssesesesssesesenes 23
5.3 POWER CONSUMPTION .....veveutueeteresesessesesessesesessssesesasessesesesessesesassssesesessssesesessssesesessssesesessssesesessssesesensssesesessssesesenes 24
5.3.1 TRANSMIT POWER CONSUMPTION ...uvviuveuiaseresesessesessesessessesessesassesessesessesessessssessssessssessesessesessesassesessessssessssessssenens 24
5.3.2 RECEIVE POWER CONSUMPTION.....uvuvveteseseesesesssssesasesesesesssesesasessesesessssssesessssesesessssesesessssesesessssesesensssesesessssesesenes 24
5.3.3 SLEEP POWER CONSUMPTION ....v.veuiateteteseseesesesessesesasessesesesssesesasessesesessssesesasessesesessssesesessssesesesssesessnsssesesessssesesenes 24
5.4 INTERFACE TIMING CHARACTERISTICS ..uuuvtttteeeesiiiiitttiteeeesseiibteteeeesseimbssteeeessessssbesteeeesssassbaeeeeeessaaannbbeeeeeesesannnnes 25
5.4.1 SDIO TIMING SPECIFICATIONS ..ettttiiuttitttteeesteiiitttteeessssbsbeeeeesessaabba s eeeeesesasssbe s eeeeesssaassbeseeeeesssaansbbseeeeesesannnnnes 25
5.5 THROUGHPUT ....vtutvetettsttetesestesesesassesesesessesesesassesesasessesesesesesesasessesesesassesesase s esesess s esesase s esesess s esesese s esesensasesesenes 26
5.6 GENERAL RADIO CHARACTERISTICS ©.vvuvuveveuiseesesesssssesasesesesesssesesasessesesessssesesasessesesessssesesanssesesesssesessnsssesesesssesesenes 27
5.7 TRANSMITTER CHARACTERISTICS .. eetiiiiuuttttteeeeseiiiitttteeeesseitbbte s e e e e s s ssbbb b te e e e e e sassbb e s e e e e e s s sassbbe s b eeeesesaansbbeeeeeesesannnnes 27
5.8 RECEIVER CHARACTERISTICS ..vtuvuvtestststeseseseasesesesesesasessssesesessesesanessesesessssesesenessesesensnsesesensssesesenssesesenssesesensssesesenes 28
6. PIN DESCRIPTION ..vvtuvvetesessesesessssesesesesesesesesesesesessesessssssesasessesesessssesesasessesesessssesesassssesesesssesesansssesesessssesesenes 30
7. REFERENCE DESIGN ...vteveveteteteeeeteeeeeeessetessessessessaseseessassessesessessessessesessensesessessessessas ERIH A ERER -
8. DESIGN RECOMMENDATIONS . ... et e e e e e e e e e e e e e e e e e s e e s e e e e e e e e e e e eeeaeseeasesasananananas 33
8.1 IIODULE LAYOUT RECOMMENDATIONS «...vtuvettesiateteseseseesesesesesesanessesesesessssesasessesesenssesesenssesesenssesesensssesesensssesesenes 33
9. PCB DIMENSIONS. ....c.vveveuestetesesesesesesessesesessssesesesessesesessasesesessesesessssesesasessesesessssesesasessesesesssesesassssesesesssesesanes 34
10. RF CONNECTOR DIMENSION ....ucuvuvetetisiteresesessesesesessesessssesesesessssesessssssesassssesesessssesesassssesesessssesesassssesesessssesesenes 35

18




M TECHMAN

IEEE 802.11 ah Module EVAL Kit User Manual

11.
12.
13.
14.
15.

16.

LAND PATTERN DRAWING ...cetettiiiiittiteeeeeeeiiitt et e e e e e ettt e e e e e e e b et e e e e s eaannb e et e e e e e s e bbbt e et eeesesannbbeneeeeesesannnnnes 36
STENCIL DESIGN RECOMMENDATIONS .....ttttttututtuusssssssesssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssnnsssnnnnnsnnnnns 37
REFLOW THERMAL PROFILE PARAMETERS. .. ceieieeieeeeeeeeieee e ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeeeesaaaaaaasaaasasaaasasasaaaaasasanananns 38
PACKAGING INFORMATION ..cctttttiuitttiteeeeeeeititt et e e e e e s aibeb et e e e e e e aaaasbeb et e eeesaaassb e et e e e e e s e asnbeeeeeeeseaaanbbeneeeeeeesannnnnes 39
MOISTURE SENSITIVE LEVEL INFORMATION ....titttteeeeeeeiitttteeeeeeeeeiiseeteeeessaeaaieeseeeeessemnneeeeeeeesesannnnnneeeeeeeesannnnnes 40
PART NUMBER DEFINITION 1.ueieeeeeeeeeeeeeeeeeeeee e e ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaeaeaeaaasaeaaasasasasasaaasasasasasasasasesasasasasasaeanns 41

19




M TECHMAN

IEEE 802.11 ah Module EVAL Kit User Manual

1. Product introduction

The WFAHLEXNIO4 module includes ultra-long-reach PA, high linearity LNA, T/R switch, 32 MHz crystal oscillator

and it has been designed for a simplified Wi-Fi HaLow connection to an external host for applications in which a

customer wants to merely replace their prior RF technology with a Wi-Fi HaLow connection while leveraging the

latest WPAS3 personal security protocol.

1.1 Application

Low-power Sensor Networks

Asset Tracking and Management

Machine Performance Monitors & Sensors
Building Access Control & Security
Agricultural and Farm Networks

Utility Smart Meter and Intelligent Grid
Industrial Automation Controls

Smart Home Automation

Warehouse Connectivity

Smart City Networks

L 2K JER ZBE JER JEE 2R JER 2R 2R R 4

Wi-Fi HaLow Client Adapters/Dongles/Gateways

20
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2. Feature

L BR JBR Z2BR JER JBE 2R JBE 2R JER JEE 2N JER 2R JER R 4

Single-stream max data rate of 32.5 Mbps (MCS=7, 64-QAM, 8MHz channel, 4 uSec Gl)

Radio supporting worldwide Sub-1 GHz frequency bands
Frequency Range: 860-930 MHz

Channel width options of 1/2/4/8 MHz

802.11ah OFDM PHY supporting future WFA HalLow certification
802.11ah MAC supporting future WFA HalLow certification
Support for STA and AP roles

Power-Saving Target Wake Time (TWT) support for long battery life
Automatic and manual MCS rate selection

Power Management Unit (PMU) for various modes of operation
Target Wake Time mode

Wide spectrum of Security features

AES encryption engine

WPA3 including protected management frames (PMF)

Support industrial temperature level

Support Host Operating System Linux 4.19 above

21
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3. Functional description

The following sections describe the functions of the module.

4.2 SDIO host requirements

The host should support SDIO v2.0 with SDIO clock speeds of up to 50MHz. Slower clock speeds will impact the
maximum achievable throughput. At a minimum, 2x GPIOs are required as a CMOS output to drive the RESET
and WAKE signals. If power save is used, a third GPIO is needed, set as a CMOS input to receive the BUSY signal

from the module. The SDIO data and command lines should be pulled up with 10k-100k resistors as per the SDIO

2.0 specification.

22
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4.3 Power management

Module power is derived from a 3.0 to 3.6V supply provided on pins VBAT and VDD_FEM. VBAT powers the
internal circuitry of the MODULE and VDD_FEM powers the on-board ultra-long-range power amplifier. VDDIO
sets the 10 voltage of the MODULE and should be connected to the same power supply as the host MCU. There

are no strict power-up sequencing requirements, however the voltage on VDDIO must not exceed VBAT.

4.4 Digital interfaces

All unused digital 10 pins must be pulled up or down to ensure they do not float. Failure to do so will result in a

higher leakage current on the VDDIO supply.

4. Electrical Specification

5.1 Absolute Maximum Rating

Min. Max. ‘ Units
Supply Voltages
VBAT (power supply for module) -0.3 4.3 \
Voltage on digital /O pin -0.3 4.3 \%
Voltage on analog/RF pin -0.3 1.2 Vv
Radio
RF Input Power (CW) - 6 dBm
5.2 Recommended Operating Conditions

Parameter ‘ Min. Nom. Max. Units
VBAT / VBAT_AON 3.0 33 3.6 Vv
VDDIO (not exceed VBAT) 1.8 33 3.6 Vv
Digital I/0 voltage 0 3.3 VDDIO \%
Ambient Temperature -40 25 85 °C
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5.3 Power Consumption

5.3.1 Transmit Power consumption

Condition VBAT Current
TA=25°C, VBAT=VDDIO=3.3V, MCS7 Typ.
1MHz channel 218 mA
Transmit Current(US, MCS0) 2MHz channel 198 mA
(20dBm output power, 100% duty cycle) | 4MHz channel 179 mA
8MHz channel 167 mA

5.3.2 Receive Power consumption

Condition VBAT Current
TA=25°C, VBAT=VDDIO=3.3V Typ.
1MHz channel 33 mA
Receive Current(US, MCS0) 2MHz channel 35 mA
(20dBm output power, 100% duty cycle) | 4MHz channel 44 mA
8MHz channel 56 mA

5.3.3 Sleep Power consumption

Condition VBAT Current
TA=25°C, VBAT=VDDIO=3.3V Typ.
AP Mode Setup to AP mode 183 mA
Station Mode Setup to Station mode 174 mA
Sleep Mode Power off, wait for external interrupt -DTIM3 0.34 mA
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5.4 Interface Timing Characteristics

5.4.1 SDIO Timing Specifications

Clock Input

Vss _________

to x|
Voo “—NDLY(M) l —» "—tODLY(min)
V

o VON OM :
Data Output | Valid I
Vo Vo7

VSS

Figure5-2. SDIO Default Output Timing
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Over recommended operating conditions. Parameters for maximum clock frequency

Parameter ‘ Min Max
Clock parameters
Clock frequency 0 50MHz
Clock low time (twt) 7ns
Clock high time(twH) 7ns
Clock rise time (tLH) 3ns
Clock fall time (tHL) 3ns
Inputs on CMD, DAT lines to device from host
Input setup time (tisu) 6ns
Input hold time (tiH) 2ns
Outputs on CMD, DAT lines from device to host
Output delay (toory(max)) 14ns
Output hold time (tobLy(min)) 2.5ns
Total system capacitance for each line 40pF
5.5 Throughput
Bandwidth=8M & DTIM=1 Throughput
Send 14.9 Mbits
TCP
Recive 14.3 Mbits
Send 20.8 Mbits
uUbDP
Recive 20.1 Mbits
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5.6 General Radio Characteristics

Protocol IEEE 802.11 ah
Interface SDIO

Frequency Range 830MHz ~ 960 MHz
Chennal Bandwidth 1/2/4/ 8 MHz
MCS index MCS0~7/10

1 MHz : 3333 kbps
2 MHz : 7222 kbps
Link Data Rate (Max.)
4 MHz : 15000 kbps

8 MHz : 32500 kbps

5.7 Transmitter Characteristics

us
1 MHzBW /MCSO 20+2dBm @ EVM <-5dB;
1 MHz BW /MCS 7 174+2dBm @ EVM <-27dB;
2 MHz BW / MCS 0 20+2dBm @ EVM <-5dB;
2 MHz BW / MCS 7 17+2dBm @ EVM <-27dB;
Transmit Power
4 MHz BW /MCS 0 20+2dBm @ EVM <-5dB;
4 MHz BW / MCS 7 174+2dBm @ EVM <-27dB;
8 MHz BW / MCS 0 20+2dBm @ EVM <-5dB;
8 MHz BW / MCS 7 17+2dBm @ EVM <-27dB;
EU
1 MHzBW /MCSO 15+2dBm @ EVM <-5dB;
Transmit Power
1 MHz BW / MCS 7 15+2dBm @ EVM <-27dB;
JP
Transmit Power 1 MHzBW /MCSO 12+2dBm @ EVM <-5dB;
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1 MHz BW / MCS 7

12+2dBm @ EVM <-27dB;

TW

Transmit Power

1 MHz BW / MCS 0
1 MHz BW / MCS 7
2 MHz BW / MCS 0
2 MHz BW / MCS 7
4 MHz BW / MCS 0
4 MHz BW / MCS 7

20+2dBm @ EVM <-5dB;
17+2dBm @ EVM <-27dB;
20+2dBm @ EVM <-5dB;
17+2dBm @ EVM <-27dB;
20+2dBm @ EVM <-5dB;
17+2dBm @ EVM <-27dB;

5.8 Receiver Characteristics

us

Receive Sensitivity

1 MHz BW / MCS 0
1 MHz BW / MCS 7
2 MHz BW / MCS 0
2 MHz BW / MCS 7
4 MHz BW / MCS 0
4 MHz BW / MCS 7
8 MHz BW / MCS 0

8 MHz BW / MCS 7

<-105 dBm;
< -86 dBm;
<-102 dBm;
<-83 dBm;
<-99 dBm;
<-80 dBm;
<-95 dBm;

<-76 dBm;

EU

Receive Sensitivity

1 MHz BW / MCS 0

1 MHz BW / MCS 7

<-105 dBm;

< -87 dBm;

JP

Receive Sensitivity

1 MHz BW / MCS 0
1 MHz BW / MCS 7

< -105dBm;
< -85dBm;

TW

Receive Sensitivity

1 MHz BW / MCS 0
1 MHz BW / MCS 7

< -105 dBm;
< -86 dBm;
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2 MHz BW / MCS 0
2 MHz BW / MCS 7
4 MHz BW / MCS 0
4 MHz BW / MCS 7

<-102 dBm;
<-83 dBm;
<-99 dBm;
< -80 dBm;
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5. Pin Description

The module has 38 pins, which are described in this section. The following illustration shows the top view of the
module pins.

>
= = ow
wl w O @ o
s So5h aab
E| o % e| % % - wl wl DI
oy O M~
o5 9 755600
T=Z==Z===Zaaao
- 0O = = = =0 0o 0 0
| =t
38 37 36 35 34 33
GND1 []]7H 1 GND10
GND2 |17} 2 SD_CLK
GND3 |17} 3 SD_SMD
GND4 [T} 4 17| sD_po
WAKE [ 1]} 5 Top View 24 [I] so_D1
GND5 [TI71 6 23 |].| sb_Db2
RESET_N [[TI} 7 22} SD_D3
GND6 || 8 217017 GND9
VDD_FEM[ ]|} 9 20 7171 GnD8
10 11 12 13 14 15 16 17 18 19
__} : Ir_
P o B e T el . B . SR i B = Y
z258222383%3
RN =
Ea 8o 0=
g 95 x x S
= o = o |—| 1 L{:I =
=538
= E > o o O
a, < < 0o O
= > D (5]
Q o o
5 88
5 &

Pin No. Function Description
1 GND POWER Ground
2 GND POWER Ground
3 GND POWER Ground
4 GND POWER Ground
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5 WAKE | Wake (I/0 3.3V)

6 GND POWER Ground

7 RESET_N | System Reset (I/0 3.3V)

8 GND POWER Ground

9 VDD_FEM POWER Power 3.3V Frontend Module Supply
10 GND POWER Ground

11 VBAT POWER 3.3V VBAT Supply

12 BUSY 0 Wi-Fi BUSY (I/0 3.3V)

13 GPIO_ 1 I/0 General Purpose I101/PWM 1

14 GPIO_2 I/0 General Purpose 102/ UARTO_RX, PWM1_2
15 GPIO_3 I/0 General Purpose 103/ UARTO_TX, PWM1_3
16 GPIO 4 I/0 General Purpose 104/ 12C_SDA

17 GPIO_5 I/0 General Purpose 105/ 12C_SCL

18 GPIO_6 I/0 General Purpose 106/ UART1_RX

19 VDD_IO POWER 3.3V VDD_IO Supply

20 GND POWER Ground

21 GND POWER Ground

22 SDIO_D3 1/0 SDIO D3

23 SDIO_D2 I/0 SDIO D2

24 SDIO_D1 1/0 SDIO D1

25 SDIO_D1 1/0 SDIO DO

26 SDIO_CMD 1/0 SDIO Command

27 SDIO_CLK 1/0 SDIO Clock
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28 GND POWER Ground

29 GPIO_7 I/0 General Purpose 107/ UART1_TX
30 GPIO_8 I/0 General Purpose 108
31 GPIO_9 I/0 General Purpose 109
32 GND POWER Ground

33 JTAG_TDO o JTAG Data Out

34 JTAG_TMS I JTAG Mode Select
35 JTAG_TDI I JTAG Data In

36 JTAG_TRST_N | JTAG Reset

37 GND POWER Ground

38 JTAG_TCK I JTAG Clock
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6. DESIGN RECOMMENDATIONS

8.1 Module Layout Recommendations

Follow these module layout recommendations:

®  Supply and Interface

<>

R

The power trace for VBAT must be at least 40-mil wide.

The 1.8-V trace must be at least 18-mil wide.

Make VBAT traces as wide as possible to ensure reduced inductance and trace resistance.

If possible, shield VBAT traces with ground above, below, and beside the traces.

SDIO signals traces (CLK, CMD, DO, D1, D2, and D3) must be routed in parallel to each other and as
short as possible. (Less than 12cm) Besides, every trace length must be the same as the others. In
addition, every trace length must be the same as the others. There should be enough space between
traces — greater than 1.5 times the trace width or ground — to ensure signal quality, especially for the
SDIO_CLK trace. Remember to keep these traces away from the other digital or analog signal traces.

Tl recommends adding ground shielding around these buses.

® SDIO and digital clock signals are a source of noise. Keep the traces of these signals as short as possible. If

possible, maintain a clearance around them
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7. PCB Dimensions

. 1500
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Top View Side View Bottom View
Unit : mm

PCB SIZE (mm)

L 15.0+0.1
W 15.5+0.1
H 2.7510.1
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8. RF Connector Dimension
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9. Land Pattern Drawing
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10. Stencil design Recommendations

The recommended aperture dimensions bellow is based on the stencil thickness 0.1mm. Please modify the

aperture and thickness for real SMT situation.

0.6 x38 - 1.7 x38
IIIIIIIIIIf
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11. Reflow Thermal Profile Parameters

The following reflow profile is based on solder paste (Senju S70G-HF TYPE4) for reference only.

:IECO Solder paste S70G-HF Recommended Reflow Profile (For saczos:m7os) |

Type3 (25~45um) 0 OSSP ‘on O Peak temp

Type4 (25~36um) B 2000 ¢ 230~255C

Ramp’rate*(y)?’

Time above 220C
30~60sec

For AIR & Nitrogen* reflow

Point Recommend | Upperlimit | Lower limit

Start preheating 150C 160C 140C
End preheating 180C 200C 160C
Ramp rate (avg):
p< 50/ ( g) Time of preheating 80sec 100sec B60sec
S
Peak temperature 240C 255C 230C
Time above 220C 40sec B0sec 30sec

*S70G paste is designed for using in AIR reflow process. But we also
recommend using Nitrogen reflow to obtain higher soldering quality and stability .
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12. Packaging Information

Tape & Reel Packing

The direction of a tape drawer

Duuuuuunuuuuuuuuunlﬂ

{

|

Reel packaging is 1000 pcs

o 2.0%+0.15 20.0
M~ 4.0 mm
T Y R R EEEE T4
o [Te]
o -
+| wn|
o™ g2} R & &
=t |
o o
\
\ 1.5 Min
15.5£0.15 o~
o

1.5

15.5%0.15

0.35%+0.15
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13. Moisture Sensitive Level Information

The moisture sensitive level (MSL) of this module is rated as “3”. Before reflow soldering, please confirm the

status of humidity indicator card and baking is required if humidity indicator card is not blue (>30%).
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14. Part Number Definition

WEAH LEXN | 04 -

< |
@

o

acking
R: Reel
T: Tray
v \ 4
Series Number
\ 4 v
Temp.
C:0~70C

| :-40~85C
W: -40~105C
\ 4 \ 4
Application
H: Host only

N: Device or Host
\\4 \'4

Antenna type
CA: Chip antenna

EX: External antenna
PC: PCB printed antenna
v v
Form Factor
M: M.2

P: Mini-PCle
L: LGA/LCC
v v
Function

BT5X: Bluetooth 5 series

WF60: Wi-Fi 6 ; WF6E: Wi-Fi 6E ; WFAH: 802.11ah

LORA: LoRa
Order Code
Model Reel
WFAHLEXNI04 WFAHLEXNIO4-R

41




M TeECHMAN

IEEE 802.11 ah Module EVAL Kit User Manual

15. Compliance

Manufacturers Federal Communication Comm. Declaration of Conformity Statement
This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant
to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful
interference in a residential installation. This equipment generates, uses and can radiate radio frequency
energy and, if not installed and used in accordance with the instructions, may cause harmful interference
to radio communications. However, there is no guarantee that interference will not occur in a particular
installation. If this equipment does cause harmful interference to radio or television reception, which can
be determined by turning the equipment off and on, the user is encouraged to try to correct the
interference by one or more of the following measures:

e Reorient or relocate the receiving antenna.
e Increase the separation between the equipment and receiver.
e Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

e Consult the dealer or an experienced radio/TV technician for help.

FCC Caution: Any changes or modifications not expressly approved by the party responsible for
compliance could void the user's authority to operate this equipment.

This device complies with Part 15 of the FCC Rules. Operation is subject to the following two conditions:
(1) This device may not cause harmful interference, and (2) this device must accept any interference
received, including interference that may cause undesired operation.

This equipment complies with FCC radiation exposure limits set forth for an uncontrolled environment.
This equipment should be installed and operated with minimum distance 20cm between the radiator &
your body.

This module is certified pursuant to two Part 15 rules sections(15.407, 15.247).

The host product manufacturer must provide following statement in end-product manuals.
This equipment complies with FCC radiation exposure limits set forth for an uncontrolled
environment. This equipment should be installed and operated with minimum distance 20cm
between the radiator & your body.

This module has been approved to operate with the antenna types listed below, with the
maximum permissible gain indicated.
Frequency Band | Antenna Type Model Number | Gain(dBi)

902-928MHz Dipole Antenna | WFAHLEXNIO4 0.8

Label of the end product:
The host product must be labeled in a visible area with the following " Contains FCC ID: S7Q-S04 ".

The end product shall bear the following 15.19 statement: This device complies with part 15 of the FCC
Rules. Operation is subject to the following two conditions: (1) This device may not cause harmful
interference, and (2) this device must accept any interference received, including interference that may
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cause undesired operation.

Appropriate measurements (e.g. 15 B compliance) and if applicable additional equipment
authorizations (e.g. SDoC) of the host product to be addressed by the integrator/manufacturer.

Antenna Installation :

To comply with FCC regulations, the antenna must be installed using a unique antenna
connector to ensure compliance with FCC requirements.

Industry Canada statement:

This device contains licence-exempt transmitter(s)/receiver(s) that comply with
Innovation, Science and Economic Development Canada’s licence-exempt RSS(s).
Operation is subject to the following two conditions:

1. This device may not cause interference.
2. This device must accept any interference, including interference that may cause
undesired operation of the device.

L’émetteur/récepteur exempt de licence contenu dans le présent appareil est
conforme aux CNR d’Innovation, Sciences et Développement économique Canada
applicables aux appareils radio exempts de licence. L’exploitation est autorisée aux
deux conditions suivantes :

1. L’appareil ne doit pas produire de brouillage;
2. L’appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage
est susceptible d’en compromettre le fonctionnement.

IC Radiation Exposure Statement:

This equipment complies with IC RSS-102 radiation exposure limits set forth for an
uncontrolled environment. This equipment should be installed and operated with
minimum distance 20cm between the radiator & your body.

Cet equipement est conforme aux limites d’exposition aux rayonnements IC établies pour un
environnement non contrélé. Cet équipement doit étre installé et utilisé avec un minimum de
20cm de distance entre la source de rayonnement et votre corps.

OEM integrator is still responsible for testing their end product for any additional
compliance requirements required with this module installed (for example, digital
device emissions, PC peripheral requirements, etc.).

Modular OEM Integrator Notice
End Product Labeling

This transmitter module is authorized only for use in device where the antenna may be
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installed such that 20 cm may be maintained between the antenna and users. The
final end product must be labeled in a visible area with the following: “Contains
transmitter module 1C: 31309-S04”.

Contient le module d'émission IC; 31309-S04

The Host Model Number (HMN) must be indicated at any location on the exterior of the end
product or product packaging or product literature which shall be available with the end
product or online.

IMPORTANT NOTE for OEM integrator:
This module is intended for OEM integrator.
The OEM integrator is still responsible for

1. ensuring that the end-user has ho manual instructions to remove or install module

2. the ISED compliance requirement of the end product, which integrates this
module.

3. Appropriate measurements and if applicable additional equipment authorizations
of the host device to be addressed by the integrator/manufacturer.

4. The separate approval is required for all other operating configurations, including
portable configurations and different antenna configurations

CAN ICES-3 (B)/NMB-3(B)

NCC Z&3&:

MESERFTHMNRGERM , KL 28, FRICAFEITBEERERE, MK
DRFBEFRRFT IR, BIORGERMcEATERERNLZER TERSEREE ;
RERATRARK  BIHER  IXEZETERSGEEER. REEEE , HKE
FEERZAEFRECERERRE. BIRFESHMARZSEZBFENIE., NEREERASE)

BB TE.




