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Qi A1l wireless charger transmitter evaluation board based on
STWBC

Introduction

The following describes the operation of the STEVAL-ISB027V1 Qi A1l wireless power transmitter
evaluation board. The STEVAL-ISB027V1 is a certified reference design based on the Qi A11 wireless
power consortium (WPC) standard version 1.1.2, and supports FOD (foreign object detection).

The transmitter is compatible with all Qi-compatible receivers, such as those already available in Qi-
enabled mobile phones. Receivers with both resistive or capacitive modulation are supported.

In accordance with the Qi A11 topology, the STEVAL-ISB027V1 supports a 5 V input and a full bridge
stage with both frequency and duty cycle control. The STEVAL-ISB027V1 features the STWBC
controller, which integrates all the functions required to drive and monitor the transmitter.

STWBC supports UART connectivity to a PC and thanks to the STEVAL-ISB027V1 graphical interface,
it is possible to monitor the behavior of the transmitter in real-time.

The STEVAL-ISB027V1 reference design provides a complete kit which includes the STWBC, firmware,
layout, graphical interfaces and tools. The layout is based on a cost-effective 2-layer PCB.

This user manual explains the STEVAL-ISB027V1 hardware and software installation, as well as details
on the evaluation of the board and the GUI interface.

Figure 1. STEVAL-ISB027V1 evaluation board
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UM1861 Getting started

1 Getting started

1.1 System requirements
In order to use the STEVAL-ISB027V1 board with the GUI, a PC with the Microsoft®
Windows® operating system must be used. The GUI (graphical user interface) works with
Microsoft Windows XP® or later and NET Framework 4.
The connection between the PC and the board is made through a USB-to-UART cable.

1.2 Package contents

3

To be used, the STEVAL-ISB027V1 evaluation board requires the following items:

e  Hardware:

—  STEVAL-ISB027V1 board

—  ST-LINK/V2 in-circuit debugger/programmer with single wire interface module

(SWIM), available for download from www.st.com.

— USB to UART interface cable with 3.5 mm jack connection TTL-232R-5V-AJ
e  Software:

—  ST-LINK USB driver

—  STVP programming tool from STMicroelectronics (integrated into STVD tools)
FTDI VCP driver http://www.ftdichip.com/Drivers/VCP.htm

— PC GUIl installation package
¢  Documentation:

—  User manual
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Hardware description and setup

System block diagram

Figure 2: Block diagram
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STEVAL-ISB027V1 wireless transmitter board
The STEVAL-ISB027V1 board has the following features:
e WPC Qi 1.1.2 certified

e Standard Qi All-type transmitter and coil
e Resistive and capacitive modulation
e  Foreign object detection (FOD)
e LEDs for charge status indication
e  UART connection for user interface
e  SWIM connection for firmware download
e 5V power supply
Table 1: STEVAL-ISB027V1 electrical performance
Parameter Description Notes and conditions ‘ Min. ‘ Typ. Max. ‘ Unit
Input characteristics
Input voltage 4.75 5 55 \Y,
Vin Recommended input | Measured on board 5 Vv
voltage power supply connector
N Input current Vin nominal, lout = Max 1.5 2.5 A
Input no-load current - mA
Input standby 0.70 mA
current
System characteristics
FS Switching frequency | Depends on Rx load 110 205 kHz
Duty cycle @ Duty cycle _ o
505kHz modulation Only for FS= 205 kHz 10 50 %
nPk Peak efficiency ViNn=5V,P OutRx=4W 71 %
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Hardware description and setup
Parameter Description Notes and conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Input characteristics
n Full load efficiency y\'/N =5V, RX_Power=5 70 %
Figure 3: STEVAL-ISB027V1 Qi All evaluation board
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Table 2: Connector description
Test point reference Description
J3 UART jack connector used for the GUI
J4 SWIM connector used for download
J5 I2C connector not mounted
DoclD027449 Rev 3 5/40
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Table 3: Test points

Test point reference Signal Description
TP2 DIGIN[2] Digital input 2
TP3 PWM_AUX/GPIO_2 PWM output or GPO
TP4 LED_RED Digital output for the red light indicator
TP5 GND Ground
TP6 GND Ground
TP7 GPIO_0 Digital output for the green light indicator
TP8 SYMBOL_DETECT1 Symbol detector 1
TP9 SYMBOL_DETECT2 Symbol detector 2
TP10 CURRENT_DEMOD Symbol detector 3
TP11 POWER COIL + Connection point for the power coil
TP12 POWER COIL - Connection point for the power coil
TP13 SUPPLY_GND Connection point for the power supply ground
P14 SUPPLY 5V \C/:;P;geection point for the power supply 5V

STWBC pinout and pin description

The STWBC is a multifunction device that can support several wireless charging
architectures. The pinout is therefore application specific. This section shows the pinout
used by the STWBC when the Qi A1l configuration is used. Table 4: "Pinout description”
describes the function of each pin in case of turn-key and custom firmwares.

Figure 5: STWBC in Qi A1l configuration

=
g
> =¥
[~ & ©
t338F35¢
58 88 % &5 S
e el et U 8 o g A s 1 (1 i
32 31 30 29 28 271 26 25
uarRTRX [[1 0@ 24| ] DRIVEOUT[1]
PWM_AUXGPIO_2 []2 2] piGIN1)
12c_SDADIGING] [] 3 2[] DIGIN[]
12c_SCLDIGINGS] [ « 21[] DRIVEOUT[O]
STWBC
DRIVEOUT3] [ s 20[] VMAN
P00 [|s 1o ] 1sense
P01 []7 13:| NTC_TEMP
cPPINT3 [e 17| ] SPARE_ADC
9 10 1" 12 13 14 15 16
N [ P ) R 1 W (3 7 260 [ (S (Y F |
N uw v O g g W ow
(O]
£ €5588 23
al o g - 3
5885 1
X
-
<
=

3

DocID027449 Rev 3




UM1861 Hardware description and setup
Table 4: Pinout description
A . . Cust firmware Turnkey firmware
Pin n Pin name Pin type — L
description description
1 UART_RX @ DI UART RX link UART RX link
2 PWM_AUX/GPIO_2 ® DO PWM output or GPO Not used, must not be
connected to any potential
12C_SDA/DIGIN[4] @ I2C_SDA / digital input 4 inactive (internal pull up)
12C_SCL/DIGIN[5] [2C_SCL / digital input 5 inactive (internal pull up)
Output driver for low side Output driver for low side
5 DRIVEOUTI3] DO branch right branch right
Digital output for the .
6 GPIO_ 0® DO green light indicator / Digital output fpr the
green light indicator
General purpose /0
Digital output for the red -
7 GPIO_1® DO light indicator / General D'g'tal. out.put.for the red
light indicator
purpose 1/O
CPP_INT_3 Al Symbol detector Symbol detector
CPP_INT_2 Al Vmain monitor Vmain monitor
External reference for External reference for
10 CPP_REF Al CPP_INT_3 (if not used, CPP_INT_3 (if not used,
must be tied to GND) must be tied to GND)
11 CPP_INT_1 Al Symbol detector Symbol detector
12 CPP_INT_O Al Symbol detector Symbol detector
13 VDDA PS Analog power supply Analog power supply
14 VSSA PS Analog ground Analog ground
15 TANK_VOLTAGE Al LC tank voltage probe LC tank voltage probe
inactive (to be tied to inactive (to be tied to
16 VBRIDGE GND) GND)
Spare analog input (to be | Spare analog input (to be
(€}
7 SPARE_ADC tied to GND if not used) tied to GND)
18 NTC TEMP Al NTC temperature NTC temperature
- measurement measurement
19 ISENSE Al LC tank current LC tank current
measurement measurement
20 VMAIN Al Vmain monitor Vmain monitor
21 DRIVEOUTI0] DO Output driver for low side Output driver for low side
branch left branch left
22 DIGIN[0] ® Digital input 0 Inactive (internal pull up)
23 DIGIN[1] W Digital input 1 Inactive (internal pull up)
24 DRIVEOUT[1] DO Output driver for high side | Output driver for high side
branch left branch left
o5 DRIVEOUT[2] DO Output driver fo_r high side | Output driver fo_r high side
branch right branch right
26 DIGIN[2] ™ Digital input 2 Inactive (internal pull up)
27 SWIM DIO Debug interface Debug interface
28 NRST ]| Reset Reset

3
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Cust firmware

Turnkey firmware

Pinn N RS description description
29 VDD PS Digital and 1/0 power Digital and 1/0 power
supply supply
30 VSS PS Digital and 1/0 ground Digital and 1/0 ground
31 VOUT Supply Internal LDO output Internal LDO output
32 UART_TX @ DO UART TX link UART TX link
Notes:

MWAPI configurable

All analog inputs are VDD compliant but can be used only between 0 and 1.2 V.
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3

Software installation

In order to download the firmware to the board, the GUI software must be installed. This
software allows also the user to have a complete monitoring of the board.

In case of problem with the board, ST-LINK and STVP software can be installed in order to
erase the flash of the STWBC.

STWBC GUI software installation

To install the GUI, launch the installer file.

Figure 6: Launch the installer file

Name . Date moedified Type Size

| ﬂgj STWBC_GUI_Setup.msi 3/19/2015 4:48 PM Windows Installer ... 873 KB

To connect the wireless power transmitter board to the PC, a USB-to-UART cable must be
used.

The first screen that will appear is shown in Figure 7: "GUI start screen”, where you are
asked to choose your COM Port.

Figure 7: GUI start screen

& STWBC Qi o 2

Setup

Transmitter state

Objet Qi p N
detected detection Com port &
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Receiver informations
Manufacturer ID: |
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Special:

‘ Char to char delay (ms) |0
'I .augmented ok |

Cancel |
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Figure 8: Windows computer management window
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If the COM port number is higher than 8, the user needs to use a particular

syntax: W.\COMx where COMx is the COM port number (see Figure 9:

"Specific COM port selection").

Figure 9: Specific COM port selection
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UM1861 Software installation
Now select from GUI the correct COM port and press the "OK" button.
The GUI is ready to run.
3.2 Firmware download with STWBC GUI

3

This procedure describes the firmware download through UART using the STWBC GUI.

The Generic GUI includes the possibility to download a firmware through UART.

The download includes 3 files contained into a *.cab file

Here are the different steps to load the board with the firmware:

1. Power up the board and connect the UART cable

2. Click on Load FW to board 8 (see Figure 10: "Firmware download with STWBC GUI")
Figure 10: Firmware download with STWBC GUI
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1. Select the CAB file containing the Firmware to download (seeFigure 11: "Firmware file
selection message" and Figure 12: "Firmware file selection")

Figure 11: Firmware file selection message

Sebect the CAB file contamng the FW to downiosd
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Figure 12: Firmware file selection
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Power on the board and keep it powered (see Figure 13: "Power on message")

Figure 13: Power on message

Power ON the board and keep it powered

o

Download in progress (see Figure 14: "Download in progress dos window")

Figure 14: Download in progress dos window

o CiPragrarm Fles (o6 STMGroelectien: S

A message indicated the success of the download (see Figure 15: "Download success
message")

Figure 15: Download success message

Success, power OFF the board

]

If the STWBC memory is erased, the sequencing of the procedure is a bit

different. The user should first connect UART cable, then select load FW to
board and power up the board in last step.
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3.3.1

3

If the download need to be automatized, the following command can be used, starting from
the STWBC GUI folder: C:\\Program Files (x86)\STMicroelectronics\STWBC GUI Version-
X>STWBC_Loader.exe -com "COM number" -cab "Firmware name.cab" (see Figure 16:
"STWBC address")

Where:

e  COM number" is the COM Port used by the STWBC GUI
. Firmware name.cab" is the name of the firmware with the .cab extension

Figure 16: STWBC address

IC:\Program Files (x86)\STMicroelectronics\STWBC GUI 3.1@8>STWBC_Loader.exe —com (
IOM2 —cah WBC_FY_QI_A11 U5.849.cab

If the COM port is > COMS8, the user needs to use the syntax \\.WCOMx where
COMXx is the COM port number.

Firmware erasing with STVP

This procedure describes the firmware erasing procedure using STVP. It has to be used in
case of problem on the STWBC board (e.g. firmware corruption, updating a firmware older
than release 5.41,...)

Requirements

ST-LINK USB Driver installed.

STVP programming tool from STMicroelectronics installed.
ST-LINK hardware tools (also used on IAR compiler)
Configuration of STVP (see Figure 17: "Configuration of STVP")

Figure 17: Configuration of STVP

Configuration

‘ Hardware : Port : Device :

[ T = = |
ST72589-EFB STHBAF518 ol

| ST726X-EFB STMBAFS184 _ Coredl|

| |317277-EFB STMBAF519
HEEE e
ST7-ENU3 JTAG STM8AFS28

| |sT7MDPO1-EPB SUD STMBAF52A
ST7MDT10-EPB STM8AF6126
ST7MDT1-DVE STM8AF6146
ST7MDT1-DVE2 STM8AF6148
ST7MDT1-EFB STHBAF6166
ST7MDT1-EPE2 STHBAF6168
ST7MDT1-KIT STM8AF6169

| |sT7upT20-ERB STH8AF617
ST7MDT204-EPB STM8AF618
ST7MDT25-EFB STMBAF6184
ST7MDT2-DVE STHBAF619

| |ST7MDT2-DVP2 STMBAF61A
ST7MDT2-EPB STM8AF6223

| |ST7MDT2-EPB2 STH8AF6223PxA
ST7MDT2-KIT STMBAF6226
ST7MDT4-EPB STM8AF6226TxSSS
ST7MDT4—KIT STHOAF6246
ST7MDTS-EPB STM8AF6248
ST7MDT6-EPB2 STHBAF6266
ST7MDT7—EFB? STM8AF6268

| |ST7MDTH1-EPB STMBAF6269
ST7MDTS1-EFB STHBAF628
ST7MDTU2-EPE STHBAFS 24
ST7MDTU3-EPB STHBAHS16
ST7MDTUS-EPE STHBAHS17
ST7UD05/UD13 STMBAHS18
STICE STM8AHS19 -
STICK

ST-TSLINK
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3.3.2 Procedure

1. Target power off

2. Target power on

3. ST-LINK circuit connected to the computer by USB

4. Connect ST-LINK - SWIM cable with target. Be very careful to connect the SWIM
cable in the correct way on the transmitter board, see pictures below (white strip
towards the bottom) (see Figure 18: "ST-LINK connection on the board" and Figure
19: "SWIM cable connection (zoomed)")

Figure 18: ST-LINK connection on the board

-,

Figure 19: SWIM cable connection (zoomed)

1. Launch STVP program
2. Select STM8BAF6166 core (see Figure 20: "STVP core selection”)

Figure 20: STVP core selection

e L1

Wnoproject-STVP B evas

File Edit Project Cenfigure Ra Jgis ifi,, Erase Blank-Check View Help

—— i} s ®6*00 00 00 00 OO 0O OO 0O 0O OO OD OO  ......
[ TEEE——— 801 U0~ 0u 00 00 00 0O OO 0O OO OO 0O OO 00 OO 0O OO ......
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1. Do not load any program into Ram area of STVP program: all bits will be erased (load
000000 ...)

2. Transfers the "00 00" into STWBC through the SWIM interface using the appropriate
push-button. (see Figure 21: "STVP download")

Figure 21: STVP download

——ir 44 L

w no project - STVP

File Edit Project Configure Read Program Verify Erase _B_laég:gé%Check View Help

EE @ (BB & cTHBAF6166 ~] q,nga IR NP Y W P W

x| 00 00 00 00 00 00%94 00 00 00 00 00 00 00 00 00
Wt momceammad . 00 00 00 0O 0O OO 0O 0O OO0 OO 0O OO OO 0O 0O OO

During the program the STVP tools provides information about:

e  Wrong device select (see Figure 22: "STVP alert 1")
Figure 22: STVP alert 1

Wrong device selected ! Check the configuration or the device !
A

oK

Select “OK” to continue.

¢  Any incompatibility found with the device (see Figure 23: "STVP alert 2")
Figure 23: STVP alert 2

p
s

17~ ) An incompatibility has been found with this device.
‘&' Do you want to ignore it and ignore all the device compatibility checks
on next actions in this configuration ?

|

Select “Yes” to continue.

1. After this operation, the programming procedure starts. At completion, the STVP
informs the user that the program is loaded and verified

< PROGRAM MEMORY programming completed.

> Verifying PROGRAM MEMORY area...

< PROGRAM MEMORY successfully verified.

1. Exit from STVP
2. Disconnect SWIM
3. Power off the STEVAL-ISB027V1 board

‘Yl DoclD027449 Rev 3 15/40
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That IAR Tool chain can also be installed for firmware compilation and download.

3
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3

Evaluation setup equipment

Here is the block diagram of the setup configuration for the testing

Figure 24: Measurement setup

A A
[Fockioe gy 50 |
Vin c [Demaodulator Modulator
Power Power
Transmitter Receiver

oscilloscope

Board is powered with a power supply setto 5V /2 A.

An electronic load able to draw 5 W is connected on the receiver output.

Voltmeters and ammeters to measure input and output currents and voltages.

GUI is installed on the PC which is connected to the board thanks to UART connector.

Oscilloscope to monitor mainly the power node voltage and the symbol detection signals.
Figure 25: UART connection
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5 GUI and evaluation procedure

To install the GUI and connect the evaluation board, please refer to chapter 3.1 "GUI
software installation".

The STWBC GUI offers complete monitoring of STWBC operation.

The main screen gives the status of the transmitter state and Qi receiver information (see
Figure 26: "Object detected and charge in progress").

Figure 26: Object detected and charge in progress

&3 STWBC Qi - - (| Transmission
§etu > .StaFe
indicator
Transmitter state
Power
‘ . e fransmission
Monitor window indicator
—Receiver informatiohs
Manufacturer ID: §0.0016 [ST) !
. Parameter
Device ID: 10480000001 » Window
Qi version: 110 button
Debug
» window
' buttons
‘ ' l life.augmented |
STWBC - Wireless Battery Charger
A

The STWBC GUI can also display the Rx to Tx communication protocol errors which is
helpful for system debugging (see Figure 27: "Protocol window").

3

18/40 DoclD027449 Rev 3




UM1861

GUI and evaluation procedure

3

Figure 27: Protocol window

L5 Protocol —-— -

—Qi communication warnings

RESERVED |
PING TIMEOUT |
RX REMOVED |
B
TOO MANY PROPRIETARY PACKETS [
POWER CTRL HOLD OFF ERROR |
PACKET TIMEOUT |
POWER TRANSFER CTRL ERROR |
CONTROL ERROR TIMEOUT |
RECTIFIED POWER TIMEOUT |
VBUS DROP DOWN |
OPTIONAL PACKETS MISMATCH |
CHECKSUM ERROR. |
EPT RECEIVED |
EPT_RX_OVER CURRENT |
COIL OVER TEMPERATURE |
TRANSCEIVER OVER TEMPERATURE |
EPT CHARGE COMPLETE |
o

EPT BATTERY FAILLURE |

RX PACKET ERROR |
RECONFIGURE |

NO RESPONSE |

FOREIGN OBJECT DETECTED |
CUSTOM ERROR |
TX_OVER_CURRENT |
RESERVED 1 |

RESERVED 2 |

RESERVED 3 |

Clear

On top of main state machine behavior, the user can monitor STWBC internal variables
such as the operating frequency, the Rx reported power, the coil temperature, etc. (see
Figure 28: "Monitor window")
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Figure 28: Monitor window
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The STWBC GUI provides the interface to the STWBC tuning parameters. The user-

friendly interface allows efficient system adjustment (frequencies, duty cycle, thresholds).
The STWBC GUI provides ways to load/store parameters from/to the computer disk (see

Figure 29: "Parameter window").

There are 2 levels of protection for the parameters:

e Level 0: parameters can be modified without protection
e Level 1: more critical parameters that can be modified with caution. Click on "unlock

param" button to be able to modify them. This can lead to system malfunction or
generate behaviors incompatible with Qi standard. So the user should be very

cautious when modify them.

20/40 DoclD027449 Rev 3
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Figure 29: Parameter window

Resetvd:sl Dump to bin. ]

[ ——
I Save to file I Read param brg_freq_analog_ping at 0x64, val = 0x00 -
Read param brg_freq_analog_ping at 0x65, val = 0x01 B
i Read param brg_freq_analog_ping at 0x66, val = 0x01E8 =
Read param brg_freq_analog_ping at 0x67, val = 0x0001E848
Read param brg_freq_digital_ping at 0x68, val = 0x00
Read param brg_freq_digital_ping at 0x69, val = 0x02
Read param brg_freq_digital_ping at 0x6A, val = 0x02AB -
hw_version: A1l
eeprom_version: 2
0x1389
125 kHz 0x0001E348
175 kHz 0x00024533
205 kHz 0x000320C8
112kHz 0x00018580
50 % 0x01F4
10 % 0x64
10 0x0A
130 0x82
|51_ 0x33
|30— Ox1E
Ll s W 0x0002D2A3
sew reeweee AL
55 °C 0x0145
- Bsa 0033
1SS o e
., orw 000
S . [ ox00
T . | N
brg_dead_time (LOCKED): ':‘J:::::+::: 72.8ns 0x07
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New parameters can be tested straight away by clicking the button "push to target". The
modified parameters are not colored anymore (see Figure 30: "Parameters modification").
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Figure 30: Parameters modification
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brg_direct_drive (LOCKED):

brg_bridge_topology (LOCKED):
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As mentioned in firmware download chapter, the STWBC GUI embeds the interface to the

STWBC FW downloader (which uses UART connection).

The STWBC GUI embeds tools allowing the generation of tuning parameters binary file and
the modification of FW package to insert custom tuning parameters file.

The GUI allows us to change the parameters for producing a new cab which can then be

used to program a batch of new boards.

In order to do this, the user should first dump the parameters to a bin file. Prior to this, be
very careful to press the "push to target" button! (see Figure 31: "Dump to bin file button”

and Figure 32: "Bin file backup")
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Figure 31: Dump to bin file button
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Figure 32: Bin file backup
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Then the user should select the firmware CAB file to be patched (see Figure 33: "CAB file
patch button" and Figure 34: "CAB file selection").
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Figure 33: CAB file patch button
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Figure 34: CAB file selection
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The patched firmware with the new tuning parameters is then generated and can be loaded
using the standard procedure (refer to Section 3.2: "Firmware download with STWBC
GUI.

&y
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5.1 Efficiency
High efficiency of more than 70 % can be achieved with the QIA11 STEVAL-ISB027V1
reference board.
Efficiency measurements are done with a QIA11l Power receiver. QiAll Transmitter is
supplied at 5 V and receiver voltage level is also 5 V.
Pout is the output power measured really at the output of the receiver itself (not only
rectifier output) and Pin is the input power.
Efficiency is measured with the below set up configuration:
Figure 35: Efficiency set up
)
® ( ¢
; Power C Power @
™ @ Transmitter % Receiver
Below are the typical efficiency performances. Efficiency = Pout / Pin:
Figure 36: Efficiency performances
— Efficiency GSPG1704151120SG
80.000%
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I e N
60.000% //
3 00000 M
& 50.000% —
: /
L 40.000%
=
£ 30.000% /
[9s) . 0
* //
20.000%
10.000% /
0.000%
0000 0500 1000 1500 2000 2500  3.000 3.500  4.000 4500  5.000
RX POWER
5.2 Standby consumption

3

In Standby, when supplied at 5 V, very low power consumption is achieved.

In this mode, device detection is still ensured; power consumption is reduced down to 700
MA in average. STEVAL_USBO027V1 reference board can demonstrate a low standby
power of only 3,5 mW.

To measure such low power consumption, UART cable must be unplugged.
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Status LEDs

The LEDs status gives the state of the charge:

e  Green Blinking: power transfer in progress

e  Green Steady state: the charge is complete

e Red blinking: an error has been detected. It includes bad end of charge like battery
fault, over voltage, over current....

e Red Steady state: the transmitter remains stuck until the receiver is removed, as
mentioned in the Qi standard (power transfer stopped three times in a row due to
amount of power not provided to the receiver, End Power Transfer due to
Reconfigure, No Response code, FOD detection after 3 attempts)

e Red and Green blinking once at startup: a watchdog reset occurred

e Red and Green Steady state: Firmware / STWBC chip mismatch

Oscilloscope screenshots

Below are some examples of waveforms that can be monitored on oscilloscope during
power transfer.

Figure 37: Power node switching and peak voltage demodulation
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Figure 38: Power node switching and current demodulation
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Figure 40: STEVAL-ISB027V1 circuit schematic (2 of 3)
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Figure 41: STEVAL-ISB027V1 circuit schematic (3 of 3)
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7 Bill of materials
Table 5: QiA11 bill of material
Volts/
Ref. Part / value Amps/ Type Tolerance Package Manufacturer Notes
Watts
CAP CER 10nF 50V
i 0,
C1,C2 10nF 50V Ceramic 10% C0402 Murata X7R 0402
. CAP CER 470PF 50V
0,
C3 470pF 50V Ceramic 15% C0402 XTR 0402
C4, C5 6.8nF 50V Ceramic 15% C0402 CAPR 6.8NF S0V X7R
0402
CAP CER 100nF 50V
i 0,
C7,C8 100nF 50V Ceramic 15% C0402 X5R 0402
CAP TANT 47uF 10V
0, -

C9, C17 47uF 1o0v Tantalum 10% C+TAJ-D Kemet 10% SMD_D
C10 C11 . CAP CER 10nF 50V
0,

C16 C29 10nF 50V Ceramic 15% C0402 X7R 0402
Multilayer ceramic
C12 C13 . capacitors
C14 C15 100nF 50V Ceramic 5% C1206 Murata GRM31C5C1H104JA0
1L, 0.1pF, 50V DC,
COG, package 1206
C18 C20
C21C24 100nF 25V Ceramic 15% C0402 CAP CER 100nF 25V
X5R 0402
C25
. CAP CER 1UF 16V
0,
C19 1pF 16V Ceramic 10% C0402 X5R 0402
. CAP CER 100pF 50V
0,
c22 100pF 50V Ceramic 5% C0402 COG 0402
. CAP CER 1nF 6V3
0,
C26 1nF 6.3V Ceramic 15% C0402 X5R 0402
. CAP CER 47pF 6V3
0,
c27 47pF 6.3V Ceramic 15% C0402 X5R 0402
. CAP CER 1nF 50V
0,
C30 1nF 50V Ceramic 15% C0402 X5R 0402
. CAP CER 100pF 50V
0,
C31C32 100pF 50V Ceramic 5% C0402 X5R 0402
. CAP CER 33nF 50V
0,
C33 33nF 50V Ceramic 15% C0402 X7R 0402
BZX84C6V N ZENER REGULATOR
D3 6.2V Zener 5 Fairchild SOT23
LEDC- Waurth
D4 RED LED 0603 RED Elekironik 150060RS75000
LEDC- Wurth
D5 GREEN LED 0603_GRE . 150060VS75000
Elektronik
EN
D6, D7 BAVIOW Diode BAVIOW Double diode high
speed switching diode

3
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Volts/
Ref. Part / value Amps/ Type Tolerance Package Manufacturer Notes
Watts
CONN_JAC
J3 Stereo Jack, audio K_35RASM Digi-Key SC1489-1-ND
T2BHNTRX
MOLEX - 90121-0764 -
EMBASE 1 RANGEE
Ja SWIM_CONN Header HE14-4 Molex 90 DEGRES COUDE 4
VOIES
BC847CD XSTR,GEN PURP,dual
Q5, Q6 BC847(C:;DW1T1 Transistor WI1T1G- Semicgr’:lductor NPN,45V,100mA,225m
SOT363 W,SOT-363
Q7, Q9 BC847CPD XSTR,GEN PURP,dual
Q11 BCB471B(I:DW1T Transistor W1T1G- Semicg:lductor NPN/PNP,45V,100mA,
Q12 SOT363 225mW,S0T-363
R1, R15 o,
R16 R44 1K CMS 5% R0402 RES 1KQ 5% 1/16W
0402 SMD
R45
R2, R17
! 0,
R48 R61 M CMS 5% R0402 RES TMQ 1/16W 5%
0402 SMD
R62
RES 150KQ 5% 1/16W
0,
R3 150K CMS 5% R0402 0402 SMD
0,
R4, R59 OR CMS 5% R0402 RES 0Q 5% 1/16W
0402
R5, R1
?R”ll 0 33K CMS 5% R0402 33KQ 5% 1/16W
R12 R13
R19 R30 o
R35 R36 100K CMS 5% R0402 RES 1825?851\/10[)1/16\/\/
R41 R46
R47 R49
RES 2.2KQ 1/16W 5%
0,
R14 2.2K CMS 5% R0402 0402 SMD
R22 0.022R CMS 2% R0O805 RES 0.022Q 2%
R24 270NH colL 5% L0402 Wurth 744784227A
Elektronik
RES 220KQ 1% 1/16W
0,
R25 220K CMS 1% R0402 0402 SMD
RES 180KQ 5% 1/16W
0,
R26 180K CMS 5% R0402 0402 SMD
R27 R29 RES 10KQ 5% 1/16W
0,
R58 10K CMS 5% R0402 0402 SMD
RES 47KQ 1% 1/16W
0,
R31 47K CMS 1% R0402 0402 SMD
FERRITE BEAD1K
T 0,
R34 1K Ferrite 25% L0402 Murata 0.2A 0402
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Bill of materials

Volts/
Ref. Part / value Amps/ Type Tolerance Package Manufacturer Notes
Watts
Temperature
R38 50K Thermistance DkF503B10 measurement probe
assemblies
RES 1.8KQ 1/16W 5%
0,
R39 R40 1.8K CMS 5% R0402 0402 SMD
R51 330R CMS 5% R0402 330RQ 5% 1/10W
RES 22KQ 1/16W 5%
0,
R52 22K CMS 5% R0402 0402 SMD
R5:5F;56 470K CMS 5% R0402 RES 470KQ 5% 0402
0,
R60 470R CMS 5% R0402 RES 470Q 5% 1/16W
0402
Power Dual Power MOSFET
FDS8858CZ MOSFET SO-8 Fairchild N&P Channel, 8.6A,
30V, 0.0205Q
Dual Power MOSFET
N-channel 30, 0.018Q,
Recommended 8A, P-channel 30V,
Ul u2 -
Part SO-8 0.0450, 5A
STS8CEH30L Power or ST or
MOSFET PowerFLAT
or 5%6 Dual Power MOSFET
STL40C30H3LL N-channel 30, 0.019Q,
10A, P-channel 30V,
0.024Q, 8A
Digital -
u3 STWBC QFN32 ST Digital controller
controller
Single Op amp,
U4 LMV931 Op amp SC70-5 TI 1.5MHz, 1.8V, rail-to-
rail, SC70-5
Power Wireless 53.3x53.3 Wurth Tx coil 1 layer 6.3 pH
coil WE 760308111 charging coil mm Elektronik 13A Qi A1l
Plastic Polycarbonat 64 x 55 x 2 Coil cover, thickness
cover e Cover mm 2mm
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Board assembly and layout

The evaluation board has been designed using a low cost 2-layers PCB with all the
components on the top side. The test points allow the user to evaluate the STWBC solution
with probes. In addition, UART is accessible through a 3.5 mm jack connector and SWIM is

routed to a header connector.

Figure 42: Board assembly
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The evaluation board can be divided in several main blocks.
Here is the placement:
Figure 43: Evaluation board placement
GATE DRIVE
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| B

LC POWER NODE ey
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.
e STWBC

CURRENT DEMODULATION e

CURRENT SENSE

POWER SUPPLY

i

In order to ensure good behavior of the board, some design rules need to be respected

Power signals (5 V, GND and LC power node)

5 V power signal is shared in 2 branches:
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3

e  One connected to the small ferrite bead for the digital side
e  The other one connected with large track to the driver and the pre driver

GND is shared in 2 areas:

e  Power GND which is relative to the gate drivers, the full bridge and Rsense

connections

e Digital GND which is relative to all the other blocks including STWBC, current
demodulator, current sense measurement

On each GND branch, a tantalum capacitor is placed for decoupling.

As the current flowing into the board can be huge, many vias must be used in order to
route the 5 V and the Power GND from top to bottom.

Large track or plane should be used for power GND, power 5 V, Vrsense and LC power

node.

Figure 44: GND and 5 V layout

LC track

Power GND

5V connected to

VRSENSE drivers and pre drivers
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capacitor

with 6vias

Layer top

5V after the small
inductor

Layer bottom

Sensitive signals

SYMBOL_DETECT1 and SYMBOL_DETECT? are connected to comparator inputs and
are used for peak detection (demodulation). So the layout must be clean on order to avoid

any coupling.
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Figure 45: Symbol_detect analog input signals routing

Ll s g Circuitry for the peak
e _~ demodulation is routed
with short tracks

5 A L& SYMBOL_DETECT1 and
- 1 & - — SYMBOL_DETECT2

|

Laye r top '

For the current demodulation circuit, the information is picked up from the Isense circuitry.
Then the information is amplified and sent to the STWBC through an analog input
(CURRENT_DEMOD). Short tracks should be used also to avoid any coupling.

Figure 46: Current_demod analog input routing

Signal from
Isense

e |

Layer top Layer bottom

Amplifier with short CURRENT_DEMOD

track

Isense is the image of the current flowing into the full bridge and is connected to an ADC
input. This is part of the PID algorithm, thus it should be routed carefully.

3
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Figure 47: ISENSE analog input routing

Sense to the shun ISENSE track
resistor with short
track
Circuitry with short
track

Layer top

UPBL/R and DNBL/R (highlighted in yellow) are the PWM coming from the STWBC and
driving the full bridge. Those signals are quite noisy and must be isolated from signals
going to comparators. They should be routed close to insensitive tracks or some GND
guard lines should be added.

Figure 48: UPBL/R and DNBL/R routing

Layer top Layer bottom
UPBL/R and DNBL/R

UPBL/R and DNBL/R
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9 References

o Datasheet: STWBC - Digital controller for wireless battery charger transmitters with
multistandard Qi, PMA and wearable support

e Data brief: STEVAL-ISB027V1 - Qi A1l wireless charger transmitter evaluation board
based on STWBC
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Revision history

Table 6: Document revision history

Date Revision Changes

06-Mar-2015 1 Initial release.
Updated:
- Section 3: Software installation

25-May-2015 2 ' ware |l '
Added:
- Section 8: Board assembly and layout
Updated:

28-Apr-2016 3 - Ul and U2 Ref. value on Table 5: "QiA11 bill of

material"
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST
products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the
design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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