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User manual

15 W 3-coil fixed frequency Qi wireless charger TX evaluation kit based on
STWBC-MC

Introduction

The STEVAL-ISB047V1 wireless charger evaluation kit includes the STEVAL-ISB047V1T transmitter reference design board
and an STEVAL-WBCDNGV1 USB-to-UART dongle for PC communication.

The transmitter is based on a 3-coil, fixed frequency design, with a sepic DC/DC stage supplying a half bridge inverter operating
at 127.7 kHz fixed frequency, for compatibility with proprietary fast charge modes of popular smartphones. The transmitter is
designed to accept a 15 W, 5 to 20 V input as per the USB type-C™ power delivery specification, or limit the input to 5 W if
supplied by legacy 5 V USB chargers.

The STEVAL-ISB047V1T transmitter is compliant with Qi WPC 1.2.4 specification, and is compatible with all Qi-compatible

receivers, including mobile phones, and supports resistive and capacitive modulation. The transmitter is capable of Qi EPP bi-
directional communication and is backward compatible with 5W BPP receivers.

The STWBC-MC controller monitors and drives the STEVAL-ISB047V1T transmitter, including the digital DC/DC controller that
regulates the transmitted power. The controller supports automatic coil selection based on the best coupling with the receiver,
as well as a patented Q-factor measurement for accurate foreign object detection (FOD).

You can communicate with the controller via UART, and monitor the behavior of the transmitter on your PC using the STSW-
STWBCGUI graphical interface.

Figure 1. Wireless charger kit top side with coils
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For further information contact your local STMicroelectronics sales office.


https://www.st.com/en/product/steval-isb047v1
https://www.st.com/en/product/stwbc-mc
https://www.st.com/en/product/stsw-stwbcgui
https://www.st.com/en/product/stsw-stwbcgui
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Figure 2. Wireless charger kit bottom side with transmitter board

A an gn A wg mn WD
Eﬂ-‘rp-a’-i-'-ﬂ'sﬂ'-'“

UM2491 - Rev 1 page 2/81



m UM2491

Getting started

1 Getting started

You need the following items to use the evaluation kit:
. Evaluation kit components:
—  Wireless charger system with STEVAL-ISB047V1T transmitter board and 3 coils

—  STEVAL-WBCDNGV1 USB to UART interface dongle with micro USB cable for debugging and GUI
interaction

- 12V, 24 W AC/DC adapter
—  USB Type A to Micro USB Type B cable
. Additional hardware:
—  PC running Windows XP or higher and the .NET framework 4.0
—  ST-LINK/V2 in-circuit debugger/programmer with single wire interface module (SWIM)
. Software:
—  ST-LINK USB driver
—  STVP programming tool from STMicroelectronics (integrated in the sttoolset available on st.com)
—  FTDI VCP driver http://www.ftdichip.com/Drivers/VCP.htm
-  STSW-STWBCGUI PC GUI installation package
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2 STEVAL-ISB047V1 wireless charger kit overview

Figure 3. STEVAL-ISB047V1 block diagram
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2.1 STEVAL-ISB047V1T wireless transmitter board

The STEVAL-ISB047V1T transmitter board features:

. WPC Qi 1.2.4

. Standard Qi 3 coil-FF type transmitter and coil

. Qi EPP bi-directional communication

. Triple path signal demodulation

. Best coupling-based coil selection and presence detection
. Coil current and temperature monitoring

. Input voltage monitoring

. Foreign object detection (FOD)

. Quality factor measurement

. LEDs for charge status indication

. UART connection for user interface and firmware download
. SWIM connection for firmware download

. 5-20 V power supply

. USB-Power Delivery

. USB quick charge
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STEVAL-ISB047V1T wireless transmitter board

Table 1. Electrical characteristics

Vin 12 20 Vv

Input Voltage 5
Input current Vin 15V, load 15W on MP1B Rx 1.27 2 A
lin Input No-load current - mA
Input Standby current At typical voltage 1.4 mA
Fs Fixing frequency 120 128 136 kHz
Duty cycle Duty cycle modulation duty cycle 5 50 %
n Full load efficiency Vin= 15V, P Out Rx =13 W 75 %

break

Figure 4. STEVAL-ISB047V1T transmitter board interfaces

1. J101 Power supply jack connector
. J800 Power supply USB connector
. J400 UART connector

. Green LED and Red LED

. J401 SWIM connector

. Power Coil connections

. Test points

. Jumper for supply selection:

DC jack supply: jumper on left position
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USB PD supply: jumper on right position
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Table 2. Test points

TP100 VINPUT power supply input connection
TP101 GND GND power connection
TP102 VIN Input voltage
TP103 VDD_STWBC 4.5V LDO output voltage
TP200 VDCDC SEPIC output voltage
TP300 GND Power GND connection (Rsense)
TP301 VRSENSE Rsense resistor voltage
TP400 GND GND connection
TP401 GND GND connection
TP402 GND GND connection
TP403 I12C_SDA STWBC 12C signal
TP404 12C_SCL STWBC 12C signal
TP405 12C_Q0 12C first pulse
TP406 GPIO 1 GPIO 1
TP600 SYMBOL_DETECT Symbol detector
TP601 CURRENT_DEMOD Symbol detector
TP800 CC1 USB PD control
TP801 CC2 USB PD control
TP900 Coil 1 Coil 1 connection
TP901 Coil 1 bridge Coil 1 connection
TP1000 Coil 2 Coil 2 connection
TP1001 Coil 2 bridge Coil 2 connection
TP1100 Coil 3 Coil 3 connection
TP1101 Coil 3 bridge Coil 3 connection
2.2 STWBC-MC pinout and pin description for 3 coil-FF configuration

The STWBC-MC is a multifunction device that can support several wireless charging architectures. This section
shows the pinout used by the digital controller when the 3 coil-FF configuration is used.
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STWBC-MC pinout and pin description for 3 coil-FF configuration

Figure 5. STWBC-MC in 3 coil-FF configuration
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Table 3. Pinout description

UART_RX
2 PWM_QFOD DO
3 12C_SDA DO
4 12C_SCL DO
5 DNBL DO
6 LED DO
7 QC_Io DO
8 CMP_OUT_V Al
9 CS_CMP Al
10 DCDC_DAC_REF Al
11 WAVE_SNS Al
12 CURRENT DEMOD Al
13 VDDA PS
14 VSSA PS

UM2491 - Rev 1 page 7/81

UART RX link on USB debug connector

PWM dedicated to QFOD circuit

12C_SDA

12C_SCL

QOutput signal for HB low side driver

Digital output for green and red LEDs indicators
Quick Charge circuit signal

SEPIC output voltage sensing

SEPIC current sensing

DAC reference value for SEPIC output voltage
Symbol detector based on delta frequency
Current demodulation

Analog power supply

Analog ground
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TANK_VOLTAGE Analog input to measure the LC voltage (power calculation)
16 VTARGET Al SEPIC voltage measurement
17 QFOD_ADC Al High sensitivity peak voltage detector used for Quality Factor measurement

Analog input for temperature measurement. The input is connected to external

18 COIL_TEMP Al NTC biased to VDD_STWBC
19 ISENSE Al Analog input to measure the current flowing into the power bridge
20 VMAIN Al Analog input to measure the main power supply
21 DCDC_DRV DO DCDC SEPIC PWM drive
22 DEMAGNET DI Transformer demagnetization sensing
23 SYMBOL_DETECT DI Voltage demodulation
24 DCDC_DAC DO SEPIC PWM output DAC (setting the CPP3 comparator voltage reference)
25 UPBL DO Output signal for HB high side driver
26 DNBL_FB DI Hardware PWM feedback
27 SWIM DIO Digital 10 for debug interface
28 NRST DI Reset input monitoring
29 VDD PS Digital and 1/0O Power supply
30 VSS PS Digital and 1/0 Ground
31 VOUT Supply | Internal LDO output
32 UART_TX DO UART TX link on USB debug connector
Note: The operative voltage of analog inputs (Al) ranges from 0 Vto 1.2 V.

UM2491 - Rev 1 page 8/81



m UM2491

Firmware download and update procedure

3 Firmware download and update procedure

To download the firmware to the board, install the GUI software which allows complete board monitoring via
UART signals. To use the STSW-STWBCGUI, UART signals must therefore be accessible.

If you experience problems, you can use ST-LINK and STVP software to erase the STWBC-MC Flash memory.

3.1 STSW-STWBCGUI software installation
Step 1. Install the GUI by launching the STWBC_GUI_Setup.msi installation file.

Figure 6. STSW-STWBCGUI installation file

Mame Date modified Type Size
CE| setup.exe 3/14/2017 11:49 AM Application 418 KB
@ STWBC_GUL Setup.msi 3/14/2017 11:50 AM Windows Installer ... 2011 KB

Step 2.  Connect the UART cable from the transmitter board to the USB-to-UART dongle on your PC or laptop.

Step 3.  Check Windows Device Manager to identify the correct port number and select the appropriate USB
serial COM port.

UM2491 - Rev 1 page 9/81


https://www.st.com/en/product/stsw-stwbcgui
https://www.st.com/en/product/stwbc-mc

m UM2491

STSW-STWBCGUI software installation

Figure 7. Windows Device Manager: COM port selection
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Step 4.  Enter a specific COM port number (if not listed in the selection window) in the [Special] text box (e.g.,
“COM12” or the specific syntax \\.\COM12).

If the GUI is turned off, ensure that the COM port is not being used on your computer. Otherwise, try
another USB port.
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Figure 8. STSW-STWBCGUI start screen

| Setup  Test

Tranzmitter state

Qi
detected

Protocal windnwl F aniibar window | Param window |

Receiver infarmation:
bl arwifacturer [0 I

Device [D: I

Qi version: I " Special: Ii
Charge status: IDZ
Char to char delay [ms) IU

WwPID |

‘ 'I life.augmented

STWBC - Wireless Battery Charger

0 o o

i

Ok | Cancel |

Step 5. Press OK.
The GUI is ready to run.

3.2 Firmware download with the STSW-STWBCGUI software

3.21 Firmware update procedure (chip already programmed)
The STEVAL-ISB047V1 is delivered with pre-installed firmware. Follow the steps below to update it:
Step 1. Click on the following link and download the FW binary CAB file onto your PC: STSW-ISB047FW
Step 2.  Save the file as WBC_FW_ST_MP2_V*.**.cab
Step 3. Supply the transmitter board with the 12V power supply contained in the kit.
Step 4.  Connect the USB-to-UART dongle to the transmitter board.

Step 5. The UART RX/TX signals of the STWBC-MC are accessible on the J400 connector of the transmitter
board.
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Figure 9. STEVAL-ISB047V1 evaluation kit connection

=AY )

Step 6.  From the STWBC GUI user interface, select [Setup]>[Load FW to board].
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Firmware download with STSW-STWBCGUI
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Select the CAB file containing the Firmware to download.
file: WBC_FW_ST_MP2_V*.**.cab

Power ON the board and keep it powered.

Follow the download progress in the DOS window and power off the board when prompted.

DOS window: download in progress

B CAChristian\TOOLS\GUL 3.4\stwbc_loader.exe

Synchronization starting
Synchronization OK

Downloading =

Program : C:sUsersschgautiesAppData“Roaming“STMicroelectronics~\S8TWBC_THMP~progra
m-hin

Parameters : GC:sUsersschgautiesAppData~Roaming“3THicroelectronics~E8TWBC_THP-par
ameters.bin

Options @ G:slUsersschgautiesAppData~Roaming“~3THicroelectronics~E8TWBC_THP~option
= . bin
=ending code — OK
=ending code — OK
sending C:slUserschgautie~AppDatasRoaming\8THicroelectronics \STWBC_TMP\program.h
ing

Run the calibration procedure.
The board is not usable until it is calibrated.

—— RELATED LINKS

Download procedure with a new chip (never programmed)

If for some reason the STWBC-MC is replaced, it will not have been programmed previously, so Download Mode
is enabled by default.

Connect the USB-to-UART dongle to the computer.
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Do not connect the transmitter board for the moment.
Ensure a jumper is placed on the dongle J3 connector to supply the transmitter board via the PC.

Figure 12. Dongle connection

Step 2.  From the GUI, select [Setup]>[Load FW to board].

Figure 13. Firmware download with STSW-STWBCGUI
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Step 3.  Select the CAB file containing the firmware to download.

file: WBC_FW_ST_MP"_V*.*.cab
Step 4.  Supply the board with 12 V and keep it powered.
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Figure 14. Power on message

Pesaver OM the board and keep it powered !

Step 5. When the DOS window appears, power the transmitter board on by connecting it to the dongle using a
micro-USB cable.

Ensure it is connected through USB debug connector J400 (near the power supply connections).

Figure 15. STEVAL-ISB047V1 evaluation kit connection

Step 6. Follow the download progress in the DOS window and power off the board when prompted.
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Erasing firmware procedure using STVP

DOS window: download in progress

B CAChristian\TOOLS\GUL 3.4\stwbc_loader.exe

Eynchronization starting
Eynchronization 0K

Downloading :
Program @ GC:sUsersschgautiesAppData~Roaming“~3THicroelectronics~E8TWBC_THPprogra
m.bhin

Parameters : GC:sUsersschgautiesAppData~Roaming“3THicroelectronics~E8TWBC_THP-par
s.bin

Options : C:sUsersschgautieAppData“Roaming“STMicroelectronics~\STWBC_THMP~option

= _hin

§ending C:sUsersschygautiesAppDatasRoaming“STHicroelectronics“\STUBC_THP~program.h|
in_

Run the calibration procedure.
The board is not usable until it is calibrated.

—— RELATED LINKS

Erasing firmware procedure using STVP

Requirements:

. ST-LINK USB driver installed

. ST STVP programming tool installed

. ST-LINK hardware tools connected to the transmitter board SWIM signals
. STVP configured as shown below
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Erasing firmware procedure using STVP

Figure 17. STVP configuration
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Follow this procedure if you encounter problems during a firmware update, such as corrupted firmware code.

Step 1.  Power OFF the target.

Step 2.  Power ON the target.

Step 3. Connect ST-LINK circuit to the PC via USB.
Step 4. Connect the ST-LINK-SWIM cable to the target.

Pay special attention to ensure that the SWIM cable is correctly connected to the transmitter board.
Refer to the figure below.
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Erasing firmware procedure using STVP

Figure 18. ST-LINK connection on the board

Step 5. Launch STVP software program.
Step 6. Select the STM8AF6166 core from the drop-down list at the top.

Figure 19. STVP core selection

-
W no project - STVP L - -

File Edit Project Configure i “Yeify Erase Blank-Check View Help
|ﬁ|lé|~|5TM8AF6166 - mmmmmMmMmmnn\

EF o

Wt rrmcrawnad

Step 7. Do not load any programs into the STVP RAM area as all bits are erased (load 00 00 00 ...)
Step 8.  Transfer the "00 00" to the STWBC-WA through the SWIM interface using the download button.

Figure 20. STVP download

Wnupmject—SWP b .

“ Eile Edit Project Configure Read Program Verify Erase BIMheck View Help

|H @ @ e e [cmsareiss &)MMM#MA##M
— -|x [ENEEEDDT o0 00 00 0o 00 0 00 00 00 00 00 00 oo o0 oo ... ..
Step 9.  Click [OK] if the following message appears.
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Figure 21. STVP wrong device selected alert

STVP % |
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0K |

Step 10. Click [Yes] if the following message appears.

Figure 22. STVP incompatibility device action query

SITRERENEE ==

-
- - < = -

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 ?

Step 11. After this operation,}he programming proc;edure starts.
On completion, the following STVP message appears.

< PROGRAM MEMORY programming completed.
> Verifying PROGRAM MEMORY area...
< PROGRAM MEMORY successfully verified.

Step 12. Exit the STVP program.
Step 13. Disconnect the SWIM cable.
Step 14. Power OFF the transmitter board.

Once the procedure is complete, you can proceed to retry the UART download procedure if necessary.

3.4 Firmware download with command line

3.4.1 Firmware download with written chip

Step 1. Create a dedicated directory with the following files:
—  STWBC_Loader.exe
—  stwbc_loader_not_empty.bat
—  enable_boot.bin
—  “firmware version“.cab
Step 2. From the STSW-STWBCGUI folder, call the "stwbc_loader_not_empty.bat" file from the command line.
When you call the batch file, you must also specify:
—  COM number (e.g. COM2)
—  File name ("firmware name.cab")
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STSW-STWBCGUI command line

BN Administrator: Chwindows\system32\CMD.exe —Elélé

C:~STUBC_PRODUCT ION_MC>
C:STUBC_PRODUCTIOM_MC>stwhc_loader_not_empty.bat COM6 YWBC_FUW_ST_MP2 _VUi.4B8.cab

C:~STUBC_PRODUCTION_MC>mode COM&6 BAUD=5768@ PARITY=n DATA=8

for device COMG:

Timeout:

HOM~X0FF:

CTS handshaking:
DSR handshaking:
DSR sensitivity:
DIR circuit:

RTS circuit: OM

C:~STUBC_PRODUCTION_MC>type enable_hoot.bin 12>\.NCOMG

C:~STWBC_PRODUCTION_MC>stwbc_loader.exe —com ““\.“COM6 —cab WBC_FW_ST_MFZ_U1.48.d
ab

Synchronization starting

Synchronization OK

Dovnloading =
Program : C:sUserschgantiesAppDatasRoaming~STHMicroelectronices~STWBC_THMP-progr
m.hin
| Parameters : C:vwUsersschgautiesfAppDatasRoaning~\8THicroelectronics™~STWBC_THMP~par
ameters.bin
Options @ C:sUsersschgautiesAppData“Roaming“~8IMicroelectronics~STWBC_THMP“optio
5 . hin
sending code — QK
code — OK
C:sUsersschgautieAppData“~Roaming“8THicroelectronics“\STWBC_THP~program.

GCislszerschgantiesAppDatasRoaming*~5THicroelectronics~S8TWBC_THP~parameter
Q

K
C:slUsersschyautiesAppData~Roaming~5THicroelectronics~8TWBC_THP~options.

C:~STWUBC_PRODUCTION_MC>_

Firmware download with blank chip

If the

memory is erased, use the procedure below.
Connect the UART cable to the board.
From the folder, call the "stwbc_loader_empty.bat" file from the command line.
When you call the batch file, you must also specify:
—  the COM number (e.g., COMG)
—  the file name (firmware name.cab)
Execute the command line as shown in the example below, with the appropriate firmware file name.

STSW-STWBCGUI command line with blank chip
BN Administrator: Chwindows\system32\CMD.exe |_|_J':' | B S

C:~STWBC_PRODUCTION_MC>stwbc_loader_empty.bat COMe WBC_FW_ST_MP2_U1.48.cab

C;\STWBC_PRODUCTION_HC)stwhc_lnader.exe —com “N.SCOM6 —cab WBC_FW_ST_MP2_U1.48.c
A

Synchronization starting
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STVP file creation

Note: If the COM port is > COMS8, use the syntax \.\COMx, where COMx is the COM port number.
Note: A dedicated tool is available for simultaneous downloads (refer to the STSW-STWBCFWDT firmware
downloader tool).

RELATED LINKS

Special firmware downloader tool for simultaneous downloads, on www.st.com

3.5 STVP file creation
To use the STVP to download, you must generate new files from the *.cab via the STSW-STWBCGUI.
Step 1. Select the convert CAB to STVP files command from the STSW-STWBCGUI setup menu.

Figure 25. STSW-STWBCGUI: convert CAB to STVP files
&7 STWEC Qi 3.47 - HW:53, FW:1.42.0.0 o= e

Setup | Test
COM Connected —

Load FW to board
Modify pararneters in CAB file
Convert CAB to STVP files

ThermistE?configuration Bl mitslim |

Enable trace

~Heceiver informatian
M anufacturer 1D I

Device 1D I

i version: I

Charge status: IN-::I available

WRID |

K ’I life.augmented

STWEC - Wireless Battery Charger

Step 2. Follow the prompt to select the appropriate cab file.
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Firmware download with STVP

Figure 26. Selecting the CAB file to be converted
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Step 3.  Follow the prompt to provide the project file name.
Figure 27. Selecting the STVP project file name
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& Downloads
Protocol W\ndowl Moritar window I Param window | "%l Recent Places Me items match your search.
~Recsiver information: = Libraries
Manufacturer D: -
5 Documents
Device D
K J‘ Music
Qi wersion: 5 Pictures
Charge status: |07 i Videos
WRID
18 Computer
& Windows (C:)
5® RNS_CAD (\irns
5 RNS_INFO (\win
‘ 'I life. augmented % RNS IPC (Wwind.
58 RNS_HW (\wind = ¢ | m 3
STWEC - Wireless Battery Charger
File name:  WBC_FW_ST_MP2_V1.47.stp -
Save as type: [ A

Four files are generated as shown below.

Figure 28. STVP project files

—,
pu. L. v Computer » Windows (C:) » STWBC_PRODUCTION_MC » STP Files

- . B — ——
Organize » Include in library « Share with + MNew folder =~ [
¥ Favorites i MName : Date modified Type
B Desktop || options.hex 30/10/2018 11:23 HEX File
& Downloads | parameters.hex 30/10/2018 11:23 HEX File
%l Recent Places || program.hex 30/10/20158 11:23 HEX File
|| WBC_FW_ST_MP2_V1.47.stp 30/10/2018 11:23 STP File
| [ Libraries
@ Documents

Note: Referto STSW-STWBCFWDT STWBC firmware downloader tool for further details.

3.6 Firmware download with STVP

Follow the procedure below to download firmware using the STVP software program.
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Note: You can also install and use the IAR toolchain to compile and download firmware.
Step 1. Target power OFF.
Step 2. Target power ON.
Step 3. Connect ST-LINK circuit to the PC via USB.
Step 4. Connect the ST-LINK-SWIM cable to the target.

Pay special attention to ensure that the SWIM cable is correctly connected to the transmitter board.
Refer to the figure below.

Figure 29. ST-LINK connection on the board

bbby K
!

P ———

Step 5. Launch STVP software program.
Step 6. Select the STM8AF6166 core from the drop-down list at the top.

Figure 30. STVP core selection

-
W no project - STVP L >

File Edit Project Configure = o Erase Blank-Check View Help
HE G B6 & cmearsiee vi)mmmmmMmMmm&n

Step 7.  Go to [Project]>[Open] and select the .stp file provided in the zip file.
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Figure 31. STVP open project

ﬂprcjectﬂ_ﬂ.ﬁ.ﬂp]—m

File Edit | Progject Configure Read Program Venfy Erase Blank-Check View
(= =L (BAF 6166 I
= O i...

F F5 16 82 OC
Not pr = F5 EE B2 0OC
Memorsy| BT FS FO 82 0OC

Close F5 DD B2 0OC
OPTIOk F5 DD 82 0OC
File: L PW_DE5stp E7 FE 82 0OC

Step 8.  After a few seconds, the following message should appear.

Loading file program.hex in PROGRAM MEMORY area ...
< File successfully loaded. File Checksum 0x1D1205

Note: It is normal for warnings like the ones below to appear:

> Loading file options.hex in OPTION BYTE area ...
FILE : line 2: Address 0x4802 is out of range and is ignored!
FILE : line 2: Address 0x4804 is out of range and is ignored!

Step 9.
Step 10. Select [Program]>[All tabs (on active sectors, if any)]

Figure 32. STVP download

W project [WBC_STEVAL-ISBO45V1 V5.23

File Edit Project Configure Read | Program Verify Erase Blank-Check View Help

nﬁ|&|é|ﬁalmm§unenttab Ctrl+P P**h‘***

Address Range...

—————— -« M ol 00 &0 EA 82 00 &0 D& .............
Mot programme - 0009 99:82 00 9F 33  ceiemsvmmmmnn
Memory check: DS BReas o SBRE e s E e
L12 HErs Bhess B 858 e e
g2 0O 08 8%age 00 5Pl 82 DR 9E 2982 00 P28 ceccessees oy
B2 HE-el looeds 0O DRSO B2 DR Wimem OR SREGE e
82 00 9E BF 82 00 9D 20 82 00 %D 1F 82 00 %D 1E  ....... .....

OPTION BYTE
File: option:
Mot programme
Option byte || [IEEIEEEY

Step 11. Click [OK] if the following message appears

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

0K |

Step 12. Click [Yes] if the following message appears
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Figure 34. STVP incompatibility device action query
IEFETRERENGEE ==

@ 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 ?

Step 13. After this operation, the programming procedure starts.
Step 14.  On completion, the following message appears

< PROGRAM MEMORY programming completed.
> Verifying PROGRAM MEMORY area...
< PROGRAM MEMORY successfully verified.
Step 15. Exit the STVP software program.
Step 16. Disconnect the SWIM cable.
Step 17. Power OFF the trnasmitter board.
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4 Setting up the evaluation equipment

Figure 35. Test setup configuration

(a) D
A —/ | \2) .
Half Rectifier LDO
bridge
12V
+
@ C) Demodulator Modulator
POWER POWER
TRANSMITTER RECEIVER

The board is powered with an external power supply or with a USB charger. An electronic load is connected on
the receiver output to provide a load up to 15 W. Voltmeters and ammeters measure input and output voltage and
current.

4.1 How to supply power from an external source
Follow this procedure to supply power from an external power source.
Step 1. Set your power supply:
—  12V/2A for EPP Mode
—  5V/2A for BPP Mode
Step 2. Set jumper J100 for jack/external power supply input.
Step 3.  Connect the external power to the board with wires.

Figure 36. Power supply connection

4.2 How to supply power via USB
Follow this task to supply power through the USB charger.
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Warning: Disconnect the PC micro-USB cable before connecting USB-C cable.

Step 1. Set jumper J100 for USB power supply input.
Step 2. Select the type of USB charger you are going to use:
—  asimple 5V/2A USB charger (BPP mode only)
— a 30 W USB-PD wall charger (supports EPP Mode) to provide 15 W on the receiver side. By
default, D+/D- interface selects 20 V on Vbus
Testing by ST was performed using the UGREEN 30W USB-C PD power adapter: Model 127.

Note: It is important to use a good quality USB-C cable between the charger and the board.

Figure 37. Power supply connection

1. QC charger

2. USB-C cable

3. Transmitter

4. J100 jumper to select input supply type

4.3 How to set up a UART connection

A UART connection between the board and your PC is necessary to be able to set parameters and monitor the
transmitter board through the STSW-STWBCGUI software.

Step 1. connect the USB connector on the USB to UART cable from the USB to UART dongle on your PC to
connector J400 on the board.
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Figure 38. UART connection

1. USB to UART dongle
2. J400 connector
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5 GUI and evaluation procedure

The STSW-STWBCGUI lets you monitor STWBC-MC operation. The main screen provides transmitter and Qi
receiver status information.

Step 1. Launch the STSW-STWBCGUI user interface software.

Figure 39. STSW-STWBCGUI main window

1. Transmitter state section

2. Power mode indicator

3. Protocol and Monitor debug window buttons
4. Parameter window button

Setup Test

r~ Transmitter state—o
Protacal windowia Mnnitnrwindnwl eF'ararn wirdow

Recerer information
Manufacturer ID: |3,0016 (S TMicroelectronics]

Device D |mum12233

Qi wersion: |1 2 Medium Power

Charge ztatus: INot available

WPID |

K ’I life.augmented

STWEBC - Wireless Battery Charger

Connected

Step 2. From the launch screen, select the [Protocol window] button.
This window shows Rx to Tx communication protocol errors, useful for system debugging.
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Figure 40. STSW-STWBCGUI Qi protocol window

Qi communication
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PACKET TIMEOUT AUTOCAL_TEST_FAIL

QFOD

COMNTROL ERROR. TIMEQUT
RECTIFIED POWER TIMEOLT EPT NEGOTIATION FAILURE

MEGOTIATION TIMEOUT

BAD NEGOTIATION

FOD DURING NEGOTIATION (QFCD)
BAD MODE IN MP RP PACKET
WRONG RP FORMAT

EPT RESTART POWER TRANSFER
CALIBRATION PHASE TOO LOMG
RESOURCE COMFLICT

CUST ERROR

EPT UNKOWM

roprietary packets

Clear

—

Step 3. From the launch screen, select the [Monitor window] button.

This window lets you monitor STWBC-WA internal variables such as bridge voltage and frequency, Rx
reported power, coil temperature, etc.
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Figure 41. STSW-STWBCGUI: monitor window

= | e
—Tx machine
(sror] (smecr] (Come] (Comr] (Cveco] (powes]
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| : ! ,
100kHz 200H: 3DEH:  -100% % =100%
Duty cyde: 50%: Bridge Valtage: 17.53V
N |
% %% S 1V 14y 23y
Fx reported Power: 1408mW Supply voltage: 19.71V
[ ] I
W 10w W 1V 12y 24y
Coil temperature: 47 Coil current: 0A
[ [
i & a0 158 an,
Rx presence: 255 RxQ: 56  FOD margin: 30
Selected coil: 1 Meas, Q: 73 1
Message rate: ([ _Eln - _1:55

Step 4.  From the launch screen, select the [Param window] button.
This window lets you adjust system parameters (thresholds, regulation error) and save the settings.
The parameters have the following levels of protection:
- Level 0: parameters can be modified without protection
- Level 1: To modify these parameters, you must first click the [Unlock param] button.

Note: Exercise caution when modifying level 1 parameters, as they can lead to system malfunction and trigger
behavior that is not compatible with the Qi standard.
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Figure 42. STSW-STWBCGUI parameter window

v Parameters Elﬁg

Dump target I Save to file | Read param force_high_power at 0x68, val = 0x01

Read param brg_freq_analog_ping at 0x&0, val = 0x00
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Reset values I Dump ta bin. | Read param brg_freq_analog_ping at 0x70, val = 0x8E94
Read param brg_freg_digital_ping at 0x71, val = 0x00
Read param brg_freq_digital_ping at 0x72, val = 0x00 or

&l >

hw_version: MP-multi coil
hw_sub_version: 0
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[

Step 5.  Change some parameters and test their impact immediately by clicking [Push to target].
Modified parameters lose their highlighted background.

\

) e a
_freq_ - —_—
I brg_freq_analog_ping ——j . |146 kHz 0xBES4

|
1

Figure 43. STSW-STWBCGUI: parameter modification
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The GUI includes the STSW-STWBCFWDT downloader interface (which uses the UART connection) and includes tools to
generate binary files with your changed parameters and to build new firmware packages with these files. Through the GUI, you
can change the parameters and produce a new cab to program a batch of new boards.

Step 6. In the Parameters window, select [Dump to bin.] to save the changed parameters to a bin file.
You should only do this after you have clicked the [Push to target] button.

Figure 44. STSW-STWBCGUI dump modified parameters to a bin file

&7 Sawe A5 E

o e WEBCLIB » PW_QLLIB_MP_WO_DG9 » - &, Search P L LIEMP VD OB 0O
| 2l

Organize * Mew folder f== - (7]

A 20-* Mame Date modified Type
o 30-
L d0-
. 50-
A
g C
"
"

0 STVP files 06/04/2017 11:13 File folder

- 4 I |

File name: parametersnew{bin -

Save as type: ’ hd

= Hide Folders I Sawve I l Cancel

Step 7. From the launch screen, select [Setup]>[Modify parameters in CAB file] and select the appropriate
firmware CAB file to be patched.

This operation will alter the firmware file with new tuning parameters, which can be subsequently
loaded using the standard procedure.
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Figure 45. STSW-STWBCGUI: CAB file patch button

Setup | Test
CoMm
Load FW to board
Modify pagarneters in CAB file
Convert to STVP files

Cornected —

Thermister configuration

Enable trace

T Recerver iInformation
Manutacturer |D: |nxnm E (5 TMicroelectronics)

Device 1D: ID:-:IJD'I12233

(i wersion: |‘| 2 Mediurn Power

Charge status: INDt available

WPID |

K ” life.augmented

STWEC - Wireless Battery Charger

5.1 Status LEDs

The status LEDs give the state of the charge:
At startup

. Red short blinking: when the board auto-calibration is on-going. You have to wait for the LED to be switched
off before putting a receiver on the surface.

. Red and green blinking once: an internal reset occurred.

. Red and green steady state: firmware/STWBC chip mismatch

. Red steady and after 2 seconds green steady state: board hardware subversion detected does not match
the firmware

In steady state

. Green blinking: power transfer in progress

. Green steady state: the charge is complete

. Red blinking: an error has been detected, as incomplete charge due to battery fault, overvoltage,
overcurrent, etc.

. Red steady state: the transmitter is stuck until the receiver is removed, as mentioned in the Qi standard
(power transfer stopped three times in a row due to the amount of power not provided to the receiver, some
types of end power transfer or no response error code)
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5.2 Test procedure for board calibration

Important:
Board calibration is mandatory to ensure that the transmitter board functions properly. You must perform the
necessary calibration routines only once after each new firmware download.

Step 1. In the STWBC GUI launch screen, select [Test]>[Manage test].

Figure 46. Start auto calibration

&7 STWEC Qi 3.47 - HW:53, PW:142.00 = A & Protocol (= 3 = ]
Setup [Test A
[Trans Ntanageta?t Connected | Qi communication

TEST_COMPLETED BAD DEMOD QUALTTY
Polier test PING TIMEQUT NO RESPONSE
del Get calibration data RX REMOVED FOD_DURING_POWER
- BAD PACKET SEQUENCE FOD_DURING_POWER_EPP
osti sccess TOO MANY PROPRIETARY PACKETS TX_OVER_CURRENT i
- EOD metrics POWER CTRL HOLD OFF ERROR INTERNAL_WARNING
aiDio! PeEmREED | PACKET TIMEOUT AUTOCAL TEST_FAIL
QFoD
[~ Receiver information: CONTROL ERROR TIMEQUT
T e — RECTIFIED POVER TIMEOUT EPT NEGOTIATION FALLRE
VIN UNDER-VOLTAGE NEGOTIATION TIMEOUT
Device ID OPTIONAL PACKETS MISMATCH BAD NEGOTIATION
s || CHECKSUM ERRCR FOD DURING NEGOTIATION (QFOD)
EPT RECEIVED BAD MODE IN MP RP PACKET
Charge status: [Not avaiable %TE%WT&P% | E— mﬁﬁmfggx;“ Fop#g |
WRID TX OVER TEMPERATURE CALTBRATION PHASE TOO LONG
EPT CHARGE COMPLETE RESOURCE CONFLICT
EPT OVER VOLTAGE CUST ERRCR
EPT BATTERY FAILLURE EPT UNKOWN
RX PACKET ERROR

‘—,
I life.augmented

[ Proprietary packets
STWBC - Wireless Battery Charger "

Clear

Proceed with the following test routine:
1. Presence detection calibration

5.21 Presence detection calibration procedure
Step 1. In the Test popup window, insert "1" in the [Test number:] field and click the [Start] button.

Figure 47. Presence detection test

&5 STWBC Qi 347 - HWi53, FW:142.00 = Z ) & protocol [al@] = ]
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BAD PACKET SEQUENCE FOD_DURING_POWER_EPP
TOO MANY PROPRIETARY PACKETS TX_OVER_CURRENT
e e R | E e s — T L
PACKET TIMEOUT AUTOCAL _TEST_FAIL
QFOD
Receiver informatiar CONTROL ERROR TIMEOUT
Mamfactuerd: [ RECTIFIED POWER TIMECUT EPT NEGOTIATION FAILURE
VIN UNDER-VOLTAGE NEGOTIATION TIMEQUT
Devics ID: OPTIONAL PACKETS MISMATCH BAD NEGOTIATION
Qi wersion; CHECKSUM ERROR. FOD DURING MEGOTIATION (QFOD)
EPT RECEIVED BAD MODE IN MP RP PACKET
Charge status: [Not available Y 141 N PRI KE O 1 —
RX OVER TEMPERATURE EPT RESTART POVER TRANSFER
WRID TX OVER TEMPERATURE CALTERATION PHASE TOO LONG
EPT CHARGE COMPLETE RESOURCE CONFLICT
EPT OVER VOLTAGE CUST ERRCR
Test EPT BATTERY FAILLURE EPT UNKOWN
R PACKET ERROR.

Test number:
il
Status:

[Proprietary packets
STWEC - Wireless Battery Charger I

Clear

At the end of the test, the [TEST_COMPLETED] field is set in the Protocol window and [Test done] appears in
the [Status:] field of the Test window.
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Figure 48. Test result
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If the test completion confirmations do not appear, please start the test again.
Proceed with the following test routine:
1. QFOD calibration
5.2.2 QFOD calibration procedure
Step 1. In the Protocol window, click the [Clear] button.
This clears the [TEST_COMPLETED] field.
Figure 49. QFOD test
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Step 2. In the Test popup window, insert "2" in the [Test number:] field and click the [Start] button.

At the end of the test, the [TEST_COMPLETED] field is set in the Protocol window and [Test done] appears in
the [Status:] field of the Test window.
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Figure 50. Test result
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If the test completion confirmations do not appear, please start the test again.

5.3 Efficiency

Efficiency measurements are performed on a Qi certification tester.

The STEVAL-ISB047V1T transmitter board is supplied with 12 V/2 A, and the receiver voltage level is 12 V
(MP1B).

Pout is the actual output power measured at the output of the receiver and Pin is the input power.
Efficiency is measured using the configuration setup below:

Figure 51. Efficiency set up

1 Half Rectifier LDO 4
bridge
12V
+
@ () Demodulator Modulator
POWER POWER
TRANSMITTER RECEIVER

The following figure shows the typical efficiency performance on the different coils.

UM2491 - Rev 1 page 37/81




m UM2491

Standby consumption

Figure 52. Efficiency performance

Efficiency=Pout/Pin.
Max efficiency is 75% at 9 W
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5.4 Standby consumption

Very low power consumption is achieved in Standby Mode, with the transmitter board supplied 12 V.

Device detection is still enabled in this mode, but power consumption is reduced down to 1.4 mA on average. The
STEVAL-ISB047V1T reference board can operate on a low standby power consumption of only 17 mW.

Note: To measure such low power consumption, the UART cable must be unplugged.
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6.1
Figure 53. STEVAL-ISB047V1T - circuit schematic (supply)
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Figure 54. STEVAL-ISB047V1T - circuit schematic (sepic)
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Figure 55. STEVAL-ISB047V1T - circuit schematic (bridge)
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Figure 56. STEVAL-ISB047V1T - circuit schematic (controller)
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IDEMOD

Figure 57.

STEVAL-ISB047VA1T - circuit schematic (sensing)
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Figure 58. STEVAL-ISB047V1T - circuit schematic (demod)
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Figure 59. STEVAL-ISB047V1T - circuit schematic (mechanical parts)
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Figure 60. STEVAL-ISB047V1T - circuit schematic (USB-PD)
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Figure 61. STEVAL-ISB047V1T - circuit schematic (coil 1)
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COIL_2_SEL

Figure 62. STEVAL-ISB047V1T - circuit schematic (coil2)
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Figure 63. STEVAL-ISB047V1T - circuit schematic (coil3)
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Figure 64. STEVAL-WBCDNGV1 circuit schematic
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7 Bill of materials

7.1 STEVAL-ISB047V1 bill of materials

Table 4. STEVAL-ISB047V1 bill of materials

) STEVAL- Qi 3-coil 15W wireless ST not available separatel
1ISBO47V1T charger TX board P y
STEVAL- .
2 1 - WBCDNGV1 Dongle USB To UART ST not available separately

AC/DC External Wall
3 1 - 12V, 24 W Mount Adapter Multi- = XP Power VER24US120-JA
Blade (Included) Input

USB Type A Plug to

! ! i :)Ier:lLength' Micro USB Type B Molex 68784-0001
Plug, USB 2.0
711 STEVAL-ISB047V1T bill of materials

Table 5. STEVAL-ISB047V1T bill of materials

€100, C103 CER, 603
C101, C106, 100nF, 50V,
2 4 609 CB11 15% CER, 402 any -
WURTH
0,
3 2 C102,C105 10pF, 25V, 20% | CER, 1206 ELECTRONIK | 885012108021
4 1 Cc104 NP CER, 1210 any -
C107, C110,
5 4 | Goz1 Gaoa 10nF, 50V, 10%  CER, 402 any -
€108, C200, . WURTH
6 3 oot 224F, 25V, 20% | CER, 1210 ELECTRONIK | 885012109014
€109, C113,
C114, C400,
C401, C402, 100nF, 25V,
7 12 CA405. C606. 15% CER, 402 any -
C802, C904,
C1004, C1103
C111, C115,
8 5 | C204,C222, NP CER, 402 any -
C800
9 1 cM2 10pF, 10V, 10% | CER, 805 MURATA GRM21BR71A106KE51L
10 2 | C202,C203 10pF, 50V, 10% | CER, 1206 any -
€205, C220,
11 6  C600, C905, 100pF, 50V, 5% | CER, 402 any -
C1005, C1105
12 1 Cc206 100nF, 50V, 5%  CER, 603 MURATA GRM188R71H104KA93D
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c207 5.6nF, 50V, 15% CER, 402
€208, C209,
14 6  C210,C211,  224F, 35V, 20% CER, 1210 Taiyo Yuden GMK325BJ226MM-P
c212, C213
15 1 Cc214 47WF, 35V, 20% | TANT KEMET T495X476MO35ATE185
16 1 c216 10pF, 50V, 15% | CER, 402 any )
C217,C218,  220nF, 16V,
17 3 Geos oL CER, 402 any ;
18 1 c219 100nF, 50V, 5% | CER, 1206 TDK CGA5L2C0G1H104J160AA
19 1 c301 1uF, 10V, 15%  CER, 603 any -
20 1 C302 NP, 50V, 15%  CER, 402 any -
100nF, 25V,
21 1 c303 0% CER, 603 any -
22 1 C304 1nF, 50V, 15%  CER, 603 any -
23 1 ca03 1uF, 16V, 10%  CER, 402 any -
24 1 C500 470pF, 50V, CER, 402 any -
15%
25 4 gigégcg??g,g 22nF, 50V, 15%  CER, 402 any ;
26 1 c502 sz;':' 100V CER, 603 AVX 06031C222KAT2A
(o]
27 1 C503 1nF, 50V, 10%  CER, 402 any ;
28 2 C504, C603 4.7nF, 50V, 15% CER, 402 any -
29 2 €601, C608 22pF, 50V, 5%  CER, 402 any -
30 1 ce07 2.24F, 25V, 10% CER, 402 any -
220pF, 50V,
31 1 cel0 Py, CER, 402 any -
32 3 gggl C803,  4.F 50V, 10%  CER, 402 any ;
33 1 C805 4.7yF, 50V, 15% CER, 805 any )
€900, C901,
€902, C1000,
34 9 C1001, C1002, ;gO”F’mOV' CER, 1812 TDK C4532C0G2A104J320KA
C1100, C1101, °
c1102
€903, C1003,  4.7nF, 100V,
35 3 Crros oo CER, 603 TDK CGA3E2X7R2A472K080AA
C906, C1006,  470pF, 100V,
36 3 1o 150 CER, 402 any -
€907, C1007,  22nF, 100V,
37 3 oy 5 CER, 603 any -
€908, C1008,  10nF, 100V,
38 3 ot 15% CER, 603 any -
39 3 g?1110601010' 1nF, 100V, 15%  CER, 402 any -
C911,C1012,  680pF, 50V,
40 3 Sl e CER, 402 any ;
41 1 clom 33nF, 100V, 5%  CER, 1210 any )
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TVS/ESD/EMI,

2 D100, D800 NS ST ESDA25P35-1U1M
SCHOTTKY,
43 1 D200 - esiasls NXP PMEG045V100EPD
44 1 D201 43V ZENER, SOD323 NXP BZX384-CAV3-AK
45 1 D300 NP DIODE, SOD323 any ]
WURTH
46 1 D400 RED LED, 132 w25 H1  [URTH 155124RS73200
WURTH
47 1 D401 GREEN LED, 132 w25 H1  [ORTH 155124573200
48 1 D500 ] SCHOTTKY, SOD523  ROHM RB520S
D600, D903,
49 4 D003 oo - DIODE, SOT323 NXP BAVOOW
TVS/ESD/EMI,
50 1 D801 - JRAss ST ESDA25W
D900, D01
, D901, DIODE
51 6  D1000, D1001, - ' any BAS521-7
D1100, D1101 DIOD_SOD523
52 3 B??g,zmooz, ] DIODE, SOT23 FAIRCHILD  MMBD1503A
HEADER
’ WURTH
53 1 J100 ; T5I1_HEADER_1X3_P2 R N 61300311121
54 1 J101 ; gf&CK' POWER JACK ' oy PJ-002A
USB, MICROUSB  WURTH
55 1 J400 ; Jop MR R Nk | 629105150521
HEADER
’ WURTH
56 1 Jao1 ; 1'5I1_HEADER_1X4_P2 T N | 61300411121
WURTH
57 1 J800 USB_TYPE.C usB,usBTYPEC ~ LORTH 623723300011
22uH,38A,  INDUCTOR, WURTH
58 1|00 20% L5_W5_H4 ELEKTRONIK /4404054022
X WURTH
59 1 1200 2°47uH,8A  CM_CHOKE R ok | 744871004
60 2 1400, L401 1K, 0.2A, 25% | FERRITE, 402 MURATA BLM15AG102SN1D
61 1 M700 WM_rev3 PCB any PCB WM - 2 layers
62 1 M708 ] SPACER any ]
63 1 M709 ] SPACER any ]
M710, M711,
64 4 M ; SPACER RS HTSB-M3-20-5-1
M714, M715,
M716, M717,
65 8 e Moo, - SCREW DURATOOL  M316 KRSTMCZ100
M720, M721
M718, M719,
M720, M721,
66 8 Mro Mros. - SPACER DURATOOL  D01475
M724. M725
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M726, M727,

4 oM SCREW DURATOOL  M3- HFST-Z100-
68 1 M730 12mm x 33mm | SPACER 3M GPH-060GF 12MMX33M
coil A:8.5uH -
69 1 M900 coil B7.5uH-  INDUCTOR DURTH ik | 760 308 103 147
coil C:8.5uH, 9A
ON
70 2 Q200,Q202  NPN-PNP CMS, SOT363 SEMICONDUC = MMDT4413
TOR
71 1 Q01 N-MOS CMS, ST STL8DN6LF3
POWERFLAT-5x6
72 2 Q300,Q301  N-MOS CMS, ST STL1ON3LLHS
' POWERFLAT-3x3
ON
73 1 Q302 N-MOS CMS, SOT23 SEMICONDUC | 2N7002
TOR
Q500, Q600 ON
74 3 » @600, \pN-NPN CMS, SOT363 SEMICONDUC | BC847CDW1T1G
Q802
TOR
75 2 Q800,Q801  P-MOS CMS, L3 W3 H0.75 ST STL6P3LLHG
Q900, Q1000, cMs,
76 3 o N-MOS POWERPAK SO 8 | VISHAY SIR616DP-T1-GE3
Q901, QQ02, ON
77 6  Q1001,Q1002, NPN CMS, SOT323 SEMICONDUC | BC847CWT1G
Q1101, Q1102 TOR
78 2 R100, R207 ff/OK’ 116W, RS, 402 any ;
(]
79 1 R101 12K, 1/16W, 1% RES, 402 any )
80 1 RI02 ??/OK’ 116W. s, 402 any ;
(]
81 1 R103 120K, 116W,  pes 402 any -
5%
R200, R202,
R414. R415, . .
82 7 Ree Reos  10R 1M6W,5% RES,402 VISHAY 10R_5%_0402
R813
83 2 R201,R810 NP RES, 402 any -
84 1 R203 1K, 116W, 1% | RES, 402 any ]
R204, R405,
R406. R408.
85 10 R410. R804. ;SjOK' 18W,  pEs. 402 any ]
R805, R806, °
R807. R811
R205,R900,  470R, 1/16W,
86 4 R1000,R1100 1% RES, 402 any -
87 1 R206 ?;333'2' 12W,  REs, 1206 any ;
(]
88 1 Ro08 47R, 1/16W, 5% RES, 402 any )
89 1 R209 75K, 1116W, 1%  RES, 402 any ;
90 2 R210,R213  SSK VW pes 402 any -

1%
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R211, R212,
R508

R214

R300, R301

R302
R303
R304

R400, R401,
R402, R801,
R903, R904,

R1003, R1004,

R1103, R1104

R403, R610,
R902, R1002,
R1102

R404, R909,
R1009, R1109

R407

R409

R411, R412

R413, R908,
R1008, R1108

R500, R505,
R603

R501, R601
R502

R503, R504,
R507, R600,
R602

R506, R604,
R606, R611,
R906, R1006,
R1106

R605, R612

R608

R609, R802

R613

R800
R803
R808
R812

10K, 1/16W, 1%

4.7K, 1/16W,
1%

4.7R, 1/16W,
1%

0.022R, 1W, 1%
NP, 1/16W, 5%
22R, 1/10W, 5%

10K, 1/16W, 5%

1M, 1/16W, 5%

1K, 1/16W, 5%

180K, 1/16W,
1%

47K, 1%
470R, 1/16W,
5%

470K, 1/16W,
5%

™, 1/16W, 1%

47K, 1/16W, 1%
OR, 1/16W, 5%

470K, 1/16W,
1%

100K, 1/16W,
1%
22K, 1/16W, 1%

150K, 1/16W,
1%

2.2K, 1/16W,
5%

330R, 1/16W,
5%

OR, 1/10W, 5%

470R, 1/2W, 1%
39K, 1/16W, 1%
39K, 1/16W, 5%

RES, 402

RES, 402

RES, 402

RES, 1206
RES, 402
RES, 603

RES, 402

RES, 402

RES, 402

RES, 402

THERMISTANCE,

402

RES, 402

RES, 402

RES, 402
RES, 402
RES, 402

RES, 402

RES, 402

RES, 402

RES, 402

RES, 402

RES, 402

RES, 603
RES, 1206
RES, 402
RES, 402

any

any -

any -

any -
any -

any -

any -

any -

any -

any -

MURATA

NCP15WB473F03RC

any -

any -

any -

any -

any -

any -

any -

any -

any -

any -

any -

any -
any -
any -

any -
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119

120

121

122

123

124

125

126
127

128

129

130

7.1.2
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12

R814
R901, R905,

R1001, R1005,

R1101, R1105

R907, R1007,
R1107

TP100, TP101

TP102, TP103,
TP200, TP300,
TP301, TP400,
TP401, TP402,
TP403, TP404,
TP405, TP406,
TP600, TP601,

TP800, TP801

TP900, TP901,

TP1000,
TP1001,
TP1100,
TP1101

u100

U300

U400

U401
U600

usoo

J700

TP700, TP701,
TP702, TP703,
TP704, TP705,
TP706, TP707,
TP708, TP709,

TP710, TP711

C1, C6, C7

C2

C3

C4,C5

33K, 1/16W, 1%
82K, 1/16W, 1%
2.7K, 1/16W,

1%
WIRE_SOLDER

NP

STEVAL-WBCDNGV1 bill of materials

RES, 402

RES, 402

RES, 402

TEST POINT

TEST POINT

TEST POINT

CONVERTER,
DFN8_L3_W3

DRIVER,
DFN8_L3_W3

CONTROLLER,
QFN32

LOGIC, TSSOP16
AMPLIFIER, SOT353

CONTROLLER,
QFN24

HEADER,
TH_HEADER_1x20_P
2.54

TEST POINT,

any

any

any

any

any

ST

MICROCHIP

ST

ST
ST

ST

WURTH
ELEKTRONIK

any

Table 6. STEVAL-WBCDNGV1 bill of materials

100 NF 50 V
+15%

10 yF 25V
+10%

10 NF 50 V
+15%

47 PF 25V 0.15

Ceramic capacitors,
X7R, 0603

Ceramic capacitor
X7R, 0805

Ceramic capacitor,
X7R, 0603

Ceramic capacitors,
X5R, 0603

any

any

any

any

TPSMD-1MM

TPSMD-2x5MM

ST715PUR

MCP14700_DFN8

STWBC-MC

M74HC4094YTTR
TSV521ICT

STUSB4500

61302011121

TPSMD-1x3MM


https://www.st.com/en/product/st715
https://www.st.com/en/product/stwbc-mc
https://www.st.com/en/product/m74hc4094
https://www.st.com/en/product/tsv521
https://www.st.com/en/product/stusb4500

m UM2491

STEVAL-ISB047V1 bill of materials

Very low capacitance

5 1 D1 - ESD protection - ST USBLC6-2SC6
SOT23-6L
6 1 J1 - usB Molex 48037-0001
Waurth

7 1 J2 - usB Elektronik 61400416021

8 1 J3 JUMP254P-M-2 | Header Molex 22-28-4023_C
120R05A . Wurth

9 1 L1 +25% Ferrite, 0603 Elektronik 74279262

10 4 R1,R2,R3,R11 0R 1/10 W +5%  Resistors, 0603 any -
10K 110 W .

1 2 R4, R5 +5% Resistors, 0603 any -

12 2 R6, R9 339 R1/10W Resistors, 0603 any -
5%

13 3 R7,R8, R10 NP Resistors, 0603 any -
FT232R

14 1 U1 SSOP28 Converter FTDI FT232R
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Board assembly and layout

8 Board assembly and layout

The STEVAL-ISB047V1T evaluation board uses a low cost 2-layer PCB design with all the components on the top
side. The test points allow user evaluation of the STVWBC-MC solution with probes. In addition, UART is
accessible through a micro USB connector and SWIM is routed to a header connector.
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Board assembly and layout

Figure 65. STEVAL-ISB047V1T evaluation board functional blocks

. Test point for debugging only (may be removed)

. LED, SWIM and USB/UART debug connectors

. Sensing detection circuits

. Coil selection and detection

STWBC-MC

. USB PD/QC 10 charger

. Voltage/current demodulation circuits

. Half bridge driver and LC Tank circuit

9. Jack power supply connections and input filtering

o
ﬁm JOOOOHO0EHNN s

[ STEVAL-ISB047V1T|

©ONOO R WN =

! 2 annapnn

AR R el e 1T
e ] o -fifﬁ@ E’fl B
UNPLUG BEFORE TURNON ' FOR EVALUATION ONLY |
280 ami=

jOODDOo
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8.1 Power signals (SEPIC, GND, LC)

Figure 66. STEVAL-ISB047V1T power signal routing

1. Large tracks for high current circuits from power supply
2. Large GND tracks with many vias for high power circuits
3. Large tracks for high current circuits (booster, half bridge, LC tank, coil connection)

UUHUUUUUUUHU

FOR EVALUATION ONL NOT
FCC AI'-‘FROVED FOR RESA
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Figure 67. Ground plan

1. Full GND plan on Layer 2 (white area)
2. A few noisy signals routed partially on this layer (PWM, etc.)
3. Bridge and coil connection

99000800009

. [
= FOR EYALU TION ONLY(NOT
STEVALA 3B047V1 FCC APPRC 'ED FOR REEA
. L3

{ T
1,
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Figure 68. Supply and Vin routing details

1.V Jack
2. VIN: L100 directly to C200 C201 and L200
3.Vin USB PD

4. Supply from J100: connected with capacitors (C100 to C105) and L100
5. Vin connection to LDO input

VIN_USB_PD
TP100
WIRE_SOLDER
J100 o
c 2 *
0 D100
| ESDA25P35-1UTM
PJ-002A
1 [C100 101 102 103
3 - - = = =
7 l N 00NF - JlouF NP
ot WIRE_SOLDE 0V 5V 5V
5R 5R 00N
7 SR 12K 107
1 v INF
= VX7TR

01
0!

U100 ST7T15PUR
VIN 9 744871004 61
2

VIN vout
Lwe f£110
V. 7 v

GND B
9

929
Nmmmt

o e | lus-m]v

o =
N [l W1
eI !
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Figure 69. Details on Power GND routing

1. TP101: large GND
2. All caps connected to GND bottom side with many vias
3. GND of LDO with large trace (needed for thermal reasons)

VIN_USB_PD
TP100

WIRE_SOLDER

00 @
N 22uH

O ’

L100

D100

- ESDA25P35-1UTM

PJ-002A
1 100 fct01 102 103 [c104  fc105

3 pm— pr— p— p— p—

AL 2 | TP101 P H0ONF ~ [10UF P P OUF

101 WIRE_SOLDE bov 57 b5V
5R

114

OUF JIOONF ~ [1ooNF
5R 5R 7R oV 5V R5V
7R 5R 5R
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1. Q201 - R206
2.1200 & C202 &C203 &C219 & Q201

3. Connect L200 — C202-C203-C219 & D200

4. DCDC: D200-C206 to C214 and Q300 —Q302

WURTH ELEKTRONIK
744871004

DCDC_DRV ¢

NPNPNP T

Figure 70. Details DCDC routing

R201
NP TP200
NP vocoe
0200 T
4 - R
| M

DEMAGNET'

D20t

froopr a3v
v 100K

O CMP_OUT v
Ra209

5K
ca22

Figure 71. Details on SEPIC GND routing

1. High current of GND of C200-C201-L200 & R206. This area is connected to bottom with a lot of via in the same zone

WURTH ELEKTRONIK
744871004

i

20F
2
X5k

RO 108

2

4

R0210R

2
c200 ca0n
2uF

25 4

xR

1

L200

cauzygue

Zanm n
3

e (507

caosygur

X5k | [507

A

c21opNE
cos | [sov

ey
STLBONGLF3

0PF
v
e

)

Ra
100K
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Figure 72. Power GND routing details

1. High current of GND from Coil : this GND Pow er must be connected between DCDC GND ( C206 to C214) — R Sense (R303
& R508) and MOS (Q900-Q1000-Q1100)

2. Place many vias near C214 between GND power and GND bottom side

- oes e os oEs oEd oEd GEd GEP GED GED GED GED gGED oI GEd G oS

TP301

0ONF ~ B6NF  P2UF  p2UF  Ba2UF  paUF
oV kov  psv Py psv [V
7R 7| 5R 50

I
I
I
I
I
I
L

§ o ~
e 3 N-MOS o & N-MOS e & N-MOS
COIL_1_SEL. 4 I 44 COIL_1_SEL. + il COIL_1_SEL: +
coos . cloos |l cos
100NF ") 100NF ! 100NF N
5. 25V, 250X
” R
- e» oo oo oo oo - o - e o - e o
I :
-
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O N O WN >

Figure 73. Bridge node routing details

. VDCDC Sheet 64

. GND sheet 67

. VR sense must be very short Q301 R302 & R509
. Bridge node large nets

. Connection COIL bridge node TP1100

. Connection COIL bridge node TP1000

. Connection COIL bridge node TP900

. Bridge node place many vias

M900A

coil A:8.5UH - coil B:7.5uH - coil C:8.5uH
eve,

M900A N
coil A:8.5uH : .
o . . o
vDCDC . oy
: . TP1000
“ .
.
cess
bl i TP900 o TRoO1
=
J i Q300 RIDGE_NODE

11 N-Mos
laule|  STLIONSLLHS

BRIDGE_NODE
LCBDA
INF
Sov R505

Q3o = ™
N-MOS
STL1ONSLLHS

JERD Y

TP1001 s
o .
.

RIDGE_NODE

M900A

coil A:8.5uH - coil B:7.5uH - coil C:8.5uH
.
.

o
i.
TR0 TP1101
- o
RIDGE_NODE

R506
100K

R507

) |
TP301 \
2

SENSE
470K N

R509 R504

470K

C501
WRSENSE

o

R302

0.022R TP300 4

One package

—-?—(}VRSENSE ) 008 . 1
Q500A

|

GND POWER

C20¢ - C20

C208

22NF
50V

10R X7R

i

C504

page 63/81




UM2491

EMI Components

3

8.2 EMI Components

Figure 74. EMI components

1. R201 & C204: very close to D200
2. C206 near top of VDCDC

3. C207 near C214
c204

NP vbcoe

C214

47UF
B5V
ITANT

TP200
208 Igzog Igzm 211 Lm lg
F p2uF  paul 2U 2
5 5 35v 5
X5R

|
[
5
o
n)
3

=
&
o
-
Jo
i
[

. TP200 o :

. 0200

Ceramic capacitors (C100, C101, C102, C103, C104, C105) for EMI and filters must be placed close to the supply
input and L100. The GND of these components must not be connected to a noisy GND.
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Figure 75. EMI components — 2
VIN_USB_PD {>—y

TP100
WIRE_SOLDER
J100 ©
a - 2.2uH
O 2 A
1100
] D100
- ESDA25P35-1U1M
PJ-002A
1 7 4 c100 [c101 o102 103 c104  [c105
3 _— p— _— _— _— _—
NS 2 1 TP10T Np 100NF  [1oUF P P HOUF
1101 WIRE_SOLDE| 5OV 5V p5V
j—_l X5R X5R X5R
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8.3 STWBC-MC digital controller

Figure 76. STWBC-MC digital controller

1. R400 near pin 28 and 29
2. C400 and L400 near pins 29 and 30
3. C401-L401-C402 near pins 13 and 14

STWBC-MC
Digital Controller g

VDD_STWBC

DEMAGNET gg < DEMAGNET
SYMBOL_DETECT SYMBOL_DETECT

DNBL_FB HNBL
12C_SDA |7
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8.4 Current sense and demodulation

Figure 77. Current sensing

1. C501 — R504 close to U400 net isense

2. R507 near U400 net idemod must be protected (no noisy GND or signal)

3. VRSENSE (Q301-R302 and R509 ) near current amplifier Q500 and R&C

4. Warning: R 508 GND connected to GND on Rsense R302: Do not mix this track with ground plane.

5. R508
R413470K VDD_STWBC
Voo_sTwee voD_sTiEG TANK_VOLTAGE ]2 J#R‘gé‘éQLTAGE
VTARGET (=
QFOD_ADC (g QFOD_ADC

bl Rsoe COIL_TEMP
. 1o ISENSE ;g ISENSE
VMAIN VBUS
.
Rso3
™~ . «

o L asoon
2 Q500A
s
.
€500 @ One package

IGE
ZF
[ |* !
EE
1=
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Figure 78. Current demodulation

1. Current demod (C509-R611-R612) closed to U400 pin 12
2. Current amplifier U600 near current sensing (Q500)

VDD_STWBC

VDD_STWBC

[100NF 2UF
5V 5V
5R 5R

IDEMOD O—RERA 1IN V¥ R611 P601
™ C608 2 |v- TooK
20PF L -
50V = 3N lour] 4, H.QW CURRENT_DEMOD
100NF

50V
X5R

R612
22K

Q
8
e

5

(2]

<

S

4

s}

=
\‘”_._/\/\,—

Layout note : GND reference of the Op
Amp inputs have to be connected in
star ground connection with the GND
D600 BAVOIW plan of the power bridge.
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Figure 79. Thermistor
1. NTC R409 must be placed near current sensing (Q500)

WAVE_SNS

CURRENT_DEMOD —— > CURRENT_DEMOD

1K VDD_STWBC
R413 470K VDD_STWBC
R407
15
TANK_VOLTAGE 5 TANK_VOLTAGE 180K
VTARGET 17 VTARGET
QFOD_ADC g QFOD_ADC
Ol seE |12 ISENSE
SENSE [0 RUhus caos
10NF R409
s0v O| 47K
X7R Z
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8.5 Driver bridge

Figure 80. Bridge driver routing
1. Bridge driver U300 near MOS Q300 and Q301

2. Nets UPBL and DNBL are very noisy: isolate these nets and add GND traces if sensitive nets are closed.

D300 R304
NP
VDD_STWBC ¥y =R
L caor c302) R303
WF = NP vocoe
fov NP
= xR
usoo
veT C303 100NF
BOOT 7. BOOT | )
[ V] [TXR
R3004.7R
2 HIGHDRV| 8 HDRY 4 Q300
UPBL 24l PwMHI ,> N-MOS
l o STLIONSLLHS
PHASE] 1 PHASE ' BRIDGE_NODE
ca04
DNBL 3 PWMLOI> LOWDRY| 5 LDRY e
X5R
oo E RIOV4TR Q301 =
N-MOS B
MCP 14700« ol STL1ON3LLHS

TP301
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9 Mechanical assembly

9.1 Coil connection

Step 1. Connect each coil according to the following scheme:
—  Coil top and bottom: same direction (CW)
—  Coil center: opposite direction (CCW)

Figure 81. Coil connection

Wires connected to PCB top side

@t
; TahisaBRBHNY X

9.2 PCB mechanical assembly
Use this procedure to insert the plastic pieces between the bottom side nad the PCB.

Step 1. Insert x4 plastic 5 mm columns between the PCB and plexiglass.
Step 2.  Insert x4 M3x16 screws in the countersunk holes.
Step 3. Insert x4 nut M3 on PCB side (on other side).

Figure 82. PCB assembly

1. Plastic column 5mm
2. Screw M3x16
3. Plexiglass 3mm

fﬂ_ ¥ 2

o o 9’! - —
9.3 Coil mechanical assembly

Step 1. Place two 8 cm strips of adhesive tape on the bottom side of the coil plate.

UM2491 - Rev 1 page 71/81
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Top side assembly

Figure 83. Coil assembly - adhesive tape

Double coat acrylic foam adhesive tape
12 mm wide x 0.6 mm thickness

Y

Step 2. Center the coil plate on the plexiglass and press to ensure contact with the adhesive tape.

Note: Once the coil is attached, it is difficult to remove.

Figure 84. Coil assembly - on plexiglass

9.4 Top side assembly

Perform the following actions on the top plexiglass plate that covers the coils.

Step 1. Insert 4 M3x16 screws with countersunk head.
Step 2. Insert 5 mm plastic spacers over the screws.
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’l Final mechanical assembly

Figure 85. Top plate assembly

9.5 Final mechanical assembly
Step 1. Fit the plexiglass plate with the transmitter board onto the cover plate with the scews and spacers.

Step 2.  fasten the 4x 20 mm standoffs onto the screws.

Figure 86. Final assembly

1. 20 mm M3xM3 female/female standoffs
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