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1. Key Features

The Automotive A13 Rev3
(A13_Rev3_SCH-28216_A1,

Al3 Rev3 LAY-28216_A) wireless charging
demo is used to transfer power wirelessly to a
charged device. A charged device can be any
electronic device equipped with a dedicated
wireless charging receiver.

The main parameters of the wireless charging
transmitter (WCT) are as follows:

e The input voltage ranges from 9 V DC to
16 V DC (automotive range).

e The input voltage can drop down to 6 V
DC level during the start-stop function.

e The nominal delivered power to the
receiver is 5 W (at the output of the
receiver).

e Designed to meet the Qi/PMA
specification.

e Working frequency: 110 kHz for
Qi/PMA devices.
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2. Hardware Setup

2.1 Pack content

WCT Automotive A13 board
Power supply connector
Power supply 12V
USB-UART converting board
Touch board

o~ w0 N

Figure 1 Hardware pack contents
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2.2 Board description

The WCT is connected to the system by the main power connector. It comprises the automotive battery
connection (red wire = +12V line, black wire = GND line), the CAN connection (yellow wires), and the
IGNITION (blue wire).

The connectors on the bottom edge of the board provide a JTAG connection for programming and
debugging, 2xSCI for the FreeMASTER tool connection for the debug option and the console connection,
and the temperature & touch sense to sense the temperature and receiver placed on the optional Touch
Board that covers the coils and is the interface surface of A13.

The circuitry on the board is covered by the metal shield to lower the EMI and provide a fixed position for
the coils. The figure below shows the device.

CAN , a | +12V
IGNITION e—— I GND

Metal Shield

NFC
Antenna.

2xSClI  JTAG Temp. Touch Coils connection
Sense Sense

Figure 2 Device
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2.3 Turning on a board
To turn on a board, perform the following steps:
1. Plug power supply 12V to the socket.
2. Plug the power supply connector into the board.

3. Connect power supply 12V and power supply connector.
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Figure 3 Power supply components
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2.4 Hardware setup for FreeMASTER and Console communication
To set up the hardware for FreeMASTER and Console communication, perform the following steps:

1. Download the driver at www.silabs.com/products/mcu/pages/usbtouartbridgevcpdrivers.aspx and
install CP210xVCPInstaller_x86/x64.exe on your computer.

2. Plugthe USB-UART converting board to SCI connector J2. The two MicroUSB connectors are for
different purposes: FreeMASTER and Console.

]

FreeMASTER AR = | Console

Figure 4 SCI and MicroUSB connectors
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3. Application Operation

Connect the demo to the supply voltage +12 VV DC. The WCT starts to send periodically the power ping to
check the compatible device, wireless charging receiver (WCR), placed on the charging surface.

When the Qi/PMA-compliant device is placed on the top of the coils area, the WCT starts the charging
process. If there is no correct answer from the WCR side, the power transfer will not start.

If the WCR answers properly, the power transfer starts. The actual level of the transferred power is
controlled by the WCT in accordance with WCR requirements. The receiver side sends messages to the
WCT through the power magnetic field. If the receiver-side device is fully charged, it sends the request for
power transfer termination. The power transfer is terminated if the charged device is removed from the
WCT magnetic field.

There are two types of Qi WCR devices: Qi_Ver-1.0 compliant and Qi_Ver-1.1 compliant. The main
difference is that the later one provides the information to the WCT about the received power. This
information serves for the Foreign Object Detection (FOD) on the top of the charging surface. The WCT
calculates the difference between the power sent from the WCT and the power received by the WCR. If
the difference is greater than the preset limit, the power transfer will be terminated in short time. The FOD
power limit can be simply set by the application software.
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4. Hardware Description

The following figure shows the block diagram of the automotive wireless charger A13.

Go to the Freescale website to obtain the latest Hardware Design files.

The whole design consists of several blocks, which are described in the following sections.
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System Block Diagram
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Figure 5 Block diagram of the automotive wireless charger A13
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4.1 Input EMI filter

The input connector J1 provides the whole connection to the car wiring. It connects the battery voltage to
the WCT and CAN communication interface. The Ignition signal is reserved if MC33907 is used.

The input filter consists of the Common Mode Filter FL1 and the filter capacitors C1, C3, C4, C14 and L1.

The main battery voltage switch is equipped with MOSFET Q1. This stage is controlled by the main
controller WCT1001A/WCT1003A. The hardware overvoltage protection (more than 20 V DC) is also
implemented by D1 and Q2 to this switch.

4.2 System voltage DCDC and LDO

The 12V Car Battery input is connected to a DCDC U25. Its output is 5 V and supplies LDO U26,
MOSFET Driver, and CAN Transceiver. The 3.3V output of LDO is mainly for WCT1001A/WCT1003A
and other 3.3 VV components.

Mostly the DCDC works at the light-load conditions. High efficiency in light-load is significant important
for this DCDC.

4.3 Rail voltage buck

The Qi/PMA specification for the A13 topology requires the DC voltage control of the output power. The
buck converter provides the regulated DC voltage in range from 1 VV DC to 10 V DC for the full-bridge
power supply.

The output Rail voltage of the buck is controlled by the analog signal RAIL_CNTL generated by the
WCT1001A/WCT1003A controller. The buck is also controlled by DCDC_EN for enabling or disabling,
and is monitored by DCDC_PG for fault detection.

The buck converter uses the automotive grade DC-DC synchronous buck controller followed by the
power stage Q5, Q6, L2. The input and output of the DC-DC converter are blocked by the series of the low
ESR ceramic capacitors.

4.4 Full-bridge and resonant circuits

The full-bridge power stage consists of two MOSFET Drivers, U8 and U9, as well as four power
MOSFETSs, Q13, Q15, Q19 and Q20. The MOSFET Drivers are powered by the stable voltage level 5 V
DC that decreases the power losses in the drivers and MOSFETS. The full-bridge power stage converts the
variable DC voltage VRAIL to the square wave 50% duty-cycle high frequency voltage with the
frequency equal to 110 kHz. The range of the used frequency (105 kHz to 115 kHz) is defined in the Qi
specification for the A13 topology.

The resonant circuits consist of L10, L11, C113, C114, C115, C116, C111 and C112, all of which are
fixed values defined in the Qi specification for the A13 topology. The snubber RC pairs connected in
parallel to power MOSFETS are used to lower the high frequency EMI products. The coil discharge circuit
Q23, R96, R108 is switched ON while the coils are not energized. This circuit maintains energy-free coils
while the power transfer is not active.
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The Current Sense Transformer T1 is used only when Powermat/PMA is employed.

4.5 Demodulation

There is one-way communication between the transceiver side and receiver side. The receiver measures
the received power and sends back to transmitter the information about the required power level. This
message is amplitude modulated (AM) on the coil current and sensed by A13.

There is only one demodulation circuit on A13, which is Digital De-Modulation (DDM) for both Qi
compliant Receiver and PMA Receiver.

The RC circuits (C210, R116, R118, R224), known as DDM, sample the signals from the coil, compress
the signal amplitude, and feed to ADC B-channel of WCT1001A/WCT1003A. The information about the
current amplitude and modulated data are processed by the embedded software routine.

4.6 FOD

Required by Qi V1.1, FOD is introduced into A13. The input power to the full-bridge and output power
from the coil should be calculated.

Current Sensor U21 plays the role of getting the full-bridge input current. The output power of the coil can
be estimated by a specific curve-fitting method.

For details of FOD, see the WCT1001A/WCT1003A Run-Time Debug User’s Guide
(WCT100XARTDUG).

4.7 Coll selection
The Qi specification defines the A13 as the more-than-one coil topology with one coil energized at a time.

The coil selection topology connects only one coil to resonant circuits at a time. The coil is equipped with
the dual N-MOSFETSs, Q9, Q12, or Q16, controlled by the WCT1001A/WCT1003A controller through
the control interface based on the low power bipolar transistors.

4.8 Analog sensing

Some ports of the ADC A-channel of WCT1001A/WCT1003A are used for sensing analog signals, such
as temperature, full-bridge input current, input voltage, and Rail voltage.

4.9 Touch sensing
An accessory touch board is included in the hardware package of A13.

After the Plastic Board is replaced by Touch Board, and TOUCH is enabled in the software, any object
placed on the top of the Touch Board, can be sensed by the WCT1001A/WCT1003A GPIO port. The
GPIO Touch function is based on the capacitance change on the Touch Electrodes.

For a better power consumption, you can use a dedicated Touch Controller to free the
WCT1001A/WCT1003A when waiting for a touch event.
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4.10 Control unit

The control unit WCT1001A/WCT1003A is the heart of the whole application. This controller runs to
code based on the dedicated wireless charging software library. It controls the whole wireless power
transfer and runs other customer's tasks.

The following figure shows the Functional Block Diagram of WCT1001A/WCT1003A. The whole
control consists of several blocks, which are described in the following sections.
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Figure 6 WCT1001A/WCT1003A system functional block diagram

e Touch Sensing: see Section 4.9 “Touch sensing”.

e Power Source Switch: see Section 4.1 “Input EMI filter”.

e SPI Peripheral: used to connect with a SPI peripheral, such as NFC.

e CAN Transceiver: to connect with the CAN transceiver.

e LED: outputs for the signal LEDs.

¢ Analog Signals Input Conditioning: see Section 4.8 “Analog sensing”.
e Demodulation: see Section 4.5 “Demodulation”.

e Inverter Control: see Section 4.4 “Full-bridge and resonant circuits”.
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e Coil Selection: see Section 4.7 “Coil selection”.

e Rail Voltage Control: see Section 4.3 “Rail voltage buck”.

e JTAG: recommended to keep them as JTAG, not to use as GPIO.

e Console and FreeMASTER: serial communication interface for the Console and FreeMASTER.

e Power and GND: VCAP1 and VCAP?2 are used for internal core circuits, requiring external
capacitors.

e Free GPIOs: can be used freely by customers except for ADC input.
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5. Application Monitoring and Control Through FreeMASTER

FreeMASTER is a user-friendly real-time debug monitor and data visualization tool for application
development and information management. Supporting nonintrusive variable monitoring on a running
system, FreeMASTER allows the data from multiple variables to be viewed in an evolving
oscilloscope-like display or in a common text format. The application can also be monitored and operated
from the web-page-like control panel.

5.1 Software setup
To set up the software, perform the following steps:

1. Install FreeMASTER V1.4.4 or later from the Freescale website: freescale.com/freemaster

2. Plug the USB-UART converting board to SCI connector J2, and connect the FreeMASTER
MicroUSB port to your computer.

3. Open the Device Manager, and check the number of the COM port.

A Computer Management E@

File Action View Help

ez | HEE HE & F &S5

_'_&I- Computer Management (Local > 1M Computer = | Actions

4 '[[’__!; System Tools :s /¥ ControlVault Device Besiceiianaces -
> @ Task Scheduler > Disk drives
» §&] Event Viewer b ‘B Display adapters More Actions ’
» @] Shared Folders b - DVD/CD-ROM drives
» &% Local Users and Groups b l':!_wJ Human Interface Devices
. () Performance b -5 Imaging devices
& Jungo

4 torage > I Keyboards

=% Disk Management b ﬂ Mice and other pointing devices
: T Services and Applications » & Monitors

2 ¥ Metwork adapters
a1 Ports (COM 8LLPT)

Dot (1 DT

m

/75 Silicon Labs CP210x USB to UART Bridge (COM3) I

;.
b j Smart card readers

b & Sound, video and game controllers
b 4 Storage controllers

b M Systemn devices

p - ¥ Universal Serial Bus controllers

Figure 7 Device manager

4. Unpack the embedded source code to your local disk.

5. Start the FreeMASTER application by opening:
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¢ MWCT1003A
<unpacked_files_location>/A13/example/WCTxxxx/WCTAutoA13_WCT1003A/WCTAuUtoA13 W
CT1003A.pmp

¢ MWCTI1001A
<unpacked_files_location>/A13/example/WCTxxxx/WCTAutoA13_WCT1001A/WCTAuUtoA13 W
CT1001A.pmp

6. Choose Project —> Options.

P

& WCTAutoAL3 WCT1003A.pmp - FreeMASTER

: File Edit Wiew Explorer | Project | Tools Help
z '] =] "u" H hl . .
EHE IEEI%% ariables L'I
Project Tree Commands...
Reload Symbaol File ctrl=m
=-™8 Power Loss log _
I Select Symbol File... il
----- ¥ input power
JEE Percent Power Used Resaurce Files...
L Power Loss
..... S
s .
-f= Rail Volltage Pl —
=¥ _—
Raw Current |_
ﬁ control caos

Figure 8 Choosing Options
7. Ensure that the correct virtual Port (according to Step 3) and Speed is selected.
[ options

Comm | MAP Files | Pack Dir | HTML Pages | Demo Mode |

— Communication

' Diect R5232| Pot: [COM3 = | J|Siicon Labs CP210x USBto UART Bride

Timeouts... |

" Plug-n Module: LI

LConnect gtring: Idw=D;pt:.rpe=3;pnum=1;devid=F‘EE-EE-528?;;I LConfigure. .. |

¥ Save seftings to project file [~ Save sefttings to registry, use it as default.

—Communication state on startup and on project load
¥ Open port at startup

™ Do not open port at starttup

™ Store port state on exit, apply it on startup

[ Store state to project file, apply upon ts load Advanced... |
ok | Cancel sppy | Hep |

Figure 9 Setting Port and Speed
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8. Ensure that the MAP file is correct. The default directories are as follows:

e MWCTI1003A

<unpacked_files_location>/A13/example/WCTxxxx/WCTAutoA13_WCT1003A/cw10/LD
M_Debug/WCTAuUtoA13_WCT1003A.elf

e MWCTI1001A

<unpacked_files_location>/A13/example/WCTxxxx/WCTAutoA13_WCT1001A/cw10/SD
M_Debug/WCTAuUtoA13_WCT1001A.elf

Comm MAP Files | Pack Dirl HTML Pages | Demo Mode | Views & Bars |

Default symbaol file; .Hmﬂ]\LDM_DEbu‘nWCTAutoA'IB_WCT'Iﬂ[BAeH |I

File format: IEiinaryr ELF with DWARF1 or DWARF2 dbg format. LI Edit | Del |
List of all valid JewlLDM_Debug\WCTAutoA13 WCTI1003A elf MNew..
symbol files:
Del
View |
I MNote: The file selected in the list will be used as default symbol file I

when the project is opened

On Load
[T Letthe user select starting symhol file

[w Synchronize variables each time the symbol file loads

[w List errors (variables using undefined symbaols)
@ Always (" Exceptafter projectload

OK I Cancel Apply Help

Figure 10 Setting the MAP file

If you are not sure whether the .elf file matches the board, you can try another method to connect
FreeMASTER with the board. WCT GUI supports operations without the .elf file. It supports
monitoring the real-time application variables described in Section 5.2 and reading and writing the
application variables described in Section 5.3.

Note: This feature is not enabled in firmware versions earlier than GA3.2.
9. Connect FreeMASTER.
Power on A13, and then start the communication by clicking the STOP button on the FreeMASTER GUI.
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Mew Project
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Figure 11 Stop button

5.2 Real-time application variables monitoring

FreeMASTER enables to

monitor and update all the application global variables. In this application,

several key variables are displayed in the scope windows. The user can observe the following variables in

real time during charging
e Input power
e Power used
e Power loss
¢ Rail voltage

e Raw current

or idle mode:

Particular charts are accessible by clicking on the name of the scope window.

o

E WCTAuteA13 WCTI003A. prmp - FreeMASTER
E Edit View Explorer Project Tools Help
e bl D B ER S | = [ B e

Mew Project

E|'I' Power Loss log

4= input power
A Percent Power Used
45 Power Loss

4= Rail Volltage
455 Raw Current

Figure 12 Real-time application variables
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5.3 Application parameters modification

The application parameters can be easily viewed and changed on the control panel. The control panel
contains the web page elements (buttons, check boxes, text fields) that enable a user-friendly way to
visualize and change the application control parameters.

@ WCTAutoA13 WCTL003A.pmp - FreeMASTER
© File Edit Wiew Explorer Project Tools Help

P e @ E B B S e B) 318 oo i T [P 4 | KD [Tanoma YU LB LU l8 8 [Sl==
|

MNew Project
-5 Power Loss log N

A5% input power WCT GUI for Al._lto A1 3 - :freesca’e‘

e application variables s

____I;I-J"‘Eibzzwerm“ Debug | SyatEnEnama | CoilParams | Calibration NVMraw hex « dec
-

Low: ™ r

435 Rail Voltage
-4 Raw Current Board Config. forall  Read | Write | SetDefault | Control of particular bit
LED configuration
Led 1 On/Off Read | Wiite | % [0x0D FHghom
s | wie| V5 rr

I %e:LED Init State
Expanding the bitfield to : L. LED STANDBY State
view meaning of each bit . LED Power Xfer State
N LED Device Charged State
T S LED FOD Fault State
Read the value from the i HEEEE A
ap:;:;z;lt‘;:a\i::i;zltel; P T— LED Device Fault State
Pt LED System Fault State
s LED NVM Fault State

Led 1 Blinking Read | Write VIW FHgh m -

rrr
Clow # ¥ ¥ ¥ T O [T [T

Value to be read

or written

Figure 13 Application variables

The application variables are divided into three tabs:
e System Params — group of general system parameters
e Coil Params — enables access to the variables related to the coils control

e Calibration — group of parameters for calibration of the input current, input voltage, and foreign
objects detector

The meaning of each parameter is described next to the text field.
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5.4 Debug mode
The most left Debug tab contains the control elements to trigger multiple events manually:
e Key Fob Avoidance Trigger
e Turn on/off the battery switch
e Enable debug mode of the WCT library
e Change coil frequency
e Change rail voltage

o Perform rail voltage calibration, input current calibration, or calibration of Foreign Object
Detector
Before changing the parameters, click Enter next to Debug Mode to put the system to debug mode.

If Touch Sensing is enabled, to avoid putting system to sleep, scroll down to the lower part of the window,
write 255 to byTouchTimeout, touch the Touch Board by finger, and press Enter on the keyboard.

@ WCTAutoAL2_WCTL003A.pmp - FreeMASTER = ECR =
© File Edit View Explorer Project Tools Help
FHDE REE e B 2> 2R w0 R [ $ @A Thom - 12 - [Bl7u 28 [E==
Mew Project =1
£-™% Power Loss log e,
| 5% input power WCT GUI for Auto A1 3 E "fre
. J%% Percent Power |
Debug | System Params | Coil Params | Calibration i NVMraw hex @
Lib Version: Read | Iﬂ.ﬂ.ﬂ' Read library version to check if WCT GUI match the boa
Debug Mode Enter I Exit | This control Enables or Disables Debug Mode
ReadInl, RailU Read |{} In Ul? mV, Inl I? mA , Coil | I?
A e— - . | — - T
4 [ | b
control page I
Variable Watch * 0 X
MName | Value | Unit | Period |;|
| inPower 1] miy 500
| HwConfigOptions 0x0 HEX 500
! i} DEC 500
I bytouchTimeout 255 | DEC 500
I . 15 3 DEC 1000
| wLibVersion 0x3200 HEX 1000
| blowPowerModeEn 0 DEC 1000
| ostaticConf.wctlib_cfg_switch 7 DEC 1000
| o5taticConf.wctlib_cfg_switch.pma_enable 7 DEC 1000
B applic... E\«‘ariabl...l- | gStaticConf.wetlib_cfg_switch.pwrinssdetection 7 DEC 1000 LI
Fo T £ il fm ikt Lik bt k. = | =l Efalalat
Ready R5232;COM3;speed=19200

Figure 14 Setting debug mode
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The following figure shows the Debug tab of the control page. The control elements have the same

meaning as on the previously described tabs.

@ WCTAutoAl3 WCT1003A.prap - FreeMASTER

=8 Eon )

E Edit Wiew Explorer Project Tools Help

L b @D E | B BR & | p BB | e e T[] 4 & L g A2, i Tehoma
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; A% Rail Volitage
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Read Inl RailU

Read

Rail Voltage Calibr.  calibr

Rail Voltage Control  Read | write

WCT GUI for Auto A13

Cail Frequency Set | Off [o Coil Fregency of desired Coil ID{110000 Hz

Coil Discharge On Off |c- Enables or disables Coil Discharge.

Coil Duty Cycle Set | Off [o Coil Duty Cycle of desired Coil IDJS0 %, Note: Frequency
must be set first..

Batery Switch En | Dis This control Enables or Disables batery Switch

DAC Control Write [o DAC output of desired ID50 Counts.

PMAT Switch En Dis This control Enables or Disables PowerMat Switch

Key Fob Avoidance  Read | Write |? This control enables or triggers the keyfob avoidance feature

Trigger —l —l writing one into this control. Writing zero into this control the
keyfob avoidance is disabled or prepared for next trigger.

| Trvinh Tricmar P | | | r— v TP bl b $l fe el e et b e k%
4 1 »

m._ | »

= freescale
semicondueior

Calibration NVMraw hex & dec

This control Enables or Disables Debug Mode.

|0 In Ul? mv, Inl |‘? méA, Coill |‘? mA
In Pl? mw, Tx IOSSI? mw, Out Pl’? mw

This control Calibrate Rail Voltage. Resultis in
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B applicati... | B variable ... ‘MI

Ready

RS232;COM3;speed=19200

Figure 15 Debug tab
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6. Application Monitoring Through Console

The application sends some information and error states through SCI to the console. The information is

sent when the board is turned on, when the device is charging, or in case of some error state.

6.1 Software setup

1. Plug the USB-UART converting board to SCI connector J2, and connect the console MicroUSB

port to your computer.

2. Open the Device Manager, and check the number of the COM port.

» @ Event Viewer
> aa| Shared Folders
» il Local Users and Groups
. (%) Performance
4 torage
=¢ Disk Management
» :: Services and Applications

- B Display adapters
> - DVD/CD-ROM drives

> 5’:‘, Human Interface Devices

- 55 Imaging devices

p ¥ Jungo

» 2 Keyboards

> }3 Mice and other pointing devices
. B Monitors

» -} Network adapters
2 73 Ports (COM &LLPT)

1 2 EE H Ei i‘ii Eii [l DT

‘? Silicon Labs CP210x USE to UART Bridge (COM3)

- | ProTETTT
b -4 Smart card readers

b -% Sound, video and game controllers
b & Storage controllers

b M| System devices

b - ¢ Universal Serial Bus controllers

m

A Computer Management EI@
File Action View Help
e« | HE B HE = F %S
A Computer Management (Local - /M Computer | Actions
P m: System Tools b ='Ir ControlVault Device Device Manager -
y @ Task Scheduler » g Dlisk drives
: More Actions 4

3. Run the communication program supporting console, such as HyperTerminal or RealTerm.

Figure 16 Device Manager

4. The following table shows the communication setup.

Table 1 Port configurations

Port number Serial port from Device Manager
Baud 19200
Data Bits 8
Stop Bits 1
Parity None
Hardware Flow Control None
Display As ASCII
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5. Open the port or start communication, which depends on the used Terminal.

7. Program New Software and Calibration

Freescale provides users a software package, which includes a WCT1001A/WCT1003A project and a Bin
file (.S). Users can flash alternative to the board. After flashing new software, board calibration must be
carried out.

7.1 Install CodeWarrior 10.6 or later
1. Download installation files.

For proper installation of CodeWarrior 10.6 or later, you need to install both CodeWarrior for
Microcontrollers 10.x and CW MCU v10.x Wireless Charging MWCT 1xxx Service Pack,
and make sure that both files are with the same revision.

Access the below webpage and sign in:

http://www.freescale.com/webapp/sps/site/prod summary.jsp?code=CW-MCU10&fpsp=1&t
ab=Design Tools Tab

Click the download button and select 10.6 version in the prompted page.

Sign in and accept the license agreement

Download CodeWarrior 10.6 and CW MCU v10.6 Wireless Charging MWCT1xxx Service Pack
In addition, there are two kinds of CodeWarrior editions:

e Evaluation Software

Evaluation Editions are available for free download and work for a limited time, that is, the
tools should be installed with all the features available for 30 days.

e Special Edition Software

Special Editions are fully functional free download versions of the CodeWarrior Development
Studio with code size restrictions on the build chain.

2. Double-click Setup.exe after downloading.

E com.freescale.meull_G.coldfire.updatesite.zip

E com.freescale.meuld_.dsc.updatesite.zip

E com.freescale.mecull_g.e200.updatesite.zip

& com.freescale.meoull_G.hes8_rsl8.updatesite.zip

E com.freescale.mculd_G.kinetis.updatesitezip

E com.freescale.meull_B.s12z.updatesitezip
Setup.exe

Figure 17 Setup file
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http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CW-MCU10&fpsp=1&tab=Design_Tools_Tab
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CW-MCU10&fpsp=1&tab=Design_Tools_Tab

3. Make sure that DSC is selected.

;«f CodeWarrior Development Studio for Microcontrollers v106 Setup =-| = ﬁ

Choose Components ,,
Choose which features of CodeWarrior Development Studio for Microcontrollers w106 a5 %
you want to install. -

Chedk the companents you want to install and unchedk the companents you don't want to
install, Click Mext to continue,

Select components to install;

[ ] qorivva
[]s122

[ ]so8/Rsoa

Description

Space required: 1015.3MB Adds DSC support: new project wizard, build tools,
debugager, trace and profie.

Freescale Semiconductar, Inc,

<Back | MNext> | | cancel

Figure 18 DSC installed
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4. Click Allow access when the Windows Security Alert dialog box is displayed.

L L] _'nT:-I.-. .

@ Windows Firewall has blocked some features of this program

Windows Firewall has blocked some features of cwidec.exe on all public and private networks.

@ Mame: cwidec.exe
Publisher: Unknown
Path: Ci\freescaleyow mou v 10,68 edipseowidec. exe

Allow cwidec,exe to communicate on these networks:
Private networks, such as my home or work netwark

[] Public netwarks, such as those in airports and coffee shops (not recommended
because these networks often have lithe or no security)

What are the risks of allowing a program through a firewall?

Figure 19 Windows Security Alert dialog box

5. Select Always trust software from “Freescale Semiconductor”, and then click Install.

-
Wind Securi ' I
[57] Windows Security

[

Would you like to install this device software?

- Mame: Freescale Semiconductor, Inc, Metwork ad...
_&_' Publisher: Freescale Semiconductor

Don't Install |

é&lwa}rs trust software from "Freescaleé ’ Install ]
iSemiconductor”,

@ You should only install driver software from publishers you trust. How can [ decide which

device software is safe to install?

Figure 20 Windows Security dialog box (1)
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6. Select Always trust software from “Jungo LTD”, and then click Install.

F ™
[+7] Windows Security ﬁ

Would you like to install this device software?

MName: Jungo
Publisher: Jungo LTD

Always trust software from "Jungo LTD". [ Install ] [ Don't Install ]

@ You should only install driver software from publishers you trust. How can ]
decide which device software is safe to install?

Figure 21 Windows Security dialog box (2)

7. Select Always trust software from “PE Microcomputer Systems, Inc”, and then click Install.

Windows Security u

Would you like to install this device software?

~ Mame: Jungo LTD. Jungo
_&_' Publisher: P&E Microcomputer Systems, Inc.

Always trust software from "PE Microcomputer [ Install l Cion't Install ]
Systems, Inc.".

@ You should only install driver software from publishers you trust. How can I decide which device
software is safe to install?

Figure 22 Windows Security dialog box (3)
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8. Launch CodeWarrior, create a folder workspace, and select it as the default workspace.

ﬁ Workspace Launcher

Select a workspace

CodeWarrior Developrent Studic stores your projects in a folder called a workspace,
Choose a workspace folder to use for this session,

-

Workspace: [\Progra

I Use this as the default and do not ask again I

9. Choose Help —> Install New Software.

-tm_prr-

i_pt

>T

e
p. -

Figure 23 Workspace Launcher dialog box

¥ C/C++ - CodeWarrior Development Studio
File Edit Scurce Refactor Search Project MOQXTools ProcessorExpert Run Window

ke

-

[ —]

& CodeWarrior Projects 5%

File Name

lﬂgl IS4/

Build

£~

Help

N %

1 Check for UEd ates
Install New Software...

Welcome

() Help Contents
@7 Search
Dynamic Help

Key Assist...
Videos...

Tips and Tricks...
Cheat Sheets...

Ctrl+Shift+L

Documentation

Freescale Licenses

About CodeWarrior Development Studio

Figure 24 Install New Software
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10. Click Add and Archive, and then select
com.freescale.mcul0_6.WCT_WCT100x WCT1100x_WCT1200x.win.sp.v1.0.1.zip (CW
MCU v10.6 Wireless Charging MWCT1xxx Service Pack).

¥ Install
Available Software

Mame:
Work with:

Select a site| ¥ Add Repository

Location: http://

=

===

Is

Local...

/=
g with the "Available Software Sites” preferences.

Add

v
1= Recent Places

- Libraries
@ Documents
Js Music
|| Pictures
? Podcasts

B videos

m

¥ Repository archive
mvl . v Computer » Local Disk (D:) » Setup » CodeWarrior » v|¢f|| Search CodeWarrior }J|
Organize « New folder = ~ [ @
& Downloads i Mame Date modified

o hACTLI0 B

5/28/2014 4:42 PM

| com.freescale.mcul0_6.WCT_WCTL00x WCT1100x WCT1200xwin.spv1.0.1.zip

6/3/2014 11:10 AM

Figure 25 Selecting the service pack
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11. Select MCU v10.6 DSC Service Packs, and then click Next.
1 Install =3 EoH ==

Available Software
Check the items that you wish to install,

Work with:  jarfile:/D:/5etup/CodeWarrior/com.freescale.moul0_6.WCT_WCT100x_WCT1100:_WCT1200xwin.spad 0.1 zipl/ - Add...

Find more software by working with the "Available Software Sites” preferences,

|type filter text |

Dame Version
[ 000 MCU v10.6 DSC Service Packs |

SelectAll | | Deselect All 1 item selected
Details
MCU v10.6 DSC Service Packs. Requires previous installation of DSC Support i
Show only the |atest versions of available software Hide items that are already installed
[¥] Group items by category What is already installed?

Show enly seftware applicable to target environment
[¥] Contact all update sites during install to find required software

@ | <Back [ Next> ]|| Finish | [ Cancel

Figure 26 Selecting MCU v10.6 DSC Service Packs

12. Click Next.

¥ Install = o]
Install Details
Review the items to be installed, (
Name Version Id
(it MCU v10.6 DSC Service Pack for DSC WCT WCT100x WCT1100x WCT1200x  1.01 com.freescale.meul0_6.WCT_WCT100x_WCT1100x_ WCT1200x.win.sp.feature.group

Sizes Unknown

Details

@ <Back W Heis || Ensh | [ Concel

Figure 27 Installing the pack
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13. Review the license terms. If you agree with the license terms, select | accept the terms of the
license agreement, and then click Finish.

4 Install =
Review Licenses
Licenses must be reviewed and accepted before the software can be installed, ;

License text (for MCU 106 DSC Service Pack for DSC WCT WCTL100x WCT1100x WCT1200x1.0.1):

IMPORTANMT. Read the following Freescale Software License Agreement ("Agreement”)
completely, By any affirming action by you, you indicate that you accept the terms of this

L4
Agreement and you also acknowledge that you have the authority, on behalf of your company, to
bind your company to such terms. You may then download or install the file.

@ 1 accept the terms of the license agreement

(' I do not accept the terms of the license agreement

@ MNext = [ Finish ] Cancel

Figure 28 Installation finished
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7.2 Board and programmer connection
1. Connect FSL USB TAP ONCE or PnE U-MultiLink to your PC and install the driver.

-

-

Browse For Folder

Select the folder that contains drivers for your hardware.

4 E_’. Prirnary (C:) -
4 | Freescale

4 0 CWMCU V106
4 Drivers

4 ) P&E

4 ) Drivers 11 1 1
‘_',..-FSL USB TAP ONCE

[* 1. osbdm

m

I>| e windriverl

"\ PnE U-MultiLink

Falder: windriver

| ok || cancl

Figure 29 Browse for Folder
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2. Connect the 14-pin debug cable to J4 of the board (notice pin-1 position of cable).

=

Figure 28 Connecting the debug cable to the board

7.3 Program using the project file
1. Drag the .project file to the CodeWarrior Projects.

B C/C++ or De -

File Edit Source Refactor Search Project MQXTools ProcessorExpert Run Window Help

SR R (- M| B g P0G
-

& [E CodeWarrior Projects 52 = 0

2 @a 10 |
lz| & £ |File Name @Ov )l « Al3_GA34_DDMRC3 » A3 b example » WCToox b WCTAutoAL3_WCTI003A » cwl0 »
File Name e —

Organize + D Open Burn MNew folder

>

b ¥ Favorites MName Date modified Typ

| .settings 7/24/20153:24 PM File

I [ Libraries | LDM_Debug 7/24/2015 3:24 PM File

N . Project_Headers 7/24/20153:24 PM File
| Project_Settings T/24/2015 3:24 PM File

| Sources 7/24/2015 3:24 PM File

Utility 7/24/2015 3:24 PIM File

» € Network I | | .cproject 7/10/20155:00 PM | CPR
T .project T 200 210 PRC

ReferencedRSESystems.xml 7/16/2015 3:38 PM XML

Figure 29 Dragging the project file
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2. Choose WCTAuUtoA13_WCT1003A —> LDM_Debug. Select SDM_Debug if the chip is
MWCT1001A.

¥ C/C++ - CodeWarrior Development Studio
File Edit Source Refactor Search Project MQX Tools Processor Expert Run  Window Help

SRAEITE g T Fr w4~
& CodeWarrior Projects 52 = 0
@alc =8 -

File Mame Build

| 2 J
[> %%, Binaries v LDM_Debug
b (& LDM Debug LDM_Release
i+ [= LDM_Release

[» [= Project_Headers
4

4

4

(= Project_Settings
= Sources
(= Utility

Figure 30 LDM_Debug

3. Right-click WCTAutoA13_WCT1003A, and then choose Clean Project and Build Project.

¥4 C/C++ - CodeWarrior Development Studio
File Edit Source Refactor Search Project MOQX Tools ProcessorExpert Run  Window Help

T ] Fr NH-4-
CodeWarrior Projects 57 —=
]
— . New 4
E) 5
File Name Erinim
L4 > ENRGRGRSINETIO0 Gpen in New Window
&+ %z, Binaries

» (= LDM_Debug Index b
& (= Project_ Headers Build Configurations 3
[ (= Project_Settings Make Targets )
4
P

Sources
g Utility Build Project
Clean Project

EECRNN . [

Figure 31 Clean Project and Build Project

4. Power on A13 and choose Run —> Run Configurations.

¥ C/C++ - CodeWarrior Development Studio
File Edit 5Source Refactor Search Project MOQX Tools Processor Expert E_Run Window Help
v | | ~ (o | tActive) | & #|% Run

%, Debug

BE CodeWarrior Projects 52 = 0

laz | = <}==;'> - Run History

File Name . Build —
T Run Cenfigurations...
a1 |

i‘;" Binaries Debug History
Eﬂ; LD‘M_D‘EbUg D‘Ebug Ac

== LDM_Release
(== Project_Headers
= Project_Settings
== Sources

(= Utility

Debug Configurations...

Toggle Breakpeoint
Toggle Line Breakpoint

A A

Trmmmla Antlmd Demalrmmimd

Figure 324 Run Configurations
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5. Select WCTAuUtoA13 WCT1003A_LDM_Debug FSL USB TAP, and click Run.

Select WCTAuUtoA13 WCT1001A_SDM_Debug_FSL USB TAP if the chip is MWCT1001A.
Select PnE U-MultiLink if the programmer is MultiLink.

¥ Run Canfigurations

Create, manage, and run configurations

Debug or run an application to a target.

[E] WCTAutoA13 WCT1003A_LDM Release OSITAG
[E] WCTAutoA13_WCTL003A_LDM_Release_PnE U-MultiLink Broject:
- Launch Group -

TEX| B3k Mame: WCTAutoAl3 WCTL003A_LDM Debug FSL USB TAP
type filter text Main . 6= Argumentﬂ k<3 Debuggar] ) sWr:a] -} Env\mnmanq £l Commen| @ Trace and Pmﬁ@
+ [Gadsiiagia Debug session type
Choose a predefined debug session type or custom type for masimum flexibility
T TV T ROES AT VT TTO0S R T DD e e @ Download Connect
[E] WCTAutoAl3_WCT1003A_LDM_Debug_PnE U-MultiLink ntach  Custorn
[E] WCTAutoAl3_WCTI003A_LDM Release_FSL USB TAP

~ C/C++ application

WCTAutoAl3 WCT1003A

LDM_Debug/WCTAutoAL3 WCTI003A.elf l

» Build (if required) before launching

Application:

+ Target settings

Connection:

=5 WCTAuteA13 WCTL003A_FLASH_LDM_FSL USBE TAP ™ [

Execute initialization script(s)

Execute reset sequence

Filter matched & of § items

Filter by Project:

<
=2 WCTAutoA13 WCTI1003A

T

Apply Revert
® i

Figure 33 Selecting WCTAutoA13_WCT1003A_LDM_Debug_FSL USB TAP
6. Check the status at the bottom right corner, and wait until the programming is finished.

% |GGl #B-ri-=1 X| &G tB-i-= 10

*ttings/Debugger/MWCT1003 . tcl

ProgramingJ Finished

0 0 :
&JDown\oading 45428 bytes..: (19%) == &.

‘tings/Debugger/MWCT1883. tcl

| »

m

4

Figure 34 Programming finished
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7.4 Program using the Bin file (.S)
1. Choose Flash Programmer —> Flash File to Target.

¥ C/C++ - CodeWarrior Development Studio
File Edit Source

ke

% CodeWarrior Projects 33

File Mame

k)

Refactor Search  Project MQXTools  Processor Expert Run

*

[ (active) ML IR

ﬁ;vk an

{no executed task history)

laz | == I sl 1va Open Flash Programmer

Import Flash Tazk

Flash File To Target

Figure 35 Choosing Flash File to Target

2. Click New to create a new connection.

¥ Flash File To Target
Erase and program flash devices.
@ Please create a connection before using the Flash Programmer.,
Connection
Connection: = Edit...
Flash Configuration File
[ '] [Browse...l

Unprotect flash memory before erase

File to Flash

File: | Erowse...
Offset: 0x 0

Save as Target Task

Task Name:

@ Erase Whole Device | | Erase and Program Close

Figure 36 Creating a new connection

Window Help
| v gy
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3. Inthe Name text box, enter a connection name (any name is OK), and click New to create a target.

¥ New Connection = i.
Hardware or Simulator Connection

@ "Connection type" is undefined.

Parent profile: [ vl
Name: WCT-5WTXAUTO-03 USB TAR|

Description:

Template: None ~ | | Apply Defaults

Connection type:

® < Back Next > Finish

Figure 39 Entering a connection name

4. Inthe Name text box, enter a target name (any name is OK but cannot be same with the connection
name), and choose dsc. MWCT10xx -> MWCT1003 from the Target Type drop-down list.

¥ New Connection = '@
Hardware or Simulator Target
€3 "Target type" is undefined.

Parent profile: [ -
Mame: WCT-5WTXAUTO-03

Description:

Template: Mone = | | Apply Defaults

Target type: » Edit...

[ decMC5EF8 500 -
[ decMCSEF8Y N0
4 dec MWCTIMor

RAWCTL000

hAW T 1000

MWCT1003
VWY A,
@ MWCT1200 <

Figure 37 Choosing MWCT1003

m
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5. Select Execute reset and Initialize target, set the initialization target file path to the CW
installation folder, and then select MWCT1003.tcl.

¥ New Connection Lo sl

Hardware or Simulator Target

Configuration for a hardware-based or simulated target.

»

Parent profile: | —
Marne: WCT-5WTXAUTO-03

Description:

Template: MNone - | | Apply Defaults

Target type: | MWCT1003 - 3

itialization || Memory |

Execute reset

[] Run out of reset

I Initialize tarﬁEt:II Ch\Freescale\ CW MCU v10.8\MCUNib\wizard_data\DSC\DataBase\init_files\MWCT1003.tcl B

@ < Back Ned> | [ Finish ]| Cancel

Figure 38 Executing reset and initializing target
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4
6. Click the Memory tab. Select Memory configuration, set the memory configuration file path to

the CW installation folder, and then select MWCT1003.mem. Click Finish.

¥ New Connection e

Hardware or Simulator Target

Configuration for a hardware-based or simulated target.

»

Parent profile: x| —
Marme: WCT-5WTXAUTO-03

Description:

Template: MNone = | | Apply Defaults

m

Target type: | MWCT1003 -

Initializationl] Memory

I Memary configuration:  C:\Freescale\CW MCU v10.8\MCUNlib\wizard_data\DSChDataBase\mem_files\WMWCT1003.mem

1

< Back MNext > I| Einish Cancel

Figure 39 Memory configuration
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7. Select USB TAP for the Connection type, and then click Finish.

8.

¥ New Connection =
Hardware or Simulator Connection
Connection configuration for a hardware-based or simulated target.
Parent profile: = =
Name: WCT-5WTXAUTO-03 USB TAP
Description: |
Template: None * | [Apply Defaults
Target: B wcr-swixauto-az - Edit. ||  New. |

Connection type ‘_

[ Connection ] ﬂdvanceci]

USB TAP
[7] USB serial number

BDM settings

Figure 40 Setting the connection type

Set the .S file to be File to Flash. Select Save the Target Task for future programming.

Power on A13 and click Erase and Program.

ﬁb Flash File To Target

Erase and program flash devices.

Simplified user interface for Flash Programmer

Connection

Connection: | < WCT-5WTXAUTO-03 USE TAP 7 Edit... l [ New... ]
Flash Configuration File

[MWCTL003.xmi ~ | [Browse..|

[T Unpratect flash memory before erase

File to Flash

File: IC:\Workspace\AB_GAB.4_DD|VI_RC3\Bin\WCTAu‘toAlB_WCTlDﬂBA.eI‘F.S Browse...

Offset: 0x 0 File size is 0x185bc bytes

Save as Target Task
Task Mame: A13-03

@ [Erase Whaole Device] [ Erase and Program ]

Close

Figure 41 Erase and Program
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9. Select the task path to save the task.
ﬁ Save Resource

Store Task

Do you want to store this task to an external file?

2 Save to file

Task Path:  C:\Freescale\Flash

Workspace...] [File System...] [ Variables... ]

[T Do not ask me again for this task

@ [ ok |[ cance |

Figure 42 Selecting the task path

10. When program is finished, the Console window displays the following log.

{21 Problems & Console 52 | @) Target Tasks

Flash Programmer Console
File is of type Motorola S-Record Format.

Programming ...

i yta to be programmed in selected flash memory range.
Program Command Succeeded
|

Figure 43 Programming finished log

11. For future programming, just select A13-03 and wait until the programming is finished.

ﬁ CfC++ - CodeWarrior Development Studio
File Edit Source Refactor S5Search Project MQXTocols Processor Expert Run Window Help

okl | IR — Fr NBrac v
fg CodeWarrior Projects 532 =
EEEY
File Name “ Build Open Flash Programmer

Import Flash Task
Flash File Te Target

Figure 44 Future programming
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7.5 Board calibration

Freescale provides the FreeMASTER GUI tool for calibration. For board calibration, see the
WCT1001A/WCT1003A Run-Time Debug User’s Guide (WCT100XARTDUG).
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8. Software Description

8.1 Software overview

8.1.1 Directory Structure
The following figure shows the directory structure of the whole WCT100xA_A13 V3.x distribution.

4 | WCT100xA_A13 V3.2

4 | M3 # A13 related application part

4 |, Bootloader. # SCl based bootloader
WCT1001A_Bootloader

WCT10034A_Bootloader

4 example

» Application examples
FreeMASTER =———————» FreeMaster source code

4 User_Interface ————p Source code for user interfaces

CAN *CAN Inteferce
LED_NVM_Selectable————= | ED Interface

temperature ————————e Temperature Sensor Interface
Ts5 # Touch Sensor Interface
4 || WCTxox » CodeWarrior Projects
4 ) WCTAuteA13 WCT1001A
cwll
4 ) WCTAuteA13 WCT1003A
cwll

4 lib

# Library related callbacks and drivers
AUTO_A13 ————= Library callbacks

4 HAL + Hardware abstract layer for WCT100xA
4 wetl001a
msCAN
wetl003a
Bin » Images of application examples
4 |, WCTLib #A13 related library

hdr

Figure 45 Directory structure of the whole WCT100xA_A13_V3.x distribution

8.1.2 CodeWarrior Projects

There are four CodeWarrior projects in the package. The following figure shows all the four projects in
CodeWarrior GUI when all of them are imported.
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?3 C/C++ - CodeWarrior Development Studio
File Edit Source Refactor Search Project MQX Tools Processor Expert Run  Window Help

|=: - | ﬁ_ - 0-|-0 [Acti\re] - ﬁ g - f}: - \\\ \)’I' - - - - - =
@) CodeWarrior Projects 52 5= 12, | = G.:(} File Name = .
File Name : Build

- =5 WCT1001A Bootloader : FLASH SDM — . Bootloader project for wet1001A
. == WCT1003A_Bootloader : FLASH_SDM Bootloader project for wet1003A

. == WCTAutoA13_WCT10014 : SDM_Debug »A13 project forwct1001A
. 25 WCTAutoAl3 WCT1003A : LDM Debug —» A13 project for wct1003A

Figure 49 CW projects

Combined with different program models and different user cases, multiple build configurations are
predefined in respective projects.

There are two program models provided for WCT parts.

e Small Program Model: The compiler generates a more efficient switch table, when the code is in
the range 0x0-OXFFFF. This model is more efficient, but the code size is limited to 64K words.

e Larger Program Model: Extends DSP56800E addressing range by providing 24-bit address

capability to instructions. That allows user accesses beyond the 64K-word boundary of 16-bit
addressing.

For WCT1001A, there are two build configurations:
e SDM_Debug: Small Program Model, including code for debugging.

e SDM_Release: Small Program Model, excluding debugging code to save memory size.
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Figure 46 WCT1001A build configuration
For WCT1003A, there are three build configurations:
e LDM_Debug: Large Program Model, including code for debugging.
e LDM_Release: Large Program Model, excluding debugging code to save memory size.

e NFC_LDM_Debug: NFC dedicated build configuration. Large Program Model, including code
for debugging.
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Figure 47 WCT1003A build configuration
8.2 Functional description

8.2.1 Touch function
Two types of touch sensing are supported.
e Using a touch sensor

0 An external touch sensor is used for sensing touch. When touch is detected, the MCU is
woken up by the sensor and starts to send out ping signals.

o0 This type is only supported by the revision 2 board.
e GPIO touch

0 A GPIO and a timer of MCU are used to sense the capacitance change. The MCU will do
this measurement in a specified interval. When the capacitance change exceeds a specified
threshold, the MCU starts to send out ping signals.

0 This type is only supported by the revision 3 board.

Table 2 Touch functions

Configurations Default value Location Description

TOUCH_USED FALSE application_cfg.h Enables or disables the function. Set TRUE to
enable it.
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GPIO_TOUCH

TRUE

application_cfg.h

Selects the GPIO touch method. Set TRUE to
select it.

MPR_TOUCH

FALSE

application_cfg.h

Selects the touch senor method. Set TRUE to
select it.

TOUCH_TIMEOUT_MS

3000

application_cfg.h

Timeout for touch sensing. The unitis
millisecond. During this time, the system is
active to communicate with the receiver. If there
is not any communication set up during this
time, the system will enter standby mode, and
touch sensing will start to monitor the touch
pad.

TOUCH_TIMEOUT_PE
RIOD_MS

100

application_cfg.h

Counting unit time for TOUCH_TIMEOUT_MS.

TOUCH_TIMEOUT_CN

TOUCH_TIMEO

application_cfg.h

Counting counter for TOUCH_TIMEOUT_MS.

_RATE_MS

T UT_MS/TOUCH
_TIMEOUT_PE
RIOD_MS
GPIO_TOUCH_SENSE | 500 application_cfg.h GPIO touch sensing interval. The unit is

millisecond. The system measures the
capacitance of the touch pad by this interval.
Decreasing this value can increase the touch
response rate, but the standby power will also
be increased.

8.2.2 LEDs indications

LED configurations are defined in application_cfg.h.
Table 3 LED configurations

Configurations

Default value

Location

Description

USE_ONE_LED_CHANNEL_ | TRUE application_cfg.h Configures the LED channel. When it is set
PER_DEVICE to TRUE, the LED channel is equal to the
device number. When it is set to FALSE, the
LED channel is equal to the coil number.
LED_PORTS GPIOE_DR,G application_cfg.h Configures the GPIO data register for all the
PIOF_DR LED ports.
LED_BIT_MASKS 0x01,0x08 application_cfg.h Configures the GPIO bit for all the LED

ports.

TIVE_HIGH

LED_PIN_ASSIGNMENT_AC | O

application_cfg.h

Defines the polarity for each pin assignment.
1" indicates that high is active, '0' indicates
that low is active.

NUM_LED_BINS

application_cfg.h

Defines the number of LED bins.

LED_PIN_ASSIGNMENTS

application_cfg.h

Defines which LED bins use the alternate
pin assignment. Set it to '0' for STANDARD,
and set it to '1' for ALTERNATE.
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LED_CONTROL_VIA_NVM_I | 1 application_cfg.h Defines which LED bins use NVM to define
NIT functionality. Set it to '0' for ROM Table
Defined, and set it to '1' for NVM Defined.

NVM_LED_MATRIX - application_cfg.h Defines LED functionality by ROM Table.

Each LED function defined in NVM can be configured by FreeMASTER.

Each LED has two display patterns, ON/OFF and blinking. On the System Params tab, configure the
state to enable the corresponding display pattern for each LED.

; Debug | System Params | . Coil Params | . Calibration | ; NVMraw hex @ dec
Board Config. forall  Read | Write SetDefault
LED configuration
Led 1 On/Off Read | wite| W[noo DOHoh 0D DO 0000
Olow: OO0 OO MMMOM
Led 1 Blinking Read | Write V|ux1Fo OHgh OO OOOOO
J Olow: M M ¥ &M OO OO
Led 2 OniOff Read | wiite | ¥ [0x36 OHgh OO OOOoQoogo
J OLlow: OO MMOMBMIO
Led 2 Blinking Read | wite| W [wico DOHogh 0D DO OO0
Olw: MM OOOOODO
Figure 48 LED configuration

Select High or Low. Several states are displayed. Select the corresponding bit to enable the LED to work
in that state.

Debug i System Params i Coil Params | Calibration i HVMraw hex e dec ()

,-

Board Config. forall  Read | Wit | SetDefault |

LED configuration
Led 1 On/Off Read | write| ¥ [ox0D 'HighID

O
: “«:LED ON State
: “eenensLED OFF State
feesesenaresReserved
weasssssnssssnss Regeryed
sessssnsnnsnnsnnses Bogopsad
------------------------ Reserved
............................ Reserved
sssens Reseryed
9T

O
O
O

----------.[]

sessssssssnsnnnnnnnnnni[ |

Low:

: «LED Init State

: =-------LED STANDBY State
teennnnnnnns | ED Power Xfer State

P Seeenemnenen LED Device Charged State
Sessssssssssnnsnnnss| ED FOD Fault State
------------------------ LED Device Fault State
---------------------------- LED System Fault State
sssses ED NVM Fault State

GEssssssssssssERsEsRRnEnEnE []

Figure 49 LED bit configuration
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8.2.3

8.24

FreeMASTER function

FreeMASTER is supported. The following configuration is used to enable or disable it.

Configurations Default value Location Description

FREEMASTER_USED TRUE application_cfg.h Enables or disables the function. Set
TRUE to enable it.

Low power mode implementation

Low power mode is supported. There are three methods to implement low power mode:

GPIO touch

o Inthe GPIO touch measurement interval, the MCU will enter LPSTOP mode and Vrail will
be turned off.

Touch Senor

0 Inthis method, the MCU will keep in LPSTOP mode and Vrail will be off until the MCU is
woken up by the touch senor.

Analog ping

o Inanalog ping interval and digital ping interval, the MCU will enter LPSTOP mode and
Vrail will be turned off.

Table 4 Low power mode configurations

Configurations Default value Location Description
LOW_POWER_MODE_SUPPO | FALSE application_cfg.h Enables or disables low power mode. Set
RTED TRUE to enable it.
LOW_POWER_MODE_BY_TO | FALSE application_cfg.h Selects TOUCH as low power mode
UCH implemented method. Set TRUE to

enable it.
LOW_POWER_MODE_BY_AN | TRUE application_cfg.h Selects Analog Ping as low power mode
ALOG_PING implemented method. Set TRUE to
enable it.
ENABLE_NFC_LOW_POWER_ | TRUE application_cfg.h Enables or disables the low power mode
MODE of the NFC chip. Set TRUE to enable it. If

the chip is not placed on the board, set it
to FALSE. If NFC Stack is used, set it to

FALSE.
ENABLE_DSC_LOW_POWER_ | TRUE application_cfg.h Enables or disables the low power mode
MODE of the WCT chip. Set TRUE to enabile it.
VRAIL_RESTORE_TIME_MS 5 application_cfg.h Time for Vrail to restore from OFF to ON.
The unit is millisecond.
SYSTEM_RESTORE_TIME_M 10 application_cfg.h Time for the system to restore from STOP
S to RUN. The unit is millisecond.
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OLD_MS

ENTERN_LP_MODE_THRESH

15

application_cfg.h

Time threshold for the system to enter low
power mode. The unit is millisecond. If
the idle time is larger than this value, the
system will enter low power mode.

The following table lists the power consumption data of WCT1003A in various low power methods.

Table 5 Power consumption data

Low power method

GPIO touch

Touch sensor

Analog ping

Conditions

500ms refresh rate;

One timer is running in

stop mode;

NFC in hibernate mode;

Rev D Touch pad

All peripherals of
MCU are off;

NFC in hibernate
mode;

Rev D Touch pad

400ms ping interval;
NFC in hibernate mode;
Plastic Cover

Measured Mean Standby
Current

3.6mA@12V

24mA@12V

17.8mA@12V

The following table lists the comparison among different low power methods.
Table 6 Comparison among different low power methods

Low power methods GPIO touch Touch sensor Analog ping
Standby Power High Low Highest
Cost Low High No extra cost
Response when Rx placed Low Fast Fastest
Noise No No Some noise is caused by Buck circuit that is
switched on/off frequently

8.2.5 Temperature sensor support

Temperature Sensor is supported. The following configuration is used to enable or disable it. The
temperature sensor can be used to implement temperature protection for the whole system. When the
temperature is higher than a specified threshold, the wireless charging function is disabled. When the

temperature falls to a normal range, wireless charging can be restored.

Table 7 Temperature sensor configurations

Configurations

Default value

location

Description

TEMPERATURE_USED

FALSE

application_cfg.h.

Enables or disables the touch function.
Set TRUE to enable it.

OVERTEMP_WARNING

ADC count at 60°C

temp_sense.h.

Temperature for warning.

OVERTEMP_SHTDN

ADC count at 80°C

temp_sense.h.

Temperature for shutting charging down.
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OVERTEMP_HYSTERSIS | ADC count at 70°C temp_sense.h. The temperature for hysteresis.

The following figure shows the temperature protection state transitions.

80°C, Shutdown:

Stop charging,

60°C, Waring:

Charging

70°C,Hystersis:

Restore charging

Figure 50 Temperature protection state transitions

8.3 Protection mechanisms

The following table lists the protections that can be implemented.
Table 8 Protection mechanisms

Protection Default limits Description
Input Power 12000 mW Library implemented. If the input power exceeds the limit, charging will be
turned off for 5 minutes. The limit value can be changed in NVM
parameters.
PowerSupplyVoltage User define Application implemented. Users can get the input current by calling API:
WCT_AnalogloGetPowerSupplyVoltage(), and then do proper protection.
Input Current User define Application implemented. Users can get the input current by calling API:
WCT_AnalogloGetinputCurrent(),
then do proper protection.
Rail Voltage User define Application implemented. Users can get rail voltage by calling API:
WCT_AnalogloGetRailVoltage(), and then do proper protection.
Temperature Warning: 60°C Application implemented. See Section 8.2.5
Hysteresis: 70°C
Shutdown: 80°C
FOD Power Limited: 600 | Library implemented. If NPLoss exceeds the limit, charging will be turned
mwW off for 5 minutes. The limit value can be changed in NVM parameters.
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9. System Bring Up

9.1 Ping sequences

When low power mode is disabled and no receiver is placed on the charging surface, the ping sequence is
as follows:

Digital ping will appear at about every 5 seconds and the analog ping will appear at about every 400 ms.
There will be 12 to 13 analog ping between two digital pings.

The following figures show the PWM waveforms of the ping sequence and ping patterns.

Figure 51 Digital ping interval
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Figure 53 Digital ping pattern
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Prelu

9.2 Debug messages

The system is able to print messages from a specified SCI port to inform users about what happened in the
system. That may be helpful for users to understand the system working procedure and debug issues.

] -|,- 'ir...a..-p.w,lpt'-w:vhlﬁwﬂl.m h..lwlp_;\,l_uﬁ.ﬂr.',t:uduﬂ"q'.l;.l:l.qnmpin}-.mml}‘a:rmw .ls—uwlu-l'l:.

Figure 54 Analog ping pattern

Displays the PMA communication symbols received

Linked

Table 9 PMA communication symbols

Value Symbol Signal name
0 Reserved Reserved
1 S1 PMA Decrease
2 S2 PMA Increase
3 S3 PMA NoChange
4 S4 PMA EOC
5 S5 PMA Msgbit
6 S6 TBD

Message: EPT: <string>
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Displays the end of power transfer reason

Table 10 End of power transfer reason

String Meaning
CHGD Received EPT packet with reason code: Charge Complete
FAULT Received EPT packet with reason code: Internal Fault
ovs Received EPT packet with reason code: Over Voltage
OTS Received EPT packet with reason code: Over Temperature
ove Received EPT packet with reason code: Over Current
BAT Received EPT packet with reason code: Battery Failure
RECONF Received EPT packet with reason code: Reconfigure
NO RESP Received EPT packet with reason code: No Response
UNKWN Received EPT packet with reason code: Unknown

Message: ~ <coil>: CEP Timeout

Prints information when control error packet times out, either because of communication demodulator
failed or RX removed

coil: coil ID

Message: ~ <coil> : R <rail voltage> D <duty cycle>E <reported error>
Prints information during PID control

e coil: coil ID

e rail voltage: active rail voltage value

e duty cycle: active duty cycle value

e reported error: control error packet value

Message: PWR <coil> <received power>
Prints the RX received power
e coil: coil ID
e received power: received power packet value
Message: Max Input Power (<power threshold> mW) Exceeded: <real power> mW
Prints information when input power protection occurs

e power threshold: preset threshold for input power
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e real power: calculated input power

Message: CHG <coil> <percent>
Prints RX charge status with information received from the charge status packet
e coil: coil ID

e percent: percent of power charged at the RX side

Message: PROP <coil> <packet type>
Prints information proprietary packet type received.
e coil: coil ID

e packet type: proprietary packet type received

Message: PKT: <type>, DT: <data>
Prints information received data packets from the Rx.
e type: packet type

e data: packet data
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