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Figure 1 WCT_AL11 reference board
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2 System Features
The WCT_A11 reference board has these features:

Reference design that is compliant with low-power WPC Qi version 1.1 specification
Integrated digital demodulation in chip

Supports multiple types of Rx modulation signals (AC capacitor, AC resistor and DC resistor)
Supports FOD and supports four types of Foreign Object protection

Supports Resonance Shift FOD (RS FOD)

Supports the Qi 1.1 receiver with 5 V DC@1A output power capability

Super low standby power

Full bridge topology with the fregency modulation power control strategy

LED for Rx and Tx alignment indication

Input voltage/current, coil current sensing for protection

FreeMASTER GUI tool to enable customization and calibration

3 Package Checklist

Table 1 Package checklist

Name Count

A1l Tx board with Tx coil

JTAG/UART debug board and cable

5V/2.4A DC power adapter

4 System Block Diagram

A1l Tx runs with Rx as shown in this figure to transfer power from the primary to the secondary side.

Base Station Mobile Device

Transmitter Receiver

<y | Control |, | Comm Comm |, | Control | |,
LI
> Power Converter § g Power Pickup |:>

Load

Figure 2 Wireless Charging system overview

Get WPC Qi information from: www.wirelesspowerconsortium.com/developers/.
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5 Hardware Description

5.1 Reference board block diagram

External
touch
PAD

Touch

Sensor
Input Current RC Circuit for
ol WCT1000 Coil Current

Input Voltage
PWM
. - Circuit o
Drive Circuit
A
Sampling Circuit l A1 Coil
Full Bridge Power

Circuit P
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Figure 3 WCT_A11 board block diagram
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5.2 Modules explanation

Sensing Circuit

FB inverter
Input5VDC—p | BT e B
1 . =
10 W= ] » -
= e flly 4 ¥ -
= o haas » b —_—
34 30 2 g
SRl s e
(W B B in = To the coil
AUX power Ty e iy N %
» =
Tore ity k. < —
? Yo - ]
TR » 95 & »‘—'LE
8 » 03 xz
::' Pl el - t?l! i
-"“dl 5‘\‘“" { _2' - £y .
L ) )
WCT1000 iz - TS ) @
: t@ pedisEdi2cdl | ‘ :. 1 (L Svolu )
ot ot R 1 ?E&'::géf ] Touch sensing
£ . | : a d | module
i STETTRER
i
JTAG Debug board connector To External Touch PAD
Figure 4 WCT_A11 board modules overview
e Controller
Freescale WCT1000 chip is the central controller of the WCT_A11 board. It has rich I/O
modules with low power consumption. It processes communication signals, controls power
transfer start/stop, and controls a full bridge PWM inverter for output power control.
These are the 1/0 modules used in this application:
o Two PWM channels for full bridge DC/AC inverter control
WCT1000 A1l Reference Design System User’s Guide, Rev. 3.3, 09/2014
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Three Timers for system timers and communication

ADC for input voltage and current, coil current sampling

GPIOs for pre-drivers control, low power, and LED control

SCI for serial port debugging
o 12C for touch sensor MPR121 control

e Inverter
The full bridge PWM control inverter converts 5 V DC input voltage to a higher AC voltage.
The PWM frequency follows the WPC Qi specification, in the range of 110 KHz-205 KHz.
The PWM duty is 50%, and starts duty control (50%-10%) when frequency is 205 KHz.
Lower frequency gets a larger output power.

Input voltage range: 4.5-5.5V DC
Output voltage range: 5-20 V AC

e Communication
The communication of 2 kbps signal is demodulated from high frequency coil current AC
signal (110 KHz-205 KHz). The RC sensing circuit gets resonant coil current and inputs to
ADC for sampling. Digital demodulation module processes the input samples and extracts
communication packets.

e Touch sensing for low power mode
The board supports super low power mode with Freescale touch technology. When it is not
charging, the controller shuts down the analog circuit power and activates the MPR121 touch
sensor. WCT1000 runs in the LPSTOP mode to wait for the wakeup signal from touch. The
user should connect an external electrode (placed around Tx coil) to TP28 or J2 on the board to
enable touch. For details about the MPR121 sensor, navigate to freescale.com and search for
“Touch Sensors”.

O O 0O ©°
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6 Getting Started

Freescale provides a SW package to modify WCT_A11 functions. The user can modify the system
parameters or configurations to maintain system functionalities. For example, when either the Tx coil or
main power components are changed, the user should calibrate to start the FOD. This document describes
the basic debugging environment on WCT1000. For A1l software details, see the WCT1000 TX Library

User Guide (WCT1000LIBUG).

6.1 System developing environment

Tx board debugging uses CodeWarrior and the FreeMASTER tool.

1. Set up the debugging connection as shown in Figure 5. The debugger and debugging board is

between the PC and Tx board.

2. Connect a debugger (USBTAP or P&E-Multilink FX) to the JTAG port of a debugging board, and
connect the debugging board to a Tx board through a 14-pins cable.

Figure 5 shows the connection and Figure 6 shows the real image.

CodeWarrior/FreeMASTER

usB 1

/ USBZUART\

Debugging
board

\ USB TAP /

P&E Multilink

JTAG

Adapter

——JTAG/UART—

=]

4

Receiver Device with "Qi"
logo

Freescale Low Power Wireless Transmitter

Figure 5 Debugging connections
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FreeMASTER

USB TAP

Debugging
board

5VI2.4A
DC adapter

WCT_A11
board

FSL Rx
board

Figure 6 Developing environment

For details about the USB TAP debugger, see freescale.com and then search for “USB TAP for Once
DSC”.

For details abut the P&E-Multilink FX debugger, see freescale.com and then search for

“U-MULTILINK-FX”. It will take you to the “U-MULTILINK-FX: Universal Multilink FX High-Speed
Development Interface” page.

WCT1000 A1l Reference Design System User’s Guide, Rev. 3.3, 09/2014
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6.2 Downloading and debugging firmware with CodeWarrior 10 IDE

6.2.1 Connecting the JTAG debugger

After CodeWarrior version 10 is installed, connect the Freescale MCU JTAG debugger, USB TAP, or
P&E Multilink to the A11 board. The cable plug-in direction is shown in these figures.

USB to PC

AC 110/220V

Debugger board J5 pin #14 —
- Al1 board J4 pin #1

Figure 7 Debugger connections
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When the debugger is plugged onto the PC, the device can be found in Windows “Device Manager”, as

shown in these figures.

USB TAP

5, Device Managen
File Artion Yiew Help

mEE 2N

P&E Multilink

£, Device Manager
File  Action  Yiew Help

oS PE A =RE

= g B38910-01
+ ﬁ, Batteries

+ g Computer

+- B Controlvault Device

+- e Disk drives

¥ @ Display adapters

+, DVD/CO-ROM drives

+- &g Human Interface Devices
+-E@ Jungo

+- 1 Keyboards

- ") Mice and other pointing devices

+- & Maoritors

+- B8 Network adapters

+- I Portable Devices

#- f Ports (COM & LPT)

* ﬂ Processors

+ g SCSTand RAID controllers

4 Smatk card readsrs

+- %), sound, viden and game contralers
+)-2ge Storage volumes

#- ' System devices
+ Universal Serial Bus controllers

B38910-01
[ a Batteries
- I Camputer
- E8 ContralVaul Device
+]-ge Disk drives
i § Display adapters
[+ k DVDJCD-ROM drives
1 Human Interface Devices

BB WinDriver
-4z keyboards
-1 Mice and other pointing devices
- % Manitors

+- B8 Network adapters

-l Portable Devices

- Ports (COM&LPT)

-9 Processars

0 g 5C51and RAID controllers

0 Smark card readers

- @), Sound, wideo and game contrallers
[+l Storage volumes

+ System devices
+ Universal Serial Bus controllers

Figure 8 USB TAP debugger plugged in Figure 9 P&E multilink debugger plugged in
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6.2.2 Downloading an existing WCT1000 project with CodeWarrior version 10
To download an existing WCT1000 project with CodeWarrior version 10, perform these steps:
1. Set the CodeWarrior version 10 Workspace.

Open CodeWarrior version 10, and set the workspace to WCT1000 example project, wpt-tx.

* Workspace Launcher

Select a workspace

Codstartior Development Studio stores your projects n a folder caled a workspace.
Chasse a warkspace Falder b Use For this sessian.

Workspace: |D:\user

[[Juse this as the defaul

[ Sourcelnsight
122 sper
System Wolume Information
(2 Temp
1) Test
23 Toals
(2 TrainninglMaterial

Folder:  |User

[ make mew Foider | {[_ok | cancel |

Figure 10 Setting the CodeWarrior version 10 workspace (1)

CodeWarrior Development Studio

() Mew Project Wizard What's New Procuct
@4 Example Projects 8 Web Resources Service Packs, Updates, Patches
' Geto Werkbench 4 Tuterials
-
=4 ;
= freescale
CodeWarrior

Figure 11 Setting the CodeWarrior version 10 workspace (2)
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2. Update the MWCT1xxx service pack.
a. Download the CW MCU v10.5 Wireless Charging MWCT1xxx Service Pack:
b. Go to freescale.com and search for “CodeWarrior for MCU 10.5 Updates”.
Install the service pack in CW10:
d. Select “Help —> Install New Software” from the tool bar.

o

r nl
B Install o o
Available Software
Select a site or enter the location of a site. \9‘—
. 8 =
Wark with: - Add...
Find more software by working with the "Available Software Sites” preferences.
type filter text
Name Version
[T (D There is ne site selected.
Select Al | | Deselect All
Details
Show only the latest versions of available software [7] Hide items that are already installed
Group items by category What is already installed?
] Show only software applicable to target environment
|| /| Contact all update sites during install to find required software
I
I @ < Back Next > Finish

Figure 12 Updating the MWCT1xxx service pack (1)

e. Select “Add —> Archive” to set the path of the upgrade patch.
¥ Add Repository ||

Location: jarfile:/C:/Users/bd6685/Desktop/com.freescale.meull_5

@ ok || cance |

Figure 13 Updating the MWCT1xxx service pack (2)
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f. Select “MCU v10.5 DSC Service Packs” and click “Next” to install the patch.

-
3 Install

vailable Software a’g

Check the items that you wish to install,

Work with:  file:/D:/workspace/MCU/MCU_SP/com.freescale mcul0_5.MWCT100x_MWCT1101_MWCT1200.win.sp/buildRepo - n Add...
Find more software by working with the "Available Software Sites” preferences.

type filter text
MName Version
|>UU MCU v10.5 DSC Service Packs
SelectAll | | Deselect Al 1 item selected
Details
Show only the |atest versions of available software ["] Hide items that are already installed
[7] Group items by category What is already installed?

[ Show only software applicable to target environment

| [¥] Contact all update sites during install to find required software

| @ e O

Figure 14 Updating the MWCT1xxx service pack (3)

g. Restart Code Warrior10 automatically after installation is completed, and then the
MW(CT 1xxx Service Pack can be used.

WCT1000 A1l Reference Design System User’s Guide, Rev. 3.3, 09/2014
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3. Import the project.

a. Right-click in the “CodeWarrior Projects” window and choose “Import” to import an
existing project, as shown in these figures. If the “CodeWarrior Projects” window is not
displayed, open it through Window —> Show View —> CodeWarrior Projects.

2 C/C++ - CodeWarrior Development Studio

File Edit Search Project Run MO Tools  Processor Expert W

9~ S g e '

O Codewarrior Projects 53 =B
EEEY: -
File: Fame: Build

2 Import
Select
E\A ]
Create new projects From an archive file or direckary,

Select an impork source:
== General

Fxisting Projerts inbn Workspare

= -
L preferences
= Cjc++

= Code'Warrior
= Companent Developrent Environment
= s

(= Instal

[ Processor Expert

(= Run/Debug

(= Software Analysis

(= Team

(= Other

0 oo D e

Figure 16 Importing a project (2)
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b. Select the project directory, as shown in these figures.
B Impor (= [@ =]
Import Projects @
-

Select a directory to search for existing Edipse projects.

(@ Select root directory: (| Browse.. [J
71 Select archive file: | | Browse... |
Projects:

- Browse For Folder E

Select root directory of the projects to impart

b gt
[+ 1) .metadata
[= . Remotelaunch
. RemoteSystemsTempFiles

‘1[1 WCT1000 A11 VEED

= 1 example
[] Copy projects into 4 | lib

Working sets ) HAL
Add project to w

Folder: WCT1000_A11_ V3.3

Make Mew Folder 0K Cancel

Working sets: |

@ [ <Badk | mext> || Finsh || cancel |

Figure 17 Importing a project (3)
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c. Select the project found by CodeWarrior version 10.

= Import
Import Projects
Select a directory to search For existing Eclipse projects, / ]
-
() Select rook directary: |D:'|,User'|,WCT1000_'v'2.D_Beta'l,wpt-tx | | Browse... |
() select archive file: | | Browse. ..
Projects:

e —
4 WCT_ALL_Demo égUser'l,WCTlDDD_VZ.D_Beta'l,wpt-tx'l,example'l,' Select Al

<

152

|:| Copy projects into workspace
Working sets
[] add project to working sets

Select...

@ Mext = ( [ Finish Cancel
g —

Figure 18 Importing a project (5)
4. Build a project.

a. Click the project name in the project window shown below, and select build configurations
—> Debug or Release build. Debug build includes more debug information.

% C/C++ - CodeWarrior, Development Studio

File Edit Search Project Run MQRTools ProcessorExpert Window Help

{Ci- K- F-fhifead MK PPl
@ codeWarrior Projects &3 =0

R8Pl |7

RE fuid

+ SDM_Debug
SDM_Release

Figure 19 Building a project (1)
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b. Right-click the project name, “WCT_A11_Demo : SDM_Debug”, and then select “Build
Project”, “Clean Project”, or “Close Project”. You can also perform build from “Project”.

2 C/C++ - CodeWarrior Development Studio

File Edit Sear n MOX Tools  Processor Expert  Window  Help
- EE R Fosifem WIR -9 il RN

FZ) Codetvarrior Projects 52 =0
B21% B B P [riename |
File Mamne = Build
¥ _All_Demo : SDM_Debug
4 ,
== ApplicationConfig Mew
37, Binaries 0 Inka
== Project_Headers
(= Project_Settings Open in Mew ‘Windaw
& SDM_Debug Freprocess
S
ig U?_Tltrces Disassemble
il
v Index 4
Build Configurations 4
Make Targets 4

& Clean Project

|= Copy ChrlHC
(B Paste Chrl4y
3 Delete

Move..,

Rename. ..

£ Import..,
£3 Export..,
&dd Files...

Q:><b Refresh FS
Close Praject

Run As 4
Debug As 4
+ Project Creation + Build,| Prafile As 4

£xg Import project @, Build Conwert Tou..

€3 Commander 23

Figure 20 Building a project (2)
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5. Download the project.

a. After the project is built, the MCU binary files are generated to a folder, with the same
name as the build configuration name, “SDM_Debug”.

b. Download the project from the “Debug” drop-down list, or from “Run —> Debug”.

c. In*“Download Configurations”, select a download configuration according to your build
configurations and debugger type, USB TAP, or PnE Multilink.

¥ CfC++ - CodeWarrior Development Studio

Fie Edit Search Project Run MQX Tools ProcessorExpert Window Help eug
LI e 1 o T

=0

2 Debug Configurations

File: zamé - Create, manage, and run configurations .
= WCT_A11_Demo : SOM_Deb
B = A1l _bema Lo Download an application o & target, then debug or run the application,
(= ApplicationConfig
¥ Binaries

(] ji @ [Ey o
B (S Project_Headers FEX B Narme! |WCT_ALL_Debug_SDM_FSL LISE TAP |
(= Praject_Settings
(2= SDM_Debug |tYDE fiter text | Main 6= Arguments] <3 Debugger] B Sourcﬂ - Enwronmenq B Commurﬂ »1
iz Sources [T Codewtarrior Attach JC++ application
Uit ]
(= Uiliey [E] Codewarrior Connect Project: | WCT_A11_Demo | [ srowse
T a1l Dt 1L USE TAP Aipplication: |SOM_Debug/wicT_A11.2F | [search Project... | [ Browse... | [ variabe

e EATER U
/" .[E] WCT_AL1_Debug_SDM_GSITAG
| [E] weT_At1_Debug_SOM_PrE U-MultiLink
[£] WCT_11_Release_SDM_FSL USE Tap
- [E] waT_n11 Releass_S0M_05ITAG
P CT A1l Release_SOM_PRE LHMUELink

B Launch Qg ) Enable auto build O Disable auto buld
() Use wotkspace settings Confiqure \Workspace Settings...

Build {if required) before launching

Build canfiguration: use Active

[ Select canfiguration using 'c/C++ Application’

Connection

Debug Connections

Connection: | <A WCT_MPT:_Dema_FLASH_SDM_FSL USE TAP V| ‘ m m

Filker matched 10 of 10 items

Filter by Praoject:

&8 Commander &

ZFWCT_ALL_Demo U I )
~ Project Creation ~ Buil
Lag Import project @, Bu Apply Revert:
[ Import sxample project +« i

iy Import MCU exscutable Fle % Del

=4 New U ke cs] @ Click to download —

o " .
T New MQi-Like project [E 0

Figure 21 Downloading the project
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d. After the project is downloaded, the MCU stops at startup code. Press F8 to release the
MCU.

Go Pause Stop Step Watching window for Variables, Registers, Memory, and Breakpoints

* Dabup, - WET_A11_Dama/Praject, a1t p/Startup C HEB e inW.asm - CodsWarrior Dawmlogmman Studio

# w- %% < P ot 11 TS hegsters | % temsbponts | (] Mersory | 3 Mok
= (M FRunTmePsrams 00002200
= P Threed [10: Qo] {Suspended: Signal T received. Desrotbion: Uses hatbed thread.) = (8 [o] e
= 2 it SRR TER P RESETT) MCSSREE T ik s 57 sk - ¥
= | Fopilnt) pergherallnk £:148 00004 T8 [2 ee— -
M olueweTIon 2 0 Iiehrnpla W P DubugiWCE 12, oF (R0 8 54 b1y B (8 Comiciderafratun e
o 5 povematiiogs 000002
o Drveestans [ |
i e atRet ot ] -
| % |
[ R, = 1| & ooty 0 =0
52 Findt_MCSGRO2Bar ISR IW_RESET: E: Erter kot here w| | £ Be) e
S d = bEser L _MODE, ene + ensuge HL=1A
/ ource code #003cda: | bfser #0x8000,0HR
58 nop

bfsst WNL_MODE, omwe ; anaure NLsi  (enable nescad ioon) Oo3ede:  mep
sep

: / Disassembly
o Jead: oy
HL, RCH_RODE|IXP_HODEIR_NODE| SA_BOE| EX_NODE) , cms 5 i bicir W (CH_MODE)XP_MODEIR_BOOE|SA_BC

BEcis HOXLES,CRM
mave.w  W-1,x0
move. e -1, %0
moveu.w x0,m01 1 mec

maveu, 30, 0L

maven.w hus, la +oele
setup the nbl regt for linedr sddressis moven, v HUE, LA
ip the n01 register for lincas sddressisg Rk e
e W & G03cE:  mewew.w WUS,LA 5
€ 3 ] »
4 Cormender 1 it O probers | 2 conmole £ (EE WV IECET
= Braject Craation = I /ehug ~ Settings = Misrelinn 755 WCLALLEE
iy Dt prowct &bl A U ok o () wekom
[ et mairgle prumt F Cean (A T Bkl oo I Awtine
iy Ivpart MO scatitsbla il T Debuy B Dusbusg settings.
4 Pt ML prnct
[ Maw MGk project
© >
LT 1)
(] ?r-.hy,m-»,mnl

Figure 22 Project downloaded

6.2.3 Downloading an existing WCT1000 bin file (.s) with CodeWarrior version 10
To flash an s file, perform these steps:

1. From the Flash Programmer drop-down list, select “Flash File to Target”.

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

N - | * | (Active) vﬁ ( !_S?__v’ A% i&v & - 5l w 5] w %

B8 CodeWarrior Projects &2 = {0 sxectted sk iston)
laz a8 % 2 - Open Flash Programmer
o 0 a
File Name Bu... Import Fiash

| Flash File To Target

Figure 23 Selecting Flash File to Target
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2. Click “New” to create a new connection.

Erase and program flash devices.
@ Please specify a target task name.

Connection
g
TarrEst | A WCT_A11_USB_TAP - | [ et ] New. )
& /
Flash Cenfiguration File
[MWCT1000:0mI ~ | [Browse..
[] Unprotect flash memory before erase
File to Flash
= Browse...
Offset: 0x 0
Save as Target Task
Task Mamne:

@ Erase Whole Device | | Erase and Program Close

Figure 24 Creating a new connection

3. Enter a connection name and click “New” to create a target.

Hardware or Simulator Connection

€ Connection name is not unique for the selected profile.

Parent profils |B46685-11 -
e r——

Mame: WCT_AL1 USB_TAP

Description:

Template: |None v| Apply Defaults

Connection type: hd

@ < Back Next > Finish

Figure 25 Creating a target
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4. Enter a target name, and then select “MWCT1000” from the “Target type” drop-down list.

Hardware or Simulator Target
@ "Target type' is undefined.

Parent profile: | B46685-11 -
Mame: WCT_a11
Description:
Template: MNone - | | Apply Defaults
Target type: - Edit...

> dsc MC56F84dc -

> dsc MC56FB45xc
> dsc. MCSEF84 Mo i
4 dscMWCT10w I
MWCT1001
MWCT1003

@ MwCTIIO1 -

Figure 26 Selecting MWCT1000

5. Select “Execute reset” and “Initialize target”, set the initialization file path to the CodeWarrior
version 10 installation folder, and select “MWCT1000.tcl” for the WCT1000 chip. The general
path is:

C:/Program files/Freescale/CW10.5/CW MCU
v10.5/MCU/lib/wizard_data/DSC/DataBase/init_files

Hardware or Simulator Target

Configuration for a hardware-based or simulated target.

Parent profile: | B46685-11 -
MName: WCT_A11

Description:

Template: None ~ | | Apply Defaults
Target type: | MWCT1000 -

Initialization | Memery

[ Run out of reset

(T initizlize targety E\Program files\Freescale\CW10.5\CW MCU vm.S\MCu\|ih\mzam_data\nsc\nataaa;e\wt_ﬁ\e (=

[ Enables target initialization via script ]

®

< Back net> [ Finish | [ Cancel

Figure 27 Setting the initialization file path
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6. Set the memory configuration file path. For the WCT1000 chip, it is MWCT1000.mem, located
under the CodeWarrior version 10 installation folder. Then, click “Finish”.

The general path is:

C:/Program files/Freescale/CW10.5/CW MCU
v10.5/MCU/lib/wizard_data/DSC/DataBase/mem_files

Hardware or Simulator Target

@ Connection name is not unique for the selected profile.

Parent profile: | BA6685-11

Name: WCT_AlL
Description:

Template: Nene = | | Apply Defaults

Target type: | MWCTL000 =

Initialization | Memory

{[¢| Memory configuration? E:\Program files\Freescale\ CW10.5\CW MCU v10.5\MCU\lib\wizard_data\DSC\DataBase\mem _file{WCT1000. mer E]

@ < Back Nest » Finish

Figure 28 Setting the memory configuration file path

7. Select “USB TAP” or “P&E DSC Multilink/Multilink Universal/Cyclone Pro/OSJTAG” for the
connection type. Then click “Finish”.

or Sii C i - -

Parent profiles  B46685-11

Name: WCT_ALL USB_TAP

Description:

Template: None - | | Apply Defaults
Target: B weran - Edit.. | [ New. |

Connection typ@S_B TAP > ‘]
Connection | Advanced

USE TAP
[ USE serial number:

BDM settings
BOM clock speed (kHz): 1000
CCS server
@ Automatic launch
Server port number: 41475
[[1CCS executable:
() Manual launch
Server hostnarne/TP: (127.001
Server port number: (41475

Connect server to TAP

Figure 29 Setting the connection type
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8. Set the Bin file path. Before downloading, you can save the configuration to the workspace for
next-time downloading. Click “Erase and Program”.

Note: The file path should contain only English letters. Otherwise, the flash cannot recognize it.

For the new board, "Erase Whole Device" should be executed when you select "WCT_Al1l.elf" as
the Bin file.

Erase and program flash devices.

Simplified user interface for Flash Programmer

Connection

Connection: | - WCT_Al1_USE_TAP - Edit.  |[  New. |

Flash Configuration File
[MWCT10000m1 v [Browse..

Unprotect flash memory before erase

File to Flash
File: @e_Ioc:_e'WCT_All_Demo_e'SDM_Debug_f\’\"CT_All.eIf. Browse...
Offset: 0x 0 File size is 0xfBc0 bytes

Save as Target Task
ask Mame: Flash_all
' ——...._

= — _
'\?,' Erase Whole Device ] Erase and Program J Close

Figure 30 Setting the bin file path

9. The flashing progress is displayed in the CodeWarrior version 10 console window. After flashing
is completed, reset the board to run the WCT1000.

|2 Prablems B Console 32 N =R
Flash Programmer Cansole

Flash Operation.
Auto-detection is successful.
File iz of type Motorola 5-Record Format.

Programming ...
Program Command Succeeded
Flash Operation. done
omdwin: :fl::device -d "MCH6F82723 X FLASH" -o "16kxl6x1" -a O0x4000 Ox7Lff
H riimage -£ "D:\\Profiles\\B38910\\Desktop\\WCT_All.elf.5" -t "Auto Detect" -re on -r 0x4000 OX7Efff -oe off
:ierase image
Beq1nn1ng Operation ...

Auto-detection is suceessful.
File iz of type Motorola S-Record Format.

Auto-detection is successful.
File is of type Motorola 5-Record Format.

Image size is 0 bytes, nothing to erase.
Nothing to erase. No sectors selected
Erase Command Succeeded.

cmetwin: :fl: iwrite

Flash Operation.
Auto-detection is successful.
File iz of type Motorola S5-Record Format.

Fr oo
Programming warning. No datw
Program Command Succeeded

to be programmed in selected flash memory range.

lash Operation. done

Figure 31 Flashing completed
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6.2.4 Using the FreeMASTER GUI for calibration

Freescale provides the FreeMASTER GUI tool to calibrate and tune parameters. FreeMASTER
configuration file WCT_A11.pmp is saved under /wpt-tx/example. See the WCT1000 A1l Reference
Design Calibration User’s Guide (WCT1000CALUG) for calibration. See the WCT Runtime Debug
User’s Guide (WCT1000RTDUG) for A11 paramters tuning. For the FreeMASTER tool, see
freescale.com/Freemaster.

EWCT_A11n.pmp - FreeMASTER E][El

Eile Edit Wiew Explorer Item Project Toolks Help
=E|@|E s8] <l = T
V& wireless Charging =
= ™% Power Loss
2% input power
< Parcent Pawer Used e
P voner e WCT GUI for Low Power 5W A11 Tx = *treescale
= debug sacedain
R
Sg F:;quamy Debug 1 System Params 1 Coil Params 1 Calibration 1 NVMraw hex  dec &
2% Caloulated Currents B
>
55 Raw Cunents Common for all Read | Write SetDefault
Digital Ping
Frequency (Hz) Read | wirite | “[175000 This parameter defines the coil frequency to be used during
JJ Ping operations (device detection). NOTE: This value varies
from the WPC v1.0 specification of 175KHz due to the
frequency limit of this design. Value 0 to 20000.
Pulse Duration (ms)  Read | wiite | ¥ [65 This parameter defines the amount of time the Ping frequency
JJ should be applied while waiting for device detection. Value 0 to
65535
Fing Interval (ms) Read | writs | ¥ [400 This parameter defines the amount of time between attempts to
JJ Ping the secondary for device detection. Value 0 to 65535,
Analog Ping
Frequency (Hz) Read | write | “¥[175000 This parameter defines the coil frequency to be used during
Analog Ping operations (presence detection). Value 0 to
4294967295,
Min Coll Current Read | writs | W[5 This parameter defines the threshold below which an Analog
(ADC counts) JJ Ping has detected a fault in the resonant tank or coil drive
circuit. If the ADC count is not greater than this value, the unit will
shut down with a coil fault. Value 0 to 65535,
Coil Current Read | Wris 5 This parameter defines the threshold above which an Analog
Threshald (% JJ Ping may have detected a changed in device presence. Value 0
change) to 65535
Duty Cycle (% Read | Writ W |50 This parameter defines the duty cycle to be used during Analo
yovde ) ﬂﬂ v ng%peravons. Value 0to 255. N ¢
Pulse Duration (# Read ‘ Wirite ‘ o [3 This parameter defines the number of cycles that the coil shall B
< — : : 3
cortrol page |
Hame Walue Unit Period -
SignalStrength 148 DEC 100 il
RunTimeParams[0],byPercentPowerlsed 93 DEC 100
RunTimePsrams[01]. uMeasuredColCurrent 1601 ma 300
RunTimeParams[ 0], whMeasuredinputtoltags 5207 Y 300
RunTimeParams[ 0], dwMeasuredInputCurrent 364 ma 300 |
RunTimePararns[ 0] woverCurrentLimit 20641 DEC 200
RunTimeParams[0]. wDeviceFaultStatus 0 DEC 100
RunTimeParams[0]. whaxHalfiwatts 10 unit; 100
RunTimeParams[0].wactvebutyCycle 5000 DEC 100
RunTimePar ams[ 1], wFreqstep 50 Hz 200
RunTimeParams[0], dwactiveFreg 127542 Hz 200 ’ﬂ
4 | »
0 addr=localhost;core=S6F 81y

Figure 32 FreeMASTER GUI tool
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http://www.freescale.com/Freemaster

h

To set up a FreeMASTER connection to the target board, perform these steps:

1. Setasymbol file for your project.

Select a symbol file from FreeMASTER Project —> Options —> MAP Files, as shown in the
following figure.

Options [3_(|

Comm  MAP Files l FPack Dir ] HTHL Page= ] Demo Mode ]

S T&11demoMPTH1A50M DebughW/CT A11.l

File: format: |Binary ELF with DW&RF1 or DWARF2 dbg fomat. | Edit

Lizt af all walid
symbol files:

L:

Default symbal file:

MHate: The file zelected in the list will be used as default zpmbal file
when the project iz opened

On Load
[

v Swnchronize waniables each time the spmbal file loads
[+ List errors [variables using undefined symbals)
(« Always { Except after project load

QF. | Cancel Help

Figure 33 Selecting a symbol file
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2. Configure the USB TAP debugger.
Select “JTAG/OnCE” in Freemaster Project —> Options —> Comm as shown in the following
figure.

Options x|

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

— Communication

" Direct R5232:  Port: |c0w|4 -] gpeed:|55u-u- ~|  Timeouts.. |

Connect string: Iaddr=lucalhust:cure=E-EFB:m ;I Corfigure... |

[T Save settings to project file ¥ Save settings to registry, use it as default.

—Communication state on startup and on project load
" Open port at startup
* Do not open port at startup
™ Store port state on exit, apply it on startup

[T Store state to project file, apply upon its load Advanced... |
ok | Cancel T

Figure 34 Options dialog box
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3. Configure the P&E Multilink FX debugger.

Select “FreeMASTER BDM JTAG/OnCE” in Project —> Options —> Comm as shown in the

following figure.

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

X|

— Communication

¢~ Direct R5232: Port:

oo
=k

Speed: [5600

- Timeouts... |

Lo 5% 0 = (FreeMASTER BDM JTAG/EOnCE Communication Plug-n (T

Connect sting: drw=C;pt}fpe=3;pnum=1;-:Ievid=F‘EETECECE;I Corfigure... |

[T Save settings to project file ¥ Save settings to registry, use it as default.

— Communication state on startup and on project load
" Open port &t startup

¥ Do not open port at startup

" Store port state on exit, apply it on startup

[T Store state to project file, apply upon its load

Advanced... |

0] I Cancel

Apply

| Help |

Figure 35 Options dialog box

6.2.5 Enabling or disabling board functions

Freescale provides full-featured wireless charging functions on the reference board. If you do not need a
function, you can disable it with the definitions in the header file or with the parameters in the

FreeMASTER GUI.

These header files are used to enable or disable functions, and configure a low-level driver.
Nlib/MPTX_Al/wct_all/wct_hal_cfg.h

lexample/WCTxxxx/WCTA1ldemo/MPTX1/Sources/application_cfg.h, peripheral_cfg.h

In application_cfg.h, you can configure these functions:

Low power mode enable/disable

#define LOW_POWER_MODE_SUPPORTED TRUE // FALSE for calibration or debug on FreeMASTER GUI.

Low power mode by Touch enable/disable

#define LOW_POWER_MODE_BY_TOUCH TRUE // FALSE if touch sensor is not needed.

Low power mode by Analog Ping enable/disable

#define LOW_POWER_MODE_BY_ANALOG_PING TRUE // FALSE if low power mode when analog ping is not needed.

Sound enable/disable

#define SOUND_SUPPORTED TRUE // FALSE if sound is not needed.

FOD enable/disable

#define FOD_ENABLE TRUE // FALSE if you don’t want FOD working.

Freemaster support enable/disable

WCT1000 A1l Reference Design System User’s Guide, Rev. 3.3, 09/2014
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#define FREEMASTER_SUPPORTED TRUE // FALSE if you don’t want Freemaster working.

Note: Low power mode by Touch mode and low power mode by analog ping, only one can work at a time.

6.2.6 Enable RS FOD function

RS-FOD (Resonance Shift FOD) is one optional solution to detect FO in standby mode, when Rx is not on
the surface of Tx. This can ensure that the charging never starts power transfer if FO is present. It does not
belong to Qi 1.1, so the feature is disabled in the demo image. However, you can enable it by the following
steps if the feature is required. Additionally, the feature cannot work with the touch sensor feature

simultaneously.
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The steps of enabling this function are as follows:

1. Right-click the project, and choose “Properties”.

g CodeWarrior Projects 53 == = Limmbin ofim o0
B B File e '
File Name : Go Into
N Open in New Window
> [= Project_Headers
> [= Project_Settings Index »
[=- 5DM_Debug Build Configurations 3
= Souqucesl. . Make Targets 4
ication
i %‘ a;};ication_cfg.h Build Project
b G CPU Clean Project
[ [y Drivers = Copy CtrleC
[ [ FreeMASTER
4 Gplib Paste Ctrl+V
b [ wet_callbacks.c M  Delete
[ @! wt_callbacks.h Move...
> @! wet_commPacketsWPC.h Rename...
> @! wet_debug.c
b [ wet_debug.h t2g Import...
> @! wet_hal_cfg.h &y Export..
b IS wet halc Add Files...
> @! wct_hal.h
b gy wet_lib.h #  Refresh F5
b % SELLE RS Close Project
b [y wet_libconsth
b i wet_LibStruct.h Run As v
b [ wet_systermDataWPC.h Debug As b
> 18 main.c Profile As v
=| peripheral_cfg.bak
i [h peripheral_cfg.h Convert To...
2= Utility Edit Linked Resources Locations...
Team 3
Compare With »
Restore from Local History...
ﬁ" Run C/C++ Code Analysis
| Properties
Rescurce Configurations »
Profiler 3

Figure 36 Choosing the properties of project
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2. Choose C/C++ Build -> Setting -> DSC Linker -> Input, as shown in the following figure.

% Properties for WCT_Al1 Demo I =] = |
type filter text Settings v -
> Resource |3UM_ebug | Active | = | Manage Lt TR
Builders
4 C/C++ Build L
Build Variables
3 Tool Sett !
Discovery Options 3 Tool Settings | # Build Steps | © Build Artifact | [ Binary Parsers | @ Emor Parsers | Build Tool Versions|
Enviranment " (E GlobalSettings | [¥] No Standard Library
Loggin
S;tlgngf 4 8 DSC Linker Linker Command File  ${ProjDirPath}/Project Settings/Linker Files/MWCTL1000 Internal PFlash SDM.cmd ]
[~ Input]
Tool Chain Editor (& Link Order Entry Point Finit_MWCT10%¢_ISR_HW_RESET
» C/C++ General B General -
Project References 5 outpt Library Search Peths () 08 E
Run/Debug Settings 4 i DSC Compiler "S{MCUToolsBaseDir), rt/msl/MSL_C/DSP_56800E/lib"

}/M56800E Support/m:
E Input "StProjDirPathl/.././ ./ lib/MPTX_AL"
(3 Access Paths
(5 Warnings
(% Optimization
(5 Processor
B Language Library Recursive Search Paths (-Ir) a0 858
4 1 DSC Assembler
(5 Input
(2 General
(2 Output
4 1 DSC Preprocessor
(5 Settings
4 % DSC Disassembler || additional Libraries a8 8FH
(2 Settings

m

"S{MCUT oolsBaseDir}/M56800E Support/runtime_36800E/lib/runtime 56800E smm.lib"
"${Proj
T

Force Active Symbols a0 8 58

"

Figure 37 Finding the additional libraries option

3. Double click “.../.../wct_mpl SDM_Debug.lib” in “Additional Libraries”, and change to
“wct_mpl RSFOD_SDM_Debug.lib”. Then click “Save” and exit.

[ ¥ Edit file path | ”@@u

File:

"${ProjDirPath}.././../../lib/MPT¥_Al fwct_mpl_RSFOD_SDM_Debug.lib'|

Relative Ta: | ProjDirPath - Variables...

Workspace...

1 File system...

Cancel

—_—
o
-

—

P —

Figure 38 Modifying the relevant library

r -

4. Set the macro RESONANCE_SHIFT_FOD to TRUE in wct_libconst.h, and confirm that macro

LOW_POWER_MODE_BY_TOUCH in application_cfg.h is FALSE. Rebuild the project to
make the RS FOD work.
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6.3 Test

6.3.1 Signals on the board

Main signals on the A11 board are shown in this figure.

Input current sensing

Vce

J14

‘ ‘
SByTCS #RT2
4. P!

h.......
Ve
S

L
PSS e=8 "
o

5 [ & ~
= pedLsEdl2Ed) |
X s

g3zzns @7

o uRld
~ o
=0

e
l‘ \

Figure 39 Test points on WCT_A11

e TP1: Vcc, controller input voltage 3.3V

e TP4: AUXP_Ctrl, power shut down signal when idle state

e TP8: Input current sensing

e TP26: Coil current sensing

e TP9&15: PWM1&2, PWM signals to pre-driver

e TP13: LC-Resonant voltage on the coil

e TP24: Touch_IRQ, wake up signal from touch sensor when receiver put
e TP28: Touch sensing signal to an external electrode

Coil voltage

Touch
IRQ

Touch sensor
electrode

1)

on
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6.3.2 Test environment

Set up the WCT_A11 test environment as shown in this figure by using the DC power supply and
electronic load for input source and output load. Get the system efficiency by measuring the input and

output power.

Power Transfer
[ @ '§ E'
! ll' .
Vix_in
Communication

Figure 40 Test environment
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6.3.3 Measurements
These are the examples to measure signals on the board.

1. Measure the signals when the Tx board works under ping and stand-by states, when Tx wakes
up for charging, and from charging to power stop.

Chl: Rx communication signal Ch2: TP4 AUX power on/off
Ch3: TP10 Coil voltage Ch4: Coil current

ping stop and system sleep

'@P 2.00V & 200V "'H"400n1s 1.25M5/s o - """'22 Jan 2013]
5M points 5.00V ]09:22:30 |

Figure 41 Signals from ping to sleep

Figure 42 Signals from sleep to charging Figure 43 Signals when power stops

The AC signal frequency changes to adjust the output power when the load changes.
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Chl1: Rx communication signal Ch2: TP9 PWM1

Ch3: TP10 coil voltage Ch4: Coil current

& 200V & 200V 'H"'m.oué 2.50G5/5 o 7
Jl+>0.00000s  5M points 2.72V

Value Mean Min Max 5td Dev "‘.__09123132
| @D Frequency 140.3kHz  133.7k 126.6k 140.8k 6.372k

Figure 44 PWM frequency on 0.5 W power output

& 200V @ 2.00v 10.01s 2.50G5/5 I
Jli+¥0.000005 5SM points 2.72V |22 Jan 2013]

Value Mean Min nax Std Dev 09:28:12
| @D Frequency 126.8kHz 126.9k 126.6k 127.4k 206.8

Figure 45 PWM frequency when 5W power output
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2. System response measurement for load dump and load step test.
Ch1: Rx communication signal Ch2: TP9 PWM1
Ch3: TP10 coil voltage Ch4: Coil current

‘@ 200V 2.00V "'H"'400ms 1.25MS/s L
5M points : 2 Jan 2013]
’ Value Meah Min Max 109:29:15
@ Frequency 125.3kHz  Low resolution

Prevu

& 200V @ 200V H"400m's' T 1.25M5/s A
5M points 2.72 22 Jan 20132]

value Mean Min Max 5td Dev 1.09:29:30 |
| @D Frequency 138.9kHz Low resolution

Figure 47 System response on load step
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7 References

Freescale wireless charging solution page:
freescale.com/wirelesscharging

Freescale MPR121 touch sensor page:
freescale.com/webapp/sps/site/taxonomy.jsp?code=SNSPROXIMITY
Freescale CodeWarrior 10 IDE page:
freescale.com/codewarrior

Freescale Freemaster tool page:
freescale.com/Freemaster

WPC page:
www.wirelesspowerconsortium.com
WCT1000 Documents:

(0}

(0}
(0}
o
o

WCT1000 A1l Reference Design System User’s Guide (this document)
WCT1000 TX Library User’s Guide (WCT1000LIBUG)

WCT Runtime Debug User’s Guide (WCT1000RTDUG)

WCT1000 A1l Reference Design Calibration User’s Guide (WCT1000CALUG)
WCT1000 V3.3 Release Notes (WCT1000RN)

WCT1000 A1l Reference Design System User’s Guide, Rev. 3.3, 09/2014

Freescale Semiconductor

35


http://www.freescale.com/wirelesscharging
http://www.freescale.com/webapp/sps/site/taxonomy.jsp?code=SNSPROXIMITY
http://www.freescale.com/codewarrior
http://www.freescale.com/Freemaster
http://www.wirelesspowerconsortium.com/

How to Reach Us:

Home Page:
www.freescale.com

Web Support:
www.freescale.com/support

Document Number: WCT1000SYSUG
Rev. 3.3
09/2014

Information in this document is provided solely to enable system and software
implementers to use Freescale products. There are no express or implied copyright
licenses granted hereunder to design or fabricate any integrated circuits based on the
information in this document.

Freescale reserves the right to make changes without further notice to any products herein.
Freescale makes no warranty, representation, or guarantee regarding the suitability of its
products for any particular purpose, nor does Freescale assume any liability arising out of
the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation consequential or incidental damages. “Typical” parameters that
may be provided in Freescale data sheets and/or specifications can and do vary in different
applications, and actual performance may vary over time. All operating parameters,
including “typicals,” must be validated for each customer application by customer’s
technical experts. Freescale does not convey any license under its patent rights nor the
rights of others. Freescale sells products pursuant to standard terms and conditions of sale,
which can be found at the following address: freescale.com/SalesTermsandConditions.

Freescale, the Freescale logo, and CodeWarrior are trademarks of Freescale
Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. All other product or service names are the
property of their respective owners.

©2014 Freescale Semiconductor, Inc.

-+,

=~ freescale*



	1 Introduction
	2 System Features
	3 Package Checklist
	4 System Block Diagram
	5 Hardware Description
	5.1 Reference board block diagram
	5.2 Modules explanation

	6 Getting Started
	6.1 System developing environment
	6.2 Downloading and debugging firmware with CodeWarrior 10 IDE
	6.3 Test

	7 References

