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System Features

2 System Features

The WPR1500 medium power receiver reference board has the following features:
* Compliance with the medium power WPC Qi V1.2.2 specification
* Input power (3.5 V—-20 V AC peak) from the transmitter through the receiver coil
*  Output power of I5W (5V @3 A)
* Support of FSK communication signals from the medium power transmitter
» Hardware protection of rectifier voltage, output voltage and output current
* Small PCB size (40 mm % 40 mm)
*  FreeMASTER tool to enable customization and calibration

3 Package Checklist

Table 1. Package checklist

Name Count
WPR1500-LDO board 1
WPR1500-debug board 1
10-pin SWD debugging cable 1

4 System Block Diagram

The WPR1500 medium power receiver wireless charging system is shown in Figure 2.
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Figure 2. Wireless charging system overview

For the WPC Qi information, visit www.wirelesspowerconsortium.com/developers/.
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5 Hardware Description

5.1 Reference board block diagram
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Figure 3. WPR1500 receiver board block diagram — LDO

5.2 Modules explanation
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Figure 4. WPR1500-LDO board modules overview
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e Controller

The NXP WPR15xx MCU is the central controller of the WPR1500 receiver board. The chip is a
higher inte%ration receiver controller MCU for wireless power transfer application. The WPR15xx
is an ARM®™ Cortex® MO+ core ASSP with NXP’s UHV technology. It includes the FSK and CNC
models that allow easy development for bi-directional communication architecture between the
transmitter and receiver. The PGA model handles small signals that ease the solution for foreign
object detection. The USB / adapter switcher sets the priority between wired and wireless charging.

The following modules are used in this application:
— LDO - provides 5 V and 3 A output to the down system
— CNC controls the communication and provides AC protection
— High-voltage input PMC module with three power modes: Run, Wait, Stop
— Programmable-gain amplifier (PGA) with differential input and output
— FSK demodulation timer (FSKDT)
— WDOG with independent clock source
* Rectifier
The rectifier uses a self-driven sync type. It has the following characteristics:
— Input voltage : 3.5 —20 V AC peak
— Output voltage: 3.5-20V DC
« Communication
— The ASK differential bi-phase signal is modulated by switching the modulation capacitor
— The FSK signal is demodulated by the CNC and FSKDT modules
+ USB switch

— The CNC module automatically detects the input voltage once the wired power is plugged in,
and switches on wired power when the input voltage is in the range of 4.5 V—-5.5 V.

6 Getting Started

6.1 System development environment

The WPR1500 receiver board supports debugging using the IDE (IAR, Keil MDK or CodeWarrior) and
FreeMASTER tools. Figure 5 shows the setup of the debug connection. The debugger and the debug board
are placed between the PC and the receiver board.

To download an image onto the WPR1516 chip, connect a debugger (J-Link or P&E-Multilink FX) to the
SWD port of the debug board, and connect the debug board to the receiver board using a 10-pin cable. The
micro interface in the debug board needs to be connected to the USB to get power.

To monitor the working status of the WPR1500 receiver board, short jumper J110 on the debug board, and
connect the micro interface on the debug board to the PC through a micro USB cable.

Figure 5 shows the connection diagram and Figure 6 shows a real image.
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Figure 5. Debug connections
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Figure 6. Development environment

For details on the J-Link debugger, visit nxp.com and search for “J-Link”.
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6.2 Downloading and debugging firmware

6.2.1 Connecting the J-Link debugger

Connect the J-Link debugger to the SWD port of the debug board, and then connect the debug board to the
receiver board using a 10-pin cable.
NOTE

The micro interface in the debug board needs to be connected to the USB to
receive power. Ensure that the jumper J110 is connected before the
download.

The connection is shown in Figure 7.

Figure 7. J-Link connection

When the J-Link is plugged into the PC, it can be found in Windows Device Manager, as shown in Figure 8
and Figure 9.
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6.2.2

To download an existing WPR1500 project using IAR, perform the following steps:
1. Setup the IAR embedded workbench.

The IAR embedded workbench tool is required. Because the receiver driver library is already
included in the lib folder of the wireless charger application project, you can open the application
project and build the applications directly whenever the wpr_lib.a is ready.
The configurations in MWPR1516 config.h are set for the BUCK board by default. To build this
project for the LDO board, change the macro definition BOARD OUT TYPE from #define
BOARD_OUT TYPEOUT TYPE BUCK to#define BOARD OUT TYPEOUT TYPE LDO.
Then rebuild all the file in the project.
The demo application workspace files are located in:
<software package>/build/wpr1500/iar/WPR1500 REF/WPR1500 REF.eww

2. Build a project.

Click the “Rebuild All” button:

Downloading an existing WPR1500 project using IAR
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Figure 10.

Building a project
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When the build is completed, the IAR displays the following information in the build window:

Messages

Building configuration: WPR1500_REF_frdm - FLASH_16KE_PFLASH
Updating build tree...

adc.c

Linking

WPR1500_REF _frdm.out

Comverting

Total number of errors: 0
Taotal number of wamnings: 0

|l i } ]
Eﬁﬁhﬁu Build [ Debug Log | Ambiguous Definitions |References x
Ready Errors 0, Warnings 0

Figure 11. Successfull project build

3. Ensure that the debugger is configured properly in the project options.
The flash loader must be selected to support downloading of the binary into the internal flash:

Options for node “WPR1500_REF_frdm- [

Categon: Facton Settings

] Atach to running target
Build Actions [¥] Vierify download
AT [] Suppress downioad
S dator [¥] Usa fissh loader(s)
Angel [¥] Ovemde default board file
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AR ROM-monitor

[ or ][ cancal |

Figure 12. Flash loader configuration
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When using the J-Link as the debugger, select J-Link/J-Trace:
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Figure 13. Debugger driver configuration — J-Link

When using the P&E Multilink as the debugger, select PE micro:

Options for node "WPR1500_REF_frdm" oS

i Assembler Setup | Download | Im | Extra Options | Muticore | Piugins |

Custom Build Dirver [+ Runto
|PE micro -] main
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%
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B Macraigor STOOLKIT_DIRSWCONFIG \debugger Freescale ' MWPR1516«

¥DS100/200/1C01 [ ok ][ canca |

Figure 14. Debugger driver configuration — PE micro
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The USB Multilink must be configured in the PE micro settings:

Options for node “WPR1500_REF_frdm" ||
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Figure 15. Debugger configuration for PE micro

4. Download the project.

After the application is built successfully, click on the “Download and Debug” button to download
the application to the target device.

‘Y erab nRs2]
Figure 16. Download and debug button
Programming of a project is shown in Figure 17.
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Figure 17. Programming a project
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5. After the application is downloaded to the target device, the debugger stops executing at the start
of the main() function:

& WPR1500_REF - IAR Embedded Waorkbench IDE
File Edit View Project Debug Disassembly JTAG Tools Window Help

D el ; -
e 82D LE DS X
i * |ade.c |prx_pal.e WPR1500_REF.c main() - X
lWPHIW.HEF.ﬂdm FLASH_16t ~ | extern void AD_IN_Inic(weid): -1
Flles ﬁ: ml: /..ooooronroronro.r.....'oDronronroro-f....l
& El'WPR1500_FEF = int main (veid)
By s WPR1500... | v | | q
=& 3 comman //uints e uECh;
8 Ccpu RIC_CoenfigIype sRICConfig:
= D drivers RIC_ConfigType *pRICCOonfig = caRICConfi
FaowR PIT ConfigType sFITConfigl:
= 1 platforms PIT ConfigIype *pPIT Configl = caPITCon
[ project
@ Cywpr_lib princf ("\nRunning the WPR1500_REF projec| =
L@ ] Output ;
—Eﬂh’ﬁﬂ_“b'De... - i FNC.:J'I:-.:H— *f
PHC Indt()s

Figure 18. Stop at main() when run debugging

6.2.3 Downloading an existing WPR1500 project with KEIL pVision5

To download an existing WPR1500 project with KEIL, perform the following steps:
1. Setup the KEIL pVision MDK.
Because the receiver driver library is already included in the library folder and platform folder of

the wireless charger application project, you can open the application project and build the
applications directly whenever the wpr_lib.lib is ready.

The configurations in MWPR1516_config.h are set for the BUCK board by default. To build this
project for the LDO board, change the macro definition BOARD OUT TYPE from #define
BOARD_OUT TYPEOUT TYPE BUCK to#define BOARD OUT TYPEOUT TYPE LDO.
Then rebuild all the file in the project.

The demo applications workspace files are located in:

<software package>/build/wpr1500/keil/ WPR1500 REF/WPR1500 REF.uvprojx
2. Build a project.

Click the “Rebuild” button.

WPR1500-LDO MP Receiver V2.1 Reference Design User’s Guide, Rev. 0, 09/2016
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r ™
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@ [ project 107 int main (void)
= wpr_lib 108 ¢
L1 prinh 109 //uint8 t uBch;
L] wpribib 110 (// RTC ConfigType sRTCConfig;
o8 Qutput_ 111 | // RTC_ConfigType *pRTCConfig = &sRTCConfig:
1] WPRLS00_REF.map 112 PIT_Coan..gType SPITConflgI!_; .
113 PIT ConfigType *pPIT Configl = &sPITConfigl;
114
115 EE_ItemInfoType sEE_ItemInfo = {0xA5, {0xe65, O0xff, O=xff,
116 //sysinit();
117 //printf ("\nRunning the WPR1500_REF project.\n");
118
< - ) 119 [% DM initial %/ T
Elpro.. [@s0.. [{}Fu. [DyTe. «| L1 | D
Build Output o
1 3
= Build Cutput ‘ ﬁBrawsEr
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Figure 19. Building a project

When the build is complete, KEIL displays this information in the build window as follows.

Build Output n

compiling freemaster sScope.c... -
compiling freemaster serial.c...

compiling freemaster sfio.c...

compiling ee emulation.c...

compiling paramns.c. ..

compiling prx hal.c...

compiling WPR1500 REF.c...

linking...

Program S5ize: Code=14248 RO-data=240 RW-data=404 ZI-data=20&0

" . \Debug\CBEJ\WPR1500 REF.axf" - 0 Error(s), 0 Warning(s). e
#%% Completed Cross-Module-Optimization after 3 iteration(s). |_J

4 [

E Build Cutput ﬁEr-:u-.t ser

Figure 20. Building a project successfully
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3. Ensure that the debugger configuration is correct in the project options.
The flash loader must be selected to support downloading the binary to the internal Flash.

_
Options for Target "WPR1500_REF' [

Device I Target I Output I Listing I User I CJCHI Asm I Linker Debug | |kilities I

 Use Simulator Seftings | % Use: |PEMicro Debugger LI Settings |
[~ Limit Speed to Real-Time Altera Blaster Cortex Debugger -
Stellaris ICDI
S - Signum Systems JTAGjet -
¥ Load Application at Startup ¥ Run to main{ ¥ Load -LINK 7 ) TRACE Cortosc b main{)
Initizlization File: Initializatiq ULIMK Pro Cortex Debugger
. NULink Debugger = .
| N SiLabs UDA Debugger =] _ea. |
- ) ) B ST-Link Debugger
Restare Debug Session Settings Restare CMSIS-DAP Debugger
¥ Breakpoints ¥ Toolbox ¥ Brd E?Esrf“Mod[e]l;bDebugger
i b
¥ Watch Windows & Peformance Analyzer v Wareh Jﬁcfwwsugger
¥ Memory Display W System Viewer ¥ Memory Display ¥ System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
ISﬁF{MCMS.DLL | ISﬁF{MCMB.DLL | I
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDAHMCW DLL |1:cru'|u+ ITAF{MCM‘I DLL |1:.cmu+

ok | cancel |  Defouts | Help

Figure 21. Flash loader configurations

If using the J-Link as debugger, choose J-link/J-Trace.

WPR1500-LDO MP Receiver V2.1 Reference Design User’s Guide, Rev. 0, 09/2016

14 NXP Semiconductors



Getting Started

Cartex JLink/ITrace Target Driver Setup 2.

Debug |T|—c|ce I Flash Downloadl

—J-Link / J-Trace Adapter ———— ~ SW Device
SN:  [813277973 | IDCODE | Device Name | Move
Device: [ J-Link Lie-FSL SWD | @ 10BC11477  ARM CoreSight SW-DP Up |

HW: | V10D  di:| V494 D"W”l
FW IJ—IJnk Lite-FSL V1 compiled Ji

ort: Max Clock: & Automatic Detection |0 CODE: I

P
Isw ;I IZUMH: LI " tanual Configuration Device Name: I

Auto Clk | #dd | Deete | Updae| IR ler: |

Connect & Reset Options Cache Options Download Cptions
Connect: [Nomal v | Reset: [Nomnal ||| ¥ Cache Code [¥ Verfy Code Download
¥ Reset after Connect ¥ Cache Memory ¥ Download to Flash
rInterface TCP/AIP Misc
@ usg ¢ Tcpap || [ MNetwerk Seftings _
N IP-Address Pot (uio-q) | Autodetect | JLink o |
sen | 2.0 .0 .1 :[ o
g | : ' ' ' Fing | JLink Crd |
State: ready
ok | cancet | apn |

Figure 22. Debugger configurations for J-Link

If using P&E Multilink as the debugger, choose the PE micro.
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. S— —

P&E Connection Manager - v1.28.00.00 | &

FPlease select connection interface. port, and settings for connection.

—Connection port and Interface Type

Add LPT Part
Interface: ILISB Fultilink, USE kultiink F, or Embedded 05Jtag m
Part: ILISEH - Multilink, Universal Rev B [PEBESER14] ;I
Interface Detected Firmware Yersion ;

—Target CPU Information
CPU: | wpr1516m2 -]

—BOK Communication Speed

PC Farallel Port wait states  [0_DEL&Y CHT = I 0

Debug Shift Speed =| () : Multiink = 1.00Mhz . Multilink Fx = 26.00Mbz . 05JTAG = 0.28Mhz ;I

BOM_SPEED =0
¥ Usze SWwWD reduced pin protocal far conmmunications

—hAdTT I Lnbmrin =l Dan Crmmn imimiman (D mrmmr wrnrsdie A

Figure 23. Debugger configurations for PE micro

4. Download the project.

After the application is built successfully, click the “Download” button to download the application
to the target device.

ca@e . |[#] wuswe &
Figure 24. Download button

Program a project.
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E C:AUsers\B50383\Project\FSL_MPRX_WPR1500_v1.1_RC4\build\wpr1500\kei\WPR1500_REF\WPR1500_REF.uvprojx - lfision . . e
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NEde| & @ | | ®omom| == e ] @ e HE e Q) =R

i

# | WPR1500_REF ‘\‘ & ¢ @

2 e e

Project L _] WPRIS00 REF.c ] adec
a % _P"‘JemWPRISUU—REF 112 PIT configType sPITConfigl:
1= g5 WPR1500_REF 113 PIT configType *pPIT Configl = &sPITConfigl;
1 commen 114
-0 cpu 115 EE ItemInfoType sEE_ItemInfo = {0xAS, {0x65, Oxff, Oxff, Oxff,
W drivers 116 //sysinit () ;
[ freemaster 117 //printf ("\nRunning the WPR1500_REF project.\n");
3 config 118
@ project 119 /% BMC initial */
= wpr_lib 120 PMC_Init();
[ poclibh 121 /* FreeMASTER initial */
[ wpr libib 122 HJ#if FREEMASTER FIRMWARE > 0
548 Output 123 ‘ _?MSTR_Init 0
] WPRLS00_REF.map L e
125
al | o] 126 /* configure RTC to 1Hz interrupt fregquency */// Note: RTC is n
L 197 | 47 ARTCC AN F sl EMAdAN T ATaTua = 10-
Elpro.. €350, | {FFu.. [Oy7e.. < I J

Build Output

Target info:

Device: MWPR1S516xxx

VTarget = 1.735V

State of Pins:

ICK: 0, TDI: 1, TDO: 1, TMS: O, TRES: 1, TRST: O
Hardware-Breakpointa: 2

Software-Breakpoints: 8192

Watchpoints: 2

JIAG speed: 2000 kHz

7
ElBuild output | EH Browser

Erase: [iIli[iTth CooH * JLink Info: FPUNit: 2 code (BF) slots and O literal 5 J-LINK / J-TRACE Cortex

Figure 25. Programming a project

5. After the application is downloaded to the target device, click “Start/Stop Debug Session” to
debug the code. The debugger stops executing at the start of the main() function.
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6.2.4

K2 C:\Users\B50383\Project\FSL_MPRX_WPR1500_v1.1_RCA\build\wprl500tkeilWPR1500_REF\WPR1500_REF.uvprojx - Bision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Neua| » @A) | | = e G| & o Fae@e o &[F) A
o vt s> OARcEEaR- O-2-8-3- 8- %-
Registers a @ Disassembly
- 108: {
f{egmr | Vel 109: //uint8_t usCh;
110: // RTIC ConfigType sRTCConfig;
- 111: /f/ RTC ConfiqTvpe *pRTCConfig = &s3RTCConfiag:

o™

_] WPR1500 REF.c | | adcc ] startup MWPR1516.5

103 L\l’*\l’*\l’*\i*\l’*\l’***WQ********W***W*WQ*Q\l’*\l’*\l’*\i*\J’*\l’*\&*\l’*\l’*\l’*\l’*\l’*\i*\l’*\&*\l"
104 extern void AD IN Init (void);
105
106 f’\l’**\k*\&*\l’\l’\l’**\l’*\&\l’\l’******\&******\&*\&******\&\l’\l’\l’\l’**\k*\&\l’\l’\l’***\l’\l’\&\l’\l’****'
107 int main (wvoid)
108 Ef
109 //uint8_t usch;
110 | // RTC_ConfigType sRTCConfig;
111 | // RTC_ConfigType *pRTCConfig = &sRTCConfig;
112 PIT ConfigType sSPITConfigl;
- 113 PIT ConfigType *pPIT Configl = &sPITConfigl:
i 114
- 115 EE ItemInfoType sSEE_ItemInfo = {0xR5, {0x63, Oxff, Oxff, Oxff
116 //sysinit () ;
117 //printf ("\nRunning the WPR1500 REF project.\n");
118
119 /* PMC initial */
120 PMC_Init ();

=] Project | = Registers 1 LI

Figure 26. Stopping at main() when running debugging

Downloading an existing WPR1500 project with CodeWarrior

To download an existing WPR1500 project with CodeWarrior, perform the following steps:

1.

Set up the CodeWarrior.

As the WPR1516 chip is a new series chip for CodeWarrior, install CodeWarrior V10.6.4 with
update 5 or later. To install update 5 package successfully, check for an update to let CodeWarrior
install some essential components.

Because the receiver driver library is already included in the lib folder and platform folder of the
wireless charger application project, you can open the application project and build the applications
directly whenever the libwpr_lib.a is ready.

The configurations in MWPR1516_config.h are set for the BUCK board by default. To build this
project for the LDO board, change the macro definition BOARD OUT TYPE from #define
BOARD OUT TYPEOUT TYPE BUCKto#define BOARD OUT TYPEOUT TYPE LDO.
Then rebuild all the file in the project.

The demo applications workspace folder is located in:

<software package>/build/wpr1500/cw/WPR1500 REF

Build a project.

Click the Clean Project button to clean project, and then click the Build Project button.
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rﬁt C/C++ - WPR1S00_REF/Sources/p ~ New T —————————SS_ Y - ]
File Edit Source Refactor Sea GoInto ndow Help
B v [ | & - | adie) . . “ H-#-JP-H-voroH
Open in New Window SR
Quick Access it ‘%ﬁ Debug
Index 3
& [ CodeWarrior Projects 57 Build Configurations y | WPR1500_REF.c i1 =g &
A -I—az| = % Make Targets v Ritial *; ol 2
File Name Build Project Vi B
|4 C WRRHSOOIRERIFIAS]  Cleon Project = o4
e ASTER initial */ i}
b B FLASH l5 Copy Cul+C ¥R FIRMWARE > 0
b (= Project Headers Paste GV LE() 7
& [~ Project_Settings #  Delete
4 = Sources Move... H
> [~ commaon Rename... JPPORT
b (= config bre PIT channel 0, enable interrupt and time:
b [ cpu g Import.. Fig->u32TloadValue = 0x02D0;//720;//8yst:
b G drivers A Epor. Fig->bFreeze = FALSE;
b i freemaster Add Files Fig->bModuleDis = FALSE; /*1< enab.
b i project Fig—>bInterruptEn = TRUE;
D g Wit lib & Refresh 5 Eig->bChainMode = FALSE;
5| WPRL500_REF_FLAS RR P = FALSE;
Priority (PIT_CHO_IRQn, 0);
Ruris * (PIT CHANNELO, pPIT Config):
Debug As » h1lback (PIT CHANNELO, PIT Ch(_Task):
Profile As 4
Convert To...
Edit Linked Resources Locations.. hre PIT channel 1, enable interrupt and time
. , f%gf)uBZLoadValue = Oxlian - fii=zonel: /=
o . . Fig->bFreeze = FALSE;

Figure 27. Build the project

When the build is complete, CodeWarrior displays this information in the Console window as
follows.

WPR1500-LDO MP Receiver V2.1 Reference Design User’s Guide, Rev. 0, 09/2016

NXP Semiconductors 19



Getting Started

* Problems [ Console 32 <" Search [J Memory

=

L oE) BHEER B

COT Build Censcle [WPR1500_REF]
'"Invoking: ABM Ltd Windows GNU Create Listing'
"C:/Freescale/CW MCU

-

v10.6/Cross_Tools/arm—none-eabi-gcc-4_7 3/bin/arm-none-€
abi-objdump™ -h -S WPR1500 REF.elf >"WPR1500 REF.lst"

'"Invoking: ARM Ltd Windows GNU Print Size!
"C:/Freescale/CW MCU

v10.6/Cross_Tools/arm-nonefeabi-gcc—-4_7_3/bin/arm-none-e

abi-size" —-format=berkeley WPR1500 REF.elf
text data bss dec hex filename
14552 212 1540 1e704 4140 WPR1500 REF.elf

'Finished building: WPR1500 REF.siz'

Figure 28. Build the project successfully

3. Select Debug Configurations to select debugger setting. Two supported debugger settings are

already configured in the project.

gv \i;g\ #;‘_s:v ';,'.'74} Tf.i} T:f:j{::lv - =
1 WPR1500_REF_FLASH_PnE U-MultiLink
2 WPR1500_REF_FLASH_Segger J-Link_Trace

WPR1516.mem

Fl Fl

W W WO W W W W W

tions Debug As b

OO WO W W W W W W

D IN Init(x

Debug Cenfigurations...

Organize Favorites...

Figure 29. Flash loader configurations

When using the J-Link as the debugger, select WPR1500 REF FLASH_Segger Jlink Trace.
When using the P&E Multilink as the debugger, select WPR1500_REF_FLASH_PnE
U-MultiLink. If you want to change some parameters, click the Edit button in the Target setting

subpage. The configuration interface is shown as follows.
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e S . S

- al
¥ Debug Configurations #u - t 3 -8 M
Create, ge, and run fig!
Debug or run an application to a target.
FEX| E3- Name: WPRL500_REF_FLASH_Segger J-Link_Trace
type filter text Main . ¢)= Arguments} * Debugger] -7 Source} .- Envlronmenq ] Common| @ Trace and melle]
a [c] CodeWarrior Debug session type
WPR1500_REF FLASH Choose a predefined debug session type or custom type for maximum flexibility
WPR1500_REF_FLASH_OpenSDA N ® Download ) Connect
WPR1500_REF_FLASH_PnE U—Mu!tlek © Attach Ficion
WPRlSOU,REF,FLASH,Seg_g_erJ-Llnk,Trac
= Launch Group = C/C++ application
et WPRL500_REF |
Application: FLASH/WPR1500_REF elf Search Project...| | Browse.. || Variables.. |
~ Build (if required) before launching
Build (if required) before launching
Build configuration: [FU\SH ']
["] Select configuration using 'C/C++ Application'
() Enable auto build (") Disable auto build
@) Use workspace settings Configure Werkspace Settings...
< m +
Filter matched & of 6 items ~ Target settings
Fikter by Project: Connection: & WPRISO0_REF_FLASH_Segger)-Link Trace = Edit. [ New. |
1= WPR1500_REF < it Py
Apply Revert
® Debug i I Close

L=

Figure 30. Debug configurations

4. Download and debug the project.

After the application is built successfully, click the Debug button in the above-mentioned
configuration dialog. Then the project code is downloading and the debugger stops executing at the

start of the main() function.
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-
¥ Debug - WPR1500_REF/Sources/praject/WPR1500_REF.c - CodeWarrior Development Studio 0 i =fp=n x|
File Edit Source Refactor Search Project RTCS MQXK MQKTools Run  Window Help
i | e IS 2D e TS A w H-#-BE-H-v e
Quick Access | Ejc/c++ |35 Debug
& 5 Debug 32 D& i L m v =g - 1840 Registers 32 =8 g
=] a [c] WPR1500_REF_FLASH_Segger J-Link_Trace [CodeWarrior] EA=1N v‘ 1 oy | w0 2
e ek M i 0
a o Thread [ID: uspended: Signal 'Halt' received. Description: User hal wa ; (4 | =
= . 5 ik —
= 2 main( WPRL500_REF.1133 000001764 siat User/System Mode Registers
— . . W% Debug Registers
= 1 (AsmSection)() startup_MWPR1516.5:141 0x00000424 T - e Eia o
p C\Users\B50383\Project\WPRL500_RER\build\wprl 500\ cw-kINWPR1500_REI < | mn +
-
4 i | 2 l [
=| WPR1516 _fla... [£] WPRLS00_REF.c %  [S] startup_MWP... L e SE Disassembly 32 = g

- /i’i’i’i’i’i’W\l’i’ﬂW\l’i’ﬂWi’i’i’i’***WWW*WWW**W***WW**WW S
* Global functions

B s

extern wvoid AD_IN_Init{vcid);

[d
,,-’wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

-int main (void)

k

PIT ConfigType sPITConfig;
PIT configType *pPIT_Config = &sPITCo
EE ItemInfoType sSEE_ItemInfo = {0xAS5,
£* PME Gnitial Ef
PMC_Init();
/* FreeMASTER initial */

#if FREFMASTFR FTRMWARE > 0 3

4| n | [

*

Enter location here

133
00001764:
140
00001766:
lel
0000176a:
162
0000176c:
lel
0000176e:
164
00001770:
162
00001772:
163
00001774:

{

‘|

- wEE) -

push {r0-r2,r4-r7,1r}
PMC Init():

bl PMC Init (0x82c) e
PPIT_config->u32LoadValue

lde 3. [pe, ¥SHE]
PPIT_Config->bFreeze

cpy rl,sp
PPIT Config->u32LoadValue

str r3, [sp,#4]
PPIT_Config->bInterruptEr

1drb 2, [x1, #11
pPIT_Config->bFreeze

1drb 0, [x1, #0]
pPPIT_config->bModuleDis

movs r5,#2

| 3

1

Figure 31. Stop at main() when running debugging

6.3

6.3.1 Connecting the debug cable

Debugging the WPR1500 receiver with FreeMASTER

The FreeMASTER debug connection is shown in Figure 32. Ensure that the jumper J110 is removed
before debugging, and then put the receiver on the transmitter panel.
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Figure 32. FreeMASTER debug connection

6.3.2 Setting FreeMASTER project options

1. Set the symbol file for your project.

Select a symbol file from FreeMASTER Project -> Options -> MAP Files, as shown in the
following figure. The IAR project is used as an example.
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Options

[

Comm MAF Files | Pack D1'r| HTML Pages | Demo Mode I Views & Bars I

Default symbal file: I\.FL.P-.SH 16KE_PFLASH\Exe"\WPR1500_REF out

File format : IEmar_l,r ELF with DWARF1 or DWARFZ dbg format . _I Edit I
List of all valid MFLASH 16KB PFLASH Exe \WPR1500 REF out
symbol files:

Mote: The file selected in the list will be used as default symbaol file
when the project is opened

On Load

e
el |

[T Let the user select starting symbal fil
¥ Synchronize variables each time the symbol file loads

[¥ List emors (variables using undefined symbols)
& Aways  Except after project load

oK Cancel Apply

Help

Figure 33. Selecting a symbol file

2. Select a communication interface for FreeMASTER.

Select Plug-in Module in FreeMASTER Project -> Options -> Comm, as shown in the
following figure. Then select FreeMASTER Segger/Jlink Communication Plug-in.
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Cptions | R |

Comm | MAP Fies | Pack Dir | HTML Pages | Demo Mode | Views & Bars |

— Communication

" Direct RS232: Pot: [COMS  ~| |Siicon Labs CP210x USBto UART Bride

Speed:IE.'-"EEE vI Tlmeauts...l

* Plugin Module: IFreeI'H'IP-.STEH Segger/lLink Communication Plug-in ;I

Connect string: I LI Configure... I

¥ 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

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

oK Cancel sepb | Hep |

Figure 34. Communication interface setting

6.3.3 Debugging using FreeMASTER

NXP provides the FreeMASTER GUI tool to monitor the system working status. Open
WPR1500 REF.pmp with this tool, start up the RX board, and click the red Start/Stop button. For the
FreeMASTER tool, visit nxp.com/Freemaster.

The FreeMASTER GUI can be used to monitor the system state and change some parameters manually if
necessary. The user can get the system error code through the oscilloscope in the GUI.
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File Edit View Scope Projed Tools Help

= Hd AN =l Tahoma Al -
i MERD lout Vout | cted Wi
178 MP Parameters o ou rec_vol_expes rec
%% MP FOD Calibration output_enable system_srror_flag buck_no_power_good_cnt I
"% ADC Calibration B e e
;% PGA Calibration E
E‘ I-E: timing 4000
: =, 0 r
¢ - timing Z 30004
- clamp = o
¢ L8k System Error 2000+
£ ™ control_error 1000
H = Ml I | ] f T il I 1 ! 1 I il 1 i I L
i 5% Vrec_error 1.0
115 MOSFET Protection 06
i 5% MOSFET power -
=18 startuy, rec control 2 0e
®8 startup8 V trol é’ 0s
emm faet
£1-*18 fault_status s
: K fault =
E--'ﬂbu:kpower\oss 1.8_ L1 L L1 L L1 L1 L L I L L L L L L Lo
5% FOD parameters E
- *78 time usage 0.5
: 5 time o s
L.} Working Debugging L4 £
05
ENES ] S S S S S S A, A G A 0 S S A S S A B O S B S A I |
14
ol
: L
14
72 o e I e S 0 A 4 20 S0 R S e S5 | Rt s i 5 s o] 2 | S 2 At A B G e 3 R A S s G, Rt s |
a7 88 89 90 91 9z 93 94 95 96 97
Time [sec]
control page  gscillascope
Name Value Unit Period
CtError -1 DEC [
output_enable 1 DEC 0
Tout 1123 DEC 0
Vout 5085 DEC 0
Vrec 5126 DEC 0
system_error_flag 0 DEC 0
vrec_control_expected_value 5100 DEC 1000
rect_voltage_average1 5101 DEC 1000
out_current_averagel 1011 DEC 1000
keep_control_error_zero_flag 0 DEC 1000
vrec_control_manually_flag 0 DEC 1000
disable_output_manually_flag 0 DEC 1000
control_error_manual _limit 255 DEC 1000
Ready plug-in comm; Scope Bad

Figure 35. FreeMASTER GUI tool

The control page includes three tabs: Current/PGA Calibration, FOD Calibration, and System Control. The
output current calibration function is enabled when the macro ADC_CALIBRATION FREEMASTER is
set to 1.

After getting the calibration result, click the Store to flash button to save these parameters in flash. These
parameters are used to calibrate the output current every time when the RX board is started. The internal
PGA calibration function is disabled by default because of the flash limitation. When this function is
enabled, the calibration result can also be saved in flash by default.

The FOD Calibration function can work offline. The user needs to measure some parameters and fulfill
them in this page. When calibration is complete, the parameters that can be used in the project code are
listed in the bottom area of this page.
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The System Control page is used to control the system manually when RX works properly. It can set the
expected Vrec voltage, enable or disable output, set the control error packet value, and so on. This function
is useful to debug the system in details.

[l WPR1500_REF.pmp - Fr

File Edit View Explorer Projet Tools Help

= E é <::' '::> ﬂ l:l Tahoma ~|lll8 -

{2 WPRL500
.78 MP Parameters
1.5 MP FOD Calibration
;™12 ADC Calibration
;1% PGA Calibration
E| "E: timing
{ S timing
£ ™% clamp
¢ L8k System Error
£ ™ control_error
5% Vrec_error
£ ™% MOSFET Protection
-}5% MOSFET power
£ startup8 Vrec control

MPRX FreeMASTER GUI

Current/PGA Calibration FOD Calibration System Control

FOD Calibration for BUCK board

In order to keep the parameters stable and record value easily, user can use DC power supply to

m

I ) provide input power. Thus Vrec can be adjusted easily. The output current of the DC power supply and
B Vrec, Vout and lout need to measure by multimeter.
: 1 fault

=-*5 buck power loss

: 5% FOD parameters
= *75 time usage

K& time

..} Warking Debugging

DC power supply

A) Load

Vrec

PLANE [ARKE » WPR1516
LAMP b | 1

Control Circuit

Here we assume that the input current of MCU is a constant and do not change with Vrec voltage. We 5

«control page | escllescope

Name: Value Unit Period
CtError Q DEC Q
output_enable 1 DEC 0
Tout 1154 DEC 0
Vout o084 DEC )
Vrec 5118 DEC 0
system_error_flag 0 DEC 0
vrec_control_expected_value 5100 DEC 1000
rect_voltage_average 1 5117 DEC 1000
out_current_averagel 1070 DEC 1000
keep_control_error_zero_flag 0 DEC 1000
vrec_control_manually_flag 0 DEC 1000
disable_output_manually_flag 0 DEC 1000
control_error_manual_limit 255 DEC 1000
Ready Mot connected Scope Bad

Figure 36. Control page of the FreeMASTER GUI

6.4 Testing

6.4.1 Signals on the board

The main signals on the WPR1500 reference board are shown in Figure 37.
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Figure 37. Test points on the WPR1500-LDO board

Testing points on the WPR1500 LDO board are as follows:
« TP106: USB input voltage
« TP109: VREC
« TP107 & TP108: GND
* TP111: Drive voltage of the LDO MOSFET

The following examples show how to measure and debug the board follow.

1. Figure 38 shows the input voltage and communication signal from ping phase to power transfer
setup.

— Channel 1: rectifier DC output voltage VREC
— Channel 2: coil AC input voltage V_Coil

— Channel 3: communication signal CTX

— Channel 4: coil AC input current I Coil
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Figure 38. Ping process of the wireless power receiver

2. System response measurement for a 3 A load is shown in Figure 39.

Figure 39. System response for a 3 A load
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3. System response measurement for increasing the load gradually from 0 A is shown in Figure 40.

Figure 40. System response for adding the load gradually

4. System response measurement for reducing the load gradually to 0 A is shown in Figure 41.

Figure 41. System response for reducing the load gradually to 0 A
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7 References

» NXP wireless charging solution page:
nxp.com/wirelesscharging

* NXP FreeMASTER tool page:

nxp.com/Freemaster

*  WPC page:

www.wirelesspowerconsortium.com
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