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1 Introduction

This document describes how to use the WPR1500-BUCK

medium power receiver reference board designed by
Freescale. It supports 15 W, is compliant with the WPC
MPWG specifications, and has the capability to support

future standards. It is a low-cost reference solution that can

be easily customized using the FreeMASTER tool.

Figure 1. WPR1500 Reference Board — BUCK
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System features

The WPR1500 medium power receiver reference board has the following features:

Reference design compliant with medium power WPC Qi specifications

Input power of 3.5V ~ 20 V AC in peak from the transmitter via the receiver coil
Output power of I5W (5V @ 3 A)

Support of FSK communication signals from medium power transmitter

Hardware protection of rectifier voltage, output voltage and output current
Small PCB size (40 mm x 40 mm)
FreeMASTER tool to enable customization and calibration

Package checklist

Table 1. Package checklist

Name Count
WPR1500-BUCK board 1
WPR1500 debug board 1
10-pin SWD debug cable 1

System block diagram

The WPR1500 mediummedium power 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 — BUCK

5.2 Modules explanation
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Figure 4. WPR1500-BUCK board modules overview
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6.1

The WPR1500 receiver board supports debugging using the IAR and FreeMASTER tools. The set-up of
the debug connection is shown in Figure 5. The debugger and the debug board are placed between the PC
and the receiver board.

Controller

The Freescale WPR15xx MCU is the central controller of the WPR1500 receiver board. The chip
is a higher integration receiver controller MCU for wireless power transfer application.

The WPR15xXx is a Cortex® MO0+ core ASSP with Freescale’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 signal, which eases 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:

— 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 self-driven sync type. It has the following characteristics:
— Input voltage : 3.5V - 20 V AC peak

— Output voltage: 3.5V -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 from wired power plugs, and switches
on wired power when the input voltage is in the range of 45V ~55V

DC-DC converter
— Input voltage : 5V ~21V DC
— Output voltage / current: 5V DC /3 A.

Getting started

System development environment

In order to download image onto the WPR1516 chip, user must connect a debugger (J-LINK or
P&E-Multilink FX) to the SWD port of a debug board, and connect the debug board to the receiver board
using a 10-pin cable. The micro interface on the debug board must be connected to the USB in order to get

power.

WPR1500-BUCK MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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Getting started

To monitor the working status of the WPR1500 receiver board, user must 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 setup.

Adapter f{

AR FiesMASTER

LBBILART

Debug board  |___pabugging catie.

USE 2
"

.
. [sLinkrPaE _SWD/
=~ Multilink -

Froncale Middie Pover Trsmigier

Figure 5. Debug connections

FreeMASTER

J-Link

Debug board

WPR1500
Receiver board

12V/24A
DC adapter

FSL MP
Tx board

Figure 6. Development environment

For details on the J-Link debugger, visit freescale.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 connect the debug board to the
receiver board using a 10-pin cable.
NOTE

The micro interface on the debug board must be connected to the USB in
order to receive power. Please confirm the jumper J110 is connected before
the download.

The J-Link 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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Figure 9. P&E Multilink debugger plugged in
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6.2.2 Downloading an existing WPR1500 project using IAR

In order to download an existing WPR1500 project using 1AR, please perform the following steps:

1. Set-up the IAR embedded workbench.

The IAR embedded workbench tool is required. Since 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 demo applications workspace files are located in:
<project_name>/build/iar/<board_name>/<project_name>.eww
2. Build a project.
Click on the “Rebuild All” button:

[ 7% WPR1500_REF - 1oR Embedded Workbench IDE. .+ s b B
[Fle Edn view Project Tools Window | Help |
D @ B rfr e eedB NEUNS|S|
{Fh - % adec prx_hal.c | WPRLLS00_REF from.map | WER 1500 REF.c ) wx|
[[[Prasttexe pruash —1 0 =
| -Falgs i= B | ul§lousy = ulflous_inch: &
- o | ulélouzn = ulélous_intH:
! Eﬂmm- " - temp = uléloutn - uléloutp + pga_offset:s/ -45; I
| I_'lfBl:“‘T""\ﬂ"I Options... B1f tasting
| allocc
i Sassaﬂ.c ) Hake poa_sffseel = ulfleuen - uléleuep:
| COMMOn Compde
Einc Rebuild Al Af (temp < 0]
prnth.c temp = O
B) startup e ity cesp = (iB3Z_T) (Temp * 1.554) S/mA
£ startup.h Stogp Build ) l
By sadlibc Emp current = temps |
le.dﬁb.h Add " J/temp = [ink32 E) ({te=mp + J) f 1.D15}: 1
Einpedeih we=p = (ine32_t) ((vemp & I) J 1.0145); S/linear Fites
Cicpu Remove 1
Clheaders Rensme
Y arrm_emil
SOl Vaion Control Systum , B AF (sempleChannel = SAMFLE CH TEWF)
il e
| gmr:c Open Cantaining Folder— T !
Em“ File Properties... B Af (sampleChannel == SAMPLE CH EXT TEMP |
R N
l Dwview] WPR1S00_ Set as Active ; i
¥
=
] —_— I
" |
i E i
!‘“’ o m " I‘
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Figure 10. Building a project
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When the build is complete, the IAR displays this information in the build window:

Meszages

Building confiquration: WPR1500_REF_frdm - FLASH_16KB_PFLASH
Updating build tree...

adcc

Linking

WPRI1500_REF_frdm.out

Comverling

Total number of errors: 0
Taotal number of wamings: 0

l 4| i | 1
Find in Files Build | Debug Log | Ambiguous Definitions | References x
Ready Errors 0, Warnings 0

Figure 11. Successfull build of a project

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

Options for node “WPR1500_REF_frdm- bt |

Category: Foclow Sotlings

CUIPUL Somericy [ Attach to running target
Build Actions [¥] Verfy download
Linkes | Suppress download
Simadnber [¥] Use fissh loaderts)
Anged ¥ Cvemde defaut board file
CMSLS DAP STOOLKIT_DIRS \corfig flashloader Freascale'\Flast

GDE Server —

IAR ROM-monitor Edt..,

[ ok ][ cancel |

Figure 12. Flash loader configuration
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When using J-Link as a debugger, please select J-link/J-Trace:
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Figure 13. J-Link debugger configuration for driver

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

[ Opticns for node "WPR1500_REF _frdm"
Categony: Factony Settings
General Options
Runtime Cheddng

CfC++ Compi
i Assembler Setup | Download | Im | Extra Options | Multicore | Plugins |
(| | Output Converter
Custom Build Dirver [¥] Runto
Build Actions I?Emiu'n -v] i
Setup macros
Simuilator [] Use macro filels)
= [
CMSIS DAP
i GDB Server |
[y TAR ROM-monitor L
T-jet/TTAG)et Device d .
: Jnk/)-Trace fie
11 Stedllaris [T Ovemide default
i Macraigor STOOLKIT_DIRS\CONFIG \debugger'Fresscale \MWPR1516.() [ |
PE micro -
RDI
i STLINK
Third-Party Driver
XDS100/200/1C01 [ ok ][ canca |

Figure 14. P&E Multilink debugger configuration for driver
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The P&E Multilink is configured in the PE micro settings as shown in Figure 15.

Options for node “WPR1500_REF_frdm™

Category:

Runtime Checking
CfC++ Compiler
Assembiler
Output Converter
‘Custom Builld
Buid Actions
Linker
Debugger

Simulator

Angel

CMSIS DAP

GDE Server

LAR ROM-monitor
I-4et/ITAGI=L
JLink/)-Trace

TI Stellaris
Macraigor

RDI

General Options

Setup |

PAE Hardware imteface type
[USE Multibnk (F2) ~| UsEe
Resat delay Interface

ms JTAG erial port

@ SWD

JTAG/SWD spead
5000 kHz

[] Show settings dialog
7] Log communication

| SPROJ_DIRS \cspycomm fog

ST-LINK
Third-Party Driver
¥DE100/200/1C0D1 i

ok | [ cCancel |

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

The 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 onto the target device, the debugger stops executing at the
start of the main() function:

% WPR1500_REF - [AR Embedded Workbench IDE
File Edit View Project Debug Disassembly JTAG Teols Window Help

D& B0 o ~ Y@
8|23 LXK
Workspace * Jade.c |prx_hal.c WPR1500_REF.C | main() - X
WPR1500_REF_fidm - FLASH_16t ~ extern void AD _IN_Init{void): =
Files g2 B T P A PP
B EwWPR1500_REF =%  int main (void)
SlaWPR1500.. [« | il SR
& ] camman J/uintd & uBCh;
£ |__'Iq:lu RIC CeonfigType sRICConfig:
B drivers RIC_ConfigIype *pRICConfig = &sRICConfi
1R PIT ConfigIype aPITConfigl:
E ] platforms PIT ConfigIype *“pPIT Configl = caPITCon
@ ] project 1
= CIwpr_lib princf(“\nRunning the WPR1500_REF projec| =
1 Quiput /* PNC tial =/
] rlib-De.. i it
Dwpr. PMC Init():

Figure 18. Stopping at main() when debugging

6.3 Debugging the WPR1500 receiver using FreeMASTER

6.3.1 Connecting the debug cable

The FreeMASTER debug connection is shown in Figure 19. User must confirm the jumper J110 is
removed before debugging, then put the receiver on the transmitter panel.

Figure 19. FreeMASTER debug connection

WPR1500-BUCK MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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Using FreeMASTER

Freescale provides the FreeMASTER GUI tool for system status monitoring. User must use the

WPR1500_ REF.pmp file. For information on the FreeMASTER tool, visit freescale.com/Freemaster.
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Figure 20. FreeMASTER GUI tool

© File Edit View Explorer Project Tools Help

SHOE RS ¢ B 2 (el SR 4 & &K Thoms -5 = [Blru 29 [E
Project Tree > x|
|8 WPR150D

émgmg Please specify the URL of the document describing the item currently selected

« Show me where can I do it

sigerithm block description I
Variable Watch

I Hame: Value Urit
19 systemCtrlphase _  :PowerTransfer  ENUM 1000
§ _ﬂ_’!-&‘!kmlt“mmmt'_m Middle Power ENUM 1000
| transmitter_manu_code ] DEC 1000
| transmitter_version ox11 HEX 1000
| guaranteed_power 15 w 1000
potential_power 15 w 1000
:g_ﬂy\anln\.nMuuffodP Dx2E HEX 1000
__ | 9_SysParams.maxPwr 15 w 1000
| 0_SysParams.FSKDepth 2 DEC 1000
| a_SysParams.FSKPolarity 0 DEC 1000

Figure 21. Medium power receiver parameters
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6.3.2.1 How to set up FreeMASTER connection to the target board
1. Set symbol file for your project.

Select a symbol file by navigating to FreeMASTER Project —> Options —> MAP Files, as shown
in Figure 22.

Comm MAF Files | Pack Dir | HTML Pages | Demo Mode | Views & Bars |
Default symbol file: [ \FLASH_16KB_PFLASH"Exe"WPR1500_REF_frdm.out |

File format: [Binary ELF with DWARF1 or DWARF2 dbg format. | _Edt | U_al

List of all valid AFLASH 16KB PFLASH'\Exe'WFPR1500 REF frdm out
symbol files:

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

—On Load
[~ Let the user select starting symbal file
[V Synchronize varables sach time the symbal file loads
[+ List emors (variables using undefined symbols)

@ Always O Except after project load

ok | ceneel | oy

Figure 22. Selecting symbol file

2. Adjust the settings for using FreeMASTER.

Select “Direct RS232” by navigating to FreeMASTER Project —> Options —> Comm, as shown in
Figure 23.

i3] Pot: [COM& ] [Sicon Labs CP210x USBto UART Bridg
Speed: |57600 v| Timeouts... |
€ Plugin Module: | E

Connect sting | vI Configure: |

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

Communication state on stattup and on project load
" Open port at statup

% Do not open port at staftup

(" Store port state on exit. apply & on starup

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

ok | canca |

Figure 23. Options dialog box

WPR1500-BUCK MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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6.4  Testing

6.4.1 Signals on the board
The main signals on the WPR1500 reference board are shown in Figure 24.

L™
MU 5,

P9 From Coil

Figure 24. Test points on the WPR1500-BUCK board

Testing points on the WPR1500 BUCK board are as follows:
* TP6: USB input voltage
e TP9: VREC
e TP7 & TP8: GND
* TP12: DC-DC output enable

Several examples to show how to measure and debug the board follow.

1. Figure 25 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_Caoil
— Channel 3: communication signal CTX
— Channel 4: coil AC input current 1_Coll

WPR1500-BUCK MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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Figure 25. Ping process of the wireless power receiver

2. System response measurement for a 3 A load is shown in Figure 26.

Figure 26. System response for a 3 A load

WPR1500-BUCK MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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3. System response measurement for adding the load gradually from 0 A is shown in Figure 27.

Figure 27. System response for adding loading gradually

4. System response measurement for reducing the load from 3 A to 0 A is shown in Figure 28.

Figure 28. System response for reducing the load from 3Ato 0 A

WPR1500-BUCK MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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