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System features

The WPR1500 medium power receiver reference board has the following features:
Compliance with the medium power WPC Qi specification
Input power (3.5 V ~ 20 Vac peak) from the transmitter via 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 x 40 mm)
FreeMASTER tool to enable customization and calibration

Package checklist

Table 1. Package checklist

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

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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Getting started

* 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 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 45V ~ 5.5 V.

6 Getting started

6.1 System development environment

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.

To download image onto the WPR1516 chip, you need to 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 in order to get power.

In order to monitor the working status of the WPR1500 receiver board, the 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 image.
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Figure 6. Development environment

For details on the J-Link debugger, please 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 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. Please confirm 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 Downloading an existing WPR1500 project using IAR

To download an existing WPR1500 project using IAR, please 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 demo application workspace files are located in:
<project_name>/build/iar/<board_name>/<project_name>.eww
2. Build a project.
Click 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|
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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:

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 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- 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 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"

Category:
General Options
Runtime Cheddng
CfC++ Compil

Factony Settings

f Assembler

[l Output Converter
Custom Build
Build Actions

i Linker

Simulator

Setup | Download | Im

| Extra Options | Multicore | Plugins |

D

¥ Runto

|PE micro

'v] main

Setup Mmacros
[£] Use macro fileds)

Device description file
] Cvemide default

[STOOLKIT_DIRS\CONFIG \debugger'Freescale \MWPR1516.1] [..|

[ 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” (==

Cteoen [ Focton Setngs |
General Options

Runtime Checking
CfC++ Compiler

Output Converber

GDE Server TCRPAP
AR ROM-monitor 1

Auto scan network
I-jet/ITAGet
JLink/)-Trace IF] Show selt dslog 10.0.0.1
TI Stellaris = nan
Macraigor 7] Log communication
SPROJ_DIRS \cspycomm fog
RDI k
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
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:

4§ WPR1500_REF - IAR Embedded Workbench IDE
File Edit View Project Debug Disassembly JTAG Tools Windew Help

DD & o o -y Ee
=~ 8|23 LB K
Workspace * |ade.c |pre_hal.e WPR1500_REF.c | man) * X
[-VJPHIE:I_]_HEF_ﬂM-HASH_IB* - extern void AD_IN_Inie(veid): —.'
Filas :: m / ..........................................
& EWPR1500_REF ®  int main (veid)
ol [WPRI1S00... |« | | Bl
E ] commaon ffuintd & usCh;
= [ cpu RIC_Configlyps sRICConfig:
@ [ drivers RIC_ConfigIype *pRICConfig = &sRICConfi
AR PIT_ConfigIype aPITConfigl:
= ] platfarms PIT ConfigIype *pPIT Configl = saPITCon
@[] project
= Jwpr_lib princf ("\nRunring the WPR1SO00_REF projec(=|
@ C1Output /* PNC tial
) r_lib-De.. 7 i
Dwpr PMC Init():

Figure 18. Stop at main() when run debugging

6.3 Debugging the WPR1500 receiver with 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-LDO MP Receiver Reference Design User’s Guide, Rev. 0, 12/2014
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6.3.2

Freescale provides the FreeMASTER GUI tool for system status monitoring. The WPR1500_REF.pmp

Getting started

Using FreeMASTER

must be used. For the FreeMASTER tool, visit freescale.com/Freemaster.
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Figure 20. FreeMASTER tool GUI
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Figure 21. Medium power receiver parameters
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6.3.2.1 How to set up the FreeMASTER connection to the target board
1. Setasymbol file for your project.

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

-

Options.

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 | [ |

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 a symbol file

2. Adjust the settings for using FreeMASTER.

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

32| Port: ["-‘0“4 El |SiconLabaCP21l.‘n:USBloUAﬂT&id;
w: 57503 vl M---l
© Plugin Module: | ~]

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 startup

% 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
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14 Freescale Semiconductor, Inc.



PR 4

Getting started

6.4  Testing

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

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

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_Coil

WPR1500-LDO 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
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3. System response measurement for increasing the load gradually from 0 A is shown in Figure 27.

Figure 27. System response for adding the load gradually

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

Figure 28. System response for reducing the load gradually to 0 A

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