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1 Input Voltage Calibration
The process of input voltage calibration is as follows:

1. Before the calibration, set LOW _POWER_MODE_SUPPORTED and
TOUCH_SENSOR_SUPPORT to FALSE in the example code. Then, the MCU runs at full speed
even without charging, and the FreeMASTER GUI can respond quickly when the user performs
FOD calibration in debugging mode.

e Before Tx is powered on, ensure that the Rx is removed and load is disconnected.

e The calibration process of the input voltage requires library to be running in "debug™ mode,
and without Rx and load.

e Use the FreeMASTER GUI to calibrate, and save the constant to flash.

2. When Tx is powered on, measure the input voltage of the VINA signal by a multi-meter, and write
it to Step 5) in the following window on the FreeMASTER GUI.

Input Voltage Calibration

1) Set Device |D: |0

2) Set the calibration constant to default before calibration: @V’
3) Enter to debug mode: %“7

4) Read Voltage by processor@v 5158 mv

5) Meassure Voltage by multimeter |3092  mV

6) Move Calibration Constant [X7ESD to NvM: _Meve [

7) Save final calibration constant to FLASH: Save |
8) Disconnect FreeMASTER and reset CPU

Figure 1 Input voltage calibration

3. Read out the input Voltage Calibration Constant on the "Calibration™ page of the FreeMASTER
GUI to ensure that it is saved successfully.

Debug | SystemParams | CoilParams | Calibration [ NVMraw hex ' dec
S

Common for all | wiite | SetDefault |
Analog Calibration
Parameters
Input Voltage Read | wiite | % [x7E5D  Indicates the calibration error for the ADC reading of Input
Calibration Constant A J Voltage. A value of /[77%/ (translated to a parameter value of
(100% = 32768) 25231) indicates that the actual value of the Input Valtage is

77% of the reported ADC value for the system. Value 0 to

65535

Figure 2 Reading out the input voltage calibration constant
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2 Input Current Calibration
The process of input current calibration is as follows:
1. Power on the wireless charging Tx board while the load is disconnected.

The calibration process of the input current requires library to be running in "debug" mode, and
without Rx on.

2. Ensure that Rx is removed. Add electronic load or resistors between Vin and Ground to draw
current.

3. Change load current from 50 mA to 1500 mA. Record the actual current measured by a
multi-meter.

Use the FreeMASTER GUI to do the calibration, and save the constant to flash.

Please connect load after step3

Input Curent Calibration
1) Set device ID: |0

2) Set the calibration constant to default before calibration: MV
3) Enter to debug mode: EV

4) Meassure the input current for different loads

1400. Meassured Input Currentr [mA]

uProc| Reall 12000

EVIQE—mA’TmA

MVI%—mAWmAmOOB
EVWmA 320 ma 80007
EVWmAWmAGOO-O‘
(Read | W[5 mAlE22  ma 400.0-
_Read | [1140 mA 1100 mA 2000-
EVWmAWmAO_O e

0.0 400.0 g00.0 12000 1600.0 2000.0

uProc Input Curret [mA)]
5) Move Calibration Constant [2X7BCA tg Ny Move L 4

6) Save final calibration constant to FLASH: Save L 4
7) Disconnect FreeMASTER and reset CPU

%

) 4

x

o

Figure 3 Input current calibration
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4. Read out the Input Current Calibration Constant on the "Calibration" page of the FreeMASTER
GUI to ensure that it is saved successfully. Before the following FOD calibration, disconnect
FreeMASTER and reset the Tx board.

Input Current Read | Write | % [x7BCA  Indicates the calibration error for the ADC reading of Input

Calibration Constant J J Current. A value of [77%/ (translated to a parameter value of

(100% = 32768) 25231) indicates that the actual value of the Input Current is
77% of the reported ADC value for the system. Value 0 to
65535,

Figure 4 Reading out the input current calibration constant
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3 FOD Calibration
This is the FOD calibration process:

1. The calibration process of foreign object detection algorithm requires that the library is running in
debug mode and that the calibration of the Input VVoltage and Input Current is complete. The
calibration must be done without Rx and load.

o Follow the "Input Voltage Calibration™ instructions.
e Follow the "Input Current Calibration™ instructions.

2. Read out the coil current and input power by setting the coil frequency range from 205 KHz to 115
KHz. On the FreeMASTER GUI, perform these steps to get the FOD coefficients, C5, C6, and C7.

FOD Calibration

1)Set Device ID:[0 andCoiliD:[0

2) Set the calibration constant to default before calibration: @ L 4
3) Enter to debug mode: EV

4) Read the coail currents and input power for different frequencies of the coil

Coil f [MHz] Coill  Input Power
Set |00 Read |W/[0733 Al mw 2000. Input Power [miV]

set |[175 Read | W [088 A0 mw :
set [0 Read [W/[i1% Al65  mw 1500
set [0 Read |W[1435 A0 mw 1000.0
set [130 Read | W [1811 Af0Z  mw X
Set |[125 Read |W/[213 A2 mw 2000
Set |[20 Read |W/[z552 A28 mw 0o
set [175 Read | W [z786 AE3  mw

set [[i5 Read | W25 Afi6s mw 0000 10 20 30 10 50
o ||W . |V|ﬁ AP mw Coil Curret [mA]

3) Turn off desired coil: off |
6) Tune calculated constants: C5 [Ix406B  C5Exp [X1B @ [xBBIS  CgExp|ix14 7048

7) Maove FOD Calibration Constants to NVM: _Move L 4

10) Save final calibration constant to FLASH: Save L 4
11) Disconnect FreeMASTER and reset CPU

x
x

K
4
X
X

Figure 5 Reading out the coil current and input power
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3. Read out the "Power Loss Characterization Parameters” in the "Calibration” page of
FreeMASTER GUI to ensure that it is saved successfully.

PLD/FOD
Characterization
Parameters - Coil 0

C5 - Quadratic Read | Write | ¢ [0x4068  This parameter defines the quadratic coefficient of the equation
Coefficient 4 J used to calculate Tx losses represented in units of mW/mA®*2
(MW/mA"2 x 24N5) multiplied by the value of 2*N5, where N5 is the exponent

defined by the next parameter. Value -32768 to 32767

CS Exponent (N3] Read | write | S 1B This parameter is the value of the exponent used to scale the
JJ C5H coefficient to obtain an integer value in units of mW/mA"2.
Value 0to B5535.
C6 - Linear Read | write | ¢ [0xB815  This parameter defines the linear coefficient of the equation
Coefficient (mW/mA JJ used to calculate Tx losses represented in units of mW/mA
x 2"NB) multiplied by the value of 2*NG, where NE is the exponent
defined by the next parameter. Value -32768 to 32767
C6 Exponent (N6) Read | Wiite | 9 [x14  This parameter is the value of the exponent used to scale the
JJ C6 coefficient to obtain an integer value in units of mWW/mA.
Value 0to 65535

C7-Constant Term  Read | Wiite o [0xas This parameter represents the constant term of the equation

{mWV) used to calculate Tx losses (represented in mWW). This value
equates to the static losses of the FET drive circuitry. Value -
3276810 32767,

Power Loss Read | Wiite ¢ [0x00 This parameter represents the offset to be used with the

Calibration Offset 4 J calculation of system Power Loss to prevent negative results

(mW) due to resolution on reparted RX power received, curve-fit and

other calibration errors. Value -30000 to 30000,

Figure 6 Reading out the power loss characterization parameters
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4 FOD Normalization

The FOD normalization involves equalizing the power-loss curve, which occurs when the lost value
increases with the increase of the load. In this case, the power loss curve may be higher than the threshold
even when there is no foreign object. To resolve the issue, Freescale provides the normalization tool
through FreeMASTER GUI to fine-tune the FOD performance of customers’ boards.

This is the FOD normalization process:
1. Ensure that the voltage and current are input, and that the FOD calibration is complete.

2. Follow the normalization steps on the FreeMASTER GUI as shown in the figure. Before the test,
reset the parameter and exit debug mode. Do the test with a standard calibrated Qi 1.1 Rx, such as
TPR#5. The load range is from 50 mA to 1000 mA.

FOD Calibration of normalisation parameters

1) Set Device ID: |0 and Coil ID: |0

2) Set the FOD Normalisation parameters to default before the calibration: Feset

3) Exit debug mode:  Ext

4} Put calibrated receiver on coil and Read the output power for different loads of RX

Load Tx Power Rx Power

[0 ma Read| [260 mw[273  my 200
100 mA Read| [s86 mw[s46  mw gg
200 mA Read 1178 mw 1132 mw

FOD Error [m'W]

-50.0
300 mA Read 1818 mw 1796 mw
400 mA Read 2456 myy [2421 yy 1008 : .

500 mA Read 383 mw 308 mwy 1500
600 A Read B76  mwWIRTEE mw
700 maA Read 4572 mw 4453 mw

800 mA Read| [6491 mwl[E2e mw 2°087% 50000 40000 60000 80000  10000.0

(5]

-200.6

1000 mA Read 8925 mwy 6718 mw Rx Power
5) Tune calculated constants: CA1 [(xBCE6  CA1Exp [222  CA2 [A0D7 CA2 Exp <14 CA3|0x08
6) Tune calculated constants:!ltodo!! CB1 |0 CB1Exp 0 cB2|0 LCB2Exp|0 ,CB3|0

7) Move FOD Calibration Constants to NvVM: _Move

10) Save final calibration constant to FLASH: Save
11) Disconnect FreeMASTER and reset CPU

Figure 7 FOD calibration of normalization parameters
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3. Read out the "Power Loss Characterization Parameters” on the "Calibration™ page of the
FreeMASTER GUI to ensure that the parameters are saved successfully.

PLD/FOD
Normalization
Parameters.

CA1 - Quadratic
Coefficient for region
A (mWimWez2 x
2°MNAT)

CA1 Exponent (NAT1)

CAZ - Linear
Coefficient for region
A(mWIMW x 2°NAZ)

CA2 Exponent (NAZ)

CAJ - Constant Term
for region A (mW)

Read | Write

Read | Write
Read | Write

Read | Write
Read | Write

W [xBCe6  This parameter defines the quadratic coefficient of the equation
used to calculate the narmailization for system power losses
represented in units of mMW/mW*2 multiplied by the value of
2*NA1 where NA1 is the exponent defined by the next
parameter. Value -32768 to 32767.

W [0x22 This parameter is the value of the exponent used to scale the
CA1 coefficient to abtain an integer value in units of mW/mW*2.
Value 0 to 65535.

W [0xa0D7 This parameter defines the linear coefficient of the equation
used to calculate the normalization for system power losses
represented in units of mW/mW multiplied by the value of
2*"NA2, where NAZ is the exponent defined by the next
parameter. Value -32768 to 32767

W [ox14 This parameter is the value of the exponent used to scale the
CAZ2 coefficient to obtain an integer value in units of mW/mi\W.
Value 0 to 65535,

o [0x08 This parameter represents the constant term of the equation
used to calculate the normalization for system power losses
{represented in mW). Value -327686 to 32767

Figure 8 Reading out the power loss characterization parameters
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5 RS FOD Calibration

Resonance Shift FOD (RS-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 by default, and you can skip this step by default. Normal FOD
with the power loss solution has been involved in the demo image. You need to enable the feature before
performing the calibration, if the feature is required. Follow Section “Enabling the RS FOD function” of
the WCT1000 A11 Reference Design System User’s Guide (WCT1000SYSUG) to rebuild the project. As
the detection threshold is impacted by the input voltage and the hardware, the parameters used to calculate
the threshold should be calibrated through the FreeMASTER GUI.

The RS FOD calibration process is as follows:

1. Close the low power mode by setting the macro LOW_POWER_MODE_SUPPORTED false in
application_cfg.h, and rebuild the project.

2. Ensure that the voltage and current calibration is completed, and exit from the debug mode.

3. Ignore the reset step, which is useless here. Follow the calibration Step 4 on the FreeMASTER
GUI as shown in the following figure. Set different input voltages from 4.8 V to 5.3 V separately,
and click “Read” to get the calibration curve. Then the parameters Ca and Cb are obtained. Click
“Move” to move the new parameters to flash, and then click “Save”.

RS FOD Calibration
1) Set Device ID: |0 and Coil ID: [0

2) Set the calibration constant to default before calibration; Reset

3) Exit debug mode:  Exit

4) Read the input voltage and coil current when analog ping for different coils

6800 Coil Current
Input Vol Coil Curr ggq g
Read 5240 mV/ 670 mA A
Read 5140 mvy (654 mA 6400 *

Read 5040 mv[640 mA

Read 4940  my [626 mAGED'O »

Read 4850 mV[613  mA goo0

Read 4740 my[E99  mA

T

o8P0 49000 51000 53000 55000 57000
Input Voltage [mV]

5) Tune calculated constants: Ca [x1225  Cp [0xFFB6
6) Move RS FOD Calibration Constants to NVM: Move

6) Save final RS FOD calibration constant to FLASH: Save
7) Disconnect FreeMASTER and reset CPU

Figure 9 RS FOD calibration parameters

WCT1000 A1l Reference Design Calibration User’s Guide, Rev. 3.3, 09/2014
10 Freescale Semiconductor




4. Read out the "RSFOD Calibration Parameters" on the "Calibration" page of the FreeMASTER
GUI to ensure that the parameters are saved successfully.

RSFOD Calibration
Parameters.

Ca - LinearCoeff Read | Write L 4 |ﬂx1254 This parameter defines the Linear coefficient of the equation
J J used to calculate coil current raw value based on current input
voltage. Value -32768 to 32767.
Cb - ConstantCoeff  Read | write L 4 I{]xFFBS This parameter defines the Constant coefficient of the equation
J J used to calculate coil current raw value based on current input
voltage. Value -32768 to 32767.

Figure 10 Reading out the RS FOD calibration parameters
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6 EEdata

After the calibration is complete, you need to copy the whole EEdata table on the “NVMRaw” page and
save to the WCT1000 example project. Click the "Common for all" and "Read" buttons on all the three
parameter pages (System, Coil, and Calibration) to generate the table of the NVMraw page. Then, select
the whole table and right-click it to copy it to the example project code, EEdata_FlashDefaults.asm.

E WCT_A11.pmp - FreeMASTER

File Edt View Explorer Item Project Tooks Help

=== 8| &3] 2| [ 2=l [ 44| )|

Wireless Charging
= ™ Power Loss
>,
input power
2 input p -

Etninben WCT GUI for Low Power 5W, 1 coil - freescate

12 debug micu

1 18 FSL_DBG F i
-1: - Debug System Params Coil Params Calibration  NVMraw £ hex = dec O
2 R i ] [l £

=1 ™ Adc Average : Y

* ;}; Ef;uem Initialization of Runtime parameters for Flash. This format is used by EEdata_FlashDefaults.asm file.

12 Calculated Currents Generated constants reflects the content of GUL. Make sure that configuration from all tabs is loaded from board to GUI befiore export
2 Raw Currerts the NVIM configuration.

; System Configuration
DC $00F1 ;0x00 b |
DC 3C104 ;0202
DC $000D ;0x04
DC $0102 :0x06
DC $00C8 ;0x08
DC $00C8 ;0x0A
DC $07D0 ;0x0C
DC $03E8 :0x0E
DC $0000 :0x10
DC 30000 :0x12
DC $8005:0x14
DC $000A :0x16
DC $0000:0x18
DC $AA00 0x1A

; Coil Configuration
DC $3AB98 ;0x1C
DC 80002 :0x1E
DC 30041 :0x20
DC 30190 :0x22
DC $AB98 ;0x24
DC $0002 :0x26
DC $0005 ;0x28
DC $0005 ;0x2A
DC 30332 ;0x2C
DC 30504 ;0x2E
DC $0FAD ;0x30
DC 31770 :0x32
DC $2EE0 ;0x34
DC $0000 ;0x36
DC $ADBO ;0x38

control page |

>

[E3

I Mama

T= Ve
o addr=locahost;core=56F &0

Figure 11 NVMRaw page
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7 Revision History

Revision Date Description
1.0 None No document is released
2.1 August, 2013 Initial release
3.0 November, 2013 Updated for calibration on the FreeMASTER GUI
3.1 January, 2014 FOD normalization steps added
3.3 September, 2014 RS FOD calibration steps added
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