LENESAS User Guide

P9415-R-EVK Evaluation Kit

The P9415-R-EVK Wireless Power Evaluation Board serves to demonstrate the features and performance of the
9415-R 15W Wireless Power Receiver with WattShare™ mode. The P9415-R-EVK is designed for evaluation
purpose only. It must not be used for module or mass production purposes.
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1. Features

» Receives up to 15W of power from Qi Extended Power Profile (EPP) Transmitter
= Transmits up to 5W of power in WattShare™ (TRx) mode

= WPCL1.2.4 Extended Power Profile (15W) compatible

= WPC 1.3 Specification hardware ready

= Up to 87% system efficiency in Receiver mode

= Uses thin profile receiver coil (0.3mm)

= Score line to break the applications circuit for prototyping

= Easy configuration of design parameters using P9415-R Windows GUI
= Connector compatible with “WPD-USB-DONGLE” USB to 12C dongle
= 4-layer PCB with 1 oz. copper

= Extensive support collateral: Schematics, Layout files, BOM

= Supports Bi-Directional communications

= X-Y alignment coils embedded in the PCB

= Embedded 32-bit ARM® Cortex®-MO processor

= Supports 12C 400kHz standard interface and GPIOs

2. Evaluation Kit Contents

= P9415-R Evaluation Board assembled with Coil

15 Test
Connector

RX COIL ASSEMBLY P9415-R

J1 Dongle
Connector

3. Overview

The P9415-R-EVK Wireless Power Evaluation Board serves to demonstrate the features and performance of the
9415-R 15W Wireless Power Receiver with WattShare™ mode. Renesas P9243-GB-EVK Evaluation Board or
any other Qi certified Extended Power Profile (EPP) transmitter can be used as the power transmitter for P9415-
R-EVK Evaluation Board testing.

The P9415-R-EVK demonstrates a high-efficiency, turnkey reference design supported by comprehensive
online, digital resources to significantly expedite design-in effort and enable rapid prototyping.

Using the P9415-R Windows GUI customers can quickly customize operating parameters for their custom
applications. Operating parameters such as foreign object detection (FOD) parameters can be configured by
either writing to internal SRAM registers via the 12C interface, or by loading a custom configuration generated by
the P9415-R Windows GUI into The P9415-R features Multiple-time programmable (MTP) non-volatile memory.
WPD-USB-DONGLE is required to connect P9415-R-EVK with the windows GUI and needs to be ordered
separately.
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4. Setup

4.1 Required or Recommended User Equipment

The following additional lab equipment is required for using the kit:

P9243-GB-EVK Evaluation Board or any WPC certified transmitter for Rx mode test

DC power source or travel adapter to power P9243-GB-EVK Evaluation Board or any WPC certified
transmitter

P9222-R-EVK or any WPC certified receiver for Watt-share (Tx) mode test
Electronic load that can be connected to P9415-R-EVK

WPD-USB-DONGLE for connecting with P9415-R Wireless Power Pro GUI on computer and doing 12C
transactions. WPD-USB- DONGLE is not shipped along with evaluation board and needs to be ordered
separately

4.2 Required Software on Computer

Visit the P9415-R-EVK webpage and download latest version of the P9415-R Wireless Power Pro GUI, and USB
drivers from the Renesas website. The Window GUI software provides an intuitive graphical user interface for
reading and writing to P9415-R registers and program custom user configurations to internal MTP memory.

4.2.1. Software Installation

Follow these procedures to install the software:

1.
2.

Do not connect the WPD-USB-DONGLE before installing the software.

Run the downloaded USB Drivers Setup executable file and follow the user prompts to install the USB
drivers.

After finishing the setup of the USB drivers, connect one of the WPD-USB-DONGLE to the USB port. Wait
for a few moments to let Windows® map the drivers for the dongle.

Open the Device Manager from the Windows control panel and check the devices listed under “Universal
Serial Bus controllers” section. “FT4222H Interface A” and “FT4222H Interface B” should appear in this
section as shown in Figure 1.

Run the P9415-R Window GUI exe file.

& Device Manager - O x

File Action View Help
e 0 HE B2 s

== |DE ATA/ATAP| controllers ~
i Imaging devices

= Intel(r) Dynamic Platform and Thermal Framework
= Keyboards

lﬂ Mice and other painting devices

[ Monitors

I3 Network adapters

§ Ports (COM & LPT)

[ Print queues

D Processors

17 Security devices

B software devices

i} Sound, video and game controllers

S Storage controllers

— Syt
v B Universal Serial Bus controllers

¥ FT4222H Interface A
¥ FT4222H Interface B

Sy GEneTT SuperSpeet oS iin—"
¥ Generic USB Hub
¥ Intel(R) USB 3.0 eXtensible Host Controller - 1.0 (Microsoft)
¥ USB Composite Device

Figure 1. Windows Device Manager Display for the USB Connection
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4.3 Usage Guide

The P9415-R Evaluation board allows for demonstration of the performance and functionality of the P9415-R
device in a lab bench test environment. For complex or electrically sensitive situations, it is recommended to use
the reference layout to integrate this design into the final system to eliminate hardware limitations or signal
degradation introduced by long leads.

4.4 Kit Hardware Connections for Rx Mode

Follow these procedures to set up the kit as shown in Figure 2.

1. Set up the P9243-GB Evaluation Board (or other transmitter board) according to the board’s user manual
and apply power.

2. Place the P9415-R-EVK Board on the transmitter coil surface with the coil back facing upwards. P9415-R-
EVK PCB boards act as a spacer between Tx surface and Rx coil.

3. Verify that the green LEDs on both kits are illuminated, indicating that power transfer has been established.

P9243-GB TX

P9415-R

Green LED On P9243-GB EVK indicates that the wireless
connection has been made

Green LED On P9415-R EK indicates that the wireless
connection has been made

Figure 2. Evaluation Kit Connections for Rx Mode Test (1)

4.4.1. Start Guide for Rx Operation

Place the bottom side of P9415-R EVK onto P9243-GB Tx or other WPC certified Tx unit. P9415-R EVK
includes a 58 x 58 x 0.3 mm TRx coil assembly. The charging pad may be a pre-powered and may be powered
after placing the Rx coil on Tx charging pad.

Verify that green LED on P9415-R is illuminating and measure Rx output voltage at the VOUT test point to
ground (GND). Up to 1A load may be connected between VOUT and the GND terminals. For convenience and
measurement accuracy, two test points have been placed which allow for kelvin voltage sensing of the output
voltage to omit conduction losses during evaluation (VOUT and GND). These should be utilized when performing
efficiency measurements. The 12C dongle connector J1 can be used to interface with WPD-USB-DONGLE
dongle for programming the user configurable design parameters and it can be used to monitor the system
status, mode, operating frequency, voltage and current.
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4.5 Kit Hardware Connections for Wattshare (Tx) mode

Follow these procedures to set up the kit as shown in Figure 3.

1. Supply power on P9415-R-EVK VOUT with DC power supply (7.0V).

2. Connect USB dongle on P9415-R-EVK J1 connector. USB dongle black line (GND) should be on J1 Pin3.

3. Send Tx mode command with P9415-R Wireless Power Pro GUI (write 0x01 on 0x0076 register).

4. Place the P9222-R-EVK Board or WPC certified receiver on the reverse side of P9415-R-EVK.
P9415-R-EVK PCB boards acts as a spacer between Tx surface and Rx coil.

5. Verify that the green LEDs on P9222-R-EVK is illuminated, which indicates that power transfer has been
established.

7.0V DC Power

Green LED On P9222-R EVK
indicates that the wireless connection
has been made

Supply power on P9415-R
VOUT and GND test point

Figure 3. Evaluation Kit Connections for Rx Mode Test (2)

45.1. Start Guide for Wattshare Tx mode Operation

The P9415-R-EVK can be configured as a wireless power transmitter. The device uses an on-chip full/half-
bridge inverter, a PWM generator, a modulator/demodulator for communication, and a microcontroller to produce
an AC power signal to drive external L-C tank to operate as a wireless power transmitter (TRx). The P9415-R-
EVK uses the same L-C tank in both Rx mode and TRx mode. In TRx mode, the power needs to be applied on
the VOUT pin first which is the same node as the power receiver output when the device operates in Rx Mode.
Ensure that P9415-R-EVK is not on the Tx pad to avoid Tx conflict.

1. Supply power (5V — 9V) on P9415-R-EVK VOUT or Tx VIN Test point.
2. Write 0x0001 data to 0x0076 register to enable TRx mode with Renesas GUI or any other 12C tool.

3. P9415-R-EVK starts sending digital pings after enabling TRx mode. Probe AC1 and check digital ping
waveform.

R16UH0015EU0100 Rev.1.0 RENESAS Page 6
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TRx mode Digital Pingj waveform at AC1 pin

)] |'=m|]ms ‘ (250K5/s | | 7 400mA
L 1M points ||

Figure 4. TRx Mode Digital Ping Waveform

4. Place WPC compliant Receiver on P9415-R-EVK TRXx coil. P9415-R will detect Rx device and start power
transfer right after WPC ID and Configuration packet.

Probe Rx VRECT and Rx VOUT and check if charging is functional.

TRx mode Rx charging Waveform

rACl ’ I -

P9415-RTRx AC1

-
LLLELL LLEELT UL T LT T LT I-.---I----i

THRX_VOUT

@ 5.00v @ 200v @ 00 (100 | [T00ks7s ) 7 400mA|
1M points )|

Figure 5. TRx Mode Rx Charging Waveform

5. TRx default digital ping frequency is 145kHz and the normal operating frequency range is from 130kHz to
145kHz in the default configuration. It can be changed to 110kHz — 148kHz using the P9415-R GUI.
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4.5.2. Wattshare™ Tx Mode Input Voltage

The P9415-R can transfer up to 5W of power in TRx mode. It follows the WPC 1.2.4 BPP protocol to transfer the
power to other Qi-certified receivers such as Mobile devices, wearables and hearables. The maximum power
delivered in TRx mode is dependent on the input voltage on VOUT pin, coil characteristics such as AC
resistance, and the friendly metal around the coil. Because the coil used for power transfer in TRx mode has
high AC resistance compared to transmitter coil used in a charging pad, the input voltage on the VOUT pin in
TRx mode must be around 7V to 9V to deliver 5W of power to the receiver.

5. P9415-R Evaluation Board Test Point and Connector

There are many test points placed around P9415-R EVK PCB board that can be used for quick and easy
evaluation of P9415-R performance. VOUT, VRECT and GND have large size test points for easy test cable
connection for supplying power and loading. J1 and J5 are the pin type connector for USB-I2C bridge dongle
interface connection and system configuration and monitoring.

5.1 P9415-R Evaluation Board Test Point Placement

NTC| @ R
Connhection
| ® | ] Résonmance [

[ Capaators

==]
\_‘ C 3]

GND|,  gm |.|

== B
b - 'vcbufr'

|Capac1tor;
JOD2NT

VDONGLE—
0D2_INT

J1 Dongle Connector

Ca pacqtoL‘ |

. ] :5
o0
B =) 9
3 o ol 5 =
$ 853 E%
: o & @
£ 4O U a = >

J5 Test Connector

Figure 6. Evaluation Board Test Point Placement

5.1.1. J1 Dongle Connector Pin Descriptions
Table 1. J1 Dongle Connector Pin Descriptions
Pin Number Name Type Description
1 SCL Input I2C Interface Clock signal.
2 SDA Input /Output | 12C Interface Data signal.
3 GND Power Ground reference.
4 VDONGLE Power Dongle power supply from USB Dongle cable (optional).
5 OD2_INT Output Interrupt Signal from P9415-R. Connect OD2_INT to AP GPIO with PU (optional).

R16UH0015EU0100 Rev.1.0
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5.1.2. J5 Test Connector Pin Descriptions

Table 2. J5 Test Connector Pin Descriptions

Pin Name Type Description
Number

1 INHIBIT Input Software Enable Pin, active High.

2 LDO1P8 Power Internal power regulator 1.8V.

3 GP6 Input EPP disable, High = EPP disable, Low = EPP enable.
4 PGOOD Output Power Good indication output.

5 VRECT Power VRECT power supply from USB dongle (optional).

6 VDONGLE Power Dongle power supply from USB dongle (optional).

6. Hardware Connections—Renesas USB-12C Dongle to Window
GUI

The P9415-R firmware provides great flexibility to customize operating parameters for custom applications.
Default values of the P9415-R operating parameters such as output voltage, FOD parameters, and current limit
are set in the firmware programmed into the internal multi-time programmable (MTP) memory. Based on the end
application, the P9415-R operating parameters can be configured by either writing to internal SRAM registers or
program parameter permanently to internal MTP memory via the 12C interface.

Connect the USB-Bridge dongle to PC via USB connector. Attach the Bridge to the 12C terminal J1 dongle on
the P9415-R EVK DEMO board as shown on Figure 8. The dongle should only be plugged-in in one direction,
extending away from the P9415-R EVK PCB, and dongle cable black line (ground) should be connected in J1
Pin3 GND.

Blank
SCL
SDA
GND

Figure 7. USB to 12C Dongle Header of “USB-FTDI-V2-1" (FTDI) Dongle

R16UH0015EU0100 Rev.1.0 RENESAS Page 9
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Figure 8. USB to 12C Dongle Header of “WPD-USB-DONGLE”

P9415-R
Demo Board

USB Dongle
Cable

R —

Figure 9. USB-12C Bridge Connected to 12C Terminal J1 of P9415-R EVK Demo Board; USB Cable

To access the device, connect USB-Bridge dongle to P9415-R as shown in Figure 8 and follow below

procedures.

1. Ensure the USB drivers and P9415-R Wireless Power Pro GUI tool are installed successfully in PC.

2. Place P9415-R-EVK on WPC TX or apply 5V DC from GND connection to the VOUT test point without Tx.

3. Connect WPD-USB-DONGLE to J1 of P9415-R-EVK.

4. Open GUI program. Initial GUI screen is in Figure 9 and the user is prompted to select 12C address.

5. P9415-R default 12C address is 0x3B. Click connect button. If dongle connection is made successfully,
P9415 will be displayed in GUI as shown in Figure 10.

6. If P9415 is not displayed in GUI, check if P9415-R-EVK is powered on properly and plug USB cable again.

R16UH0015EU0100 Rev.1.0 RENESAS Page 10
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LE
File View Help

w <0 @D

—I | o™= Load Config

/\/ @) 12C Address - %

Debug Please select 12C address to connect

=

8 @11

Figure 10. Initial Screen of P9415-R GUI

) wr-we

File View Help

(=] @

Config 82 b2 pa415 fi2

FOD X iy Top View::, 5 iE!

Al B4 o D Ed Fdi 3d Hd J4

b& £t a: - T

Find P3415 * ‘ |ID.I-

Figure 11. Successful Connection GUI Screen
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6.1 Using the Windows GUI

There are many functions in GUI for user to access system operation information, update FW, and modify
configurable parameters.

) oT-wp - o *

File View Help

W 93 (|

% 1 Program FW

Program

@ Configuratio Table - - 7 7 7

Config i 1 i i i i )

FOD | 3 Rx modeFOPdata = = paais L
B/ 5 1y Top Views & B @

< ) B4 o O Ed Fi G 18, i
(=) i B ch O £l 5y GE: i :
4  Test Command

I/If 5 Debug

Debug

Find P3415 a * ‘ IDT
Figure 12. GUI Function Screen

1. Program FW button. Update the FW with this function. Click and see the FW program command window in
bottom of the GUI. First select the target FW to update and click Program MTP, then FW will be updated.

Note: For programming the new firmware to the P9415-R device, remove the P9415-R-EVK from the
transmitter pad. Power the device from an external 5V—7.5V power source on VOUT test point of P9415-R-
EVK.

Read Address:{0x) | 0 Read Length:(0x) | 400 sraM 4 || T2 Read |

= Electronics Corporation/Working/|DT/FirmWare/P3415/P3415-R1_idt_v0,51.e/P3415-R1_v0.51.8.hex Get CRC | | Program MTP | 0x | 1234 CRC Check | 87 Verity |

2. Configuration Table. With table Rx BPP, Rx EPP and Tx operation parameters can be read and saved in
internal MTP memory after modification.

Place P9415-R on Tx pad to make it powered on or supply 5V-7.5V directly on P9415-R VOUT without Tx
and then click Read Default Parameters in top side of GUI configuration table. Several sections of default
parameters will be displayed on GUI such like Tx, Rx EPP and Rx BPP mode parameters.

If there is any parameter you want to make a change, update the value and click Configure parameters to
MTP, then new value will be saved in internal MTP. New parameters will be applied from next time wireless
charging operation after saving. You can also save your configuration table in your local drive Save Config
Table and Read Customer Config Table button on top side of GUI configuration table.

R16UH0015EU0100 Rev.1.0 RENESAS Page 12
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Receiver | Trensmitler | SelMTP Paramelers
Read Customer Conllg Table | [Fead Defaull Pasameters | | Canfigure Parameters to MTP | | Load Cantig Table | [ Save Contig Table
RxFlags
EPPDIS EXTTEMP EPPGDELAY AUTHMODE + RXHDOCP ¥ POWERLOSSOCP EXITOUTAVGAAPP +| OLBIGUTTRIM
DISGPS_SLEEP DISGP2NTE DISGPIGP3.Q DISGPE_EPP 00080
TiFlage
TXHDOCP || TXFOD | TXPOITHER || TXINBUFCH 03
comCapsel
CMA [ cMB [ lcM1 [ |oMz 0x00
BdnifTDType Tx mode
PingPeriad 145,28 Hz 2| PingDC 5% 2| PingBridgemode ‘te 2| MaxPerion 130,15 kHz 21| MinPeriod 145,28 kHz £
OVpThd 11000 my 2| ocpThd 1500 mA | !snumcugoramewam mrAS = lanoreCepHy= 200 2 Ping0CpThd 1100 mA &
LvpThd 2000 v T2 DeadTine s 121 Minputy 781% 2] fodilosecain £ 2] todTryTimes s (5
fodThdl 800 mW 5| fodThdH =100 mW ::- fodSeaThd 3700 mW S fodllossStart 500 5| HBZFBMaxPeriod 13514 kHz ':
PingTimeout W me +| owpHys 1500 eV 2! IVpReyTimes a0 | HB2FBOpDUtY 2088 % =
HEZFEPeriodThd 120,00 kHz 2! Pinalnterval N0 ms |2 ocpTharast 1800 2| TantEnDetault (0 | 000000cs
EPP BPP
VreciTarget 1250 =+ Fod Gain 0 143 1+ Fod Oftsetn 5 = | vrectraget 850 v 2 Fod Gain 0 156 =] Fod Oftset0 40 -
Pwrknes 50 | Fod 1o 21 Fod Offzel1 54 21 | Pwiknee 25 & Fod ﬁly ﬁ =| Foa Oftset 1 " -
VrconFacter |4 T Pod En)g Epl?mmOd:e FodOffsstz 45 3 | vrcontacor [z 12| Fod Gain 2 BP '2E-m0d_g Fod Ofizst2 |58 e
VrkasCom 080V +| Fod gwamﬁters 41 Fod Offsetd 7 & | vedaxcon 120V 4| Fod Parameters 4| Fod Offset 3 7 £
WrMinCorr 04 Y =1 Fod Gain & 145 =1 Fod Offset 4 10 = VeMinCorr 0.08 ¥ +| Fod Gain 4 152 | Fod Oftset 4 18 -
Voutset 1200 +! Fod Gain 5 150 +! Fod Offset 5 127 2| | voutset 500V 2 Fod Gain § 156 +! Fod Offset 5 121 =
loutlimSet 150 mA =] Fad Gain [ 20 4+ Fod Offsst 6 o = | routtimset 180mA =] Fod Gain & £ 2| Fod Oftsets 2 -
oupsat 001804 v) |2 FoaGain 7 28 2l fagotiser7 |48 2| | oupset S(1466v) %] Fod Gain 1 2l Foaotiest? | 2
RPP (0x) | 11 KR {0k | e MP (Dx) | 1o FSK (03 | 00 RPP (0) | 04 NP (0x) | fn WP (0x) | 0a. FSK0d) | 00
Ihaifl. 265 mA £ ihaifi 352 A 4] loutlMThd 7000 2+ RadniEnDetault (i) ooTeeedr
UL 288 mA =] 354 mA 2| oFactor 30 =

Figure 13. Configuration Parameter Table

3. RX Mode FOD Data. This function displays FOD gain and offset data on GUI. Click Get All button to view
FOD parameters in running Rx mode. Rx BPP and EPP mode may have different FOD parameters. You can
change FOD parameter values during running FOD test. New value will be applied immediately. Note that
parameter value changed here will be lost and return back to default in MTP if there is power loss during the
test because this parameter value is volatile and stays in internal SRAM registers.

) orwp

File  View

Program

e

Config

FOD

Rx FOD

Find P9415

ERE (I |

- m] X
Help
= | Get Rx FOD Parameter:
Gain [01: 155 Offset[01:40, Recewer |
Get Hx FOD Parametar: FQD Config
Gain[11:72,0ffset[1]:117.
Gé;i.x[gﬁ?zg%ﬁgjl[%:zsﬂ o8 Gainlo] [ 155 [3 offsstiol | a0 [F[  eet || set |
Get Ax FOD Parameter:
Gain [3]1152,0fsst[3]:17, oge: Gain 11| 72 [Hoftsstil| 17 [F[ et || set |
Get Ax FOD Parameter:
Gain [4]:152,0ffset[4]:16.
OxBe: in [2] = [2l =
ot Pt FOID Pararmatar: oo Gainl2) | 126 [ offsstizl | ss [H[  eet || set |
Gain [E]:168,0ffset[5]: 255,
oxe: Gain (3] [ 152 [Hofsstial| 17 [F[ et || set |
00 Gain (41| 152 [Hoftsstial | e [F[  eet || st |
o7z Gainls) [ 158 [H offsstisl|  1er  [Zf[  eet || set |

Get All Set Al

8@ “IDT

Figure 14. Rx FOD Parameter Data
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4. Test Command. Use the command script to read and write data to P9415-R register.

There are several command script examples. For example, if you want to read 2byte data from register
address 0x0068, please type in ‘regRead:0068 2’ in blank command block and click Send cmd button, then
GUI will return read value in window. If you want to write 2byte data 0x01 and OXCF into register address
0x0071, please type in ‘regWrite 0071 2 01 CF’ in blank command block and click Send cmd button, then
GUI will display write result on window.

€ iom-we - o X
File View Help
w <0
| Please connect to device before sending command!l! Load Confia | Save Contia | Clear Screen | Clesr Cmds Line | Help
[ User Commends |
cmdl: read data Addr(0x0068),Len(0xf)
D0x6f 037 OxBc 0x40 0xBc 0x2d 0x91 0x07
9415 081 Ox0= 036 Oxdd 0<14 000 0x50 TegWrite:0068 2 FF 7F #Set 2bytes to 0x68 Send cmdd
% regRead:0068 1 # Read 15 bytes from 0x68 (Ctr) - a1
walt300 # Wait 300ms Send cmd2
Program B
pppSend-13 0B 4 Send “get adaptor cmd” Send cmd3
P loop:0 3 2 # Repeat cmd to cmd3 2 times Send cmd4
Conf Send cmdS
onfig
Send cmds
FOD T
Rx FOD Send cmds
) Send cmds |
Send cmd10
Register
Send cmd11
c\ |- Send cmd12
[Crmas] Cmd-3 Cmd&-7 Cmdg- | Send Selected|
AA
; 3 @ €)ID
fraresr & @IDT

Figure 15. Test Command Window

5. Debug. Monitors system operation in regular time base. Below example is configured to read VOUT,
VRECT, external temperature NTC and lout during Rx mode charging. You can set read interval and register
address you want to monitor. Different data format is available decimal and hexa. You may want to use
formula to convert ADC result into actual voltage or current.

Reg Num: [4 '%l [ Set Mum ] [ Load Cfg ] [ Sawve Cfg ] Interval{msl: Sawve Data ] [ Clear Data ] [ Clear Screen
Cebug
Register Name: wout_aDC (V) [ Wrect_ADC (V) ] NTC_temp_aDC lout ()
dlilyzeslig anac 0040 0042 0044
Lenath{bytes) 2 H [ 2 H [ 2 H [ 2 H
F la:
ormula; 1 (+2,1+5,/4095 102, 148,/4035 102, 1%3,/4095
DEE o o Hex Hex Hex Hex
Selected: ¥ Sel ¥ Sel ¥ Sel v Sel
2020-09-24 13:57:55.277000 12 10 0 0
2020-09-24 13:57:56.283000 12 10 0 0
2020-09-24 13:57:57.285000 12 10 0 0
2020-09-24 13:57:58.278000 12 10 0 0

Figure 16. Debug Window
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7. TRx Wireless Power Coil

The TRx coil is dependent on customer requirements and most are custom designs. Renesas recommends the
following TRx coil as it was installed in P9415-R demo board.

= Ls=8to 10uH

= DCR=<0.3Q

= ACR=<0.4Q

Table 3. Coil Manufacturer

Output Power Vendor Part Number Inductance at 100kHz Resonant Caps bC ReS|s°tance at
(Cs) 20°C
15w Luxshare | ICTR-QS5858031L-MW034 9.0 £0.2pH 400nF 195mQ +10%

8. Resonance Capacitors

The series resonance capacitors (C32, C33, C34, C36, and C37) are critical components and must be chosen
carefully. All current that flows to the load flows through these components plus any current loss in the rectifier
AC to DC conversion. The recommended capacitor is the 100nF Murata (GRM155C71H104KE19, X7S, 50V, or
GRM155R61H104KE19, X5R, 50V), which have an ESR < 0.1ohms at 100kHz. The GRM155C71H104KE19
capacitor is the best choice based on ESR value and DC bias effects. If another capacitor is chosen, inspecting
the ESR vs. Frequency curve of the manufacturer’s capacitor datasheet is necessary to compare ESR
characteristics as well as the DC bias effects on the capacitor value. Adding non-populated (NP) component
placement (C37) is advised if the additional capacitance is needed for a particular Rx coil.

9. PCLAMP Connection

The P9415-R has an internal automatic DC clamping feature to protect the device from events that cause high
voltages to occur on the AC or DC side of the rectifier. The clamping engages by the VRECT connection to the
PCLAMP pin. The VRECT node must be connected to the PCLAMP pin at all times during Rx mode operation.
For greater than 5W operation, the VRECT node is connected to the PCLAMP pin using a 50Q to 100Q resistor
with greater than 1/4W rating with 2.5x or greater over-power surge capability. For space-constrained designs,
the PCLAMP pin can be directly connected to the VRECT node for 5W or lower power operation.

Also, there is an option for external FET and resistor clamping by the use of the ECLAMP_DRYV pin which can
output 5V to drive the gate of external MOSFET. This output is synchronized with the internal PCLAMP signal.
ECLAMP_DRYV can provide additional clamping capability as needed and there is no thermal increase in the IC
side because clamping energy is consumed in external components.

10. Transient Voltage Suppressors

The Transient Voltage Suppressor (TVS) is an active device that will direct high voltages from the input to
ground, thus protecting the wireless power device or other downstream ICs from being exposed to high voltages.

Transient Voltage Suppressor diodes should be added to the design from the AC1 and AC2 nodes to GND or
from AC1 to AC2. These components are useful to rapidly limit incoming ESD surges or situations when the TX
incoming power exceeds the expected power and VRECT voltage rises above target and Over-voltage
protection threshold in less than 10us to aid in voltage limiting the incoming AC waveforms in conjunction with
the PCLAMP power limiting circuitry.

A balance in Reverse Standoff Voltage (VRWM), Clamping Voltage (VCL), Break-down Voltage (VBR) relative to
the expected VRECT operating voltage VRECT (be sure minimum VBR is less than maximum operating VRECT
value and that VCL is less than VRECT absolute maximum voltage) should be reached.

R16UH0015EU0100 Rev.1.0 RENESAS Page 15
May 27, 2021



P9415-R-EVK Evaluation Kit

Table 4. Transient Voltage Suppressors (TVS) Recommendations

VwmLpo = 12V
D24VOL1B2LP

VRWM = 24V maximum

VBR = 26V minimum at 1mA

VCL = 42V maximum at 1A pp

11. GPIO and GPOD Pins

The P9415-R has general-purpose input-output (GPIO) pins. The OD0-OD4 and GP0-GP6 pins are all multi-
functional.OD0-OD4 pins have an open-drained structure and GP0-GP6 pins have a push-pull structure.

11.1 ODO/SCL Pin

The ODO pin has a digital function open-drain structure. It is assigned to SCL of the 12C function for the serial
interface between the AP and the P9415-R. An external pull-up register on the SCL line is required for 12C
communication and 1.8V power is pulled up in P9415-R demo board. ODO can operate up to 5V.

11.2 OD1/SDA Pin

The ODL1 pin is set as a digital function open-drain structure. It is assigned to the SDA function of the 12C serial
interface bus between the AP and the P9415-R. An external pull-up resistor on the SDA line is required for [12C
communication and 1.8V power is pulled up in P9415-R demo board. OD1 can operate up to 5V.

11.3 ODZ2/INT Pin

The OD2 pin is set as a digital function open-drain structure. It is assigned as the /INT signal for interrupt
notification to the AP. /INT pin indicates a major change of states or error modes such as over-current, over-
voltage, or over-temperature event. Connect this pin to the AP I/O voltage rail using an external pull-up resistor.
The P9415-R drives this pin LOW to notify the AP of status changes.

11.4 OD3/ALIGN_X Pin and OD4/ALIGN_Y Pin

The XY alignment feature allows the P9415-R to sense its relative position to the Tx coil magnetic field center.
When used, the XY alignment coils should be connected to pins OD3(X-alignment coil input) and 0D4 (Y-
alignment coil input). These signals are internally rectified, filtered, and sensed through the ADC. The ADC
values that represent Align X coil signal strength and Align Y coil signal strength can be read in 0x38 and 0x39
registers respectively.

LDO1P8LK-
OPTIONAL : XY Alignment R267
ALGY_OD4
ALGY Sy
AlianY PCB coil R51 10k (?
N
1/16W/0402 ALGX OD3
ALGX - s | a
AlignX PCB coil R52 10k (? z = &
&Y NN
1/161/0402 R286 2 © 4 §
NP

10V/0402

SILDO1P8 =

R2AO~

1/16W/0402

10V/0402

Figure 17. Typical XY Align Coil Schematic Level Connection Guide
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11.5 GPO/PWRGD Pin

The GPO pin is a digital output referenced to LDO1P8. The AP can use the power good signal to turn on the
charging connection indicator or other system functions. Power good (PWRGD) pin is pulled low by default. In
BPP mode, the power good pin is pulled high when MLDO is enabled. In EPP mode, the power good pin is
pulled high at the end of the negotiation phase by default. It can be configured to be pulled high when MLDO

Vout is enabled.

11.6 GP1/Q Main Pin and GP3/Q Offset Pin

GP1 and GP3 are digital inputs used to configure Q factor value by resistor combination. If both GP1 and GP3
are low (< 0.2V), the P9415-R reports the default value programmed in the firmware. Q is 30 in the default
configuration and can be changed with a P9415-R Wireless Power Pro GUI; otherwise, the default Q factor value
is decided by the following tables.

Table 5. Q Factor Main — GP1

GP1 = Vmin GP1 < Vmax Q_Main Pup(R) Pdown(R)
0.2 0.55v 30 100K 27K
0.55v 0.90v 40 100K 68K
0.90v 1.25V 50 100K 150K
1.25V 1.60V 60 47K 180K
1.60V 1.98Vv 70 47K NP
Table 6. Q Factor Offset — GP3
GP3 = Vmin GP3 < Vmax Q_Offset Pup(R) Pdown(R)
ov 0.2v +0 NP 47K
0.2 0.55Vv +1 100K 27K
0.55Vv 0.90v +2 100K 68K
0.90v 1.25V +4 100K 150K
1.25V 1.60V +6 47K 180K
1.60V 1.98vV +8 47K NP

For example, if both GP1 and GP3 are pulled up, the reported Q factor value is 78(70+8). The AP can also

change the reported Q factor by writing to register 0x55 before the negotiation phase.
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11.7 GP2/ External Thermistor Pin

The GP2 pin is connected to the internal ADC and can measure the voltage of the thermistor connected to
measure the external temperature on either the receiver coil or the PCB. The P9415-R sends interrupts to the
AP if the voltage reaches below the threshold level (0.6V default, configurable) to allow the AP an opportunity to
reduce the temperature and prevent power transfer interruptions. The AP must convert the ADC value into a pin
voltage using the below equation. Voltage can be converted into temperature information based on the
thermistor manufacturer datasheet information.

Equation:
OPTIONAL : THERMISTOR *Note [a]
¢t 0.1uF
GP2(( H
10w/ 0201
R281 AT
LDO1P8) WA, S
1/16W/0402 tD __;

Voltage on GP2 Pin in mV = (Register 0x42 [11: 0] Data / 4095) * 10 * 2.1

Figure 18. GP2 Pin External Connection to Thermistor Configuration

11.8 GP4/I12C Address Select Pin

The pin is used to select the P9415-R device 12C slave address. When this pin is pulled high to LDO1P8, 12C
Address is 0x3F and when this pin pulled low to GND, 12C Address is 0x3B (default). The slave address is a 7-
bit 1I2C address.

11.9 GPS5/INHIBIT Pin

The GP5 / INHIBIT pin is a digital input referenced to LDO1P8 and gets polled during the startup. When the
INHIBIT pin is low, the Rx mode is enabled. Pulling the INHIBIT pin high will prevent the P9415-R from
connecting to the transmitter. The AP can use this pin to safely enable and disable wireless power transfer
function with proper VRECT node protections. If this pin is driven high in the power transfer phase, the P9415 R
will send an End Power Transfer packet to the transmitter and wireless power transfer will be disabled while
VRECT protection is alive.

11.10 GP6/EPP_DISABLE Pin

The GP6 is assigned as a digital input referenced to LDO1P8. When the EPP_DISABLE pin is high, the Rx EPP
mode is disabled and the P9415-R operates in BPP mode. When it is low, the Rx mode is determined by the
internal mode configuration setting value in the firmware. If not used, connect this pin to ground.

12. Foreign Object Detection

When metallic objects are exposed to an alternating magnetic field, eddy currents cause such objects to heat up.
Examples of such parasitic metal objects are coins, keys, paper clips, etc. The amount of heating depends on
the strength of the coupled magnetic field, as well as the characteristics of the object, such as its resistivity, size,
and shape. In a wireless power transfer system, the heating manifests itself as a power loss, and therefore a
reduction in power-transfer efficiency. Moreover, if no appropriate measures are taken, the heating could be
sufficient that the foreign object could become heated to an unsafe temperature.

R16UH0015EU0100 Rev.1.0 RENESAS Page 18
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In the Extended Power Profile, there are two methods of foreign object detection (FOD). One is by measuring
the system quality factor before entering the power transfer phase, and the other is to measure the power loss
difference between the received power and the transmitted power during the power transfer phase. Before
entering the power transfer phase, the P9415-R sends a reference Q-factor (default 30) in the negotiation phase.
The transmitter measures the Q-factor on its coil and compares it with the reference Q-factor provided by the
P9415-R. If the difference is large, the transmitter presumes that there is a foreign object (FO) between the Tx
and Rx and shuts down. The power loss foreign object detection method is used in both the Extended Power
Profile (EPP) and the Basic Power Profile (BPP) modes power transfer phase. During the power transfer phase,
the P9415-R continuously sends to the transmitter the amount of power received using the Received Power
Packet (RPP). The transmitter will compare the RPP packet information received from the receiver with its
measured transmitted power. If there is a significant difference, the transmitter presumes that there is a foreign
object (FO) between Tx and Rx that is absorbing the transmitted power and will stop the power transfer to avoid
heating of FO.

12.1 FOD Parameters in Receiver Mode

For a WPC power loss foreign object detection to function effectively, the receiver must account and
compensate for all of their known losses. Such losses, for example, could be due to resistive losses or nearby
metals that are part of the receiver. Because the system accurately measures its power and accounts for all
known losses, it can thereby detect foreign objects because they cause an unknown loss. The WPC
specification requires that a power receiver must report to the power transmitter its received power (PPR) in an
RPP. The maximum value of the received power accuracy PA depends on the maximum power of the power
receiver as defined in below Table.

The power receiver must determine its PPR with an accuracy of £PA, and report its received power as
PRECEIVED = PPR + PA. This means that the reported received power is always greater than or equal to the
transmitted power (PPT) if there is no foreign object (FO) present on the interface surface.

Table 7. Recommended Maximum Estimated Power Loss

Maximum Power (W) Maximum PA (mW)
5 350
10 500
15 750

The compensation algorithm includes parameter values that are programmable either internal register or
customer configuration table in MTP. Programmability is necessary so that the calibration settings can be
optimized to match the power transfer characteristics of each particular WPC system to include the power losses
of the transmit and receive coils, battery, shielding, and case materials under no-load to full-load conditions. The
values are based on the comparison of the received power against a reference power curve so that any foreign
object can be sensed when the received power is different than the expected system power.

FOD parameters consist of eight sections. Each section is divided by output current and consists of gain and
offset to compensate for Rx internal power loss; each section is also adjusted for Reported Rx power. The
following comprises the Rx load current ranges for the FOD sections.

= FOD section [0] is from OmA to section 0 current mA

= FOD section [1] is reserved

= FOD section [2] is from section O current mA to 351mA

= FOD section [3] is from 352mA or section 0 671mA

= FOD section [4] is from 672mA to 863mA

= FOD section [5] is more than 864mA
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Section O current is the point where the internal rectifier changes bridge configuration from half-bridge to full-
bridge. In the default configuration, If VOUT is set to less than 7V, section0 current is 288mA. If Voutset is higher
than 7V, section0 current is 384mA, section2 is not used and section3 starts from 384mA. There is around
+30mA load current hysteresis for changing the FOD sections. These settings can be changed using the P9415-
R Wireless Power Pro GUI.

The formula of Rx Reported Power is:

Rx Reported Power[0..5] = Power(Rx delivered power) * FOD Gain[0...5] + Offset[0..5]

Place the receiver with the P9415-R on the Nok9 FOD transmitter. Ramp the current on the output of the P9415-
R in steps of 50mA to 100mA and monitor power difference between the Nok9 transmitted power and the
receiver reported power value. The difference should be within maximum Power loss delta as shown in Table 7.
If the difference exceeds the maximum power loss delta, adjust the FOD gain or FOD offset of that particular
output current section to bring the difference back to within range. The AP can modify the FOD gain and FOD
offset by writing to the Foreign Object Detection Customer Registers (0x68-0x77). In the final product, the AP
can use the VRECTON interrupt or battery charger interrupt as a trigger to update the FOD registers.

12.2 FOD Parameters in Transmitter Mode

For a WPC power loss foreign object detection to function effectively, the transmitter must set the FOD threshold
at a reasonable value by accounting all its known losses such as Coil resistance loss and losses because of
metal around the coil integrated into the product. In the power transfer phase, the P9415-R will continuously
calculate the difference between its measured transmitted power and RPP packet information received from the
receiver. If the difference is higher than the FOD threshold, the P9415-R presumes that there is a foreign object
(FO) between Tx and Rx that is absorbing the transmitted power and will stop the power transfer to avoid
heating of FO.

FOD threshold value changes based on the Received Power Packet value (RPP) from the receiver. In the
default configuration, If RPP is larger than 3700mW (FodSegThd), the FOD threshold is -100mW (FodThdH) and
if RPP is less than 3700mW, the FOD threshold is 800mW (FodThdL)

The FodSegThd, FodThdH, and FodThdL are configurable by config table in MTP using the P9415-R Wireless
Power Pro GUI.

FOD criteria: FOD threshold > Transmitted Power (PPT) - Received Power (RPP)

13. 12C Function

The P9415-R uses standard 12C slave implementation protocol to communicate with a host Application
Processor (AP) or other I12C peripherals. The 12C slave address is decided by GP4 voltage. During the P9415-R
power-up, if the GP4 pin is pulled down, the I12C address is 0x3B. During the P9415-R power-up, if the GP4 pin
is pulled high, the 12C address is 0x3F.

The communication protocol is implemented using 8 bits for data and 16 bits for addresses. Note that some
values require multiple registers and therefore span multiple addresses. For example, the address of the device
ID high byte is 0001HEX and the low byte address is 0000HEX.

The AP can write to only the registers that are marked as Read/Write (RW). Registers marked as Read Only (R)
should never be sent a Write command. Likewise, register locations marked Reserved should not receive a
Write command. When writing to a RW register that contains a combination of RW fields and reserved fields, a
read-modify-write should be performed to the intended bit/field only. All other bits, including reserved bits should
NOT be modified.
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14. P9415-R TRX Demo PCB v1.1 Schematic
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15. Bill of Materials (P9415-R-EVK Demo Board Revl.1)

Item Quantity |Reference Value Description Part Number PCB footprint
GPL,DEMOD1,002,GP2,AC2, GP3,GND3,GP4, GND4,
GP5,GNDS5,GPE,LDOLPE, LDOSPD,504,5CL,0UT_S,G
1 23|P0,GND_S,EN_AP ALGY, ALGX,/EN PTH_TP Test Pad 10mil_35pad_1
2 3|LC_WPCLACLTXVIN NP PC TEST POINT MINIATURE NP test_pt_sm_135x70
3 1|C1 0.1uF CAP CER 0.1UF 10V X5R 0402 GRM155R61A104KA01) 402
4 5|C18,C56,C241 0.1uF CAP CER 0.1UF 10V X5R 0201 GRMO33R61AI04MEISD 201
5 1|C24 1nF 10V CAP CER 1000PF 10V X7R 0201 100ROSW102KVAT 201
] 2|C25,C41 3.3nF CAP CER 3300PF 50V X7R 0402 CLO5B332KBSNNNC 402
7 3[C26,C39,047 22nF CAP CER 0.022UF 50V X7R 0402 GRMI155R71H223KA12D 402
B 1{C32 NP CAP CER 0.1UF 50V X5R 0402 NP 402
9 6[C33,C34,C36,037,040,048 100nF CAP CER 0.1UF 50V X5R 0402 GRMI155R61H104KELISD 402
10 2|C38,C46 10nF CAP CER 10000PF 50V X5R 0402 CGA2ZB3X5R1H103MOS0BR 402
11 5|C42,043,053,054,C55 10uF CAP CER 10UF 35V X5R 0603 GRMI1EBREYALIDEMATID 603
12 1|C45 4.7uF CAP CER 4.7UF 25V X5R 0603 CCOB03MRX5REBB475 603
13 2|C50,C52 1uF CAP CER 1UF 10V X5R 0402 GRMI155R61A105MESSD 402
14 2(C238,C239 NP CAP CER 3300PF 50V X7R 0402 NP 402
15 1|caz3 NP CAP TANT POLY 6.8UF 35V 1411 NP cap_pol_3p5x2p8mm
16 3|C221,0222,C224 NP CAP CER 10UF 35V X5R 0603 NP 603
17 1|C245 NP CAP CER 1000PF 25V X7R 0201 NP 201
18 2|D4,015 D24VOL1B2LP Bidirectional ESD protection diode D24VOL1B2LP dfn1006_21d_diode
15 2|D7,018 LED LEC GREEN CLEAR SMD LTST-C191KGKT 0603_diode
20 2|D8,0% 1.8V DIODE ZENER 1.8V 250MW 50D523 CMOZILE 500523
21 1|16 DIODE DIODE GEN PURP 80V 125MA 2DFN 1M4448HLP-7 dfn1006_2Id_dicde
22 1|19 BATS4XV2TIG DIODE SCHOTTKY 30V 200MA S0D523 BATSAXV2TIG 50D523
23 5|GND2VRECTVOUT,GND TP PC TEST POINT MINIATURE 5015 test_pt_sm_135x70
24 101 CON1 CONN HEADER VERT SPOS 2.54MM 68000-105HLF header_1x5_SMD
25 1115 CONZ CONN HEADER VERT 6POS 2.54MM 68002-206HLF header_lxf_SMD
26 1jal NP MOSFET N-CH 30V NP BGA-4
27 1|RT1 NP NP NTC2
R1,R3,RE,R17,R33,R53,R54,R107,R275, R286,R2ET,
28 12|R770 NP RES SMD 150K OHM 1% 1/16W 0402 NP 402
29 2|R46,R47 47 RES SMD 47 OHM 5% 1/4W 0603 ESRO3EZPJ4TO 603
30 7|R10,R32,R51,R52,R281, R282 R293 10k RES SMD 10K OHM 53 1/16W 0402 RCO402/R-07 10KL 402
31 7|R31,R35R276,R288,R289,R297,RTTL 47k RES SMD 47K OHM 53 1/16W 0402 RC0402IR-074TKL 402
32 5|R48,R61,R284, R285,R292 5.1k RES SMD 5.1K OHM 53 1/16W 0402 RC1005F512C8 402
33 2[R290,R281 100k RES SMD 100K OHM 5% 1/16W 0402 RCO4021R-07100KL 402
34 1{R2%94 220k RES SMD 220K OHM 5% 1/16W 0402 RC04021R-07220KL 402
35 1{R298 0 RES 0 OHM 1% 1/3W 0805 CRCWOE050000Z0EAHP BOS
36 3|R70,R280,R769 0 RES SMD 0 OHM JUMPER 1/16W 0402 RCO402IR-070RL 402
37 1|u1 P9415-R P9415-R csp53_2pExd_Opdmm
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16. P9415-R-EVK PCB Layout

Figure 19. Top Layer

Figure 20. Layer2 (GND Layer)

Figure 21. Layer4 (POWER/Signal/GND Layer)
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Figure 23. Top Silkscreen Layer
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17. Ordering Information

Part Number

Description

P9415-R-EVK

P9415-R Evaluation board

WPD-USB-DONGLE

USB to 12C don required to connect with P9415-R Windows GUI. It is not included in the P9415-R-

EVK evaluation kit and needs to be ordered separately.

18. Revision History

Revision Date Description
1.0 May 27, 2021 | Initial release.
R16UH0015EU0100 Rev.1.0 RENESAS Page 25
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Appendix A-List of Registers

Table 8. Chip ID (0x00, 0x01)

Address . . Default . —
and Bit Register Field Name | R/W Value Function and Description

0x00 [7:0] Chip_ID_L R 0x15 Chip ID low byte

0x01 [7:0] Chip_ID_H R 0x94 Chip ID high byte

Table 9. HW Revision Register, HW_Rev (0x02)

Addregs Register Field Name | R/W Default Function and Description
and Bit Value
0x02 [7:0] HW_Rev R 0x06 Hardware Revision 0x00 (default).

Table 10. Customer Code Register, Customer Code (0x03)

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
0x03 [7:0] CustomerCode R 0x00 Customer code. 0x00 (default).

Table 11. CustomerID Register (0x04)

Address . . Default . —
and Bit Register Field Name | R/W value Function and Description
0x04 [15:0] CustomerlD R 0x0000 | CustomerID

Table 12. ProjectID Register (0x06)

Address . . Default . .
and Bit Register Field Name | R/W Value Function and Description
0x06 [15:0] ProjectID R 0x0005 | Project ID

Table 13. Firmware Revision Major (0x08)

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
0x08 [7:0] Major R 0x02 Firmware major revision

Table 14. Firmware Revision Minor (0x09)

Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x09 [7:0] Minor R 0x01 Firmware minor revision

Table 15. Firmware Revision Beta (0x0A)

Address . . Default . .
and Bit Register Field Name | R/W Value Function and Description
0x0a [7:0] beta R 0x00 Firmware revision beta
R16UH0015EU0100 Rev.1.0 RENESAS Page 26
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Table 16. Date Register (0x0C)

Address . . Default . o
and Bit Register Field Name | R/W Value Function and Description
12-byte string initialized with FW compile data code. The format of the
. string is: “Mmm DD YYYY”, where Mmm is a three letter Month code,
0x0c [96:0] Date R B followed by the date in the month and the year. The string is terminated
with 0x00.
Table 17. Time Register, (0x18)
Address . . Default . _—
and Bit Register Field Name | R/W Value Function and Description
. . 8-byte string initialized with FW compile time code. The format of the
0x18 [64:0] Time R string is: “HH:MM:SS”. The string is not zero terminated.
Table 18. Part Number Register (0x20)
Address . . Default . o
and Bit Register Field Name | R/W Value Function and Description
0x20 [32:0] Part Number R OXS(Z)SOOO Part number.

Note: The bit definition in Rx mode and Tx mode is different.

Table 19. System Interrupt Clear Register (0x28, 0x29, 0x2A, 0x2B) in Rx Mode

Addregs Register Field Name | R/W Default Function and Description
and Bit Value
0x2B [7:0] Reserved R/W 0 Reserved
OX2A [7] OVERCURRWARN RIW 0 AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
self-cleared to 0 (by MO0) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox2A 6] ADTERROR RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox2A 5] ADTRCVD RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox2A 4] ADTSENT RIW 0 self-cleared to 0 (by MO) afterward.
OX2A [3] NTCOVERTEMP RIW 0 AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox2A 2] VRECTON RIW 0 self-cleared to 0 (by MO) afterward.
) AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox2A [1:0] Reserved RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x29[7] VSWITCHFAILED RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x29 [6] SLEEPMODE RIW 0 self-cleared to 0 (by MO) afterward.
0x29 [5] IDAUTHSUCCESS RIW 0 AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x29 4] IDAUTHFAILED RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x29 3] BCSUCCESS RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x29 2] BCTIMEOUT RIW 0 self-cleared to 0 (by MO) afterward.

R16UH0015EU0100 Rev.1.0
May 27, 2021
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Addregs Register Field Name | R/W Default Function and Description
and Bit Value
0x29 [1] TXAUTHSUCCESS RIW 0 AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is

self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x29 (0] TXAUTHFAILED RIW 0 self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28[7] LDODISABLE RIW 0 self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [6] LDOENABLE RIW 0 self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [5] MODECHHGED RIW 0 self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [4] TXDATARCVD RIW 0 self-cleared to 0 (by MO) afterward.
0x28 [3] VSWITCHSUCCESS | RW 0 AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is

self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 2] OVERTEMP RIW 0 self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [1] OVERVOLT RIW 0 self-cleared to 0 (by MO) afterward.

AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [0] OVERCURR RIW 0 self-cleared to 0 (by MO) afterward.

Note: The bit definition in Rx mode and Tx mode is different.

Table 20. System Interrupt Clear Register (0x28, 0x29, 0x2A, 0x2B) in Tx Mode

Addre§s Register Field Name | R/W Default Function and Description
and Bit Value
0x2B [7:0] Reserved R/W 0 Reserved
O0x2A [7:0] Reserved R/W 0 Reserved
0x29 [7:1] Reserved R/W 0 Reserved
0x29 [0] CSP_RECEIVE_INT RIW 0 AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [7] TX_INIT_INT RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [6] GET_DPING_INT RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [5] MODECHNGED RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 4] GET_CFG_INT RIW 0 self-cleared to 0 (by MO0) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [3] GET_ID_INT RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [2] GET_SS_INT RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [1] START_DPING_INT RIW 0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x28 [0] EPT_TYPE_INT RIW 0 self-cleared to 0 (by MO) afterward.

Note: The bit definition in Rx mode and Tx mode is different.

R16UH0015EU0100 Rev.1.0
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Table 21. System Status Register (0x2C, 0x2D, 0x2E, 0x2F) in Rx Mode

A;(:](;rgsits Register Field Name | R/W Dve;ﬁju;t Function and Description
0x2F [7:0] Reserved R 0 Reserved
Ox2E [7] OVERCURRWARN R 0 1 = Indicates the lout is closed to Ilim value
1 = Indicates error condition happens in the communication channel.
0x2E [6] ADTERROR R 0 ) .
Cleared together with the corresponding interrupt flag.
1 = Indicates data was received from the Com channel and is pending
0x2E [5] ADTRCVD R 0 to be read.
Cleared together with the corresponding interrupt flag.
1 = Indicates data message was processed (sent) in the Com Channel
Ox2E [4] ADTSENT R 0 and the Write Buffer is available to accept new data.
Cleared together with the corresponding interrupt flag.
Ox2E [3] NTCOVERTEMP R 0 1 = Indicates the NTC value exceeds the threshold
Indicates AC power is applied. The flag is set before the Configuration
0x2E [2] VRECTON R 0 Packet. It is cleared on system reset or when power is removed. An
interrupt event is generated on SET event.
O0x2E [1:0] Reserved R 0 Reserved
0x2D [7] VSWITCHFAILED R 0 1 = Indicates the voltage switch command is failed.
0x2D [6] SLEEPMODE R 0 1 = Indicates the Rx is in sleep mode
0x2D [5] IDAUTHSUCCESS R 0 1 = Indicates the ID authentication is passed
0x2D [4] IDAUTHFAILED R 0 1 = Indicates the ID authentication is failed
0x2D [3] BCSUCCESS R 0 1 = Indicates the backchannel packet is received by Tx
0x2D [2] BCTIMEOUT R 0 1 = Indicates the backchannel packet is sending failed.
0x2D [1] TXAUTHSUCCESS R 0 1 = Indicates the Device authentication is passed.
0x2D [0] TXAUTHFAILED R 0 1 = Indicates the Device authentication is failed.
0x2C [7] LDODISABLE R 0 1 = Indicates the LDO is disabled
0x2C [6] LDOENABLE R 0 1 = Indicates the LDO is enabled
0x2C [5] MODECHHGED R 0 1 = Indicates the work mode of P9415 is changed
0x2C [4] TXDATARCVD R 0 1 = Indicates the proprietary packet from Tx is received.
0x2C [3] VSWITCHSUCCESS R 0 1 = Indicates the voltage switch command is successful.
0x2C [2] OVERTEMP R 0 1 = Indicates the die temperature exceeds the OTP threshold.
0x2C [1] OVERVOLT R 0 1 = Indicates the voltage on Vrect exceeds the OVP threshold
0x2C [0] OVERCURR R 0 1 = Indicates the current exceeds the OCP threshold.

Note: The bit definition in Rx mode and Tx mode is different.

R16UH0015EU0100 Rev.1.0
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Table 22. System Status Register (0x2C, 0x2D, 0x2E, Ox2F) in Tx Mode

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
0x2F [7:0] Reserved R 0 Reserved
Ox2E [7:0] Reserved R 0 Reserved
0x2D [7:1] Reserved R 0 Reserved
1 = Indicates the CSP packet is received.
0x2D [0] CSP_RECEIVE_INT R 0 _ o
- - Cleared together with the corresponding interrupt flag
0x2C [7] TX_INIT_INT R 0 1 = Indicates the Tx initialization is finished
0x2C [6] GET_DPING_INT R 0 1= Ipdlcates thg P9415 works in Tx mode, but is put on another
working Tx device.
0x2C [5] MODECHNGED R 0 1 = Indicates the work mode of P9415 is changed.
0x2C [4] GET_CFG_INT R 0 1 = Indicates the configuration packet is received.
0x2C [3] GET_ID_INT R 0 1 = Indicates the Identification packet is received.
0x2C [2] GET_SS _INT R 0 1 = Indicates the Signal Strength packet is received.
0x2C [1] START_DPING_INT R 0 1 = Indicates the digital ping starts
1 = Indicates the error is met and recommend AP to remove power in
this case.
0x2C [0] EPT_TYPE_INT R 0

AP could read the error type from TRx End Power Transfer Reason
Register

Note: The bit definition in Rx mode and Tx mode is different.

Table 23. System Interrupt Register (0x30, 0x31, 0x32, 0x33) in Rx Mode

Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x33 [7:0] Reserved R 0 Reserved
1 = Indicates the lout is closed to Ilim value
0x32 [7] OVERCURRWARN R 0 o
0 = No such condition
1 = Indicates error condition happens in the communication channel.
0x32 [6] ADTERROR R 0 i
0 = No such condition
1 = Indicates data was received from the Com channel and is pending
0x32 [5] ADTRCVD R 0 to be read.
0 = No such condition
1 = Indicates data message was processed (sent) in the Com Channel
0x32 [4] ADTSENT R 0 and the WriteBuffer is available to accept new data.
0 = No such condition
1 = Indicates the NTC value exceeds the threshold
0x32 [3] NTCOVERTEMP R 0 -
0 = No such condition
1 = Indicates AC power is applied. The flag is set before the
0x32 [2 VRECTON R 0 Configuration Packet. It is cleared on system reset or when power is
x32 [2] removed. An interrupt event is generated on SET event.
0 = No such condition
0x32 [1:0] Reserved R 0 Reserved
1 = Indicates the voltage switch command is failed.
0x31 [7] VSWITCHFAILED R 0 -
0 = No such condition
1 = Indicates the Rx is in sleep mode
0x31 [6] SLEEPMODE R 0 .
0 = No such condition
1 = Indicates the ID authentication is passed
0x31 [5] IDAUTHSUCCESS R 0 .
0 = No such condition
1 = Indicates the ID authentication is failed
0x31 [4] IDAUTHFAILED R 0 .
0 = No such condition
R16UH0015EU0100 Rev.1.0 RENESAS Page 30
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Addre;s Register Field Name | R/W Default Function and Description
and Bit Value

1 = Indicates the backchannel packet is received by Tx
0x31 [3] BCSUCCESS R 0 .

0 = No such condition

1 = Indicates the backchannel packet is sending failed.
0x31 [2] BCTIMEOUT R 0 .

0 = No such condition

1 = Indicates the Device authentication is passed.
0x31 [1] TXAUTHSUCCESS R 0 -

0 = No such condition

1 = Indicates the Device authentication is failed.
0x31 [0] TXAUTHFAILED R 0 .

0 = No such condition

1 = Indicates the LDO is disabled
0x30 [7] LDODISABLE R 0 .

0 = No such condition

1 = Indicates the LDO is enabled
0x30 [6] LDOENABLE R 0 .

0 = No such condition

1 = Indicates the work mode of P9415 is changed
0x30 [5] MODECHHGED R 0 -

0 = No such condition

1 = Indicates the proprietary packet from Tx is received.
0x30 [4] TXDATARCVD R 0 .

0 = No such condition

1 = Indicates the voltage switch command is successful.
0x30 [3] VSWITCHSUCCESS R 0 .

0 = No such condition

1 = Indicates the die temperature exceeds the OTP threshold.
0x30 [2] OVERTEMP R 0 .

0 = No such condition

1 = Indicates the voltage on Vrect exceeds the OVP threshold
0x30 [1] OVERVOLT R 0 .

0 = No such condition

1 = Indicates the current exceeds the OCP threshold.
0x30 [0] OVERCURR R 0 .

0 = No such condition

Note: The bit definition in Rx mode and Tx mode is different.
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Table 24. System Interrupt Register (0x30, 0x31, 0x32, 0x33) in Tx Mode

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
0x33 [7:0] Reserved R 0 Reserved
0x32 [7:0] Reserved R 0 Reserved
0x31 [7:1] Reserved R 0 Reserved
1 = Indicates the CSP packet is received.
0x31 [0] CSP_RECEIVE_INT R 0 .
0 = No such condition
1 = Indicates the Tx initialization is finished
0x30 [7] TX_INIT_INT R 0 .
0 = No such condition
1 = Indicates the P9415 works in Tx mode, but is put on another
0x30 [6] GET_DPING_INT R 0 working Tx device.
0 = No such condition
1 = Indicates the work mode of P9415 is changed.
0x30 [5] MODECHNGED R 0 -
0 = No such condition
1 = Indicates the configuration packet is received.
0x30 [4] GET_CFG_INT R 0 .
0 = No such condition
1 = Indicates the Identification packet is received.
0x30 [3] GET_ID_INT R 0 .
0 = No such condition
1 = Indicates the Signal Strength packet is received.
0x30 [2] GET_SS_INT R 0 -
0 = No such condition
1 = Indicates the digital ping starts
0x30 [1] START_DPING_INT R 0 .
0 = No such condition
1 = Indicates error is met and recommend AP to remove power in this
0x30 [0] EPT_TYPE_INT R 0 case.
0 = No such condition

Note: The bit definition in Rx mode and Tx mode is different.

Table 25. System Interrupt Enable Register (0x34, 0x35, 0x36, 0x37) in Rx Mode

Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x37 [7:0] Reserved R/W 0 Reserved
1 = Corresponding interrupt is enabled.
0x36 [7] OVERCURRWARN R/W 0 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x36 [6] ADTERROR RIW 1 ponding Inerruptis er
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x36 [5] ADTRCVD R/W 1 P I g I up I .
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x36 [4] ADTSENT R/W 1 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x36 [3] NTCOVERTEMP R/W 1 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x36 [2] VRECTON R/W 1 P I g I up I .
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x36 [1:0] Reserved R/W 0 P . 9 . P N
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x35 [7] VSWITCHFAILED R/W 1 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x35 [6] SLEEPMODE RIW 1 L o
0 = Corresponding interrupt is disabled.

R16UH0015EU0100 Rev.1.0
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Addre;s Register Field Name | R/W Default Function and Description
and Bit Value

1 = Corresponding interrupt is enabled.
0x35[5] | IDAUTHSUCCESS | RMW 1 ponding Interruptis ef

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x35 [4] IDAUTHFAILED R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x35 [3] BCSUCCESS R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x35 [2] BCTIMEOUT R/W 1 P I g I up I .

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x35 [1] TXAUTHSUCCESS R/W 1 P . 9 . P -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x35 [0] TXAUTHFAILED R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [7] LDODISABLE R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [6] LDOENABLE RIW 1 ponding In"errupt s et

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [5] MODECHHGED R/W 0 P . g . P -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [4] TXDATARCVD R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [3] VSWITCHSUCCESS | R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [2] OVERTEMP R/W 1 P . 9 . P -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [1] OVERVOLT R/W 1 L -

0 = Corresponding interrupt is disabled.

1 = Corresponding interrupt is enabled.
0x34 [0] OVERCURR RIW 1

0 = Corresponding interrupt is disabled.

Note: The bit definition in Rx mode and Tx mode is different.
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Table 26.System Interrupt Enable Register (0x34, 0x35, 0x36, 0x37) in Tx Mode

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
0x36 [7:0] Reserved R/W 0 Reserved
0x36 [7:0] Reserved R/W 0 Reserved
0x35 [7:1] Reserved R/W 0 Reserved
1 = Corresponding interrupt is enabled.
0x35 [0] CSP_RECEIVE_INT | R/W 0 L o
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [7] TX_INIT_INT RIW 1 pONCIng INTErTUpts ef
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [6] GET_DPING_INT R/W 1 P . g . P -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [5] MODECHNGED R/W 1 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [4] GET_CFG_INT R/W 0 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [3] GET_ID_INT R/W 0 P . g . P -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [2] GET_SS_INT R/W 0 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [1] START_DPING_INT R/W 1 L -
0 = Corresponding interrupt is disabled.
1 = Corresponding interrupt is enabled.
0x34 [0] EPT_TYPE_INT R/W 1 L -
0 = Corresponding interrupt is disabled.

Note: The bit definition in Rx mode and Tx mode is different.

The alignment registers provide information about the positioning of the RX coil relative the TX coil. The AP may
use this information to inform the user of possible reduced power transfer level due to receiver misalignment and
suggest repositioning of the RX to improve coupling. The magnitude of the alignment information depends on the
coil sizes and shall not be used for absolute distance measurement.

Table 27. Alignment X-Axis Register (0x38)

Address . . Default . _—

and Bit Register Field Name | R/W Value Function and Description
0x38 [7:0] Align[0] R - 8-bit signed integer representing X-axis alignment.

Table 28. Alignment Y-Axis Register (0x39)

Address . . Default . _—

and Bit Register Field Name | R/W Value Function and Description
0x39 [7:0] Align[1] R - 8-bit signed integer representing Y-axis alignment.
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Table 29. Charge Status Register (0x3A)

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value

In RX mode the AP writes this register with the value intended to be
sent as payload to the Charge Status Packet. The FW does not verify or
modify the value in any way. The value should be filled based on the
following:
0x0 = Reserved

0x3a [7:0] SSChargeStau RW 0x00 0x1 = Charge status packet sent with parameter = 1 (1%)

0x2 = Charge status packet send with parameter = 2 (2%)

0x64 = Charge status packet send with parameter = 100 (100%)
0x65-0xFE = Reserved
OxFF = No battery charge device or not providing charge status packet

Note: After writing to this register, Send Charge Status bit of Command Register (Ox4E) needs to be set for
transmission to begin.

Table 30. End of Power Transfer Code Register (0x3B)

Address
and Bit

Register Field Name

R/W

Default
Value

Function and Description

0x3b [7:0]

EPTCode

RW

0x00

In RX mode the AP writes this register with the value intended to be
sent as payload to the Charge Status Packet. The FW does not verify
or modify the value in any way.

A WPC End of Power Transfer packet/message will be sent based on
the following:

0 = WPC mode, unknown EPT should be sent.

1 =WPC mode, End of Charge EPT packet should be sent.

2 = WPC mode, Internal Fault EPT packet should be sent.

3 = WPC mode, Over Temperature EPT packet should be sent.
4 =WPC mode, Over Voltage EPT packet should be sent.

5 = WPC mode, Over Current EPT packet should be sent.

6 = WPC mode, Battery Failure EPT packet should be sent.

7 = WPC mode, Reconfiguration EPT packet should be sent.

8 = WPC mode, No Response EPT packet should be sent.
9-254 = Reserved

Table 31. Vout ADC Register (0x3C)

Address
and Bit

Register Field Name

R/W

Default
Value

Function and Description

0x3c [15:0]

Vout ADC

12-bit of current main LDO Vout ADC value. Vout = ADC_Vout
Value/4095*10*2.1(V)

Table 32. Vout Set Register (0x3E)

Address
and Bit

Register Field Name

R/W

Default
Value

Function and Description

0x3e [15:0]

Vout_Set

RW

Set the output voltage of the main LDO.
VoutSet = (Vout_mV - 2800)*10/84

AP through this register, target Vrect will be automatically set for best
efficiency.
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Table 33. Vrect ADC (0x40)
Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
. 12 LSB of current Vrect ADC value. Vrect = ADC_Vrect
0x40 [15:0] Vrect ADC R - Value/4095+10°2.1 (V).
Table 34. External Temperature Register ADC (0x42)
Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x42 [15:12] Reserved R 0 Reserved
12-bit raw data of the thermistor ADC reading on GP2 pin.
0x42 [11:0] NtcTemp R -
Vol_gp2 = NtcTemp / 4095 * 10 * 2.1(V)
Table 35. IOut Register (0x44)
Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
In RX mode the AP may read this register to get current lout level in
0x44 [15:0] I0ut R - mA.
In TX mode the register holds the Power Supply current lin in mA.
Table 36. Die Temperature Register (0x46)
Address . . Default . .
and Bit Register Field Name | R/W Value Function and Description
12bit of current Die Temperature ADC value. Formula converting ADC
. value.
0x46 [15:0] DieTemp R - . . . . .
Die Temperature in Celsius Degree is t_die [degC] = (ADC code *
0.075) - 174.
Table 37. AC Period Register (0x48)
Addre§s Register Field Name | R/W Default Function and Description
and Bit Value
Read back the AC Period. The value is presented by number of 6MHz
. clocks per 64 AC cycles.
0x48 [15:0] ACPeriod R -
The AC frequency can be calculated as:
F(kHz) = 64 * 6000 / ACPeriod;
Table 38. lout Limit Set Register (0x4A)
Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
Oxda [7:0] Lim R OXOE Set main LDO current limit in 0.1A steps. The limit level is set to the
value plus 0.1A.
Table 39. Signal Strength Packet (0x4B)
Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x4b [7:0] SignalStrength R - Signal Strength Packet sent by 9415 at beginning of power transfer
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Table 40. System Mode Register (0x4D)

A;(:](;rgsits Register Field Name | R/W Dve;ﬁju;t Function and Description

ox4d [7] BACKPOWERED R - :anndai(t:)?etié)-n P9415 is powered by Vrect or Vout, but Tx function is not
0x4d [6:4] Reserved R - Reserved

0x4d [3] EXTENDED R - Indicates WPC EPP mode.

0x4d [2] TXMODE R - Indication of WP Transmitter mode.

0x4d [1] Reserved R - Reserved

0x4d [0] WPCMODE R - Indicates the FW is in WP Receiver mode.

Table 41. System Command Register (Ox4E)

Addregs Register Field Name | R/W Default Function and Description
and Bit Value
AP sets 1 to launch re-negotiation.
Ox4F [7] MPRENEGOTIATE W 0 . .
P9415 clears the bit after processing the command
AP sets 1 to set ID authentication pass flag.
0x4F [6] SETIDAUTNOK w 0 . :
P9415 clears the bit after processing the command
0x4F [5:2] Reserved W 0 Reserved
AP sets 1 to enabled WPC 1.3 communication.
0x4F [1] CCACTIVATE w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to restart P9415.
0x4F [0] SOFTRESTART w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to send Voltage Switch command.
Ox4E [7] VSWITCH w 0 . .
P9415 clears the bit after processing the command
Ox4E [6] Reserved W 0 Reserved
AP sets 1 to clear the interrupt.
O0x4E [5] CLRINT w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to send Charge Status Packet in Rx mode.
Ox4E [4] SENDCSP w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to send End of Power Transfer Packet in Rx mode.
O0x4E [3] SENDEOP w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to enable device authentication.
Ox4E [2] SHALAUTH w 0 P9415 clears the bit after processing the command
AP sets 1 to toggle LDO ON/OFF.
Ox4E [1] LDOTGL w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to enable send the proprietary packet.
Ox4E [0] SENDPROPP w 0 P9415 clears the bit after processing the command

Note: It takes time to implement the command. AP could write new command to System Command Register
3-5ms after the previous command.
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Table 42. Foreign Object Detection Registers (FOD) (0x68-0x77)

The FOD registers are divided into eight pairs. Each pair has one byte for gain setting and one byte for offset
setting. The first six pairs control the Received Power calculation for six power sectors during the Power Transfer
phase. The seventh pair calibrates the internal DC Load. The set values of the FOD registers are found with the
help of a Renesas developed calibration procedure using the nok9 tester.

The firmware initializes the FOD registers for BPP mode. The correct set is loaded at the completion of the ID
and Configuration Phase. The AP can modify the registers at any time if needed to update the values.

A;(:](;rgsits Register Field Name | R/W Dve;ﬁju;t Function and Description
0x68 [7:0] GAIN_O R/W - FOD coefficients for Power Region 0: Gain (slope settings).
0x69 [7:0] OFFSET_0 R/W - FOD coefficients for Power Region 0: Offset settings.
Ox6A [7:0] GAIN_1 R/W - FOD coefficients for Power Region 1: Gain (slope settings).
0x6B [7:0] OFFSET_1 R/W - FOD coefficients for Power Region 1: Offset settings.
0x6C [7:0] GAIN_2 R/W - FOD coefficients for Power Region 2: Gain (slope settings).
0x6D [7:0] OFFSET_2 R/W - FOD coefficients for Power Region 2: Offset settings.
Ox6E [7:0] GAIN_3 R/W - FOD coefficients for Power Region 3: Gain (slope settings).
0x6F [7:0] OFFSET_3 R/W - FOD coefficients for Power Region 3: Offset settings.
0x70 [7:0] GAIN_4 R/W - FOD coefficients for Power Region 4: Gain (slope settings).
0x71 [7:0] OFFSET_4 R/W - FOD coefficients for Power Region 4: Offset settings.
0x72 [7:0] GAIN_5 R/W - FOD coefficients for Power Region 5: Gain (slope settings).
0x73 [7:0] OFFSET_5 R/W - FOD coefficients for Power Region 5: Offset settings.
0x74 [7:0] GAIN_6 R/W - FOD coefficients for Power Region 6: Gain (slope settings).
0x75 [7:0] OFFSET_6 R/W - FOD coefficients for Power Region 6: Offset settings.
0x76 [7:0] GAIN_7 R/W - FOD coefficients for Power Region 7: Gain (slope settings).
0x77[ 7:0] OFFSET_7 R/W - FOD coefficients for Power Region 7: Offset settings.
Table 43. Vin Register in Tx Mode (0x70)
/ﬁzﬁf Register Field Name | R/W D\Zflﬁju;t Function and Description
0x70 [15:0] TxVin R - Input voltage, value in mV.
Table 44. Vrect Register in Tx Mode (0x72)
/ﬁzﬁf Register Field Name | R/W D\Zflﬁju;t Function and Description
0x72 [15:0] TxVrect R - Vrect voltage in Tx mode, value in mV.
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Table 45. End Power Transfer Reason Register (0x74)

Addres.s Register Field Name | R/W Default Function and Description
and Bit Value
1 = Indicates over current protect during digital pin
0x75 [7] EPT_POCP R 0 P g dgtatping
0 = No such error
0X75 [6] EPT OTP R 0 1 = Over current error
0 = No such error
1 =FOD error
0x75 [5] EPT_FOD R 0 0 = No such error
OX75 [4] EPT LVP R 0 1 = Vrect is less than low voltage protection threshold
0 = No such error
OX75 [3] EPT OVP R 0 1 = Over voltage error
0 = No such error
0xX75 [2] EPT OCP R 0 1 = Over current error
0 = No such error
0x75 [1] Reserved R 0 Reserved
0x75[0] | EPT_CEP_TIMEOUT | R 0 1= CEP timeout
- - 0 = No such error
0X74 [7] EPT_TIMEOUT R 0 1 = Watch dog timeout
0 = No such error
0x74 [6:1] Reserved R 0 Reserved
0x74 [0] EPT CMD R 0 1 = End power transfer packet has been received
0 = No such error
Table 46. System Command Register (0x76)
Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x77 [7:0] Reserved w 0 Reserved.
0x76 [7] Reserved w 0 Reserved.
AP sets 1 to set CT command. The P9415 will read CT command from
0x76 [6] CTCMND w 0 CT Command register and implement.
P9415 clears the bit after processing the command.
AP sets 1 to clear interrupt.
0x76 [5] TX_CLRINT w 0 . .
P9415 clears the bit after processing the command.
0x76 [4] Reserved W 0 Reserved
AP sets 1 to send a proprietary packet to Rx.
0x76 [3] TX_BC w 0 . .
P9415 clears the bit after processing the command
AP sets 1 to disable Tx mode.
0x76 2] TX_DIS w 0 P9415 clears the bit after processing the command.
0x76 [1] Reserved W 0 Reserved
AP sets 1 to enable Tx mode.
0x76 [0] TX_EN w 0 P9415 clears the bit after processing the command

Note: It costs time to implement the command. AP could write new command to System Command Register
3-5ms after the previous command.
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Table 47. Over Voltage Threshold Register in Tx Mode (0x98)

Address . . Default . —
and Bit Register Field Name | R/W Value Function and Description
0x98 [15:0] OVpThd R/W 0x2AF8 | Over-voltage threshold in Tx mode, value in mV.
Table 48. Over Current Threshold Register in Tx Mode (0x9A)
Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x9A [15:0] OCpThd R/W | 0x05DC | Over-current threshold in Tx mode, value in mA.
Table 49. FOD Low Segment Threshold Register in Tx Mode (OxA8)
Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
O0xA8 [15:0] FodThdL R/W 0x0320 | FOD threshold for low level segment in Tx mode, value in mW.
Table 50. FOD High Segment Threshold Register in Tx Mode (0xAA)
Address . . Default . .
and Bit Register Field Name | R/W Value Function and Description
OxAA [15:0] fodThdH R/W OxFF9C | FOD threshold for high level segment in Tx mode, value in mW.
Table 51. FOD Segment Threshold Register in Tx Mode (0XAC)
Addre§s Register Field Name | R/W Default Function and Description
and Bit Value
Threshold for two segment FOD threshold. Value in mW.

OXAC [15:0] fodSegThd RIW OXOE74 If Rx Power is hi.gher than FOD.Segment Threshold, the High Levgl
FOD Threshold is used, otherwise, the Low Level FOD Threshold is
used as FOD threshold.

Table 52. Ping Interval Register in Tx Mode (0xBA)
Address . . Default . .
and Bit Register Field Name | R/W Value Function and Description

O0xBA [15:0] PingInterval R/W 0x038E | The interval between each digital ping, value in ms.

Bi-di Communication Registers

Table 53. Write Data Type and Length Register for WPC 1.3 (Ox1A0)

Address . . Default . .
and Bit Register Field Name | R/W Value Function and Description
Ox1A1[7] WrLsSize R/W 0 7 LSB of packet size
0x1A0[7:5] WrMsSize R/W 0 3 MSB of packet size
0x1AO0 [4:0] WrType R/W 0 Type of packet
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Table 54. Write Data Register for WPC 1.3 (0x1A4~0x39F)

Addre;s Register Field Name | R/W Default Function and Description
and Bit Value
0x1A4[508] WrData R/W 0 Raw data which is intended to send to Tx

Table 55. Read Data Register for WPC 1.3 (0x3A4~0x59F)

Addre§s Register Field Name | R/W Default Function and Description
and Bit Value
0x3A4[508] RdData R 0 Raw data which is received from Tx

Table 56. Read Data Register for WPC 1.3 (0x196)

Addregs Register Field Name | R/W Default Function and Description
and Bit Value
0x196[15:0] ccRdSize R 0 Length of the raw data received from Tx

Procedure of WPC1.3 Bi-di Communication

Clear interrupt.

AP writes raw data to Write Data Register (Ox1A4).

AP writes type and data length to Write Data Type and Length Register (0x1A0, 2 bytes).

AP waits for interrupt (ADTRCVD).
AP reads received data length from Read Data Register (0x196, 2 bytes).

No o ke Re

AP reads received data from Read Data Register (0x3A4).

AP writes command 0x02 to system command register (Ox4F, 1 byte) to send the data out.
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Appendix B—Wireless Power Coil Key Specifications from Luxshare

(ICTR-QS5858031L-MW034)

(1 )Rﬂ_ Dimensions (Unit: mm):

B.oE0.8

A8 Mo x

0.30
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(2) EEEL@@ Electrical Characteristics:

No. ZH FkS M v
Parameter Specification Test Instrument
ll_'.fl;ﬂ.@ KEYSIGHT E4%80A LCR METER
1 9.0x0 2uH
Inductance or EQUIVALENT (@ 100kHz 1.0 Vrms)
ER LR KEYSIGHT E4980A LCR METER
2 195mQ+/-10%
DC Resistance or EQUIVALENT
a2 TH & T
Eint Pt KEYSIGHT E4980A LCR METER
3 235mQ+/-10%
AC Resistance or EQUIVALENT (@ 100kHz 1.0 Vrms)
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