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Datasheet

The P9222-R/RN is an integrated single-chip wireless power
receiver IC (Rx) for up to 5W applications implementing in-band,
bi-directional data communication with no additional circuitry. The
device receives an AC power signal from a wireless power
transmitter, such as the P9235A-RB WPC Qi BPP Wireless
Transmitter IC, and converts it to a rectified output voltage, which
can be used to power devices or supply the battery charger input
in a wide range of wireless power applications. The receiver (Rx)
integrates a high-efficiency synchronous full bridge rectifier (SFBR)
and control circuits that enable bi-directional communication from
and to the transmitter (Tx) for optimized power delivery.

The P9222-R/RN is highly efficient at light loads and very well-
suited for low-power applications such as earbuds case charging.
A unique Ping detect feature gives the user an early indication of
the wireless charger connection and improves thermal
performance at the end of complete battery charging. Low under-
voltage lockout (UVLO) threshold allows the receiver to start up
even with a weaker digital ping strength signal from a transmitter
over an extended area.

The device includes over-temperature and under/over-voltage
protection. The internal over-voltage clamping protects the rectifier
output from rising above the overvoltage level when the receiver is
quickly moved from a low-coupling position to a high-coupling
position. The integrated 32-bit ARM® Cortex®-M0 processor
(trademark of ARM, Ltd.) offers a high level of programmability and
design parameters that can be easily configured through the 12C
interface or an external EEPROM.

The P9222-R default firmware factory programmed in internal OTP
is WPC 1.2.4 Qi Baseline Power Profile (BPP) compatible. The
P9222-RN default factory firmware programmed in internal OTP is
latest WPC 1.3 Qi Baseline Power Profile (BPP) compatible.

The P9222-R/RN is available in a RoHS ultra-small WLCSP-40
package and it is rated for a 0 to 85°C ambient operating
temperature range.

Typical Applications

Wireless power solutions for mobile solutions including:
= Wireless earbuds case charging

= Wearables and fitness trackers

= Mobile devices

= Hearing aids case charging

Features
= Ultra-compact, efficient wireless power receiver for up to
5W applications

= P9222-R default firmware is WPC 1.2.4 Qi Baseline Power
Profile (BPP) compatible

= P9222-RN default firmware is WPC 1.3 Qi Baseline Power
Profile (BPP) compatible

= Ping detection for reduced power consumption at end of
charging

= Low under-voltage lockout (UVLO) for low voltage start-up for
faster connections over an extended area

= ASK and FSK modulation/demodulation for Bi-directional
Communication: Rx-to-Tx and Tx-to-Rx

= Supports bi-directional data communication

= Easy configuration of design parameters through I12C interface
on an external EEPROM

= Embedded 32-bit ARM® Cortex®-MO0 processor
= |Internal over-voltage clamping
= | ow standby and operating mode power consumption

= High performance low dropout (LDO) regulator with low
RDS(on) and programmable current limiting

= Supports I2C slave/master mode
= 40-WLCSP: 5 x 8 ball array, 2.28 x 3.38 mm, 0.4mm pitch

Block Diagram

Figure 1. Simplified Block Diagram
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Figure 2. P9222-R/RN Block and Application Diagram
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VRECT Correction Factor Register (0X93, 8-Dit) .......oiiiiiir ettt ettt ettt et e e ee e st e e e neeeeneeeeseeeaneeaaneaenneaanns 52
VRECT Maximum Correction Register (0X94, 16-Dit) ... .ei ittt et et e et e st e e b e e saeeenaeeeneeeneeenne 52
VRECT Minimum Correction Register (0X96, 16-Dit)........ueiiiiiireiiiiie et s e e rte e e st ee e e st ee e e e st e e s nsteaeesssaeeesnseeeennnaeeeans 52
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1. Pin Information
1.1 Pin Assignments
Figure 3.

A B ¢C¢ D E F G H
® cui CMA  LDO5PO VOUT VRECT  BST1 AC1 PGND
O 0000000
oD2 GP1 GP2 VOUT  VRECT AC1 AC1 PGND
O 0000000
0OD0 PGND GPO VOUT VRECT PDETB PDET_RC PGND
O 0000000
OD1 /INT /EN VOUT  VRECT AC2 AC2 PGND
O O
cM2 CMB  LDO1P8 BST2 AC2 PGND
O

O

VOUT

VRECT

P9222-R/ P9222-RN CSP (Ball View)
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B ( \

LDOSPO

{ \

C \v/
vout

[) ( \
VRECT
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E \v/
BST!
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( \

G “_
PGND

H { \

ar2

\_/

/ \
\ /

P9222-R/ P9222-RN CSP (Top View)

Pin Assignments for 40-WLCSP (AZG40), 2.28 x 3.38 mm with 0.4mm Pitch —Top View
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1.2 Pin Descriptions

Table 1. Pin Descriptions
Pin Number Name Type Description

Al CM1 Output High-voltage, open-drain output from the modulation FETs. Connect a 47nF capacitor from AC1
to CM1.

A2 OoD2 Input/Output Open-drain GPIO. This pin is connected to the internal ADC and can measure voltages smaller
than 1.2V. This pin can be left floating if not used.

A3 OD0/SCL Input/Output Open-drain GPIO. This pin supports an input of up to 5V, and is used for the 12C SCL
connection. Connect this pin via a pull-up resistor to the system I/O supply. This pin can be left
floating if not used.

A4 OD1/SDA Input/Output Open-drain GPIO. This pin supports an input of up to 5V, and is used for the 12C SDA
connection. Connect this pin via a pull-up resistor to the system I/O supply. This pin can be left
floating if not used.

A5 CcM2 Output High-voltage, open-drain output from the modulation FETs. Connect a 47nF capacitor from AC2
to CM2.

B1 CMA Output High-voltage, open-drain output from the modulation FETs. By default, CMA capacitor is not
used for communication. This pin can be left floating if not used.

B2 GP1/ADC Input/Output GPIO1. Pin is connected to internal ADC and can measure system voltage smaller than 1.8V.

IN During startup this pin is set as a high-impedance. This pin can be left floating if not used.
B3, H1-H5 PGND GND Power and logic ground.

B4 /INT Output Interrupt output pin. Connect this pin to the application processor (AP) I/O voltage rail using an
external pull-up resistor. The P9222-R/RN drives this pin LOW to notify the AP host of status
changes.

B5 CMB Output High-voltage, open-drain modulation FETs. By default, CMB capacitor is not used for
communication. This pin can be left floating if not used.

C1 LDO5PO Output Internal 5V LDO for chip power only. Connect a 1uF and 0.1uF capacitor to ground.

c2 GP2 Input GPIO2. If this pin is pulled high to the internal 1.8V LDO (LDO1P8) using a 10K resistor, the
P9222-R/RN becomes an 12C master during startup to load 100 bytes of user configuration from
external EEPROM. If this pin is pulled to ground, the P9222-R/RN loads the default configuration
from the internal OTP.

C3 GPO/ Input/Output GPIOO0. This pin can be used to measure coil temperature. The P9222-R/RN interrupts the

Thermistor processor when the coil voltage goes below 0.6V. During the startup this pin is set as a high-
impedance. Pull this pin to 1.8V with a resistor if not used.

C4 /EN Input Active-LOW enable pin. To enable the P9222-R/RN, pull this pin to GND. To disable the P9222-
R/RN, pull this pin High.

C5 LDO1P8 Output Internal 1.8V LDO output for logic power. Connect a 1TuF and 0.1uF capacitor to ground.

D1-D5 VOUT Output Main LDO output pin. Connect at least a 1x10uF capacitor from this pin to ground. It is not
recommended to directly connect the USB charging port or other voltage sources to these pins.
Back-to-back isolation FETs are recommended.

E1-E5 VRECT Input/Output Filter capacitor for the internal rectifier. Capacitance requirements: Connect 2x10uF and
1x0.1uF capacitors in parallel from this pin to ground.

F1 BST1 Output Bootstrap capacitor for driving the high side NFETSs of the internal rectifier. Connect a 15nF

capacitor from AC1 to BST1.
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Pin Number Name Type Description

F2, G1, G2 AC1 Input AC power input 1. Connect AC1 to the Cs capacitors and Cs to the Rx coil. Connect the Cp
capacitor from AC1 to AC2 (see Figure 2 and the application schematic in Figure 36). Due to
symmetry, the AC1 and AC2 connections are interchangeable.

F3 PDETB Output Open-drain, active-LOW. This pin is an output for indicating ping events are being received by
the Rx. Connect this pin to the application processor (AP) I/O voltage rail using an external
pull-up resistor.

F4, G4, G5 AC2 Input AC power input 2. Connect this pin to the Rx coil and the Co capacitor (see Figure 2) Due to
symmetry, the AC1 and AC2 connections are interchangeable.)

F5 BST2 Output Bootstrap capacitor for driving the high-side NFETSs of the internal rectifier. Connect a 15nF
capacitor from AC2 to BST2.

G3 PDET_RC Input Ping-detect input pin for determining when PDETB will be de-asserted. This pin is used to notify
the AP if the Rx device is removed from the power transfer interface. Connect an RC time-delay
circuit designed to hold the voltage on this pin above Veper_rc_iL between each Tx ping after
power transfer is completed (EOC).
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2. Specifications

2.1 Absolute Maximum Ratings

The absolute maximum ratings are stress ratings only. Stresses greater than those listed below can cause permanent damage to the device.
Functional operation of the P9222-R/RN at the absolute maximum ratings is not implied. Exposure to absolute maximum rating conditions may

affect device reliability.

Table 2. Absolute Maximum Ratings
Parameter Conditions Minimumtal Maximumlal Unit
VRECT, AC1, AC2, CMA, CMB, CM1, CM2 -0.3 20 \'%
PDETB, PDET_RC, LDO5P0, OD[2:0] -0.3 6 Vv
LDO1P8, GP[2:0], /INT, /EN -0.3 2 \
BST1 AC1-0.3 AC1+6 \
BST2 AC2-0.3 AC2 + 6 \%
VOouT -0.3 13 \Y
PGND -0.3 0.3 \Y
Maximum RMS Current from CMA, CMB, CM1, CM2 500 mA
Maximum RMS Current from AC1, AC2 2 A
[a] All voltages are referenced to ground unless otherwise noted.
2.2 Thermal Characteristics
Table 3. Thermal Characteristics for 40-WLCSP Package
Symbol Parameter Value Unit
0,a Thermal Resistance Junction to Ambient[aliblicld 47 °C/wW
O.c Thermal Resistance Junction to Casellleld] 0.202 °C/W
O Thermal Resistance Junction to Board(lclid] 4.36 °C/W
Ty Operating Junction Temperaturelall®] -40 to +125 °C
Ta Operating Ambient Temperature[21[°] -40 to +85 °C
Tsta Storage Temperature -55 to +150 °C
Teump Maximum Soldering Temperature (Reflow, Pb-Free) 260 °C

[a] The maximum power dissipation is Poax) = (Tumax) —Ta / B5a where T is the junction temperature and Tywmax) is 125°C. Exceeding the
maximum allowable power dissipation will result in excessive die temperature, and the device will enter thermal shutdown.

[b] This thermal rating was calculated on a JEDEC 51 standard four-layer board with dimensions 3” x 4.5” in still air conditions.

[c] Actual thermal resistance is affected by PCB size, solder joint quality, layer count, copper thickness, airflow, altitude, and other unlisted

variables.

[d] For the 40-WLCSP (AZG40) package, connecting the six thermal balls to the internal/external ground planes from the top to bottom sides of

the PCB is recommended for improving the overall thermal performance.
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Table 4. ESD Information
Test Model Pins Ratings Unit
Human Body Model (HBM) All pins. +2000 \
Charged-Device Model (CDM) All pins. +500 \Y

2.3

Table 5.

Electrical Characteristics

Electrical Characteristics

See important notes at the end of the table. Vyrecr = 5.5V, EN = 0V, and Cour = 10uF unless otherwise noted. T, = -10°C to 125°C. Typical
values are at 25°C.

Symbol Description Conditions Minimum Typical Maximum Unit
Vrect and Under-Voltage Lock-Out
VRect VRrect Operating 3.5 5.5 125 \"
Voltagel@l®l
VuvLo_RISING UVLO Rising Rising voltage on VRECT pin 2.5 2.8 \
VuvLo_FALLING UVLO Falling Falling voltage on VRECT pin 2.1 2.3 \
Vuvio_Hys UVLO Hysteresis Falling hysteresis voltage on VRECT pin 100 200 300 mV
Over-Voltage Protection
Vovp Over-Voltage Protection OVP rising voltage on VRECT pin 14 15 16 \
(default, programmable)
Vove-Hys Over-Voltage Hysteresis 1 \
VPRE-CLAVMP Pre-Clamp Over-Voltage | Pre-clamp, rising voltage on the VRECT 12 \
Protection pin
(Default, programmable), VmLbo = 5V
lpRE_cLAMP_RNG Pre-Clamp Current Programmable 0 137 mA
Rangel
IPRE_cLAMP_STEP Step Size 7 mA
IPRE_cLAVP Set Point VRrect = 10V, lpre_cLamp_seT_point = 109mA 110 mA
Quiescent Current
IrecT-bDa IrecT Quiescent No external load on VRECT, LDO5PO, 8 mA
Currentll and LDO1P8 pins; rectifier not switching;
firmware loaded
IrecT-DIs Irect Disable Current No external load on VRECT, LDO5PO, 2 mA
LDO1P8; /EN = 1.8V; firmware loaded;
rectifier not switching
Main Low-Drop-Out (MLDO) Regulator (VOUT)
IMLDO_LMT_ACC Current Limit Accuracy Current Limit = 0.5A -3 3 %
IMLDO_LMT_RNG Current Limit Range Programmable 0.35 1.5 A
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Symbol Description Conditions Minimum Typical Maximum Unit
IMLbo_LmT_sTEP Current Limit LSB Programmable step 50 mA
VmLpo Regulated VOUT Programmable; Vvrect = 5.5V ,IOUT = 1A 4.8 5 5.2 \
VMLpo_sTeP Output Voltage Step 25 mV

Sizeld
VmLpbo_acc Output Voltage VOUT = 5V; IOUT = 0.5A -2 2 %
Accuracy
Rbson_MLDo Main LDO 80 mQ
VMLDO_DROP LDO Drop-Out Voltage IOUT = 0.5A 37.5 mV
VMLDO_LNR Line Regulation VRECT = 5.5V to 8V; IOUT = 100mA -0.2 0.2 Y%
VMLDO_PSRR VOUT Power Supply VOUT =5V; IOUT = 0.5 A; 1kHz 80 dB
Rejection Ratiol 120mVpp signal summed with VRECT
DC level.
MLDOLINETRANS Line Transientlc VRECT = 5.5V to 8V; IOUT = 100mA, 3.5 mV/V
Slew Rate = 1V /10us
VmLpo_LoR Load Regulation IOUT =0Ato 0.5 A; VOUT =5V -0.5 0.5 %
MLDOLoapsTeP Load Transient Risinglc] VOUT = 5V; IOUT = 0 to 500mA, 160 mV/A
Slew rate = 1A/1us
tmLbo_ss MLDO Start-up Rise Output capacitance = 10pF; no external 150 us
Timelcl load (10% to 90% )
LDO5PO (For internal use only; LDO5PO VIN = VRECT)
Vibospo LDO5PO Output Output capacitance = 1uF, external 45 5 5.5 v
load=10mA
tLoospo_ss LDO5PO Start-up Rise Output capacitance = 1pF; no external 160 us
Timelcl load (10% to 90%)
LDO1P8 (For internal use only; LDO1P8 VIN = LDO5PO0)
Vipotps LDO1P8 Outputd Output capacitance = 1yF, external load 1.62 1.8 1.98 \Y
=10mA
tLootps_ss LDO1P8 Start-up Rise Output capacitance = 1uF; no external 7 us
Timelel load (10% to 90%)
Synchronous Full Bridge Rectifier
Ron_Hs High Side Ros_on 52 mQ
Ron_Ls Low Side Rps on 52 mQ
Rbson_cmaicms Communication A/B 1 Q
Roson_cmt/cmz Communication 1/2 1 Q
VF_RECT Rectifier Body Diode Forward biased voltage; 100mA 0.65 \
RECTrrea_IN Rectifier Input Operating 100 300 kHz
Frequency Rangel®
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Symbol Description Conditions Minimum Typical Maximum Unit
Analog-to-Digital Converter
N Resolution 12 Bit
fsampLE Sampling Rate 67.5 kSa/s
Channel Number of Channels 8 #
ViNFs Full Scale Input 2.1 Vv
Voltagel®
Thermal Shutdown

Threshold rising 140 °C
Tsp Thermal Shutdown!fl

Threshold falling 120 °C

Clock
foLock_so Clock Frequency 54 60 66 MHz
General Purpose Push-Pull Inputs/Qutputs (GP0, GP1, /EN)
ViH_cp Input High Level 1.4 \
ViL_ep Input Low Level 0.5 \
lika_ap Input Leakage Current 0V and 1.8V -1 +1 HA
VoH_ap Output Logic High lon=4mA, 8mA total 1.44 \"
VoL_cp Output Logic Low loL=8mA 0.36 Vv
SCL, SDA (OD0, OD1) and General Purpose Open Drain Inputs/Outputs (OD2, OD3, /INT)
ViH_op Input High Levelld! 1.4 \"
ViL_op Input Low Levelld! 0.7 Vv
lLka_op Input Leakage Current V =0V and 5V (1.8V for /INT) -1 +1 HA
VoL op Output Logic Low loL=8mA 0.36 \
Ping Detection

VPDET_RC_H Input High Level PDET_RC pin =2 VPDET_RC_|IH for 2.2 \

PDET_B pin to be pulled-low.
VPDET RC_IL Input Low Level PDET_RC pin < VPDET_RC_IL for 0.5 \%

PDET_B pin to be pulled-high (external

pull-up required).
IPDET_RC_LKG PDET_RC Leakage Vvrect = 0V and Vvrect = 5.5V -1 +1 WA
VPpETE OL Output Logic Low loL=1mA 0.36 \

SCL, SDA (12C Interface ODO, OD1)
fscL Clock Frequency 400 kHz
tHD_sTA Hold Time (Repeated) 0.6 us
for START Condition

tHo_pAT Data Hold Time 0 ns
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Symbol Description Conditions Minimum Typical Maximum Unit
tow Clock Low Period 1.3 us
tHiGH Clock High Period 0.6 us
tsu_sTa Set-up Time for 0.6 us

Repeated START
Condition
tBuF Bus Free Time Between 1.3 us
STOP and START
Condition
Cs Capacitive Load for 150 pF
each Bus Line
Ci SCL, SDA Input 5 pF
Capacitance
ViL_izc Input Low Level 0.7 Vv
ViH_i2c Input High Level 14 Vv
lika_i2c Input Leakage Current V=0V and 5V -1 +1 HA
VoL _iz2c Output Logic Low lo.= 8mA 0.36 Vv

[a] Vgectcan be as high as 18V but the device “Electrical Characteristics” table limits are not guaranteed under this condition.

[b] Full power transfer might not occur at the minimum VRECT operating specification.

[c] Not 100% production tested. Guaranteed by design.

[d] For internal biasing only; can be used for weak pull-ups or EEPROM power (not to exceed 10mA total).

[e] Any open-drain GPIO (OD2) that is connected to the ADC should remain below 2.1V to prevent saturation of the ADC.

[l  The internal temperature is monitored, and the P9222-R/RN is temporarily deactivated if the temperature exceeds the thermal shutdown limit of
140°C typically. The P9222-R/RN is reactivated when the temperature falls below the thermal shutdown hysteresis (20°C typically).

[9] The pull-up voltage level can be connected to LDO5PO0 (5V) or LDO1P8 (1.8V).
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3. Description of the Wireless Power Charging System

A wireless power charging system has a base station with one or more transmitter coils that make power available via DC-to-AC inverter(s) and
transmit the power over a strongly-coupled inductor pair (magnetic induction), or over a loosely-coupled inductor pair (magnetic resonance) to
a receiver in a mobile device. A WPC (see Figure 4) uses near-field magnetic induction between coils and can be a free-positioning or

magnetically-guided type of system.

In WPC Inductive systems, the amount of power transferred to the mobile device is controlled by the receiver. The receiver sends communication
packets to the transmitter to increase power, decrease power, or maintain the power level. The bit rate for the Rx-to-Tx communication link is

2kbps for WPC receivers. It is modulated on top of the power link that exists.

Figure 4. Block Diagram of WPC Compliant Wireless Power Transfer System

Base Station

Mobile Device

-== Transmitter

Receiver

< Control

i
I
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I
I
I
I
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Load
R ——

Note: For the more current information, see the WPC Specification at http://www.wirelesspowerconsortium.com/.
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4.

Typical Performance Characteristics

The following performance characteristics were taken using a P9235-RB-EVK, with WPC A11a coil and P9222-R/RN EVK with
MQQRR303008S8R2 coil with default configuration in at Ta= 25°C unless otherwise noted.

Figure 5. System Efficiency vs Output Current Figure 6. VRECT vs IOUT, Vout = 5.0V
IDTP9222-R EFFICIENCY VS. OUTPUT CURRENT,VOUT=5V VRECT VS. IOUT,VOUT=5V
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35 5.0
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OUTPUT CURRENT(A ) V] 0.1 0.2 0.5 0.4 0.5 0.6 07 0.8 0.5 1
OUTPUT CURRENT(A )
Figure 7. Reported Received Power (RPP) vs Figure 8. PpIFF (PTx-PRx) vs lout on NOK9
lout on NOK9 Transmitter Transmitter
RPP vs IOUT, Vout =5V Poirr vs IOUT , Vout =5V
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Figure 9. Initial Startup Figure 10. Active Charging Area
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Figure 11. Load Transient Response 1 Figure 12. Load Transient Response 2
(Vout =5V, lout OmA to 500mA) (Vout =5V, lout OmA to 1000mA)
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Figure 13. Ping Detect Timing Figure 14. AC Modulation (COM1)
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5. Theory of Operation

The P9222-R/RN is a highly-integrated wireless power receiver for mobile or stationary devices. The device can receive and provide up to 5W
to its output when powered wirelessly using near-field magnetic induction. The device is optimized for efficient power transfer in low-power
wearable applications.

5.1 Overview

The simplified internal block diagram of the P9222-R/RN is shown in Figure 2. Energy is transferred wirelessly from the transmitter to the P9222-
R/RN via an external Rx coil and Cs capacitor(s). The external LC is connected to the AC1 and AC2 pins to be full-wave-rectified (AC-to-DC).

5.1.1 Low-Power Ping Detection

Once charging has completed, the wireless power connection to the Tx can be programmed to terminate to save power. In order to inform the
system that the P9222-R/RN is still on the charger, the PDETB pin will be held LOW as long as Tx ping pulses are detected. The resistor and
capacitor (RC) connected to the PDET_RC pin should be selected such that the time constant of the RC maintains an adequate charge between
Tx ping events to prevent PDETB from changing states until the device is removed from the Tx. The values of the RC circuit should be selected
based on the expected ping time interval of the Tx. For more information, see “Low-Power Ping Detection Operation”.

5.1.2 Rx Operation

The wireless power is stored on a capacitor(s) connected to the VRECT pin in Rx mode. Until the voltage across the VRECT capacitor exceeds
the under-voltage lock-out (UVLO) threshold, the rectification is performed by the body diodes of the synchronous full bridge rectifier FETs.
After the internal biasing circuit is enabled, the driver and control blocks operate the MOSFET switches of the rectifier in various modes to
maintain reliable connections and optimal efficiency. An internal ADC monitors the voltage at VRECT and the load current. The P9222-R/RN
sends instructions to the wireless power transmitter to increase or decrease the amount of power transferred or to terminate power transmission
based on these readings. The LDO VOUT pin can be pre-programmed from 3.5V up to 12V or changed after startup using 12C commands. The
headroom and target VRECT value will automatically adjust based on the latest VOUT set-point programmed value. The internal temperature
is continuously monitored to ensure proper operation.

5.2 Wireless Power Control

The voltage at VRECT and the current through the rectifier are sampled periodically and digitized by the ADC. The digital equivalents of the
voltage and current are supplied to the internal control logic, which decides whether the loading conditions on VRECT indicate that a change in
the operating point is required. If the load is heavy enough to bring the voltage at VRECT below its target, the transmitter is instructed to move
its frequency lower, closer to resonance. If the voltage at VRECT is higher than its target, the transmitter is instructed to increase its frequency.
To maximize efficiency, the voltage at VRECT is programmed to decrease as the LDO’s load current increases.

5.3 Startup

When a mobile device containing the P9222-R/RN is placed on a WPC “Qi” charging pad, it responds to the transmitter’'s “ping” signal by
rectifying the AC power from the transmitter and storing it on a capacitor connected to VRECT. During the “ping” phase, once the rectifier
provides a voltage at the VRECT pin above the UVLO threshold, the digital section of the P9222-R/RN enables communication. The control
loop of the P9222-R/RN adjusts the rectifier voltage by sending Control Error Packets (CEPs) to the transmitter before and after it enables the
VOUT LDO.

The VOUT LDO is enabled when the power transfer phase is initiated and the voltage at VRECT (i.e., the output of the full-wave synchronous
rectifier reaches the target voltage that includes headroom in addition to the LDO VOUT target voltage). For example, if the VOUT voltage
target is 5V, the target VRECT voltage is VOUT plus headroom. If the VRECT target voltage is not reached within 1 second after entering the
power transfer phase, the VOUT LDO will be enabled automatically.
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5.4 Power Transfer

Once the “identification and configuration” phase is completed then the transmitter initiates the power transfer mode. The P9222-R/RN control
circuit measures the rectifier voltage, sends CEPs to the transmitter to adjust the rectifier voltage to the level required to maximize the efficiency
of the linear regulator, and sends Received Power Packets (RPPs) to notify the Tx of the current for foreign object detection (FOD) to guarantee
safe, efficient power transfer. For more information about WPC-compliant power transfer, see “WPC-Compliant Power Transfer.”

5.5 Synchronous Rectifier

The efficiency of the full-bridge rectifier in the P9222-R/RN is increased by operating in full synchronous rectifier mode. The rectifier is comprised
of four self-driven switches that work in a full synchronous mode of operation when the load is higher than a programmable level (typically
150mA for BPP operation). Below that threshold, the rectifier works in half-synchronous rectification mode. At power-up, when the voltage is
below the UVLO threshold, the rectifier functions by using the body diodes associated with the NMOS transistors. The BST capacitors are used
to provide power to drive the gates of the high-side NMOS switches.

5.6 Over-Voltage Protection

In the event that the input voltage increases above 15V (default setting), the Rx sends control error packets to the transmitter in an attempt to
bring the rectifier voltage back to a safe operating voltage level while simultaneously clamping the incoming energy using the internal high
voltage OVP FET for VRECT over-voltage clamping control. The clamp is released when the VRECT voltage falls below the Vovp hysteresis
falling level. The P9222-R/RN also sends interrupts to the application processor (AP) when the over-voltage event occurs.

5.7 Over-Current Protection and Thermal Shutdown

The P9222-R/RN uses over-current and thermal protection by sending an interrupt to the AP to notify the host controller if the output current or
die temperature has exceeded the operating limits. In the event that an overcurrent condition exists, the interrupt is sent to the AP with the
expectation that it will respond by reducing the output consumption being drawn from the P9222-R/RN. If the overcurrent condition persists and
is not corrected, then P9222-R/RN die temperature increases can be expected. In the event that the die temperature exceeds the thermal
shutdown level, an End Power Transfer packet is sent to the transmitter to terminate power transfer and protect the P9222-R/RN from thermal
stress. The current limit level is programmable. The P9222-R/RN sends interrupts to the AP if the current limit is reached or the die temperature
reaches elevated levels to allow the AP an opportunity to reduce the load current in order to prevent power transfer interruptions.

5.8 External Temperature Sensing

The P9222-R/RN includes an optional temperature sense input pin on GPO. It is used to monitor a remote temperature, such as on an Rx coil
or a PC board using an external thermistor circuit shown in Figure 15.

The GPO pin voltage can be calculated using the following equation,

V_GPO = V_LDO1P8 x ——<_ Equation 1
R21+NTC

where NTC is the thermistor’s resistance (RTH1) and R21 is the pull-up resistor connected to the 1.8V (LDO1P8) supply voltage on the
P9222-R/RN Evaluation Board. The over-temperature interrupt is triggered if the voltage on the GPO pin is lower than 0.6V. The RTH1 is not
populated on the P9222-R/RN Evaluation Board.
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Figure 15. RTH1 and R21 Schematic Location
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Figure 16. RTH1 and R21 PCB Location

5.9 Rectifier and VRECT Level

Once VRECT powers up to greater than UVLO, the full-bridge rectifier switches to half synchronous or full synchronous mode (depending on
the loading conditions) to efficiently transfer energy from the transmitter to the load applied to VOUT. The VRECT pin must not be directly
loaded. The rectified voltage will automatically self-adjust based on the programmed output setting to regulate throughout for all phases of
charging to maintain adequate headroom that is balanced with optimal efficiency.

5.10 Interrupt Output

In Wireless Power RX mode, the /INT pin can be programmed to go LOW to indicate that an over-current, over-voltage, or over-temperature
event has occurred. This feature is programmable and can be implemented using the /INT.
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5.11 Low Drop-Out (LDO) Regulators

The P9222-R/RN has three LDO regulators. The primary VOUT LDO is powered by VRECT. The VOUT LDO can be programmed to any
voltage between 3.5V and 10V; however, the output voltage setting should be compatible with the wireless Tx capability and coil type. The
LDO5PO is powered directly from VRECT, and LDO1P8 is powered from LDO5PO0. Both are used for supplying power to internal low-voltage
blocks. The LDOs must have local ceramic bypass capacitors placed near the P9222-R/RN. For recommended values, follow the application
schematic in Figure 36.

5.12 MLDO Output Enable Conditions

After the P9222-R/RN is energized wirelessly by a valid Tx and reaches the power transfer state, there are two criteria that must be met prior
to the VOUT MLDO regulator being automatically enabled after start-up. Upon connection to a Tx, the P9222-R/RN sends CEP +55 in order to
drive VRECT up to 6.5V and also starts a 1-second timer to allow VRECT to reach the target. After this timer expires, one of two conditions
must be met before the VOUT output is enabled: CEP values are less than +4 (indicates VRECT has reached the target), or 5 seconds pass.
Either of these events will trigger the P9222-R/RN to enable VOUT. In cases where VRECT is still below the target voltage (5 seconds pass
and VRECT < Vrect_Target), VOUT is enabled in order to allow charging to start. When VRECT is below Vrect_Target, full power charging may
not be possible because the Tx is not providing adequate energy for full power to be transferred.

5.13 OQOutput Power Options

The P9222-R/RN supports configurations such as described in the WPC Baseline Power Profile (BPP) specification. The P9222-R/RN can be
programmed to optimize power delivery for low-power wearable applications and can also provide VOUT and VRECT battery voltage tracking
to reduce losses, further improving efficiency and reducing heat generation during charging.
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6. Bi-directional User Data Communication

Note: The default firmware supports bi-directional user data communication.

In customer-end systems, the transmitter and receiver boards must have an external microcontroller (MCU) or leverage an existing
application processor to orchestrate bi-directional communication. Using the 12C communication, the MCU on the receiver board must load
the data into specific registers and trigger the communication. The P9222-R/RN sends the data to the P9235-RB using amplitude-shift keying
(ASK) modulation. The P9235-RB will receive the data and interrupt the MCU on the transmitter when the data is ready to be read. The
external MCU on the transmitter follows the same procedure to send the data to the P9222-R/RN. When new data is available to be read, the
P9222-R/RN will interrupt the external MCU on the receiver board.

Bi-directional user data communication is enabled only in the power transfer phase for the WPC standard. The external MCU on the receiver
board can read register 0x4C (bit 0) to determine whether the P9222-R/RN is in the power transfer phase.

See Figure 19 for a state diagram that shows the procedure that the external MCU on the receiver board must follow to send the user data
from the P9222-R/RN to the P9235-RB as described in “Transferring Data from the P9222-R/RN to the P9235-RB.” See Figure 20 for a state

diagram that shows the procedure that the external MCU must follow to read the data sent by the P9235-RB as described in “Reading Data
Sent from the P9235-RB to the ”.

6.1 Transferring Data from the P9222-R/RN to the P9235-RB

The external MCU on the receiver board should read bit 5 in register 0x4C to determine the status of the communication channel before initiating
a new transfer. If the communication channel is free, bit 5 in register 0x4E is 0. If the communication channel is busy, bit 5 in register 0x4E is
set to 1. The P9222-R/RN receiver supports sending up to 7 bytes of user data. The external MCU on the receiver should write the data that it
will send to the transmitter into the Outgoing User Data Registers (0x51 to 0x57) and set the Data Header register (0x50) accordingly.

Table 6. Registers Used for Data Transmission from P9222-R/RN to P9235-RB

Register Name Register Address

Command Register 0x4E

Data Header Register

0x50

Outgoing User Data Registers

0x51 to 0x57 (7 bytes)

System Mode register

0x4C

Power Transfer Phase Indicator 0x4C (bit 0)

The external MCU on the receiver should set bit 0 in the Command register 0x4E to 1b to trigger the communication after loading the user
data into the outgoing data registers and setting the data header for the correct number of bytes. If the receiver is sending 1 byte, 2 bytes,
and 3 bytes in the outgoing register, then the user would set the header register to 0x18, 0x28, and 0x38, respectively. After receiving the
communication trigger from the control register, the P9222-R/RN reads the data header register and outgoing data registers and constructs a
proprietary communication packet with a packet checksum. The communication packet is sent into the channel between two Control Error
Packets (CEP) using ASK modulation.

Figure 17 shows the timing diagram for the user data transfer from the P9222-R/RN to the P9235-RB.
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Figure 17. Timing Diagram for a User Data Transfer from the P9222-R/RN to the P9235-RB

CEP Packet Proprietary Communication Packets (ASK) CEP Packet
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The P9222-R/RN transfers data into the channel at a speed of 2Kbps. However, the channel is usually busy transmitting WPC standard
communication packets. There is a very small window in which the user data can be transferred. Typically in the power transfer phase, the CEP
packet is sent every 150msec. In one second, there will be only 6 to 7 time slots in which the P9222-R/RN can send a maximum of 7 bytes
(including the checksum and header) of user data in each slot. The maximum data transfer rate achieved between the P9222-R/RN and the
P9235-RB is 100bps. The P9222-R/RN will reset bit 0 in the Command register Ox4E to 0 immediately after sending the data into the channel.
The external MCU on the receiver can periodically check bit 0 in the P9222-R/RN register 0x4E to get an acknowledgment of successful data
transmission into the channel.

Note: The P9222-R/RN gives WPC standard communication packets priority over user data packets. User data packets have the lowest priority;
therefore, during load transients, the P9222-R/RN may skip sending user data packets and give priority to CEP and indicate the channel status
as busy in register 0x4E. The P9222-R/RN does not wait for acknowledgement from the P9235-RB or keep track of successful delivery of the
data to the P9235-RB. The P9222-R/RN only functions as a messenger and relies on the external MCUs on the receiver and transmitter boards
to create a lossless communication protocol by adding intelligence into data they are transferring.

Figure 18. Typical P9222-R/RN to P9235-RB Data Transfer using the P9235A-RB-EVK Evaluation Kit
Tekmn -~ O T

& 200v 2 200ms 5.00kS/3 ® 12 ug 2021
& 200 @ ooy 10k points 1.52 15: 08: 24

Note: The P9235A-RB-EVK is the evaluation kit available for the P9222-R/RN and P9235-RB, which implements the typical application
schematic shown in Figure 32.
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Figure 19. State Diagram for User Data Transmission from the P9222-R/RN to the P9235-RB
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6.2 Reading Data Sent from the P9235-RB to the P9222-R/RN

The P9222-R/RN can receive 7 bytes of information at a time. When the P9222-R/RN receives the data from the P9235-RB, it will generate an
interrupt to the external MCU on the receiver by pulling down the interrupt pin, INT. Because interrupts can be generated for multiple reasons,
the MCU can respond to the data received interrupt and read the data received flag in bit 5 of System Interrupt register 0x36 and bit 5 of System
Status register 0x34, respectively, to confirm that the interrupt is generated because of new incoming data. After confirming that new data is
available to read, the external MCU can read incoming header register (0x57) and user data registers (0x58 to 0x5F).

Table 7. Registers Used for Reading User Data from the P9235-RB

Register Name Register Address
Command Register O0x4E
System Status Register 0x34
System Interrupt Register 0x36
Interrupt Enable Register 0x38
Interrupt Clear Register 0x3A

Clear Interrupt Events 0x4E (bit 5 setto 1)
Header Register 0x57

User Incoming Data Registers 0x58 to Ox5F (7 bytes)

Note: TX Data Received Interrupt Enable Register 0x38 bit 5 is disabled by default.

After reading the data, the external MCU on the receiver should clear the interrupt by writing 1 to bit 5 in Interrupt Clear Register 0x3A, which
clears the data received interrupt and data received flag. Afterwards, bit 5 in the Command Register (0x4E) should be set to 1b to instruct the
processor to clear the interrupt events. If the interrupt event is not cleared, the P9222-R/RN will reject new incoming data because old data was
not read by the MCU on the receiver. The user can implement a higher-level handshaking protocol between the external MCU on the transmitter
and the receiver to avoid data corruption.
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Figure 20. State Diagram for Reading User Data Received from the P9235-RB
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7. WPC Mode Characteristics

For a description of the startup process for wireless charging, which is compliant with the WPC protocol, see “Startup”.

7.1 WPC-Compliant Power Transfer

Once the “identification and configuration” phase is completed, the transmitter initiates the power transfer phase. The P9222-R/RN control
circuit measures the rectifier voltage and sends CEPs to the transmitter to adjust the rectifier voltage to the level required to maximize the
efficiency of the linear regulator and to notify the Tx of the current Received Power Packet for foreign object detection (FOD) in order to
guarantee safe, efficient power transfer. The P9222-R/RN is compatible with WPC specification and can use compatible Rx coils. Each receiver
coil type has a unique inductance value. As such, a unique resonant capacitor (Cs) is used for a given type of receiver coil.

7.2 Advanced Foreign-Object Detection (FOD) in WPC Mode

When metallic objects are exposed to an alternating magnetic field, eddy currents cause such objects to heat up. Examples of parasitic metal
objects are coins, keys, paperclips, etc. The amount of heating depends on the amplitude and frequency of the magnetic field coupled, 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 reduced power transfer efficiency. Moreover, if no appropriate measures are taken, the heating could lead to
unsafe situations if the objects reach high temperatures.

WPC power transmitters and receivers need to also compensate for the power loss due to parasitic metals intentionally designed into the final
product; i.e., metals that are neither part of the power transmitter nor of the power receiver, but which absorb power from magnetic field coupling
during the power transfer, such as Li-ion batteries, metallic cases, etc.

The P9222-R/RN uses advanced FOD techniques to detect foreign objects placed on or near the transmitter base station. The FOD algorithm
includes values that are programmable through either the 12C interface or external EEPROM memory bits. Programmability is necessary so
that the FOD settings can be optimized to match the power transfer characteristics of each particular WPC system to include the power losses
of the Tx and Rx 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 from the
expected system power.

The P9222-R/RN FOD values need to be tuned prior to production for WPC compliance using final production hardware and coils.

7.3 WPC Modulation/Communication

The P9222-R/RN operates in the WPC mode using a single LC tank Rx coil and requires AC modulation capacitor connections for WPC
communication. The capacitors Cu1 and Cuz (connected to pins CM1 and CM2 respectively; see Figure 21) and the LC tank accomplish WPC
modulation. The capacitor values should be tuned to achieve maximum efficiency while still providing adequate communications.

Figure 21. Rx Modulation Components
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Receiver-to-transmitter communication is accomplished by modulating the load applied to the receiver; i.e., amplitude-shift keying (ASK). To
the transmitter, this appears as an impedance change, which results in measurable variations of the transmitter’s output waveform. Modulation
is done with AC modulation, using internal switches to connect external capacitors from AC1 and AC2 to ground.

The P9222-R/RN communicates with the base station by sending ASK communication packets to WPC transmitters. Each communication
packet has the following structure:

Figure 22. Communication Packet Structure

Preamble | Header Message Checksum

7.4 Bit Encoding Scheme for ASK

As required by the WPC specification, the P9222-R/RN uses a differential bi-phase encoding scheme to modulate data bits onto the power
signal. A clock frequency of 2kHz is used for this purpose. A logic ONE bit is encoded using two narrow transitions, whereas a logic ZERO bit
is encoded using two wider transitions as shown in Figure 23.

Figure 23. WPC Packet Example with Reference Clock Shown

I I

| | | | | | | |
| ONE | ZERO, ONE | ZERO | ONE | ONE | ZERO | ZERO

Each byte in the communication packet comprises 11 bits in an asynchronous serial format, as shown in Figure 24. Each byte has a start bit,
8 data bits, a parity bit, and a single stop bit.

Figure 24. Byte Encoding Scheme

I
| | | | | | | | | I Parity ! |
| Start | b, | b, | b, | b3 | b, | b 5 | b 6 | b, | arity | Stop |
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7.5 System Feedback Control

The P9222-R/RN is fully compatible with WPC ( Baseline Power Profile) and has all the necessary circuitry to communicate with the base
station via WPC communication packets. The overall WPC system behavior between the transmitter and the receiver follows the state machine
shown in Figure 25.

The P9222-R/RN goes through four phases:

1. Selection

2. Ping

3. Identification and Configuration

4

Power Transfer

Figure 25. WPC System Feedback Control BPP Mode
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7.5.1 Selection

In the “Selection” phase, the P9222-R/RN is prepared to sense or deliver the wireless power and proceeds to the “Ping” state. It monitors the
rectified voltage, and when the voltage is above the Vyvio rising threshold (see Table 5), the P9222-R/RN prepares to communicate with the
base station or enter the power “Ping” phase.
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7.5.2 Ping

In the “Ping” phase, the P9222-R/RN transmits a Signal Strength Packet as the first communication packet to instruct the base to keep the
power signal on. After sending the Signal Strength Packet, the P9222-R/RN proceeds to the “Identification and Configuration” phase. If, instead,
an End Power Transfer packet is sent or requested to be sent by the AP, or if an invalid response is sent, then the P9222-R/RN remains in the
“Ping” phase.

In this phase, the P9222-R/RN sends the following packets:

= Signal Strength Packet

= End Power Transfer Packet

7.5.3 Identification and Configuration
In the “Identification and Configuration” phase, the P9222-R/RN sends or expects the following packets:
= |dentification Packet

=  Configuration Packet

After the transmission of the Configuration Packet, the P9222-R/RN proceeds to the “Power Transfer” phase.

7.5.4 Power Transfer

In the “Power Transfer” phase, the P9222-R/RN controls the power transfer by means of the following control data packets:
= Control Error Packets (CEP)

= Rectified Power Packet (RPP)

= End Power Transfer Packet (EPT)

7.5.41 End Power Transfer (EPT) Packet

In the event of an EPT, the P9222-R/RN turns off only after the AP instructs the P9222-R/RN to continuously send End Power Transfer packets
until the transmitter removes the power and the rectifier voltage on the receiver side drops below the under-voltage lock-out (UVLO) threshold
(see Table 5).
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8. Applications Information

The P9222-R/RN is an integrated wireless power receiver for mobile or stationary devices. The device can receive and provide to its output up
to 5W of wireless power using near-field magnetic induction.

8.1 Receiver Coil

The following coils are recommended for use in 5W or 3W applications in order to achieve optimum performance with the P9222 receiver.

Table 8. Recommended Coil Manufacturer

Output Power Vendor Part Number Ind:;g:)ir:j:ze at Resonant Caps (Cs) DC Resistance at 20°C
5W SUNLORD MQQRR303008S8R2 8.2uH £ 10% 300nF 180mQ max
3W TDK WR303050-12F5-ID 8.2uH = 10% 300nF 280m<Q2 max

8.2 Series and Parallel Resonant Capacitor Selection

WPC inductive power transmission uses resonant circuits to enhance the inductive power transmission. Especially for systems with a low
coupling factor, a resonant receiver can improve power transfer. The simplified Rx-coil network consists of a series resonant capacitor, C1,
and a parallel resonant capacitor, C2. These two capacitors make up the dual resonant circuit with the Rx coil (see Figure 26) and must be
sized correctly as per the WPC specification.

Figure 26. Dual Resonant Circuits with Receiver Coil
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——

Ls'

— C2

To calculate C1, a 100kHz resonant frequency is used along with the measured L's values (Receiver Coil inductance measured when placed
on the TX coil and shield)

1
T (100kHz x2m)2 XL’ s

c1 Equation 2

To calculate C2, a secondary resonance of 1.0MHz is used along with LS (Free space Receiver Coil inductance without TX coil and shield).
This calculation requires that C1 be determined first and used in Equation 3:
1

2= 1 Equation 3
(1.0MHz x2m)2x( Ls )
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8.3 VRECT Pin
The efficiency of the full-bridge rectifier in the P9222-R/RN is increased by implementing it as a synchronous rectifier.

The rectifier comprises four self-driven switches that work in a full synchronous mode of operation when the load is higher than 150mA. Below
that threshold, the rectifier works in half-synchronous rectification mode. At power-up, when the voltage is below the UVLO threshold, the
rectifier works by using the body diodes associated with the NMOS transistors. The BST capacitors are used to provide power to drive the gates
of high-side NMOS switches.

8.4 Enable Pin

The P9222-R/RN offers an active LOW enable function that allows the host AP to control when wireless power will be enabled. The /EN enable
pin (C4) must be actively pulled-up or pulled-down using the AP to drive the pin directly, or by using an external resistor to passively control the
default state. The /EN pin is a push-pull general purpose input/output (GPIO) type input and will consume current when driven HIGH while the
P9222-R/RN is not powered. It is recommended that one of the circuits shown in Figure 27 be followed.

The /EN pin can be actively controlled (AP 1/O directly connected to /EN pin) or passively controlled depending on system requirements. Since
the AP must be used to control the P9222-R/RN enable pin, power will be consumed by the biasing resistor when the state is changed from the
default if using a passive control scheme — this may be needed to support AP sleep modes. Typical systems will use the P9222-R/RN set up to
be enabled by default in order to save the most power, and will disable wireless charging when wired charging is used or some other function
is being performed that requires wireless charging to remain disabled. One of the diagrams in Figure 27 must be used to set the default /EN pin
state for the P9222-R/RN.

Figure 27. P9222-R/RN Recommended Enable Default State Configurations

ACTIVE ENABLE CONTROL PASSIVE ENABLE CONTROL SCHEMES
| 10 Rail (1.8Vtyp)
= 100kQ
| P9222
IJ PGND AP
Enabled by default; an AP is needed to disable. | Disabled by default; an AP is needed to enable.

When using the “active enable control,” it is important to always force the /EN pin into a known state, and the /EN pin should never be left
floating. For example, in some applications when the battery is dead or when the AP is in sleep mode, the AP may not be actively driving the
/EN pin. In order to prevent the /EN pin from floating in such cases, a pull-down resistor should be added.

8.5 Transient Voltage Suppressor Diodes (TVS)

Transient Voltage Suppressor diodes can be added to the design from the AC1 and AC2 nodes to GND, or from AC1 to AC2 (D10, D2, D3, as
shown in the reference schematic). This component is 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 15V in less than 10us to aid in voltage limiting the incoming AC
waveforms. A balance in Reverse Standoff Voltage (Vrwn), Clamping Voltage (VcL), Break-down Voltage (Vgr) relative to the expected Vrect
operating voltage Vrect (be sure minimum Vg is less than maximum operating Vrect value and that V¢ is less than Vrect Absolute maximum
voltage) should be reached. The following guidance should be used for the P9222-R/RN when selecting TVS diodes:

=" Vgwm = 12V maximum
= Vggr=14.6 V minimum at 5mA

= VgL =22V maximum at 1App

When TVS diodes are used, it is recommended to place them as close to the coil on the respective nodes as possible to shunt high voltages
away from the P9222-R/RN. Zener diodes can also be used to limit voltage levels, and the Zener voltage should be above the working voltage
of the node and below the absolute maximum voltage of the pin connected to the node.
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8.6 GPIO Pins

The P9222-R/RN has general-purpose input output (GPIO) pins for custom applications. The OD0-OD2 and GP0-GP2 pins are all multi-
functional. In addition, OD0-OD2 have an open-drained structure and GP0-GP2 have a push-pull structure.

8.6.1 ODO Pin

The ODO pin has a digital function open-drain structure. It is assigned to SCL of 12C function for the serial interface between the AP and the
P9222-R/RN. An external pull-up register on the SCL line is required for I2C communication. OD0 can operate up to 5V.

8.6.2 OD1 Pin

The OD1 pin has a digital function open-drain structure. It is assigned to SDA of 12C function for the serial interface between the AP and the
P9222-R/RN. An external pull-up register on the SDA line is required for I2C communication. OD1 can operate up to 5V.

8.6.3 OD2 Pin

The OD2 pin is connected to the internal ADC and can measure voltage levels smaller than 1.2V. The register address is 0xD4 with 16-bit long
data. The value is always in ADC counts and therefore must be converted to the desired units. For the conversion is:

AdcResult[0] * 2100 / 4096 = Voltage on OD2 in mV
The OD2 absolute maximum voltage rating is 2V. Care should be taken that the OD2 pin level is always below 2V. If the ADC function is not
used, this pin can be left floating.

8.6.4 GPO Pin

The GPO pin is connected to the internal ADC and can measure external temperature on either the receiver coil or the PCB with an external
thermistor circuit.

The P9222-R/RN sends interrupts to the AP if the temperature reaches the threshold level (0.6V default, configurable) to allow the AP an

opportunity to reduce the temperature in order to prevent power transfer interruptions.

Figure 28. GPO Pin External Connection to Thermistor Configuration

i GPO

N
: . c29 i
. OPTIONAL: by ceoy | |

THERMISTOR 1
R21 RTH1 NP
LDO1P8>>—\%k\,—¢ ;
RTS =

If external temperature sensing is not used, pull this pin to 1.8V (LDO1P8) with a resistor.

8.6.5 GP1 Pin

The GP1 pin is connected to the internal ADC and can measure the voltage smaller than 1.8V. The register address is 0xD6 with 16-bit long
data. The value is always in ADC counts and therefore must be converted to the desired units. For the conversion is:

AdcResult[1] * 2100 / 4096 = Voltage on GP1 in mV

© 2019-2022 Renesas Electronics Corporation 33 May 5, 2022



RENESAS P9222-R/RN Datasheet

8.6.6 GP2 Pin

The GP2 pin is assigned as a digital input. If GP2 is asserted high, the P9222-R/RN will access an external EEPROM on the 12C bus and load
customer configuration (FOD parameters, Vout, llim, and etc) data. If GP2 is asserted Low (default mode), the P9222-R/RN will load default
configuration data from an internal NVM (OTP).

Figure 29. GP2 Pin External Connections for External EEPROM Selection

{LDO1P8

GP2 R14 R15
NP NP
]
R20
NP R18
10k

8.7 Low-Power Ping Detection Operation

Once charging has completed, the wireless power connection to the Tx can be ended using an End Power Transfer (EPT) packet to save power
and reduce over heating of the device. The P9222-R/RN can be used to notify the host application processor that it is still on the charging pad
by using the PDETB and PDET_RC pins. The PDETB pin should be externally pulled up and will be held LOW as long as Tx ping pulses are
detected. The RC connected to the PDET_RC pin should be selected based on the expected ping time interval of the Tx. To prevent the P9222-
R/RN from waking the AP prematurely during Ping Detect mode, the RC values should be selected to hold the PDETB pin LOW until a few
hundred milliseconds after the expected ping interval from the Tx.

Figure 30. Ping Detection — Typical Application Schematic Components and Connections

>>To AP input
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PDETB [— CVIPBAP  ooer Re
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PDET_RC * O
c15 R12
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© 2019-2022 Renesas Electronics Corporation 34 May 5, 2022



RENESAS P9222-R/RN Datasheet

Figure 31. P9222-R/RN Ping Detect Waveforms!
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Note: When measuring the PDET_RC node, the probe impedance will alter the timing of PDETB, and this should be accounted for.

Table 9 can be used to select the RC values for the PDET_RC pin.

Table 9. Recommended RC Values for PDET_RC Components Based on Capacitance and Ping Interval

Ping Interval (s) R (MQ) C (uF) TroeTB_MIN (S) TroeTB_MAX (S)
0.55 0.422 2.2 0.66 1.36
0.75 0.59 2.2 0.92 1.89
0.9 0.698 2.2 1.098 2.26

0.887 2.2 1.38 2.85
1.2
0.412 4.7 1.37 2.83
1.1 2.2 1.71 3.54
1.4
0.511 4.7 1.70 3.51
1.69 2.2 2.64 5.45
2.2
0.787 4.7 2.62 5.41
5.11 2.2 7.95 16.43
6.5
2.32 4.7 7.80 16.12

TR12=1MQ, C15 = 2.2uF, Ch1 = Tx SW Node, Ch2 = PDETB, Ch3 = VRECT, Ch4 = PDET_RC, 25°C, 550ms Ping Interval
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8.8 Configuration of P9222-R/RN Parameters

The P9222-R/RN firmware provides great flexibility to customize operating parameters for custom applications. Default values of the P9222-
R/RN operating parameters such as output voltage, FOD parameters, and current limit are set in the firmware programmed into the internal
one-time programmable (OTP) memory. Based on the end application, the P9222-R/RN operating parameters can be configured by either
writing to internal SRAM registers via the 12C interface, or by loading the user configuration generated by the P9222-R/RN GUI into an external
EEPROM.

The register map in “Registers” describes all the SRAM registers that can be configured via the 12C interface. The SRAM registers content is
volatile and all the content resets to default after every power cycle. The AP must update the operating parameters after every power cycle.
The AP can use the VRECTON interrupt or battery charger interrupt as a trigger to update the SRAM registers.

If the end application does not have an external AP to update operating parameters, a generic purpose external EEPROM with 12C interface
can be connected to the P9222-R/RN 12C port, and the GP2 pin needs to be tied to LDO1P8 using a 10K resistor. Using the P9222-R/RN
Windows GUI, the operating parameters can be customized and a custom configuration file for the external EEPROM can be generated. The
configuration file can be loaded into the external EEPROM using the 12C interface and the P9222-R/RN Windows GUI. Write protect on
EEPROM needs to be disabled before writing the configuration to the external EEPROM.

If the GP2 pin is tied to LDO1P8, the P9222-R/RN accesses the external EEPROM during startup before turning on the main output LDO, and
then sets the default operating parameters to the values set in the external EEPROM configuration.

8.9 P9222-R/RN Internal Register Access by Application Processor

The user registers are located in the SRAM space starting from address 0x0000, and are accessible via the standard 12C interface. The P9222-
R/RN 12C device address is 0x61.

Some of the registers are 2 bytes long (16-bit). The P9222-R/RN microprocessor updates the memory location by writing both bytes in a single
clock. The 12C bus reads the bytes sequentially, and it is possible to split the read value between old and new value. If a critical decision must
made based on a value, the register of interest needs to be read two or more times until the same number appears in two consecutive read
operations. The Internal register map is listed in “Registers”.

8.10 External EEPROM Access by P9222-R/RN

An external EEPROM with an I2C interface can be connected to the P9222-R/RN I2C pins, and the user configuration generated from the
P9222-R/RN Windows GUI can be loaded into the external EEPROM to configure the default values of the P9222-R/RN operating parameters
(e.g., FOD parameters). The P9222-R/RN polls the GP2 state during startup. If the GP2 pin is high, the P9222-R/RN will become an 12C master
and quickly read 100 bytes of the user configuration data from the external EEPROM. After reading the data, the P9222-R/RN will revert back
to its default 12C slave state and then check the data integrity of the read data using a checksum calculation. If the data checksum matches
correctly, the P9222-R/RN overrides the default values of the operating parameters set in the OTP firmware with the new values from the
external EEPROM. If the data checksum does not match, the P9222-R/RN continues to use the default values of the operating parameters set
in the OTP firmware. Register 0xD2 can be polled to check whether the P9222-R/RN is using the configuration from an external EEPROM or
the default OTP configuration.

The external EEPROM 12C device address is 0x50. The 24AA128T external EEPROM is used in the P9222-R/RN reference design. A0, A1,
and A2 pins are tied to GND in the design. Write-protect must be disabled while the user configuration in the external EEPROM is updated.

An external EEPROM to configure the operating parameters is typically used when there is no 12C master in the application accessing the
P9222-R/RN. If there is another 12C master on the same 12C bus that the P9222-R/RN and external EEPROM is also using, it is recommended
to add an 12C switch to avoid potential I2C bus contention.
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9. Examples of User Customizing P9222-R/RN Operating Parameters

9.1 LDO Output Voltage (VOUT) Configuration

The default VOUT voltage of the P9222-R/RN is 5.0V. The user can change the default Vout voltage in accordance with specific user design
requirements and store the modified configuration in the external EEPROM, or an external AP can adjust VOUT voltage continuously via the
12C interface. In addition, an external MCU can continuously read the battery voltage and change VOUT to lower the losses in the battery
charger to optimize the total system efficiency. The P9222-R/RN configurable Vout voltage range is from 3.5V to 12V.

9.1.1 VOUT Adjustment via the 12C Interface

The P9222-R/RN output voltage can be changed by writing to the Vout_Set register (0x3C). The P9222-R/RN firmware reads the internal
register value in regular time base and updates the Vout voltage. The output voltage can be incremented in steps of 100mV.

Output Voltage (VOUT) = Deciamal Value of 0x3C register * 0.1 (V) Equation 4
To change the 0x3C register using the P9222-R/RN Windows GUI, go to the VOUT voltage box in the GUI “Basic” tab (see Figure 32).

Figure 32. Writing to the Vout_Set Register using P9222-R/RN Windows GUI

([ IDT P9222-R Demo GUI [_ o]}
File Help 4]

Dev, I’C Basic Config
-~ System Info  Monitoring

0x01-00 : Chip 1D 9222 Ox41-40 : Vrect 1831 | 6193mv  Loopdelay(ms) 50
0x02 : Chip rev 02 Hdale s vout 1391 | 5009 mv llzg'r:;n;gm £
i Eie e 00 0x45-44 : lout 000E | 14mA ey
0x05-04 : FW mjor ver 0000 0x49-48 : RX freq gg':‘:; 126 kHz
) 0%67-66 ; Die temp 45.8°C -
g"z;‘;z::‘:::‘::;": ] 0010 0x34:Status, bit 7.0 0100 0000 | 0xd0
X08-18 © FW date time :
4D 61792032 322032 3031 39 00 Oz sstatus pUA0/IOD 00 D081 (1000 [
0x36:INTbit7-0 0100 0000 0x40
31353A32323A3139 0x37 :INT, bit 7-0 0000 0000 0x00 [X] Enable Save
Date: May 22 2019 0x69-68 : AC period  OBEA | 3050 RUTTAme
ENTEREERE Ox6B-6A:Pingfreq 0201 | 513kHz
0x1D-1C : SRAM FW major | 0000 0x91-90 : Vrect target 04B9 | 62V
Ox1F-1E : SRAM FW minor 0000
0x20-33 : SRAM FW date time - Settings
00 00 00 00 00 00 00 00 00 00 00 00 O N enmbled0 HSC
AT T 0x383A:INTclear 00 | 00
0x4C/4E : mode/cmd 21 00 | RXBPP
Date: 0x3C : Vout set (0.1v) 50 < ox32,50v
L 0x3D : llim set (0.14) |15 < Ox0F16A
PAEREOK OX9E : Vrect adjust |00 dec:0
W 0xF4:RXmode FET (X] com2 [Jome [Joma [ com1  oxct
0x83 : RX OV protect [@)17v [[J2ov [J1sv [J13v 11V 0x00
FTDI dongle detected P9222 connected on FTD! dongle (FW: May 22 2019) ver 0.10 r 000 on June 7, 2019
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9.1.2 VOUT Configuration Change Using an External EEPROM

The default output voltage can be configured by writing a configuration file into the external EEPROM. The configuration file can be generated
using the P9222-R/RN Windows GUI. To generate a new configuration file using the P9222-R/RN Windows GUI:

1. Place receiver with the P9222-R/RN on the WPC transmitter or apply 5V from an external power supply on VRECT node.

2. Launch the P9222-R/RN GUI, go to the “Config” tab, and then click on the “Rd EEPROM” button. The current EEPROM configuration
values will be displayed.

3. Enter a new VOUT value and generate a new configuration by clicking on “Save cfg file”.

4. The Configuration can also be directly written to the external EEPROM by clicking “Wr EEPROM”. Write Protect on the EEPROM needs
to be disabled before writing to the EEPROM.

5. After saving the new configuration into the EEPROM, the P9222-R/RN must be power cycled for the output voltage to change to the new
value.

Figure 33. Changing the Default VOUT Value using the P9222-R/RN Windows GUI

« IDT P9222-R Demo GUI BEB
File Help # E
Dey, *C Basic Config
Basic BPP | Advanced
Settings — ~Additional settings
Current New |
vrect target 04F4 | 65V 04F4 6.5 v
Power knee 19 2Z5W 19 25w

Vrect correction factor | OC 12 oc 12
e N

O0EA | 120V 00EA | 1.20 v
QO0E | 0.07V 000E 0.07 ¥ W
32 50V 32 50 v

Curr t QF 16A 0OF 1.6 A

OV protection 02 15.0 02 15V i

RPP packet heates 04 04

Negotiate power 0A 50W 0A 5.0 w

Max power oA 50W 0A 5.0 W

X Show HEX
Config table read successful Ignore err Cfg ver: 2 GLI ver: n/a
Comments
toffrom fila:
(CpEn Cig ey Save Cg.
FTDI dongle detected P9222 connected on FTDI dongle (FW: May 22 2019) ver 0.10 1 000 on June 7, 2019

9.2 Current Limit (ILIM) Configuration

The current limit threshold value is used to limit the output current of main LDO on the VOUT pin. If the output current reaches the target limit
value, the P9222-R/RN will reduce the output voltage without increasing current. The default ILIM value of the P9222-R/RN is 1.6A. The user
can change the default current limit value in accordance with specific user design requirements and store the modified configuration into an
external EEPROM. In addition, after the P9222-R/RN enters the power transfer phase, an external AP can adjust the ILIM value by writing to
the ILIM_Set register (0x3D) via the 12C interface. The P9222-R/RN firmware reads the internal register value in regular time base and updates
the current limit value. The current limit can be incremented in steps of 100mA.

Current Limit (ILIM) = Decimal Value of 0x3D register * 0.1 (A) Equation 5
The default Current Limit value can be configured by writing a configuration file into the external EEPROM. The configuration file can be

generated using the P9222-R/RN Windows GUI. For information on how the configuration file can be generated using the P9222-R/RN Windows
GUI, see “VOUT Configuration Change Using an External EEPROM.”
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9.3 Overvoltage (OV) Protection Configuration

The wireless charging receivers are vulnerable to external high voltage condition (> 20V) caused by coupling factor changes or other abnormal
behavior of rogue wireless power transmitters. The overvoltage protection function should be carefully configured to protect the receiver from
worst cases. The overvoltage protection limit sets the maximum allowable Vrect voltage. If Vrect reaches the voltage limit (default OV voltage
is 15V), the P9222-R/RN will do the following:

1. Turn on the internal clamping circuit
2. Enable an additional DC load when Vrect reaches 90% of the set level
3. Send an End Power Transfer packet (OV) to TX

The default OV protection limit value can be configured by writing a configuration file into the external EEPROM. The configuration file can be
generated using the P9222-R/RN Windows GUI. For information on how the configuration file can be generated using the P9222-R/RN Windows
GUI, see “VOUT Configuration Change Using an External EEPROM.”

In addition, an external AP can adjust overvoltage protection limit by writing to the OV Set register (0x4C) via the 12C interface.

9.4 FOD (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.

During the power transfer phase (see Power Transfer), the receiver periodically communicates to the transmitter the amount of power received
by means of a Received Power Packet (RPP). The transmitter will compare this power with the amount of power transmitted during the same
time period. If there is a significant unexplained loss of power, then the transmitter will shut off power delivery because a possible foreign object
might be absorbing too much energy.

For a WPC system to perform this function with sufficient accuracy, both the transmitter and 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 transmitter or 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 Table 10.

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 10. Recommended Maximum Estimated Power Loss

Maximum Power (W) Maximum PA (mW)

5 350

The compensation algorithm includes values that are programmabile via either the 12C interface or OTP bits. 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.
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9.4.1 Configuring FOD Parameters

FOD parameters consist of 8 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 mA ranges for the FOD sections:

= FOD section [0] is from OmA to 191mA

= FOD section [1] is from 192mA to 351mA

= FOD section [2] is from 352mA to 511mA

= FOD section [3] is from 512mA to 671mA

= FOD section [4] is from 672mA to 819mA

= FOD section [5] is more than 820mA

The formula of Rx Reported Power is:

Rx Reported Power[0..5] = Power(Rx delivered power) « FOD Gain[0 ...5] + Offset[0..5] Equation 6

Place the receiver with the P9222-R/RN on the Nok9 FOD transmitter. Ramp the current on the output of the P9222-R/RN 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 0-350mW. If the difference exceeds 350mW, adjust the FOD gain or FOD offset of that particular output current section in order to bring
the difference back to 0-350mW range. The AP can modify the FOD gain and FOD offset by writing to the Foreign Object Detection Registers
(0x70-0x7E). In the final product, the AP can use the VRECTON interrupt or battery charger interrupt as a trigger to update the FOD registers.

The default values of the FOD registers can also be configured by the following writing a configuration file into the external EEPROM. To
generate the configuration file using the P9222-R/RN Windows GUI:

1. Place the receiver with the P9222-R/RN onto the WPC transmitter or apply 5V from an external power supply on the VRECT node.

2. Launch the P9222-R/RN GUI, go to the “Config” tab, click the “Rd EEPROM” button, and then click the “FOD” button. A new popup window
with the current FOD values stored in the external EEPROM will be displayed.

3. Enter new FOD values and click on the “Save cfg file” to generate a new configuration.

The configuration can also be directly written into the external EEPROM by clicking the “Wr EEPROM” button. Note: The Write Protect
function on the EEPROM must be disabled before writing to the EEPROM.

Figure 34. Changing the Default FOD Registers using the P9222-R/RN Windows GUI
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9.4.2 Modulation Capacitor and Interrupt Enables

The P9222-R/RN sends the communication packets to the transmitter using ASK modulation of the coil voltage. For ASK modulation, the
P9222-R/RN switches on and off the capacitors on the COM1, COM2, CMA, and CMB pins using internal MOSFETs. By default, the P9222-
R/RN switches only MOSFETs on the COM1 and COM2 pins. ASK modulation depth can be increased by enabling the switches on the CMA
and CMB pins. Measure the modulation depth on the transmitter demodulation circuitry, and if too small, adjust the ASK modulation depth by
enabling the CMA and CMB switches. Modulation depth can also be increased by increasing the capacitor value. The AP can also change the
ASK modulation depth by writing to the ASK modulation depth Registers (0xF4).

Using the /INT pin, the P9222-R/RN can interrupt the AP when there is a fault condition such as overcurrent or when there is a major state
change such as when the VRECT is turned on. The AP can enable or disable the interrupt conditions by writing to the Interrupt Enable Registers,
INT_Enable_L (0x38) and INT_Enable_H (0x39).

The default values of the ASK modulation depth and the interrupt enable registers can also be configured by writing a configuration file into the
external EEPROM.

To generate the configuration file using the P9222-R/RN Windows GUI:
1. Place the receiver with the P9222-R/RN onto the WPC transmitter or apply 5V from an external power supply on the VRECT node.

2. Launch the P9222-R/RN GUI, go to the “Config” tab, click the “Rd EEPROM?” button, and then click the “MODcap,INT,ID” button. A new
popup window with the current values stored in the external EEPROM will be displayed.

3. Enter new values and click on the “Save cfg file” to generate a new configuration.

The configuration can also be directly written to the external EEPROM by clicking the “Wr EEPROM” button. Note: The Write Protect
function on the EEPROM must be disabled before writing to the EEPROM.

Figure 35. Modulation and INT Settings Tab
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10. 12C Function

The P9222-R/RN uses the standard I2C slave implementation protocol to communicate with a host AP or other 12C peripherals. The
communication protocol is implemented by using 8 bits for data and 16 bits for addresses. The default slave address of the P9222-R/RN is
0x61h.

When writing to the P9222-R/RN, care should be taken to only write to registers marked exclusively as Read/Write (RW). Registers marked as
Read Only (R) should never be sent a Write command or unexpected behavior may occur. In addition, 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/field, including reserved bits/fields, should NOT be modified.

The P9222-R/RN Rx device operates in Rx mode. Depending on the firmware (FW) loaded into OTP memory or updated by the AP, the P9222-
R/RN Rx will follow the programmed settings once connected wirelessly to a Tx. Some registers are defined and implemented for Read-only,
some registers are Read/Write, and some registers are volatile and will be reset if power is cycled.

11. Registers

The P9222-R/RN uses the standard I°C slave implementation protocol to communicate with a host AP or other 12C peripherals. The
communication protocol is implemented using 8 bits for data and 16 bits for addresses. The default slave address of the P9222-R/RN is 0x61.

The following tables list address locations, field names, available operations (R or RW), default values, and functional descriptions of internally
accessible registers contained within the P9222-R/RN. The OTP registers are loaded each time the device is powered and cannot be changed
except by new firmware programmed into a blank device. The SRAM registers are available to make setting changes after the device is powered.
These changes are reset to default when the power is cycled or the device is reset.

Table 11. Chip Part Number ID Register, Chip_ID_L (0x00), Chip_ID_H (0x01)

Addregs Register Field Name | R/W DU Function and Description
and Bit Value

0x00 [7:0] Chip_ID_L R 0x22 Chip ID low byte

0x01 [7:0] Chip_ID_H R 0x92 Chip ID high byte

Table 12. Chip Revision Register, Chip_Rev (0x02)

Addreg,s Register Field Name | RW Default Function and Description
and Bit Value
0x02 [7:0] Chip_Rev R 0x02 Chip main revision. Latest chip revision is 0x02 (default).
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Table 13. Status Registers, Status_L (0x34), Status_H (0x35)

. ) Defaul . o
Addreg,s Register Field Name | RW efault Function and Description
and Bit Value
0x34 [7] Reserved R 0x0 Reserved
1 = Indicates AC power is applied. The flag is set before the Configuration Packet. It
is cleared on system reset or when power is removed. Interrupt event is generated
0x34 [6] VRECTON R 0x0 on SET event. This bit can be used for turning on the charging indicator on the
receiver.
) 0 = Indicates no TX data is received.
0x34 [5] TX Data Received R 0x0 ) ) ) )
1 = Indicates TX data is received and is ready to be read
0 = Indicates no such a condition exists.
0x34 [4] Over voltage R 0x0 ) " i
1 = Indicates Over Voltage condition exists
0 = Indicates no such a condition exists
0x34 [3] Over current R 0x0 N .
1 = Indicates Over Current condition exists
0 = Indicates no such a condition exists
0x34 [2] Over temperature R 0x0 ) N .
1 = Indicates Over Temperature condition exists
0x34 [1:0] Reserved R 0x0 Reserved
0x35 [7:0] Reserved R 0x0 Reserved

Table 14. Interrupt Registers, INT_L (0x36), INT_H (0x37)lal

A;(:](:jreBsits Register Field Name | R/W I?/e;ﬁjuelt Function and Description

0x36 [7] Reserved R 0x0 Reserved.

0x36 [6] VRECTONL_INT R 0x0 AC power applied and stable interrupt.

0x36 [5] TX Data Received R 0x0 (1: h=al rllrgictztzztz ?s:;ivnegdigiglpt for TX Data Received. (No received data state
0x36 [4] Over voltage R 0x0 1 = Indicates a pending interrupt for Over voltage event

0x36 [3] Over current R 0x0 1 = Indicates a pending interrupt for Over current event

0x36 [2] Over temperature R 0x0 1 = Indicates a pending interrupt for Over temperature event

0x36 [1] Reserved R 0x0 Reserved

0x36 [0] Mode_Changed R 0x0 ;t:tlerjcizztretiasszigi;jiﬂr;tz;rl:g)t(;cg;wode or state change. For reading the current
0x37 [7:0] Reserved R 0x00 Reserved

[a] If any bitin the two INT status registers is 1, and the corresponding bit in the two INT Enable registers is set to 1, /INT pad will be pulled down
to indicate an interrupt event to AP.
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Table 15. Interrupt Enable Registers, INT_Enable_L (0x38), INT_Enable_H (0x39)
Addreg,s Register Field Name | R/W DR Function and Description
and Bit Value
0x38 [6] VRECTON_EN R/W 0x1 AC power applied and stable interrupt enable.
0 = Disable the interrupt.
0x38 [5] TX Data Received R/wW 0x0 ) ) ) ) )
1 = AP writes 1 to enable the interrupt from Interrupt Registers’ corresponding bit.
0 = Disable the interrupt.
0x38 [4] Over voltage R/W 0x1 ) . ) o
1 = AP writes 1 to enable the interrupt from Interrupt Registers’ corresponding bit.
0 = Disable the interrupt.
0x38 [3] Over current R/W 0x1 ] ] ) ) )
1 = AP writes 1 to enable the interrupt from Interrupt Registers’ corresponding bit.
0 = Disable the interrupt.
0x38 [2] Over temperature R/W 0x1 . ) ) ) )
1 = AP writes 1 to enable the interrupt from Interrupt Registers’ corresponding bit.
0x38 [1] Reserved R 0x0 Reserved
0 = Disable the interrupt.
0x38 [0] Mode Changed R/wW 0x0 ) ) ) ) )
1 = AP writes 1 to enable the interrupt from Interrupt Registers’ corresponding bit.
0x39 [7:0] Reserved R 0x00 Reserved
Table 16. Interrupt Clear Registers, INT_Clear_L (0x3A), INT_Clear_H (0x3B)
Addregs Register Field Name | R/W DR Function and Description
and Bit Value
0x3A [6] VRECTON_CLR R/W 0x0 AC power applied and stable interrupt clear.
. AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox3A 3] TX Data Received RIW 0x0 self-cleared to 0 (by MO0) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox3A [4] Over voltage RIW 0x0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
Ox3A 3] Over current R/W 0x0 self-cleared to 0 (by MO) afterward.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x3A (2] Over temperature R/W 0x0 self-cleared to 0 (by MO0) afterward.
0x3A [1] Reserved R 0x0 Reserved.
AP writes 1 to clear the corresponding Interrupt Registers’ bit. This bit is
0x3A [0] Stat_Mode_Changed RIW 0x0 self-cleared to 0 (by MO) afterward.
0x3B [7:0] Reserved R 0x00 Reserved

Clearing all interrupts:

Clear all the interrupts that were generated using the INT_Clear_L (0x3A) and COM (0x4E) registers:

1. Write OxFF to the INT_Clear_L (0x3A) register.

2. Write 0x20 to the COM (0x4E) register (set bit 5) to instruct the processor to clear the interrupt.
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Clearing a single interrupt:

Clearing a single interrupt is a two-step process using the INT_Clear_L (0x3A) and COM (0Ox4E) registers:
1. Inthe INT_Clear_L (0x3A) register, set the bit that corresponds to the interrupt that will be cleared.

2. Inthe COM (0x4E) register, set bit 5 to instruct the processor to clear the interrupt.

Note: Only the interrupt(s) that are selected with the INT_Clear_L (0x3A) register will be cleared.

Table 17. Vout Set Register, Vout_Set (0x3C)

Addre§s Register Field Name | RW Dt Function and Description
and Bit Value
Set the output voltage of the main LDO in 0.1V units. BPP default value: 0x32.
0x3C [7:0] Vout_Set R/W 0x32 )
Example: To set Vout to 5.5V, write 0d55 (0x37).

Table 18. ILIM Set Register, ILIM_Set (0x3D)

Addre§s Register Field Name | R/W 2ol T Function and Description
and Bit Value

Main LDO output current limit (by which LDO will behave as a constant current
0x3D [7:0] ILIM_Set[7:0] R/W O0x0F source) set value. 100mA step, 0.1A-1.3A
0x00-0x0F: ILim = value * 0.1 (A)

Table 19. Battery Charge Status Register, CHG_Status (0x3E)ial

Address Default

and Bit Register Field Name | RW Value Function and Description
A WPC charge status packet will be sent based on the following:
0x0 = Reserved
0x1 = Charge status packet sent with parameter = 1 (1%)
0x2 = Charge status packet send with parameter = 2 (2%)
0x3E [7:0] Charge status R/W 0x00

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

[a] After writing to this register, Send Charge Status bit of Command Register (0x4E) needs to be set for transmission to begin.
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Table 20. End of Power Transfer Register, EPT (0x3F)lal

Address . ) Default . o
and Bit Register Field Name | RW Value Function and Description

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.

0x3F [7:0] EPTéigSC;/EOP R/W 0x00 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

[a] After writing to this register, the Send End of Power bit Command of Register (0x4E) must be set for transmission to begin.

Table 21. Vrect ADC Value Registers, ADC_Vrect_L (0x40), ADC_Vrect_H (0x41)

Addregs Register Field Name | RW 2ail Function and Description
and Bit Value
0x40 [15:0] ADC_Vrect [15:0] R 0x0 Vrect ADC value in mV.

Table 22. Vout ADC Value Registers, ADC_Vout_L (0x42), ADC_Vout_H (0x43)

Addreg,s Register Field Name | RW Default Function and Description
and Bit Value
0x42 [15:0] ADC_Vout [15:0] R 0x0 Vout ADC value in mV.

Table 23. lout Value Registers, lout_L (0x44), lout_H (0x45)

Addregs Register Field Name | R/W DU Function and Description
and Bit Value
0x44 [15:0] lout [15:0] R 0x0 lout value in mA.

Table 24. Operating Frequency Registers, Op_Freq_L (0x48), Op_Freq_H (0x49) (RX Only)

Addreg,s Register Field Name | RW Default Function and Description
and Bit Value
0x48 [15:0] Op_Freq[7:0] R 0x0 Operating frequency (AC signal frequency on the coil) in kHz.
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Table 25. System Operating Mode Register, Sys_Op_Mode (0x4C)

gizr(;?f Register Field Name | RW ?/e;ﬁ]uelt Function and Description

0x4C [7] Reserved R 0 Reserved.

0x4C [5] Operational Mode R 0x0 Indicates the FW is communicating to a Wireless Power Qi transmitter.
0x4C [4:1] Reserved R 0 Reserved.

0x4C [0] LDOONMODE R/W 0 Indicates output on VOUT.

Table 26. (AP to P9222-R/RN) Command Register, COM (0x4E)

Addregs Register Field Name | RW 2ail Function and Description
and Bit Value
0x4E [7:6] Reserved R 0x0 Reserved.

If the AP sets this bit to 1 then the P9222 MO clears the interrupt corresponding to
0x4E [5] Clear Interrupt R/W 0x0 the bit(s) that have a value of 1 in Interrupt Clear Registers, and also sets the bit(s)
in Interrupt Clear Registers to 0, as well as sets this bit to 0.

If the AP sets this bit to 1 then the P9222 the MO sends the Charge Status packet
Ox4E [4] Send Charge Status R/W 0x0 (defined in the Battery Charge Status Register) to TX, and then sets this bit to 0
after execution.

If the AP sets this bit to 1 then the P9222 MO0 sends the End of Power packet

Ox4E [3] Send End of Power RIW 0x0 (defined in the End of Power Transfer Register) to TX and then sets this bit to 0.
0x4E [2] Reserved R/W 0x0 Reserved.

If the AP sets this bit to 1 then the P9222 MO toggles LDO output once (from on to
Ox4E [1] Toggle LDO On/OFF R/W 0x0 off, or from off to on), and then sets this bit to 0.

If the AP sets this bit to 1 then the P9222 M0 sends Data Command + Value to TX
0x4E [0] SEND RX Data R/W 0x0 on Header and Payload of WPC Proprietary Packet, and then sets this bit to 0 after

execution.

The P9222-R/RN will prioritize packets when sending commands and data to the Tx. Packets are prioritized as follows:
1. Received Power Packet (RPP)

2. Charge Status Packet (CSP)

3. Proprietary Packet (PPP)

4. Control Error Packet (CEP)

When using the AP to send CSP and PPP messages, care should be taken not to send them too frequently because they will delay the CEP
transmission. It is not recommended to send CSP or PPP packets more than once every 250ms to avoid extended periods of time without
allowing the P9222-R/RN to transmit a CEP.
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Table 27. Outgoing Packet Header Register (0x50, 8-bit)

Addreg,s Register Field Name | RW Default Function and Description
and Bit Value
0x50 [8:0] PropOutPacket[0] R/W 0x0 This register holds the header value of the outgoing packet

Table 28. Outgoing Packet Data Registers (0x51-0x57, 8-bit)

Addregs Clils Register Field Name | RW 2l Function and Description
Bit Value

0x51 [8:0] PropOutPacket[1] R/W 0x0 This register holds the first data value of the packet
0x52 [8:0] PropOutPacket[2] R/W 0x0 This register holds the second data value of the packet
0x53 [8:0] PropOutPacket[3] R/W 0x0 This register holds the third data value of the packet
0x54 [8:0] PropOutPacket[4] R/W 0x0 This register holds the fourth data value of the packet
0x55 [8:0] PropOutPacket[5] R/W 0x0 This register holds the fifth data value of the packet
0x56 [8:0] PropOutPacket[6] R/W 0x0 This register holds the sixth data value of the packet
0x57 [8:0] PropOutPacket[7] R/W 0x0 This register holds the seventh data value of the packet

Table 29. Incoming Packet Header Register (0x50, 8-bit)

Addre§s Register Field Name | RW 2t Function and Description
and Bit Value
0x58 [8:0] ProplnPacket[0] R/W 0x0 This register holds the header value of the incoming packet

Table 30. Incoming Packet Data Registers (0x59-0x5F, 8-bit)

Addresg and Register Field Name | R/W Default Function and Description
Bit Value

0x59 [8:0] ProplnPacket[1] R/W 0x0 This register holds the first data value of the packet
0x5A [8:0] ProplnPacket[2] R/W 0x0 This register holds the second data value of the packet
0x5B [8:0] ProplnPacket[3] R/W 0x0 This register holds the third data value of the packet
0x5C [8:0] PropInPacket[4] R/W 0x0 This register holds the fourth data value of the packet
0x5D [8:0] PropInPacket[5] R/W 0x0 This register holds the fifth data value of the packet
Ox5E [8:0] PropInPacket[6] R/W 0x0 This register holds the sixth data value of the packet
0x5F [8:0] PropInPacket[7] R/W 0x0 This register holds the seventh data value of the packet
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Table 31. Die Temperature ADC Value Registers, ADC_Die_Temp_L (0x66), ADC_Die_Temp_H (0x67)
A . ) Defaul . o
ddreg,s Register Field Name | R/W etault Function and Description
and Bit Value
0x66 [15:12] Reserved R 0x0 Reserved
8 LSB of current Die Temperature ADC value. Formula converting ADC value to Die
0x66 [11:0] ADC_Die Temp_ L R 0x0 Temperature in Celsius Degree is:
Toie = (DieTemp(adc) * 10/107) - 247
Table 32. Overvoltage Protection Set Register (0xB3, 8-bit)
Addre§s Register Field Name | RW 2t Function and Description
and Bit Value
0xB3 [7:3] Reserved R 0 Reserved.
Set Overvoltage Protection level. The hardware enables an additional DC Load
when Vrect reaches 90% of the set level. The possible combinations are:
0x0 =17V
0xB3 [2:0] OV Set R/W 0x02 0x1 =20V
0x2 =15V
0x3 =13V
0x4-0x7 = 11V
Table 33. ASK Modulation Depth Register (0xB2, 16-bit)
Addre§s Register Field Name | RW Dt Function and Description
and Bit Value
0xB2 [7] Reserved R 0 Reserved.
0xB2 [6] CM2EN R/W 0x1 Enable CM2 pin to generate ASK modulation signal.
0xB2 [5] CMBEN R/W 0x0 Enable CMB pin to generate ASK modulation signal.
0xB2 [4] CMAEN R/W 0x0 Enable CMA pin to generate ASK modulation signal.
0xB2 [3] CM1EN R/W 0x1 Enable CM1 pin to generate ASK modulation signal
0xB2 [2:0] Reserved R 0 Reserved.
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Table 34.

Foreign Object Detection Registers, FOD (0x70-0x7E)(al

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 completion of the ID and Configuration Phase. The AP
can modify the registers at any time if needed to update the values.

. ) | . L

Addreg,s Register Field Name | RW Default Function and Description
and Bit Value

0x70 [7:0] GAIN_O R/W 0xBC FOD coefficients for Power Region 0: Gain (slope settings).
0x71 [7:0] OFFSET_0 R/W 0x14 FOD coefficients for Power Region 0: Offset settings.
0x72 [7:0] GAIN_1 R/W 0x98 FOD coefficients for Power Region 1: Gain (slope settings).
0x73 [7:0] OFFSET_1 R/W 0x18 FOD coefficients for Power Region 1: Offset settings.
0x74 [7:0] GAIN_2 R/W 0x9F FOD coefficients for Power Region 2: Gain (slope settings).
0x75 [7:0] OFFSET_2 R/W 0x0A FOD coefficients for Power Region 2: Offset settings.
0x76 [7:0] GAIN_3 R/W 0x94 FOD coefficients for Power Region 3: Gain (slope settings).
0x77 [7:0] OFFSET_3 R/W 0x12 FOD coefficients for Power Region 3: Offset settings.
0x78 [7:0] GAIN_4 R/W 0x97 FOD coefficients for Power Region 4: Gain (slope settings).
0x79 [7:0] OFFSET_4 R/W 0x05 FOD coefficients for Power Region 4: Offset settings.
0x7A [7:0] GAIN_5 R/W 0xA7 FOD coefficients for Power Region 5: Gain (slope settings).
0x7B [7:0] OFFSET_5 R/W 0xCB FOD coefficients for Power Region 5: Offset settings.
0x7C [7:0] GAIN_6 R/W 0x14 FOD coefficients for Power Region 6: Gain (slope settings).
0x7D [7:0] OFFSET_6 R/W 0x00 FOD coefficients for Power Region 6: Offset settings.
O0x7E [7:0] GAIN_7 R/W 0x01 FOD coefficients for Power Region 7: Gain (slope settings).
0x7F[ 7:0] OFFSET_7 R/W 0x50 FOD coefficients for Power Region 7: Offset settings.

[a] These default FOD coefficients are calculated to PASS Nok9 CATS1 tester FOD tests using the P9222-R/RN reference design. FOD coefficients
must be changed if the receiver design uses a different coil compared to the P9222-R/RN reference design, or if there is a large amount of
friendly metal around the receiver coil.

Table 35. ADC Result Register (0xD4, 16-bit, OD2 in Default Config)
Addregs g Register Field Name | R/W 2ai Function and Description
Bit Value
Configurable for GPIO, Temperature, Vout, lout, or Vrect. By default it is configured
to OD2. The value is always in ADC counts and therefore must be converted to the
0xD4 [15:0] AdcResult[0] R 0 desired units.

For GPIOs the conversion is:
AdcResult[0] * 2100/ 4096 = Vooltage on OD2 in mV
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Table 36. ADC Result Register (0xD6, 16-bit, GP1 in Default Config)
Addreg,s and Register Field Name | RW Default Function and Description
Bit Value
Configurable for GPIO, Temperature, Vout, lout, or Vrect. By default it is configured
to GP1. The value is always in ADC counts and therefore must be converted to the
0xD6 [15:0] AdcResult[1] R 0 desired units.
For GPIOs the conversion is:
AdcResult[1] *2100/ 4096 = Voltage on GP1in mV
Table 37. ADC Result Register (0xD8, 16-bit, GP2 in Default Config)
Addregs g Register Field Name | RW DI Function and Description
Bit Value
Configurable for GPIO, Temperature, Vout, lout, or Vrect. The value is always in
ADC counts and therefore must be converted to the desired units.
0xD8 [15:0] AdcResult[2] R 0 For GPIOs the conversion is:
AdcResult[2] * 2100/ 4096 = Voltage on GP2in mV
Table 38. ADC Result Register (0xDA, 16-bit, Die Temperature in Default Config)
Addregs g Register Field Name | RW DI Function and Description
Bit Value
Configurable for GPIO, Temperature, Vout, lout, or Vrect. The value is always in
ADC counts and therefore must be converted to the desired units.
0xDA [15:0] AdcResult[3] R 0 L
For the conversion is:
AdcResult[3] * (2.1°200/ 4096 ) - 280 = Temperature in degC
Table 39. External Thermistor Voltage on GP0 (0xBO0, 16-bit)
Addregs g Register Field Name | RW DI Function and Description
Bit Value
0xBO [15:12] Reserved R 0 Reserved
0xBO [11:0] ExtTemp R OXFFF | 12-pit raw data of the thermistor ADC reading on GPO pin.
Table 40. VRECT Target Register (0x90, 16-bit)
Addre§s e Register Field Name | RW Dt Function and Description
Bit Value
Current value of VrectTarget in ADC codes. The ADC code to Voltage conversion
0x90 [15:0] VrectTarget R 0x4F3 | formulais:
Vrect(V) = Vrect(adc code) * 21(V) / 4095
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Table 41. VRECT Knee Register (0x92, 8-bit)

A . ) Defaul . _
ddreg,s and Register Field Name | RW efault Function and Description
Bit Value
0x92 [7:0] PwrKnee R/W 0x0F Threshold in units of 0.1W output power at which minimal window is applied.

Table 42. VRECT Correction Factor Register (0x93, 8-bit)

Addregs 2 Register Field Name | R/W DU Function and Description
Bit Value
0x93 [7:0] VrCorrFactor R/W 0x19 Coefficient used in the Vrect Target calculation algorithm.

Table 43. VRECT Maximum Correction Register (0x94, 16-bit)

Addregs and Register Field Name | R/W Default Function and Description
Bit Value
0x94 [15:0] VrMaxCorr R/W OxEA Maximum width of the window in ADC codes.

Table 44. VRECT Minimum Correction Register (0x96, 16-bit)

Addregs 2 Register Field Name | R/W DR Function and Description
Bit Value
0x96 [15:0] VrMinCorr R/W 0x0D Minimum width of the window in ADC codes.
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12. Application Schematic

Figure 36. P9222-R/RN Application Schematic
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13. Package Outline Drawings

The package outline drawings are located at the end of this document and are accessible from the Renesas website (see package links in
Ordering Information). The package information is the most current data available and is subject to change without revision of this document.

14. Marking Diagram

IDT
P9222
YYWW**
S-R
NNCCRR

IDT
P9222
YYWW**
S-RN
NNCCRR

Line 1 is the manufacturer (Renesas).

Line 2 is the truncated part number.

Line 3: “YYWW?” is the last digit of the year and week that the part was assembled.

23

denotes sequential lot number.

Line 4: “$” denotes mark code; “R” is part of the device part number for P9222-R.

Line 5: "NN” is the wafer number; “CC” is the column or X- coordinate of the wafer;

“RR” is the row or Y-coordinate of the wafer

Line 1 is the manufacturer (Renesas).

Line 2 is the truncated part number.

Line 3: “YYWW?” is the last digit of the year and week that the part was assembled.

“**” denotes sequential lot number.

Line 4: “$” denotes mark code; “R” is part of the device part number for P9222-RN.

Line 5: "NN” is the wafer number; “CC” is the column or X- coordinate of the wafer;

“RR” is the row or Y-coordinate of the wafer

15. Ordering Information

Part Number (2l Description Package MSL Rating | Carrier Type | Temperature Range
P9222-RAZGI8 Firmware factory programmed in | 40-WLCSP, 2.28 x 3.38 MSL-1 Reel -40°C to +85°C
internal OTP is WPC 1.2.4 Qi BPP mm, 0.4mm pitch
compatible
P9222-RNAZGI8 Firmware factory programmed in 40-WLCSP, 2.28 x 3.38 MSL-1 Reel -40°C to +85°C

internal OTP is WPC 1.3 Qi BPP

compatible

mm, 0.4mm pitch

[a] Inthe part ordering number, the code after the dash indicates specific customer firmware requirements. A dash code of -0 indicates devices
that have not been programmed.
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RENESAS P9222-R/RN Datasheet

16. Revision History

Revision Date Description of Change

May 5, 2022 = Added P9222-RN part to the datasheet

=  Completed other minor changes

September 8, 2021 = Added a new section, “Bi-directional User Data Communication”

=  Completed other minor changes

September 27, 2019 Updated “Registers”.

September 5, 2019 Initial release.
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