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RAA458100 / RAA457100 are power control IC for wireless charging. RAA458100 / RAA457100 are suitable for small capacity Li-ion
secondary battery charging and various battery charging systems can be constructed by some function setting pins.

To adjust transmission power automatically, and to set battery charging parameters (RAA457100 register) from a transmitter system can
be realized by bi-directional wireless communication function implemented in RAA458100 / RAA457100. Also, register accessing to a
main device (RXMCU) in a receiver system can be performed from a main device (TxMCU) in a transmitter system. This document
describes some wireless charging system configuration examples, the wireless communication function and the automatic transmission
power control function.
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Abbreviations and the meanings

The following table shows the abbreviations and the meanings used in this document.

Term Description

TXIC Wireless charging system transmitter IC RAA458100GNP.

RxIC Wireless charging system receiver IC RAA457100GBM.

TxROM, EEPROM EEPROM in transmitter system.

TxMCU The device connected to TxIC by 2-wire interface. (mainly microcomputer)

RxMCU The device connected to RxIC by 2-wire interface. (mainly microcomputer)

Tx system Wireless charging transmitter system. It is constructed by “TxIC only” or “TxIC and TXMCU"” or “TxIC and EEPROM”.
Rx system Wireless charging receiver system. It is constructed by “RxIC only” or “RxIC and RxMCU".

WPT communication Communication on wireless power transmission carrier signal.

Tx2Rx WPT communication | WPT communication from TxIC to RxIC.

Rx2Tx WPT communication | WPT communication from RxIC to TxIC.

T_Header The header of Tx2Rx WPT communication packet.
R_Header The header of Rx2Tx WPT communication packet..
T_OXXX DIX] Register address and data bit of TxIC

(Example : T_0x02 D[4:1] means that TxIC register address is 0x02, register data bits are D4, D3, D2, D1)

Register address and data bit of RxIC.

R_OXXX DIX] (Example : R_0x10 D[7:5] means that RxIC register address is 0x10, register data bits are D7, D6, D5)

Remark : The values described in this document are reference values, not guaranteed.
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RAA458100GNP and RAA457100GBM Low Power Wireless Charging System Configuration and Function

1. Battery charging system configuration

1.1 Overview of pin function

A battery charging system which adapt to an application can be provided by the function setting pins of TxIC and RxIC. Table 1.1 shows
pin function which is important when a battery charging system is constructed.

Tablel.1 TxIC, RxIC pin function outline

Pin setting Description

TxIC CLKSEL Reference clock selection pin. Reference clock frequency is 8 [MHz] regardless of clock source.

H | On chip oscillator in TxIC (8[MHz]) is selected for reference clock. CLKI pin should be set to low, CLKO pin should be open.

L | Clock signal is provided from TxMCU, or clock signal is generated by ceramic resonator.

Clock from TxMCU Clock is inputted to CLKI pin and CLKO pin is set to open.
Clock generation Ceramic resonator is connected between CLKI pin and CLKO pin.
BRGSEL Selection pin for Half or full bridge circuit to drive transmitting coil.

H | Half bridge circuit is selected. Gate drive pulse is outputted from GD1H and GD1L pin.

L | Full bridge circuit is selected. Gate drive pulse is outputted from GD1H, GD1L, GD2H and GD2L pin.

GAIN Parameter (GAIN) selection for the automatic transmission power control. Refer to section 3.4 for GAIN description.

H | GAIN=0.250

L | GAIN=0.125

MS Master or slave device selection for 2-wire interface.

H | TxIC is master device of 2-wire interface in Tx system. When the register of TxIC and RxIC from TxROM is set, MS pin
should be set to high.

L | TxIC is slave device of 2-wire interface in Tx system. When the register of TxIC and RxIC from TxMCU is set, or when
register setting is not needed, MS pin should be set to low.

ATPC Enable automatic transmission power control.

H | In order to enable the automatic transmission power control, ATPC pin should be set to high.

L | In order to disable the automatic transmission power control, ATPC pin should be set to low.

DUTY6 Selection of bridge driver output pulse duty. When the register of duty (T_O0x07 D[1:0], T_O0x06 D[7:0]) can not be set, duty
DUTY7 can be set by DUTY6, DUTY7 and DUTY8 pins. Duty is defined as below formula. F_DRIVE is register value of T_0x05
DUTY8 D[2:0], T_0x04 D[7:0]. For the value of DUTY8, DUTY7, DUTY® in this formula, it is “1” when DUTY pin level is high and it is

“0” when DUTY pin level is low.
Duty=(100 / F_DRIVE) x ( 256 x DUTY8 + 128 x DUTY7 + 64 x DUTY6 ) [%]
(If the register of TxIC can be set, duty should be set by register.)

RxIC MS Master or slave device selection for 2-wire interface.

H | RxIC is master device of 2-wire interface in Rx system. When the automatic transmission power control is available, the
register of RxIC and RxMCU can be written or read from Tx system by WPT communication.

L |RxIC is slave device of 2-wire interface in Rx system. The register of RxIC can be written or read from RXMCU by 2-wire
interface.

ATPC Enable automatic transmission power control.

H | To enable the automatic transmission power control, ATPC pin should be set to high.

L | To disable the automatic transmission power control, ATPC pin should be set to low.

ATCHG Enable automatic start of battery charging.

H | Battery charging is automatically started when battery charging is available condition.

L | Battery charging is not automatically started even if battery charging is available condition. Battery charging is started by
setting the register R_0x01 D[0]=1.

ATR Enable automatic control of rectifier circuit. The parameter of rectifier circuit is adjusted with load current (output current of
VCC regulator).

H | Enable automatic control of rectifier circuit parameter when both of ATPC and ATR pin are set to high.

L | Disable automatic control of rectifier circuit parameter.

WRC Enable wired charging mode.™

H | When wired charging is needed, WRC pin is set to high. The wired charging system is available by applying DC voltage to
RECT pin directly.

L | When wireless charging is needed, WRC pin is set to low.

*1 Wired charging system can not be combined with wireless charging system.
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Low Power Wireless Charging System Configuration and Function

1.2 Battery charging system configuration, operation

and pin setting

Table 1.2.1 and 1.2.2 show the battery charging system configuration and pin setting by using TxIC and RxIC. Figure 1.2 shows wireless
charging system configuration (AT1). Depending on an application, an operation mode for a charging system is selected by the pin setting

of TxIC and RxIC.

The control parameters such as bridge driver output pulse duty, thresholds of error detection, WPT communication parameters, charging
control parameters can be set by TxIC registers and RxIC registers. Error conditions and ADC output codes can be monitored by reading
the registers. The registers of TxIC can be written or read by 2-wire interface from external TXROM(EEPROM) or TXMCU in Tx system.
The registers of RxIC can be written or read by WPT communication from Tx system (Tx2Rx WPT communication) or 2-wire interface from
RxMCU. When RxIC is a master device of 2-wire interface, registers of RxIC can be written or read by Tx2Rx WPT communication from Tx
system (AT1, AT2, AT3). When RxIC is a slave device of 2-wire interface, registers of RxIC can be written or read by 2-wire interface from
RXMCU (AT4, MC1).

Table 1.2.1 Battery charging system configuration

and operation

Operation mode

Powering method / Tx power control

Description

No.

Tx system ™1

Rx system ™t

RXIC register
setting device setting device

TXIC register Automatic

Tx2Rx WPT .
transmission

Rx2Tx WPT

Master i

Slave

Master Slave

: : : comm. comm.
TXROM iTXMCU [TXROM iTxMCU RxMCU power control

Stand Alone Mode

The wireless power is transmitted in fixed frequency and duty of bridge driver output pulse. The registers of

Wireless / Fixed bridge frequency and duty TxIC can be set by TXROM (SA2).
SAl - TxIC RxIC - - - - - - - - -
SA2 TXIC i TXROM | RxIC - 0" - - - - - - -
ATPC Mode The battery charging can be operated while the transmission power is controlled by WPT communication
Wireless / Automatic control implemented in TxIC and RxIC. The registers of TxIC can be written or read from TXROM or TxMCU in Tx
system, the registers of RxIC also can be written or read by Tx2Rx WPT communication (AT1, AT2, AT3).
If RXIC is set a slave device of 2-wire interface, Tx2Rx WPT communication can not be available (AT4).
AT1 TXIC i TXROM RxIC - 02 - 02 - - O O (0]
AT2 | TXMCU TXIC RxIC - - O - O - O O (0]
AT3 | TXMCU TxIC RxIC i RxMCU - O - O - O (@) (0]
AT4 | TXMCU i TxIC [RxMCU; RxIC - (e} - - on - (o} o}
MCU Control Mode The registers of TxIC can be written and read from TxMCU by 2-wire interface. By using each WPT
Wireless / External MCU control communication register of TxIC and RxIC, TXMCU and RxMCU can execute Tx2Rx and Rx2Tx WPT
communication for user original transmission power control and data communication. But the registers of
RxIC can’t be written or read from TxMCU by Tx2Rx WPT communication.
| Mc1 [Txmcu i Txic [Rxmcu i RxiC - i o | - i o3 | 0 | 0 | .

Wired

Wired Charging Mode

The battery can be charged by DC voltage power like an AC adapter. DC voltage power is applied to
RECT pin. The operation is limited in initial register setting.

[wel | -

| Ruc | -

*1 Master means master device of 2-wire interface, and Slave means slave device of 2-wire interface.

*2 TXROM needs to be set the register setting data of TxIC and RxIC previously. Refer to section 1.4.

*3 The registers of RxIC can't be written or read from RxMCU in battery protection detection condition and maximum junction temperature detection condition,
because SDA and SCL pin function of RxIC stops in that conditions. Also, R_0x40 D[0] needs to be set “1” to write data in R_0x00 to R_OxOF.

Table 1.2.2 Battery charging system configuration a

nd pin setting

Operation mode TxIC pin setting RxIC pin setting
Tx system RX system
No. : ; MS ATPC DUTY6 | DUTY7 | DUTY8 MS ATPC ATCHG ATR WRC
Master i Slave |Master | Slave
Stand Alone Mode
SAl - TxIC RxIC - L L Set one or more pins to H H L H L L
SA2 TXIC { TXROM | RxIC - H L Set one or more pins to H H L L L
ATPC Mode
AT1 TXIC i TXROM RxIC - H H L L L H H L X L
AT2 | TxXMCU TXIC RxIC - L H L L L H H L X L
AT3 | TXMCU TXIC RxIC { RxMCU L H L L L H H L X L
AT4 | TxXMCU TXIC | RXMCU i RxIC L H L L L L H H X L
MCU Control Mode
| MC1 | TXMCU TXIC | RxMCU RxIC | L | L | L | L | L | L | L | H | L | L
Wired Charging Mode
o] -~ [ Jeel T T T [ [ %] ] -
X: Arbitrary value can be selected.
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RAA458100GNP and RAA457100GBM Low Power Wireless Charging System Configuration and Function

1.3 Power transmission start / stop timing

Figure 1.3 shows the power transmission start and stop timing (GD1H, GD1L, GD2H, GD2L of bridge driver) of TxIC. In Stand Alone
Mode, power transmission is started when Initial Mode (start processing) is finished. In ATPC Mode, power transmission is started when
Initial Mode is finished, and the power is transferred intermittently until R_Header 0x01 packet is received. In MCU Control Mode, power
transmission can be started and stopped at any timing controlled by TxMCU.

Transmitter timer is started when operation state changes to Drive Mode. In Stand Alone Mode and ATPC Mode, power transmission is
stopped when the timeout period of transmitter timer is detected. The timeout period can be set by register. Power transmission is stopped
also when other error (refer to section 4.1) is detected, but transmitter timer is not reset.

TxIC continues power transmission even if battery charging is finished by RxIC, unless TXMCU stops power transmission in MCU Control
Mode, or power transmission is stopped by transmitter timer or other error detection. While RxIC operates by transmission power in
charging completion condition, RxIC consumes around 10[uA] current from battery for battery voltage monitor circuit in RxIC.

. . TxIC operation state
Pin, Signal — -
Power OFF Power On Initial Mode Drive Mode
VIN
IOVDD /
STBY ’
VDD30
VvDD18
P TTXJNIT
CLK B
(System clock in TxIC)
GD1H/GD1L/GD2H/GD2L
Stand Alone Mode
‘TTX7CHGJ|MER R
ATPC Mode ‘TTxchGleER R
T1x_ip_TIMER “rie—>pi T1x_ID_INTERVAL R_Header_0x01 packet is received
T_0x00 D[1]=1 { i
(Transition from Initial Mode to Drive Mode)
MCU Control Mode
T_0x00 D[0]=1 T_0x00 D[0]=0
(Bridge driver ON) (Bridge driver OFF)
T_0x00 D[1]=1 \ \
(Transition from Initial Mode to Drive Mode) T
Symbol Registers Description
To i - This is start processing period of TxIC. More than 520[ms] of period is needed after clock starts. The register of TxIC is
set in this period. When TxROM is used, TxIC automatically loads the storage data of TXROM to TxIC registers in this
period. When TXMCU is used, TXMCU sets TxIC register in this period.
Trx_ chemmer | T_Ox11 D[5] [ Transmitter timer is started when operation state of TxIC changes to Drive Mode. The timeout period Ty crc_Tiver CaN
T_0x11 D[7:6] | be set by register T_0x11 D[7:6] (198, 264, 330, 396[min]). Power transmission is stopped and T_0x12 D[5] is set to “1”
T_0x12 D[5] [when TxIC detects timeout period. Power transmission timer is unavailable when register T_0x11 D[5] is set to “1".
T1x_10_TIMER » T_0x35 D[3:0] [ In ATPC Mode, TxIC continues to transfer power when TxIC receives R_Header 0x01 packet in Try |p tiver Period. The
Trx_o_intervar | T_Ox4B D[3:0] | power is transferred intermittently until that packet is received. Try o timer 1S 1[S], Trx_ip_intervaL IS 4[S]. The count
number of intermittent operation can be set by register T_0x35 D[3:0]. The intermittent operation is repeated infinitely
when register 0x35 D[3:0] is set to 0. The number of execution of intermittent operation is stored in T_0x4B D[3:0].

Figure 1.3 Power transmission start / stop timing

R19AN0041EJ0100 Rev.1.00 Page 5 of 18
2017.03.31 RENESAS
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1.4 Data configuration of EEPROM (TxROM)

By applying EEPROM(TXROM) in Tx system, TxIC registers can be set. RxIC registers can be set by Tx2Rx WPT communication in
ATPC Mode(AT1). TxIC reads the data from EEPROM in start process(Initial Mode), and set the data into the register of TxIC. For the
RXxIC register setting, TxIC reads the RxIC register data stored in EEPROM and it sends the data to RxIC by Tx2Rx WPT communication
at proper timing. Tx2Rx WPT communication does not affect Rx2Tx WPT communication.

Table 1.4 shows the data configuration of EEPROM. Device slave address of EEPROM should be set 7'b1010000 or 7’b101001. TxIC
reads the data which were stored in EEPROM in turn from word address “0” to the address that completion code was written. Read cycle
is random read cycle. TxIC can not write data to the EEPROM.

Table 1.4 Slave address, read cycle, data configuratio  n of EEPROM (TXROM)

Iltem Description

Communication method 2-wire serial communication (SCL frequency is fixed at 64[kHz].)

EEPROM ADDR pin setting into low 7'1010000

Device slave address ADDR pin setting into high 7'61010001 (Evaluation board)

EEPROM read cycle Random read cycle (Data reading is started from address “0” and increment word address by “1”)
EEPROM word address Word address range is from “0” to “255”. 2K bit EEPROM is available.

EEPROM data configuration

EEPROM word address EEPROM data Description
0 TxIC register address TxIC register setting area.
X Even address : TxIC register address
1 TXIC register data Odd address : TIC register data
2 TXIC register address
3 TxIC register data

2n-6 0x48 When register of RxIC is set from TxIC by Tx2Rx WPT communication, it should be set
“T_Ox48 D[7:0]=0x04" (Packet Header is specified).
2n-5 0x04
2n-4 0x00 After setting necessary register, T_0x00 D[1] should be set to “1”.
(Operation state of TxIC changes from Initial Mode to Drive Mode.)
2n-3 0x02
2n-2 OxFF Completion code. Even address : OxFF, odd address : 0x00
TXIC register setting is finished.
2n-1 0x00
2n OXFE Count setting of receiving packet in Rx2Tx WPT communication. Data “OxFE” is set in
- even address, and count of receiving packet is set in odd address. (*1)
2n+1 Count of receiving packet
2n+2 RXxIC register address RXxIC register setting area.
: Even address : RxIC register address
2n+3 RXIC register data odd address : RxIC register data

on+4 RXIC register address If register of RxIC does not need to be set, completion code should be set soon.
(Even address : OxFF, odd address : 0x00)

2n+5 RXxIC register data

2m-4 0x01 After setting necessary register, R_0x01 D[0] should be set to “1” for starting battery
charge.

2m-3 0x01

2m-2 OXFF Completion code. Even address : OxFF, Odd address : 0x00
RXxIC register setting is finished.

2m-1 0x00

*1 When there is this setting, TxIC restarts to read from next word address after receiving Rx2Tx WPT communication packet “the setting value + 1”
times. This operation is to perform over power detection of transmission power at power transmission start timing. If over power detection is not
needed, this setting is not need.

2 WPT communication function (communication function on wireless power transfer carrier)

2.1 Packet configuration of WPT communication

WPT communication packet is fixed length (55bit) packet showed in Figure 2.1. The packet is configured with Preamble, Header,
Messagel, Message2, Checksum. Header and Messagel and Message2 have 1 bit of odd number parity bit each. The Checksum
created by exclusive OR is added to the last of the packet.

Preamble Header Messagel
(11bit) SUI “gpiy | Pr|SP St (8bit)

Message2 Checksum
(8bit) Pr Sp St Pr Sp

Pr | Sp | St (8bit)

St : Start bit(1bit), Pr : Parity bit(1bit), Sp : Stop bit(1bit)

Figure 2.1 WPT communication packet configuration
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2.2 Modulation and demodulation method, and detaile ~ d demodulation function

Tx2Rx and Rx2Tx WPT communication are performed by amplitude modulation and demodulation. Packet data is bi-phase encoded data.
Table 2.2 shows the modulation and demodulation method of WPT communication and register parameters for demodulation. Figure 2.2
shows detailed demodulation method. The registers related to WPT communication should be set by TXMCU or TXROM for TxIC, and set
by RxMCU for RxIC. The modulated signal of WPT communication (RECT pin voltage for Tx2Rx WPT communication and ASKOUT pin
voltage for Rx2Tx WPT communication) is demodulated by ADC and demodulation logic circuit. Therefore modulated signal level including
DC voltage needs to be within input dynamic range of ADC.

Table 2.2 Modulation and demodulation method of WPT ¢ ommunication and register parameters for demodulatio n

Direction Modulation and demodulation method

Tx2Rx WPT TxIC creates modulated signal by changing bridge driver output pulse duty depending on modulation signal. The change of the transmission

communication power becomes the change of RECT pin voltage of RxIC. RECT pin voltage is converted to digital signal and demodulated by logic. The
minimum time interval to acquire the RECT pin voltage by ADC is 62.5[us].

Rx2Tx WPT RXxIC creates modulated signal by load modulation depending on modulation signal. Power transmission line impedance changes when RxIC

communication switches COM driver (C,,) depending on modulation signal pattern. The transmitting coil voltage changes by the impedance shifting. The

voltage is attenuated and its peak voltage is detected. The peak voltage is inputted to ASKIN pin. ASKIN pin voltage is outputted to ASKOUT pin
through buffer amplifier. ASKOUT pin voltage is converted to digital signal and demodulated by logic. The minimum time interval to acquire the
ASKOUT pin voltage by ADC is 64[us].

Parameters for TxIC RxIC L
: A " Description
demodulation register register
Modulation depth T_Ox0D - The changing range of bridge driver output pulse duty as modulation depth for Tx2Rx WPT communication is set by
D[6:0] register T_O0x0D DI[6:0]. The register should be set so that the variation range of rectifier output voltage is higher
than 200[mV] (recommended value). The C value should be set so that the variation range of ASKOUT pin
voltage is higher than 100[mV] (recommended value) for Rx2Tx WPT communication.
Bit rate T_Ox0E R_0x27 The bit rate in TxX2Rx WPT communication is 125[bps](1.0T=1/125=8[ms]) and the bit rate in Rx2Tx communication
D[2:1] D[1:0] is 250[bps](1.0T=1/250=4[ms]). (Bit rate can be changed by register, but WPT communication parameters of RxIC
should be set from RxMCU by 2-wire interface.)
Data decimation T_0x30 R_0x27 Data decimation number can be set in range from 0 to 7 by register. The decimation number is 3 in Figure 2.2 for
D[3:0] D[7:4] example.
Differential voltage T_0x30 R_0x27 Differential voltage AVp, of modulated signal is calculated by formula V[N] - V[N - (m + 1)], where V is voltage of
calculation data D[5:4] D[3:2] modulated signal, N is sampling time, m is integer. The m can be set in range from 0 to 3 by register. The mis 3 in
(AVpiee) Figure 2.2 for example.
Differential voltage T_0x31 R_0x28 This is the threshold to detect the voltage variation of modulated signal. The condition for increasing voltage is
detection threshold D[7:0] D[7:0] AVpyee > + AVpiee 1y ("U” in Figure 2.2). The condition for decreasing voltage is AVpee < - AVpee 14 (D" in Figure
(AVpiee 1) 2.2). When these conditions are satisfied, change of the modulated signal is detected (transition point). The
threshold voltage should be from 25% to 50% of modulation depth. (for example, 50% in Figure 2.2)
Demodulation count The demodulation count is counted up when the modulated signal data is acquired. The data 0/1 detection (decode) is executed in relationship
between the count value at transition point and the count threshold.
Count threshold T_0x33 R_0x29 Data “1” is decoded when count value is less than this threshold at transition point. Data “0” is decoded when the
for data 0/1 decode D[7:0] D[7:0] transition point is not detected before count value is counted up to this threshold. The count threshold should be set
near 0.75T normally. (For example, counter threshold is 11 in Figure 2.2.)
Count threshold T_0x34 R_0x2A No data is detected when count value is more than this threshold at transition point. When that is detected in the
for no data D[7:0] D[7:0] middle of the demodulation, it becomes packet reception error. The count threshold should be set near 1.25T
normally.
Data 1 1 0 1 0 0 1 1
Modulated 0.5T 0.5T 1.0T
signal M . i —
ey N\ N/ " N
Encode
| 1 | 1 |
Minimum data interval — Data decimation I Differential voltage calculation data
Modulation depth
L N N A
pt N\ Feft \ }
/ ‘\ / I Differential voltage detection threshold ‘\ /
V; o £ ; i RiiEeAiiiiiiitiiios P~ A 4 /£

SamplingtimeN:0 i1 {2 i3 i4 5 i6 i7 i8 9 i10:11:12:13:14 :15:16 i17 i18 {19 :20 i21 i22 i23 i24 25 (26 i27 28 29 :30 :31 :32 i33 i34 i35 36 :37 i38 i39 i40 i41

Transitionpoint{ - iUiUiUiUi-i-{-{-iDiDiDiDi-i-i-i-iUiUiUiUi-§-§-i-f-1i-:-§i-:-i-&i-+-iDiDiDiDi{-{-i-i-:iU
Demod.count { - i0:i1:2i3i4:5i6:7:8:i9i10:11:12i1314i15{0:1i2:3{4:5:6:7:8:9:10i11i12i13:14{15:0:1:i2:3:4i5:6:7:0
1 1 1
Remarks If count value(8) is less than count threshold If count value is more than count threshold If there is not transition point at count

(11) at transition point, data “1” is determined. (11) in detecting transition point, the count threshold (11), data “0” is determined.

value is reset.

Figure 2.2 Detailed demodulation method of WPT comm  unication packet
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3. Automatic transmission power control function an d WPT communication procedure

3.1 Overview of automatic transmission power control function

In ATPC Mode, the rectified voltage is automatically adjusted depending on the battery voltage by automatic transmission power control
function. The power consumption of RxIC during battery charging can be suppressed by this function. RxIC periodically sends differential
voltage information between battery voltage and rectified voltage by Rx2Tx WPT communication. TxIC controls bridge driver output pulse
duty based on the differential voltage information. So rectified voltage is converged to expected voltage.

The operation state in automatic transmission power control is defined as ATPC Phase. There are four phases of Ping, Identification,
Configuration and Battery Charge Phase.

3.2 WPT communication packet in ATPC Mode, MCU Contr ol Mode

In ATPC Mode, WPT communication packets with Header 0x00 to OxOF are used (There are unused Header in 0x00 to OxOF). Rx2Tx
WPT communication packet is sent by RxIC periodically. Tx2Rx WPT communication is executed to access to RxIC or RxMCU register
from Tx system (AT1, AT2, AT3). Table 3.2.2 shows Rx2Tx WPT communication response packet for Tx2Rx WPT communication packet.
Table 3.2.3 and 3.2.4 show packet construction in detail. Refer to section 3.6 about WPT communication procedure.

In MCU Control Mode, WPT communication packets with Header 0x10 to OXFF are used. Tx2Rx and Rx2Tx WPT communication is

executed by external MCUs (TxMCU and RxMCU).

Table 3.2.1 Header list for each battery charging sys tem
Operation mode Tx2Rx WPT communication Header (T_Head er) | Rx2Tx WPT communication Header (R_Header)
Tx system Rx system 0x10 0x10
No. 0x02 0x03 0x04 | Ox05 0x06 To 0x00 0x01 0x02 0x03 0x04 To
Master i Slave [Master : Slave OxFF OxFF
ATPC Mode
AT1 TXIC i TXROM RxIC - - - (0] - - - (6] O (6] (6] (o] -
AT2 | TXMCU ;i TxIC RxIC - (0] o (0] - - - (0] o (0] o o -
AT3 | TxMCU TxIC RxIC { RxMCU O O o O O - O O (0] O O -
AT4 | TXMCU TXIC RxMCU { RxIC - - - - - - O O - O O -
MCU Control Mode
[mc1|mmcu! ™ac [ravcu ! mac |- | | - - -Jo ]| -1 -1 -] | - | o

O : Used Header

Table 3.2.2 Rx2Tx WPT communication response packet  (Header) for Tx2Rx WPT communication packet (Heade )
ATPC Phase T_Header R_Header Description
Ping - - TxIC does not receive R_Header 0x01 packet.
Identification - 0x01 RxIC sends R_Header 0x01 packet to TxIC when RxIC is ready to communicate.
RXxIC ID & Config.
Configuration No Send, 0x03 When RxIC does not receive Tx2Rx WPT communication packet, RxIC periodically sends
or 0x00, 0x01, RxIC Status R_Header 0x03 and 0x04 packet alternately to TxIC. If the status of RxIC is changed,
Battery Charge 0x07 to OXOF RxIC sends R_Header 0x03 packet preferentially. If RxIC receives undefined Tx2Rx WPT
0XO4, communication packet (T_Header 0x00, 0x01, Ox07 to OxOF), RxIC ignores that data.
Received Power This behavior is the same as no Tx2Rx WPT communication.
0x02 0x02 RxIC replies R_Header 0x02 packet (requested register address data) to TxIC when
RxIC Reg. Response Reg. RXxIC receives T_Header 0x02 packet (register read request to RxIC).
Read Req. Read Req.
0x03 0x03 RXIC replies R_Header 0x03 packet (RxIC status) to TxIC when RxIC receives T_Header
RxIC Reg. RxIC Status 0x03 packet (register write request to RxIC). When register write is normally executed,
Write Req. Message2 D[0] of R_Header 0x03 packet is set to “1”.
0x04 0x02 When RxIC receives T_Header 0x04 packet (register write and read for verification
RxIC Reg. Response Reg. request), RxIC performs register write processing and then replies R_Header 0x02
Write & Read Req. | Read Req. packet (requested register data) to TxIC.
0x05 0x02 When RXIC receives T_Header 0x05 packet (register read request from RxMCU), RxIC
RXMCU Reg. Response Reg. reads the register data from RxMCU by 2-wire interface and then RxIC replies R_Header
Read Req. Read Req. 0x02 packet including the data. If communication error occurs in 2-wire interface, RxIC
0x03 replies R_Header 0x03 packet (RxIC status) to TxIC.
X
RxIC Status
0x06 0x03 When RxIC receives T_Header 0x06 packet (register write request to RxMCU), RxIC
RXMCU Reg. RxIC Status writes the register data to RxMCU by 2-wire interface and then RxIC replies R_Header
Write Req. 0x03 packet (RxIC status) to TxIC. When the register write is finished normally,
Message2 D[0] of the packet is set to "1”. When the communication error is occurred in
2-wire interface, Message2 D[0] of R_Header 0x03 packet is set to "0".
ALL Phase - 0x00 When RXIC detects particular error, RxIC sends R_Header 0x00 packet to TxIC.
End Power
Transfer
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Table 3.2.3 Tx2Rx WPT communication packet detailed  configuration
Header Messagel: RxIC Register Address Message2: None
0x02 D7 D7
D6 D6
RxIC D5 D5
Register D4 . D4
Read D3 RXIC register address D3 0
Request D2 D2
D1 D1
DO DO
Header Messagel: RxIC Register Address Message2: RxIC Register Data
OXO3 D7 D7
X D6 D6
RxIC D5 D5
Register D4 . D4 .
Write D3 RXIC register address D3 RXxIC register data
Request D2 D2
D1 D1
DO DO
Header Messagel: RxIC Register Address Message2: RxIC Register Data
ox04 D7 D7
X D6 D6
RxIC D5 D5
i D4 D4
Reglster RXIC register address RXIC register data
Write D3 D3
& D2 D2
Read D1 D1
Request
DO DO
Header Messagel: RxMCU Register Address Message2: None
OXOS D7 D7
X D6 D6
RXMCU D5 D5
Register D4 . D4
Read D3 RXMCU register address D3 0
Request D2 D2
D1 D1
DO DO
Header Messagel: RxMCU Register Address Message2: RxMCU Register Data
0x06 D7 D7
X D6 D6
RxMCU D5 D5
Register D4 _ D4 .
Write D3 RXMCU register address D3 RxMCU register data
Request D2 D2
D1 D1
DO DO
Header Messagel: Reserved Message2: Reserved
OX00 D7 D7
x00,
0xOL, D6 D6
0x07 D5 D5
to D4 D4
OXOF D3 Unused (reserved) D3 Unused (reserved)
D2 D2
Reserved D1 D1
DO DO
Header Messagel: User Specification Message2: User Specification
ox10 D7 D7
X D6 D6
To
OXFF D5 D5
D4 Arbit D4 Arbit
User D3 rbitrary D3 rbitrary
Spec. D2 D2
D1 D1
DO DO
R19AN0041EJ0100 Rev.1.00 ’{ Page 9 of 18
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Table 3.2.4 Rx2Tx WPT communication packet detailed  configuration

Header Messagel: RxIC Error Condition 1 (T_Ox3F D[7:6] %) Message2: RxIC Error Condition 2
0x00 D7 D7
X D6 D6
End D5 D5
Power D4 D4
Transfer D3 D3
D2 D2
D1 | Maximum junction temperature is detected D1
DO | Control Error is not converged DO
Header Messagel: ADC output code in start process (T_0x40 D[7:0] ") Message2: RxIC Configuration (T_0x41 D[7:0] ")
0x01 D7 D7
D6 [ RxIC RECT pin voltage (Vgecr) D6
RXIC D5 | high order 4bit data of 12bit ADC output code D5 [ RIVCC resistor setting
ID D4 D4 |0:1.2kQ 1:2.4kQ 2:4.8kQ 3:Error
& D3 D3 | ATR pin setting
Config. D2 _| RxIC BAT pin voltage (Vgar) D2 | ATCHG pin setting
D1 | high order 4bit data of 12bit ADC output code D1 | ATPC pin setting
DO DO | MS pin setting
Header Messagel: Control Error Message2: RxIC or RXMCU Register Data (T_0x44 D[7:0] )
0x02 D7 D7
X D6 D6
Response DS DS
Register D4 | Vear * AV = Vrecr D4 )
Read D3 Two’ s complement 10.547[mV/code] D3 Requested register data of RxIC or RxMCU
(-1.350[V] to 1.339[V])
Request D2 D2
D1 D1
DO DO
Header Messagel: Control Error Message2: RxIC Status (T_0x42 D[7:0] 1)
D7 D7 | Charging state
0x03 D6 D6 | O: Initial 1: Pre charge 2: Trickle charge 3: Fast charge
4: Charge complete judgement 5: Charge complete
D5 D5
RxIC Status _ 6: No battery 7: Charge error 1 8: Charge error 2
& D4 | Vear + AV = Vreer D4 | 9: Charge error 3
Response Two’s complement 10.547[mV/code] : 9
R P X D3 | (-1.350[V] to 1.339[V]) D3 [ ATPC Phase
Werigiles er D2 D2 | 0:Ping 1:ldentification 2:Configuration 3:Battery Charge
Request D1 D1 | DCDC converter 0: OFF 1: ON
DO DO | Register write flag (for write request) 0: Error 1: Complete
Header Messagel: Control Error Message2: RxIC Received Power (T_0x43 D[7:0] ")
0x04 D7 D7
X D6 D6
Received D5 D5 | RXIC received power
Power D4 Vgar + AV = Vieer D4 3.797 [mW/code](max. 968.2[mW]) @ RIVCC=1.2[kQ]
3 Two's complement 10.547[mV/code] 3 1.898 [mW/code](max. 484.1[mW]) @ RIVCC=2.4[kQ]
D3 | (.1.350[V] to 1.339[V] ) D3 | 0.949 [mW/code](max. 242.0[mW]) @ RIVCC=4.8[kQ]
D2 D2
D1 D1
DO DO
Header Messagel: Reserved Message2: Reserved
0x05 D7 D7
to D6 D6
OXOF D5 D5
D4 D4
Reserved D3 Unused (reserved) D3 Unused (reserved)
D2 D2
D1 D1
DO DO
Header Messagel: User Specification Message2: User Specification
0x10 D7 D7
To D6 D6
OXFF D5 D5
D4 . D4 .
User D3 Arbitrary D3 Arbitrary
Spec. D2 D2
D1 D1
DO DO
*1 When TxIC is received the packet, TxIC stores the data to the applicable register.
R19AN0041EJ0100 Rev.1.00 Page 10 of 18
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3.3 Automatic transmission power control timing

Figure 3.3 shows the timing chart from power transmitting start (rising of receiver rectified voltage) to battery charging start in the
automatic transmission power control (ATPC Mode). When RxIC receives transmitted power and is ready to excecute WPT

communication,

ATPC Phase changes from Ping Phase to Identification Phase and RxIC sends R_Header 0x01 packet to TxIC. After

R_Header 0x01 packet is sent, ATPC Phase changes from Identification Phase to Configuration Phase and RxIC sends R_Header 0x03
or 0x04 packet to TxIC. R_Header 0x02, 0x03 and 0x04 packet include control error code. TxIC controls bridge driver output pulse duty
based on control error code. When battery charging is started, ATPC Phase changes from Configuration Phase to Battery Charge Phase.
In Battery Charge Phase, to execute Tx2Rx WPT communication frequently is not recommended for stable charging operation. Tx2Rx
WPT communication can be executed when control error code is converged within a certain value.

Ping Phase |ldentification Phase Configuration Phase
Vrecr : [1]
{ 0x01 0x03 }

0X04 )—

—>i >—ie
TRXZTXﬁPACKET

—_—r——

TRXZTXJ NTERVAL TRX_CALC TTXfCALC

—7 Vear

Configuration Phase

(1] L. [2
V, E
— oo+ o0a ——ox2—4 o004 y——oo2)— ox0sa »——o02)—~ o0z )
o < > R_0x01 D[0]=1
AV, Trxarx_waIT Trxorx_PACKET (Charge Enable)
v
VBAT
Configuration Phase Battery Charge Phase
(2]

VRECT H
T

TCHGfSOFTﬁPER\OD Avl
A4
VBAT
Symbol Description

< R_Header >

Rx2Tx WPT communication packet. The communication period is Tryorx_packer = 1/250[bps] x 55[bit] = 220[ms].

(LHeader )

Tx2Rx WPT communication packet. The communication period is Tryorx_packer = 1/125[bps] x 55[bit] = 440[ms].

VRECT

RxIC RECT pin voltage (rectified output voltage).

VBAT

RxIC BAT pin voltage (battery voltage).

TRXZTX_I NTERVAL

This is the time interval from the end of Rx2Tx WPT communication packet to the start of next packet generation. Tx2Rx WPT
communication is executed in this interval. This interval time is 1[s] in Ping, Identification and Configuration Phase and it is 2[s] in Battery
Charge Phase. This interval time can be doubled by setting R_0x10 D[0] to “1".

Trx_calc This is the period for received data processing (when RxIC received Tx2Rx WPT communication packet), calculation of control error and
received power, Rx2Tx WPT communication packet generation. This period is about 20[ms].

Trx_caLc This is the period for received data processing (confirming RxIC status and calculation of bridge driver output pulse duty), calculation of
transmitting power. This period is about 10[ms]. After these processing, bridge driver output pulse duty is updated.

Trxorx WAIT This is the wait time of generating Tx2Rx WPT communication packet. This wait time is about 300[ms]. Tx2Rx WPT communication is

executed in the condition of control error convergence (it is judged in TxIC, the threshold can be set in T_0x11 D[4:0]). If RxIC register
setting data is stored in TXROM, the data is loaded from TxROM in this wait time and it is sent after this wait time. When TxMCU
executes Tx2Rx WPT communication, TXMCU should write packet data to register of TxIC in this wait time and trigger to transmit it
(Refer to section 3.6).

TCHGfSOFTfPERIOD

This is the soft start period of charging current.

AV, AV,

These are control error offset voltages. The offset voltage AV, and AV, can be set by register R_0x11 D[7:0] and R_0x12 D[7:0]. RxIC
calculates the control error by RECT pin voltage (Vgecr), BAT pin voltage (Vgar) and control error offset voltage, and sends it to TxIC.
TxIC adjusts the bridge driver output pulse duty by using control error. Thus Vgecr is adjusted to “ Vgr + control error offset voltage ”

(Refer to section 3.4).

Figure 3.3 Automatic transmission power control timi ng
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3.4 Control error and RECT pin converged voltage

RECT pin voltage can be controlled to the voltage that added offset voltage to BAT pin voltage by the automatic transmission power
control function. TxIC controls bridge driver output pulse duty based on control error code sent by Rx2Tx WPT communication. Duty
adjustment amount is calculated by multiplying control error code by gain (gain is set by GAIN pin of TxIC), it is added to or subtracted
from current duty. Duty is adjusted every time control error code is received, so RECT pin voltage can be converged to a target voltage in
spite of the change of load current (battery charging current).

Table 3.4 Control error formula and Monotonically set  tling condition of RECT pin voltage

Symbol [ Description Register V rect converged voltage (target settling voltage)
AV, Control error offset voltage 1 (register setting of RxIC) R_0x11 D[7:0]
AVoltage [V] v
AV, Control error offset voltage 2 (register setting of RxIC) R_0x12 D[7:0] 6 RECT
AV 5
Vgeer | RXIC RECT pin voltage - 5 ' i AV,
4 ... A \ 4
Vgar | RXIC BAT pin voltage - 3 AV, l Vaar
lche RxIC battery charging current - 2
Control error Condition (&: Logical AND, |: Logical OR) >
Vgar + AV1 — Vgeer | (Fast charging & Charge current > 0.2 X lgygr ) 4 Current lene
Vgar + AV2 = Vgeer | (Vear > 3V & the state except for fast charging ™) 0.5C
| ( Fast charging state & charging current < 0.15 X lgygr) 0.15C
*1 :includi hargi diti '
including non charging condition 0.1C T
3+ AV2 — Vigeer Vgar < 3V Time
Condition for V gecr monotonically settling Vgeer — Tx Bridge Duty characteristic (example)
GAIN < 10.547[mV] / ( Srp_maxImV/%] x (100 / F_DRIVE )[%] ) Veeer 4 Actual use range
Symbol  |Description Skowax | . -
GAIN Setting by TxIC GAIN pin level (L: 0.125 H: 0.250) \/\
. . . . Tx Bridge Driver
F_DRIVE | Setting by T_0x05 D[2:0], T_0x04 D[7:0] (applied by T_0x05 D[7]) / Output Pulse Duty
Sro_max | Maximum slope of Vgecr - Duty characteristic in actual use range. 0 "

3.5 Update timing for ADC output codes storage regis  ters

TxIC and RxIC have the registers to store ADC output codes. The update register should be written to “1” in order to update the storage
registers to the current value. The update timing for the storage registers depends on the system configuration(operation mode) (Refer to
Table 3.5). The voltages converted by ADC, such as COMP pin voltage of TxIC and RECT pin voltage of RxIC, are changed during WPT
communication period. In ATPC Mode, ADC output codes is acquired during Tty caics Trx caLc SO that ADC output codes acquired during
WPT communication period is not stored in the storage registers (Refer to Figure 3.5). In ATPC Mode (AT2, AT3), TXMCU can also read
the storage register of RxIC. For example, Figure 3.5 shows that TxMCU reads ADC output code of BAT pin voltage (high order 8bit).

Table 3.5 Update procedure for ADC output code storage registers

Operation mode
Tx/RxIC Register
ATPC Mode

TxIC T_0x20 D[0] | T_0x20 D[1] should be set to “0". When the register T_0x20 D[0] is written to “1”, ADC output codes acquired during
T_Ox20 D[1] | Tyx_caic Period are stored in the storage registers (T_0x21 to T_0x28). After storing, T_0x20 D[0] is automatically reset to
“Qr.

Description

RxIC R_0x35 D[0] | When the register R_0x35 D[0] is written to “1”, ADC output codes acquired during Tgx ca.c Period are stored in the storage
registers (R_0x36 to R_Ox3F). After storing, R_0x35 D[0] is automatically reset to “0”. If TXMCU wants to read the register,
it can be read by Tx2Rx WPT communication. The updating and the read request to the storage register are needed to do
individually at another timing (Refer to Figure 3.5).

Other Mode
TxIC T_0x20 D[0] | T_Ox20 D[1] should be set to “1". When update register T_0x20 D[0] is written to "1”, current ADC output codes are stored
T_O0x20 D[1] |in the storage registers. After updating, T_0x20 D[0] is automatically reset to “0”.
RxIC R_0x35 D[0] | When update register R_0x35 D[0] is written to “1”, current ADC output codes are stored in the storage registers. After
updating, register R_0x35 D[0] is automatically reset to “0”.
[2] RxIC stores ADC output code acquired during Ty caic
[1] RXIC register write request by Tx2Rx WPT communication in storage registers
(Updating for ADC output code storage registers) pie— Tox carc Ty cac —piie
Vrect \
—( 0x03/R_0x35/D[7:0]=0x01 ) \ 0x03/Ctrl_Err/Rx_Status ~
»
T T LT T
I
\‘4< 0x02/R_0x3B/0x00 > < 0x02/Ctrl_Err/R_0x3B D[7:0] )—
[3] RXIC register read request by Tx2Rx WPT communication [4] Reply the ADC output code updated at the timing of [2]
(ADC output code(high order 8bit) of BAT pin voltage) to TxIC

Figure 3.5 The read sequence of A/D conversion val  ue in RxIC from TXMCU (example of BAT pin voltage(AT2 ,AT3))
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3.6 WPT communication procedure in each charging sy  stem configuration

Table 3.6 shows WPT communication procedure in each charging system configuration. In ATPC Mode, Rx2Tx WPT communication is
periodically executed. Tx2Rx WPT communication is executed at the timing that it does not affect Rx2Tx WPT communication. In MCU
Control Mode, TXMCU and RxMCU can execute WPT communication at any timing, but Rx2Tx and Tx2Rx WPT communication should be

controlled so as not to overlap each other.

Table 3.6 WPT communication procedure in each chargin g system configuration

Operation mode

Tx system Rx system Description
No. T T
Master i Slave |Master i Slave
ATPC Mode WPT communication packets with special Header are used. The register of RxIC and RxMCU can be read or
written from Tx system under controlling transmission power.
AT1| TxIC {TxROM| RxIC - RXIC register write procedure

TxIC loads the stored data from TXROM at suitable timing and then TxIC executes write access to RxIC

register automatically. “T_0x48 D[7:0]=0x04" (Tx2RXWPT communication Header register) should be set to

TXIC register setting area in TXROM (Refer to Table 1.4).

AT2 | TXMCU | TxIC RxIC - RXIC register write procedure

1 | After TXMCU sets “Header(T_0x48) / Messagel1(T_0x49) / Message2(T_0x4A)” = “0x03 or 0x04 / RxIC
register address / RxIC register data” by 2-wire interface, it sets T_OXOE D[5]=1 (WPT communication
start trigger). RxIC receives the packet and writes received data to the specified register. Then, RxIC
replies Rx2Tx WPT communication packet (R_Header 0x03 or R_Header 0x02 packet) to TxIC.

2 | After TxIC receives Rx2Tx WPT communication packet and confirms completion of the write
processing in RxIC, it outputs low level from INT_TX pin. TXMCU confirms “T_0x1B D[2]=1" (write
completion flag in ATPC Mode).

3 | TXMCU sets “T_0x1B D[0]=1" for clearing T_0x1B D[2] and INT_TX pin returns to high level.

RxIC register read procedure

1 [ After TXMCU sets “Header(T_0x48) / Messagel(T_0x49) / Message2(T_0x4A)” = “Ox02 / RxIC register
address / 0x00” by 2-wire interface, it sets T_OxOE D[5]=1 (WPT communication start trigger). RxIC
receives the packet and reads data from the specified regitster. Then, RxIC replies Rx2Tx WPT
communication packet (R_Header 0x02 packet) to TxIC.

2 | After TXIC receives Rx2Tx WPT communication packet and confirms completion of the read processing
in RxIC, it outputs low level from INT_TX pin. TXMCU confirms “T_0x1B D[3]=1" (read completion flag
in ATPC Mode).

3 | The register data of RxIC is stored in T_0x44 D[7:0]. TXMCU reads data from the register.

4 | TXMCU sets “T_0x1B D[0]=1" for clearing T_0x1B D[3] and INT_TX pin output returns to high level.

AT3 | TXMCU | TxIC RxIC i RXMCU | RxIC register write or read procedure

Same procedure as AT2.

RXMCU register write procedure

1

The slave address of RxMCU for 2-wire interface should be set R_0x0C D[6:0] (refer to register write
procedure in AT2). Once the slave address is set, it is held unless transmitting power stops.

After TXMCU sets “Header(T_0x48) / Messagel(T_0x49) / Message2(T_O0x4A)” = “0x06 / RxMCU
register address / RxMCU register data” by 2-wire interface, it sets T_OxOE D[5]=1 (WPT
communication start trigger). RxIC receives the packet and writes received data to the specified
register of RXxMCU. Then, RxIC replies Rx2Tx WPT communication packet (R_Header 0x03 packet) to
TXIC.

After TXIC receives Rx2Tx WPT communication packet and confirms completion of the write
processing in RxIC, it outputs low level from INT_TX pin. TXMCU confirms “T_O0x1B D[2]=1" (write
completion flag in ATPC Mode).

4

TxXMCU sets “T_0x1B D[0]=1" for clearing T_0x1B D[2] and INT_TX pin returns to high level.

RXMCU register read procedure

1

The slave address of RxMCU for 2-wire interface should be set R_0x0C D[6:0] (refer to register write
procedure in AT2). Once the slave address is set, it is held unless transmitting power stops.

After TXMCU sets “Header(T_0x48) / Messagel(T_0x49) / Message2(T_O0x4A)” = “0x05 / RxMCU
register address / 0x00” by 2-wire interface, it sets T_OxOE D[5]=1 (WPT communication start trigger).
RXIC receives the packet and reads data from the specified register of RxMCU. Then, RxIC replies
Rx2Tx WPT communication packet (R_Header 0x02 packet) to TxIC.

After TxIC receives Rx2Tx WPT communication packet and confirms completion of the read processing
in RxIC, it outputs low level from INT_TX pin. TXMCU confirms “T_0x1B D[3]=1" (read completion flag
in ATPC Mode).

The register data of RXMCU is stored in T_0x44 D[7:0]. TXMCU reads and confirms the data.

TxXMCU sets “T_0x1B D[0]=1" for clearing T_0x1B D[3] and INT_TX pin output returns to high level.
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Table 3.6 WPT communication procedure in each chargin g system configuration (continued)

Operation mode

Tx system

Rx system

No. :
Master  Slave

Master Slave

Description

ATPC Mode (continued)

AT4 [ TXMCU i TxIC

RxMCU

RxIC

RXxIC register write or read procedure

| Tx system can not write or read the registers of RxIC.

RxMCU register write or read procedure

| Tx system can not write or read the registers of RxMCU.

MCU Control Mode

WPT communication can be executed at any timing by writing the WPT communication register of TxIC or
RxIC from TxMCU or RxMCU. Data transmission and reception between TXMCU and RxMCU is available
indirectly by WPT communication register. Tx system can not directly write or read arbitrary RxIC registers.

MC1 | TXMCU i TxIC

RxMCU

RxIC

RXxIC register write or read procedure

Tx system can not write or read the registers of RxIC.

Tx2Rx WPT communication procedure

=

After TXMCU sets “Header(T_0x48) / Messagel(T_0x49) / Message2(T_0x4A)” = “Any Header (0x10 to
OxFF) / Any data 1 / Any data 2" by 2-wire interface, it sets T_OxOE D[4]=1 (WPT communication start
trigger). When this register is set to “1”, Tx2Rx WPT communication is executed.

N

When RxIC receives Tx2Rx WPT communication packet, it outputs low level from CHG/INT pin. RxMCU
confirms R_0x30 D[0] is “1”. When RxMCU reads this register, R_0x30 D[] is cleared to “0”".

w

The received data is stored in “Header(R_0x24) / Messagel(R_0x25) / Message2(R_0x26)". RxMCU
reads these registers.

Rx2Tx WPT communication procedure

[y

After RXMCU sets “Header(R_0x21) / Messagel(R_0x22) / Message2(R_0x23)" = “Any Header (0x10
to OxFF) / Any data 1 / Any data 2" by 2-wire interface, it sets R_0x20 D[0]=1 (WPT communication start
trigger). When this register is set to “1”, Rx2Tx WPT communication is executed.

N

When TxIC receives Rx2Tx WPT communication packet, it outputs low level from INT_TX pin. TXMCU
confirms T_0x1B D[1] is “1”. (Rx2Tx WPT communication packet reception flag)

w

The received data is stored in “Header(T_0x45) / Messagel(T_0x46) / Message2(T_0x47)". TXMCU
reads these registers.

4 When TXMCU sets T_0x1B D[0]=1, T_0x1B D[1] returns “0". INT_TX pin output returns to high level.

Remark : INT_TX pin of TxIC and CHG/INT pin of RxIC also output low level when some errors or specific events are detected as well as receiving WPT communication

packet.
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4. Error detection function

4.1 Error detection items and post-processing

When TxIC detects WPT communication error or error condition in TXIC and RXIC, it stops transmitting power and restarts. Table 4.1
shows error detection items, post-processing and related registers implemented in TxIC. When an error is detected, an interruption register
is set to “1” and TX_INT pin outputs low level. Table 4.2 shows detectable error items in each battery charging system configuration.

Table 4.1 Error detection items and description

No. Detected error Description, Related registers
ER1 Unreceived TXIC stops transmitting power and restarts when TxIC doesn't receive R_Header 0x01 within 1[s] from starting transmitting power. TxIC
*1 Rx2Tx WPT completely stops transmitting power when TxIC repeats restart in specified number of times. TxIC counts the number of restart, and stores it in
communication count information register. When TxIC receives R_Header 0x01 packet within 1[s] after restart, count information register is set to “0”.
packet Restart count setting | T_0x35 D[3:0] | Count information register | T_Ox4B D[3:0] | Interruption register | T_Ox1B D[4]
ER2 RXx register TXIC stops transmitting power and restarts when TxIC doesn’t receive Rx2Tx WPT communication packet within 16[s] in Configuration and
*1 access error, Battery Charge Phase or it detects any error of ER2-1 to ER2-5. TxIC completely stops transmitting power when TxIC repeats restart in
RXIC state error | specified number of times. TxIC counts the number of restart and stores it in count information register.
Restart count setting | T_0x35 D[7:4] | Count information register | T_0x4B D[7:4] | Interruption register | T_0x1B D[4]
ER [ Stop request of TxIC stops transmitting power when TXIC receives R_Header 0x00 packet (stop request of transmitting power from RxIC).
2-1 | transmitting
power from RXIC | Detection count setting | 1 time | Notification register | T_Ox3F D[6:5] | Interruption register | -
ER | RxIC register When TxIC doesn't receive expected packet from RxIC even though TxIC requests register write or read to RxIC, TxIC requests it again. TxIC
2-2 | access error detects the RxIC resister access error when TxIC can't receive expected packet even though TxIC repeats the request in specified number of
detection times. When register write succeeds, T_0x1B D[2] is set to “1” and when register read succeeds, T_0x1B D[3] is set to “1".
Access count setting | T_0x37 D[6:4] | Count information register | T_0x38 D[3:0] | Interruption register | T_0x1B D[3:2]
ER | RXMCU register | When TxIC doesn’t receive expected packet from RxIC even though TxIC requests register write or read to RXMCU, TxIC requests it again.
2-3 | access error TxIC detects the RxMCU resister access error when TxIC can't receive expected packet even though TxIC repeats the request in specified
detection number of times. When register write succeeds, T_0x1B D[2] is set to “1” and when register read succeeds, T_0x1B D[3] is set to “1".
Access count setting | T_0x37 D[6:4] | Count information register | T_Ox3A D[3:0] | Interruption register | T_O0x1B D[3:2]
ER | RxIC charging In Battery Charging Phase, RxIC charging state error is detected when specified charging state is continuously detected four times. That states
2-4 | state error are Initial, Charging error 1, Charging error 2, Charging error 3, and No battery.
detection Detection count setting | 4 times | Count information register | T_0x39 D[3:0] | Interruption register | -
ER | Over power Over power of transmission power is detected when the differential power between transmitting power and received power is continuously
2-5 | detection of higher than threshold in specified number of times.
gg\?vZTISSKm Threshold setting register | Refer to section 4.3.

Detection count setting T_0x32 D[7:4] | Count information register T_0x39 D[7:4] | Interruption register -

ET1 TxIC error Transmitting power is stopped when TxIC detects any error of ET1-1 to ET1-4. Post-processing after stopping transmitting power is different for
detection 1 each operation mode.

Except ATPC Mode Transmitting power is restarted when error is released.

ATPC Mode After 4 seconds from stopping transmitting power, TxIC restarts to transmit power. TxIC completely stops
transmitting power when TxIC repeats restart in specified number of times. After that, TxIC restarts transmitting
power by turning on again TxIC power supply or initializing TxIC using STBY pin.

Restart count setting T_0x37 D[3:0] | Count information register T_Ox3A D[7:4] | Interruption register T_0x1B D[4]

ET | Temperature This error is detected when AD conversion value of THM1 pin voltage is lower than threshold for time of 16[ms] x detection delay time setting.
11 ter:;rfnfl‘:tﬁc;"’” of [Threshold setting register | T_0x18 D[3:0], T_0x17 D[7:0] (Applied by setting T_0x18 D[7])
* Hysteresis setting register | T_0x29 D[7:0]
Detection delay time T_0x36 D[7:4] | Detection register T_0x1D D[0] | Interruption register T_0x1D DI[0]
ET | Temperature This error is detected when AD conversion value of THM2 pin voltage is lower than threshold for time of 16[ms] x detection delay time setting.
12 fr:;’:nf‘;frcg"” of [ Threshold setting register | T_Ox1A D[3:0], T_0x19 D[7:0] (Applied by setting T_Ox1A D[7])
* Hysteresis setting register | T_0x2A D[7:0]
Detection delay time T_0x36 D[7:4] | Detection register | T_0x1D D[1] | Interruption register | T_0x1D D[1]
ET | Maximum bridge | This error is detected when bridge driver output pulse duty is higher than threshold (maximum output pulse duty threshold).
1-3 | driver output
pulse duty Threshold setting register | T_0x14 D[1:0], T_0x13 D[7:0] (Applied by setting T_0x14 D[7])
detection Detection delay time lus | Detection register | T_0x1D D[4] | Interruption register | T_O0x1D D[4]
ET | OVP detection Over voltage of bridge circuit is detected when VSNS pin voltage is higher than 5.7V in 1[ms] x 4 times.
1-4 Detection delay time 1ms x 4 times | Detection register | T_O0x1D D[2] | Interruption register | T_0x1D D[2]
ET2 TXIC error Transmitting power is stopped when TxIC detects any error of ET2-1 to ET2-3. TxIC restarts transmitting power by turning on again TxIC power
detection 2 supply or initializing TxIC using STBY pin.
ET [ SCP detection Short current of bridge circuit is detected when voltage drop of current sense resistor R is higher than 2.2[V].
21 Detection delay time lus | Detection register | T_0x1D D[3] | Interruption register | T_0x1D DI[3]
ET [ OCP detection Over current of bridge circuit is detected when COMP pin voltage is higher than threshold for time of 16[ms] x detection delay time setting.
22 Threshold setting register | T_0x16 D[3:0], T_Ox15 D[7:0] (Applied by setting T_0x16 D[7])
Detection delay time T_0x36 D[3:0] | Detection register | T_0x1D D[5] | Interruption register | T_0x1D DI[5]
ET | Timeout Timeout of transmitter timer is detected when Drive Mode continues for specified timeout period of transmitter timer.
2-3 detecthn Of, Timer setting register T_0x11 D[7:6]
*3 | transmitter timer = - = -
Timer invalidation register | T_0x11 D[5]
Detection count setting 1time | Detection register T_0x12 D[5] | Interruption register -

*1 ER1 and ER2 are error in ATPC Mode. Restart procedure is executed after 4[s] from stopping transmitting power. TxIC completely stops transmitting power when TxIC
repeats restart in specified number of times. TxIC restarts transmitting power by turning on again TxIC power supply or initializing TxIC using STBY pin.

*2 Restart procedure is halted until normal temperature is detected when register T_0x18 D[4] is set to “1” in ATPC Mode.

*3 ET2-3 (power transmission stop by timer) is applied to Stand Alone Mode and ATPC Mode.
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4.2 Error detection items in each charging system ¢ onfiguration
Table 4.2 shows error detection items in each charging system configuration.

Table 4.2 Error detection items in each charging sys  tem configuration

Operation mode PT communication or RxIC error ™1 TxIC error ™1

o Tx System Rx System ElR EZR eT eT

Master | Slave |Master | Slave BIBIB|ER T EBBEAS 8

Stand Alone Mode

SAl - TxIC RxIC - - - - - - - - C c2]C™? C C C C c=

SA2 TxXIC { TXROM | RxIC - - - - - - - - C \ \% \% C C \%
ATPC Mode

AT1 TXIC | TXROM RxIC - \% \% C - C \% \% \% \% \% C C C \% \%

AT2 | TXMCU TXIC RxIC - \% \% C - C \% \% \% \% \% C C C \% \%

AT3 | TXMCU TXIC RxIC {RxMCU| V \Y% C \% C \% \Y \% \% \% C C C \Y \%

AT4 | TXMCU i TxIC | RxMCU: RxIC \% \ C - - C \ \% \ \% \% C C C \% \%
MCU Control Mode

[mc1[mmcui mac [rawcu! mac | - | - | - - [ - - [ - ]c|v][v]|[v]c]c]c][Vv]

*1 V means variable threshold or detection count by register. C means fixed value for threshold or detection count.

*2 In Stand Alone Mode (SA1), temperature threshold of thermistor 1 and 2 (NTC thermistor) for error detection can be adjusted by pull-up resistor value
even though that threshold can not be changed by registers.

*3 Detection current threshold of OCP(over current protection) can be adjusted by R resistor value when Over power detection of transmitting power is
unused.

4.3 Over power detection of transmission power

R_Header 0x04 packet in ATPC Mode includes output power information of RxIC. When over power detection function of transmission
power is available, TxIC calculates differential power AP between transmission power calculated by TxIC and RxIC output power included
in R_Header 0x04 packet. When differential power AP is higher than threshold APy, TxIC detects over power condition and stops
transmitting power. AP+, consists of fixed threshold region that is not depend on duty and linear function region that is depend on duty.
AP, is set by registers showed in Table 4.3. AP, should be set in Initial Mode of TxIC. After register settings of APqycntrn(T_0%x32
D[7:4]), Res(T_Ox3F D[1:0]), APg ope(T_0x3B D[7:0]), APos(T_0x3C D[7:0]) and Dypconst(T_0x3D D[7:0]), enable register T_O0x3F D[3]
should be set to “1".

Table 4.3 Threshold parameters of over power detecti  on of transmitter power

Parameters Reference figure
Loertg(\:/gcr)r?ower Sl REEET PREEIE el (Differential power, Curve of bridge Duty)
Enable of over - T_Ox3F Available or unavailable selection.
power detection D[3] 0 : Unavailable 1 : Available A
AP
Error count APoyentmi | T_0x32 Over power detection count can be set 1 to 15. Transmitting izTH: AP-.=AP b AP
threshold of over D[7:4] power is stopped when the count of over power detection is PSSl stope X Duty + =,
power detection reached the specified number of times. If this register is set
to 0, over power detection is unavailable. Abnormal
—— - Condition APy
Error count of - T_0x39 Error count value of over power detection is stored in T_0x39 .
over power D[7:4] D[7:4]. 7 iBPsiope
detection BPeosr ;
Mask of over - T_Ox3F When control error value is not converged within specified
power detection D[2] value, over power detection is masked. / Normal
0:Unmask 1:Mask \l\ 7 Condition
Bridge Current Res T_Ox3F The value of bridge current detection resistor R.g can be APy
detection resistor D[1:0] selected. When over power detection is available, current - —
detection resistor must be selected in this setting. The gain 0 Dapconst Tx Bridge Driver
of current sense amplifier is 10 times. Output Pulse Duty
0:0.25[Q] 1:05[Q] 2:1[Q] 3:2[Q] Over Power Detection
Slope of AP-Duty | APg ope T_0x3B Set from 0 to 255.
line D[7:0] {3.797 / (100/F_DRIVE) } x (1/64) [mW/code]
AP offset APog T_0x3C Set from 0 to 255.
D[7:0] 3.797[mW/code] : 0 to 968.2[mW]
Duty of AP fixed Dapconst T_Ox3E Set duty range applied for AP fixed threshold. Dapconst
threshold D[7:0] corresponds to high order 8 bit for 10bit duty setting code.
AP fixed APconsT For Duty < Dppconst: the detection threshold is APgygt-
threshold
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5. Test registers

Registers R_0x41 to R_0x6F of RxIC are available for only test use. Table 5.1 shows useful test registers for system design. R_0x60
D[1:0] should be set to “2” previously to execute write access to R_0x63 and R_0x64.

Table 5.1 RxIC test register

Address 5g Init | R/W |Description
DO 0 R | Confirmation register for Rx2Tx WPT communication Header in ATPC Mode
D1 0 R
D2 0 R
0x5D D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO 0 R | Confirmation register for Rx2Tx WPT communication Messagel in ATPC Mode
D1 0 R
D2 0 R
OX5E D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO 0 R | Confirmation register for Rx2Tx WPT communication Message2 in ATPC Mode
D1 0 R
D2 0 R
Ox5F D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO | 0 | RW | Register write access to address 0x61 to 0x64 is available.
D1 0 R/W | 0:Reserved 1:Reserved 2:Writeis available 3:Reserved
D2 0 R/W | Reserved. “0” should be set here if the write access to address 0x60 is executed.
0x60 D3 0 R/W [ Reserved. “0” should be set here if the write access to address 0x60 is executed.
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO 0 | RIW [ select battery discharge short current detection threshold. (Threshold of differential voltage between SGND and GND)
D1 0 R/W | 0:160[mV](*1) 1:140[mV] 2:120[mV] 3:100[mV]
D2 0 | RIW [ select battery discharge over current detection threshold. (Threshold of differential voltage between SGND and GND)
D3 0 | rRw |[0:80[mV](*1) 1:70[mV] 2:60[mV] 3:50[mV]
D4 0 R/W | Reserved. “0” should be set here if the write access to address 0x63 is executed.
D5 0 R/W | Reserved. “0” should be set here if the write access to address 0x63 is executed.
0x63 Select battery low voltage detection threshold.
Register value DCDC output voltage setting | Battery low voltage detection H | Battery low voltage detection L
1.2V, 1.5V, 1.8V 3.20V 3.05vV
D6 0 | RW 0 (*1)
3.0v 3.55Vv 3.35vV
1.2V, 1.5V, 1.8V 3.30V 3.15vV
! 3.0v 3.65V 3.45vV
D7 0 | R/W [ Select maximum junction temperature detection threshold 0 : 68[degC] 1 : 79[degC]
DO | 1 | RIW | select ON resistance of discharge control FET
D1 0 |rRw|[0:02[Q] 1:0.4[Q](*1) 2:0.5[Q] 3:0.7[Q]
D2 0 R/W | Reserved. “0” should be set here if the write access to address 0x64 is executed.
0x64 D3 0 R/W | Reserved. “0” should be set here if the write access to address 0x64 is executed.
D4 0 R/W | Reserved. “0” should be set here if the write access to address 0x64 is executed.
D5 0 R/W | Reserved. “0” should be set here if the write access to address 0x64 is executed.
D6 0 R/W | Reserved. “0” should be set here if the write access to address 0x64 is executed.
D7 0 R/W [ Reserved. “0” should be set here if the write access to address 0x64 is executed.

*1 Itindicates the factory default setting.
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