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1. Product Outline

Description

RAA457100 is areceiver IC for low power wireless charging system. RAA457100 performs battery charging by wirel ess transmission power and DC
power supply to receiver application system from battery. When RAA458100 is used in atransmitter, awireless charging system with bi-directional
communication can be constructed.

Features
- Wireless battery charging

- DC power supply to application system by high efficiency DCDC converter
- Monitoring some pin voltages such as rectified output voltage, battery voltage by 12bit A/D converter

- Modulation/Demodulation function for bi-directional communication between transmitter and receiver

- Transmitter system(RAA458100) can read and write RAA457100 registers for setting charge control parameters
- Function which converts wireless communication to 2-wrie serial communication
for communication between transmitter and receiver application system

- Battery protection, Low battery voltage detection

2. Block Diagram ( Example for Application Circuit )
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RAA457100GBM

3. Pin Functions

3. Pin Functions

'F:lion. ,F\;i:me AllD VZO Function Remark

A6,B6,F4 GND - - | Ground Connect to minus terminal of battery

Al1,B1 RGND _ | Ground Connect to minus terminal of battery
for Rectifier, Load modulation driver, Clamp driver

B7,C7 SGND ) _ | Ground Connected to discharge control FET on chip
for DCDC converter, application system

A5,B5 BAT A 1/0 | Battery terminal Connect to plus terminal of battery

A2 VIN1 A | Input terminal 1 to rectifier -

B2 VIN2 A || Input terminal 2 to rectifier -

A3,B3 RECT A 1/0 | Rectified output terminal Connect Crect between RECT and RGND

C1 CcoM1 A O | Load modulation driver output terminal 1 Connect C,,, between COM1 and VIN1

F1 Ccom2 A O | Load modulation driver output terminal 2 Connect C,, between COM2 and VIN2

D1 CLMP1 A O | Clamp driver output terminal 1 Connect Cp, between CLMP1 and VIN1

E1 CLMP2 A O | Clamp driver output terminal 2 Connect Ccp, between CLMP2 and VIN2

D4 VDDB A o Reg_ulated 3.0V output Connect Cvpps between VDDB and GND
(inside usage)

D5 VDDW A o Regulated 2.7V output ) Connect Cvopw betwegn VDDW and GND )
(inside usage, reference voltage for thermistor) Connect to pull up resistor Ry, of NTC thermistor

A4,B4 VCC A o VCC regulator output Connect Cvcc between VCC and GND
(Power supply for DCDC converter)

C4 RIMON A o Exteynal resistor connection for output current limit Connect Rycc between RIMON and GND
Monitor of VCC regulator output current

C5 RICHG A o External resistor conneption for current setting of Connect Riche between RICHG and GND
constant current charging

D6 THM A | | Thermistor voltage input terminal Divided VDDW voltage by Ry and NTC thermistor

A7 LX A O | DCDC converter switching output terminal -

C6 SYS A | | DCDC converter output voltage feedback terminal -

E7 DDEN D | | DCDC converter enable control terminal -

D7 SD D | | Shut down control terminal -

E5 MODE D O | Operation mode notification output Open drain

E6 CHG/INT D o Charging stat_us notification output/ o Open drain
Interruption signal output for Rx application system

F7 BUZ D O | Low battery voltage notification Open drain

F3 MS D | Master or slave setting for 2-wire serial interface Connect to VDDB or GND

F6 SCL D 1/0 | Clock input or output for 2-wire serial interface Connect pullup resistor Rge

F5 SDA D | /O | Data input or output for 2-wire serial interface Connect pullup resistor Rgpa

E2 DDSTO D | DCDC converter output voltage setting 1 Connect to VDDB or GND

F2 DDST1 D | DCDC converter output voltage setting 2 Connect to VDDB or GND

D2 ATR D | Enable automatic control of rectifier Connect to VDDB or GND

D3 ATCHG D | Enable automatic start of battery charging Connect to VDDB or GND

E3 ATPC D | | Enable automatic transmission power control function Connect to VDDB or GND

C3 WRC D | | Enable contact battery charging Connect to GND in wireless charging system

Cc2 TEST - - | Testonly Connect to GND

*1 A: Analog signal including power supply, D : Digital signal
*2 | : Input terminal, O : Output terminal, I/O : Input and Output terminal
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RAA457100GBM

4. Pin Configuration, 5. Absolute Maximum Ratings, 6. Recommended Operating Conditions

4. Pin Configuration
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Bottom View
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5. Absolute Maximum Ratings ( Tj=25[degC] unless otherwise noted. )

Item Symbol Value Unit Remark
VIN1, VIN2, CLMP1, CLMP2, 18 v
COM1, COM2, RECT
BAT, VCC, SD, DDEN, CHG/INT,
MODE, SDA, SCL 03105 v
Pin voltage
RIMON, RICHG, THM,
WRC, ATR, ATCHG, ATPC -0.3to VDDB + 0.3 \%
DDSTO, DDST1, MS, TEST
SYS, BUZ -0.3to VCC+0.3 \% 5V maximum
Operating temperature Ta -20 to 50 degC
Junction temperature Tj -20to 70 degC
Storage temperature Tstg -20to 70 degC
6. Recommended Operating Conditions
Item Symbol Value Unit Remark
RECT pin voltage Vgeer 3.51t06.0 \Y
BAT pin voltage Vgar 3.2t04.35 \Y
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RAA457100GBM

7. Electrical Characteristics

7. Electrical Characteristics

Tj=25[degC] unless otherwise noted.

Item | Symbol | Condition min | typ | max | Unit
Rectified output voltage detection
Rectified output voltage lower limit VRrect uvio | Vgeer is raised (hysteresis voltage 100mV) 2.9 3.0 3.1 \%
Rectified output voltage upper limit Vrect ovp | Vgecer IS raised (hysteresis voltage 7V) 13 14 15 Y
Circuit current
Current at charge mode IRecT cM Vgeer=5V, Vec=no load - 1.0 2.0 mA
Current at discharge mode lgaT M Vieer=0V, Vgar=3.8V, Vc=no load, MS=H - 25 - uA
Current at shut down mode lgat sp Vgeer=0V, Vgar=3.0V - 1 - uA
Regulator for on chip circuit
3.0V regulator output voltage Vooe Vreer=5V, lsource=1MA 2.85 3.00 3.15 \
2.7V regulator output voltage Voow Vrect=5V, lsource=30UA 2.60 2.70 2.80 \%
VCC regulator
VCC regulator output voltage Vee Veeer=Vear+500mV, Vga=3.8V Vgart0.2 | Vgart0.3 | Vgart0.4 \Y
Output current lim - - 80 mA
Battery charging
Charge start voltage VsTART Vgar is raised (hysteresis voltage 100mV) - 15 - \%
Fast charge start voltage VQcHGoN Vgar is raised (hysteresis voltage 100mV) - 3.0 - \%
Charge control voltage range Vche 4.05, 4.20, 4.35 \%
Charge control voltage error VcHe_ERR 18a7=0.2 X lcpgr: Riche=5.6kQ -50 | - | +50 mV
Trickle charge current IpRECHG 0.1 X lcher -
Trickle charge current error lprecHe_ERR | lgar=0.1 X lchgr, Ricns=5.6kQ -50 - +50 %
Fast charge current range lens - - 70 mA
Fast charge current error lcHe_ErRR 18a7=0.5 X Icpgr: Riche=5.6kQ -30 - +30 %
Charge complete current range Irc 0'05(3Iochlet;:F;zS?exp;c”GR -
Charge complete current error IFc_ErR lga1=0.2 X lchgrs Ricne=5.6kQ -60 | - | +60 %
Trickle charge timer range TocHe 60, 120, 180 min
Trickle charge timer error TocHe_ERR - | 10 | - %
Fast charge timer range TcHe 180, 240, 300, 360 min
Fast charge timer error TcHe_ERR - | 10 | - %
Battery protection
Charge overvoltage detection voltage *1 Veovo BAT to GND differential voltage - Venet0.1 - \Y
Charge overvoltage detection delay time Teovo - 256 - ms
\I/Dci)lstt;gaerge short circuit current detection Vbsco SGND to GND differential voltage - 160 - mV
cl:{)g;;z:irrgz short circuit current detection Toseo B 250 ) us
Discharge overcurrent detection voltage Vboco SGND to GND differential voltage - 80 - mV
Discharge overcurrent detection delay time Tooco - 4 - ms
Discharge overvoltage detection voltage Vpovo BAT to GND differential voltage - 2.8 - \%
Discharge overvoltage detection delay time | Tpoup - 32 - ms
*1 Detection voltage is set to suitable temperature charge control voltage(V¢y)+0.1[V] regardless of thermistor temperature.
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RAA457100GBM 7. Electrical Characteristics

7. Electrical Characteristics (continued)

Tj=25[degC] unless otherwise noted.

Item | Symbol | Condition | min | typ | max | Unit
Low battery voltage detection
Veys=1.2V,0r 1.5V,0r 1.8V 3.10 3.20 3.30
Low battery detection voltage H Veehp \%
Vgys=3.0V 3.45 3.55 3.65
Vgys=1.2V,0r 1.5V,0r 1.8V 2.95 3.05 3.15
Low battery detection voltage L Veoio \Y
Vgys=3.0V 3.25 3.35 3.45
Low battery voltage detection delay time Tecp - 256 - ms
DCDC converter
Veys=1.2V,0r 1.5V,0r 1.8V
UVLO release voltage Voose oo (hysteresis voltage 100mV) 2.80 2.90 3.00 .
(Vec s raised) ) Vsys=3.0V 3.20 3.30 3.50
(hysteresis voltage120mV)
Output voltage range Vsys 1.2,1.5,1.8, 3.0 \%
Output current range lsvs Discharge mode - | - | 100 mA
AID converter
Resolution | ADCpgeg | | - | 12 | - | bit
WPT communication
Bit rate from RX to TX BRgyox - 250 - bps
Bit rate from TX to RX BR1yorx - 125 - bps
COM, CLAMP driver
ON resistance Ron_prv - 0.5 - Q
Leak current I orv Pin voltage=15V - - 10 UA
Discharge control FET
ON resistance Ron_orer - 0.4 - Q
Resistance between SGND and GND Rsg Vpboep OF Vpsep detection condition - 5 - kQ
SDA, SCL
High level input voltage Vin 12c 1.0 - - \%
Low level input voltage ViL 12c - - 0.3 \Y
Low level output voltage VoL i2c lgink=2mA - - 0.2 \Y
MODE, CHG/INT, BUZ
Low level output voltage VoL oo lgink=2mA - - 0.2 \
Leak current I op Pin voltage=3V - - 5 uA
DDEN
High level input voltage Vin_ppen 1.0 - - \
Low level input voltage ViL_ppen - - 0.3 \%
SD
High level input voltage Vin sp 2.6 - - \%
Low level input voltage ViL sp - - 0.3 \Y
R19DS0094EJ0100 Rev.1.00 Page 5 of 25

2017.02.28 RENESAS



RAA457100GBM

8. Functions Description

8. Functions Description (The values described in this chapter are reference values, not guaranteed values.)

8.1 Operation Mode and SD Pin Function
The RAA457100 have shut down mode and charge mode 1 and charge mode 2, and discharge mode. Table 8.1.1 shows outline of each operating mode,
and Table 8.1.2 shows function of each operating mode. Figure 8.1.1 shows mode transition and SD pin function.

Table 8.1.1 Outline of each operation mode

Operating mode

Description

Shut down mode

Major functions stop in this mode. The conditions in this mode are no power feed by wireless power transmission and battery, or
VDDB voltage is lower than 2.5V. In discharge mode, the current from BAT pin to the circuit of this IC is shut down when low level
voltage longer than 1 second is input to SD pin. In this state, if Vrecr is lower than Vgecr yyio, the operating mode changes shut
down mode.

Charge mode 1

This IC operates by rectified voltage in this mode. In discharge mode if Vrecr is higher than Veeer yvio @nd Vgecr is higher than
Vgar, O in shut down mode if Vgecr is higher than Viecr yvio. the operating mode changes into charge mode 1.

Charge mode 2

In this mode, battery charging and WPT communication are available. In charge mode 1, if Vgeer is higher than 4.5V, and Vigeer
is higher than Vg,;+100mV, the operating mode changes charge mode 2. VCC regulator starts to operate. After VCC regulator
starts, VCC regulator continues to operate in condition Vgecr > Veeer uvior Vreer < Vreer ovio » Veeer > Veart50mV. The
transmission power should be controlled so that the rectified voltage is 0.5V higher than battery voltage. It means that charge
control circuit and receiver main system can operate well.

Discharge mode

In this mode, this IC operates by battery power. In shut down mode, if high level voltage longer than 1 second is input to SD pin,
the operating mode changes into discharge mode. Or in charging mode 1, if Vrecr is lower than Viecr yyio @nd Viar is higher
than Vgecr, the operating mode changes into discharge mode.

Table 8.1.2 Function

of each operation mode

Operating mode Battery Protection ™ ADC , VDDW VCC regulator Charge control 2 DCDC converter 2
Shut down mode stop
Charge mode 1 operate operate stop stop available
Charge mode 2 operate operate operate available available
Discharge mode operate stop stop stop available
*1 Discharge control FET (DFET) becomes off if battery protection level is detected.
*2 Battery charging is started automatically when operating mode become charge mode 2 if ATCHG pin level is high(VDDB).
Battery charging can be started by register setting (0x01 D[0]=1) if ATCHG pin level is low.
*3 DCDC converter is started when DDEN pin is high level and Ve > Vpepe uvio, @nd discharge control FET is on.
Symbol Description
Shut down mode & Logical AND
| Logical OR
&\éRSETI'_ TDZ{Q:&EB%\/LO &Ssrll_;l_taol:\;vnt Mto_de &\ggi <D VtRECtT__UVLo . \?hutD)ovn Mode y Battery voltage
= =H Detection Veeer < Veeer uvio =L Detection RECT ~ VRECT_UvVLO BAT (BAT pin voltage)
& Viar > Vet - v Rectified voltage
\ & SD=H Detection p A RECT (RECT pin voltage)
. < Charge mode 1 Rectified output undervoltage
Discharge mode R (VCC regulator stop) Veectwvio | detection voltage
7 ( Vrecr > Vrecr_uvio Rectified output overvoltage
& Vear < Veecr (Vrect > Vreer ovio) Veger > 4.5V Vrect ovio detection voltage
Remark: &op=r Detection )i | (Vegcr < Vrecr uvio) & Vaecr > Vart100mV. | ["spo High level voltage longer than 1
RAA457100 is initialized by power on reset | (& T encT o | (Veeer < Veart50mV) Detection " second is input to SD pin.
when VDDB voltage becomes low (typ. less =L Detection ) SDoL o level voltaga | v
than 2.5V).The operation mode changes Charge mode 2 D t_ tion 1 ow e&/g vo atgte Soggqr an
shut down mode if RAA457100 becomes 9 etection secondis input to pin.
power on reset in charge mode 1 or charge (VCC regulator operate) *1 This detection is operated in all operation mode.
mode 2 or discharge mode.
Charge mode

SD pin
function

RAA457100 has current switch(BFET) from BAT pin to the circuit of this IC. The current supplies from BAT pin to this IC through BFET when
high level voltage is applied to SD pin. RAA457100 selects higher voltage either Vg1 or Vgeor for operating power of this IC. Detection delay
time of SD pin voltage level is 1 second. Mode transition of this IC is operated dependent on SD detection signal.

SD pin voltage

‘; 1 second D\Iess than 1 second

z 1 second

[ o |

BFET ON/OFF status OFF | ON | OFF OFF |
Operation mode | Shut down mode | Discharge mode | Shut down mode |
SD=H Detection SD=L Detection
Figure 8.1.1 Mode transition and SD pin function
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RAA457100GBM 8. Functions Description

8.2 Rectifier

Rectifier converts AC voltage (recommended frequency is 125[kHz]) induced at resonant circuit to DC voltage. Figure 8.2.1 shows rectifier circuit.
Rectified output (RECT pin) voltage rises in asynchronous rectifying operation by body diode of switch MOSFET. When rectified output voltage lower
limit is detected (V gecr > Vreer uvio) » the gate control circuit controls the high side switch depending on VIN1, VIN2, RECT pin voltages (half
synchronous rectifying operation). When a current of the high side switch increases, the gate control circuit controls the low side switch too (full
synchronous rectifying operation). A current of the high side switch depends on VCC regulator output current(l,,oc). When the voltage level of ATR pin
and ATPC pin are high voltage, the operation function control depending on VCC regulator current are available in battery charge, such as rectifying
operation(half synchronous, half or full synchronous automatically changed) and on-resistance of the high side switch. The settings of the rectifying
operation and the on-resistance of the high side switch are five, and the current threshold of the VCC regulator output to change these settings can be set
by register (show the register map). When ATR pin level islow voltage, the rectifying operation is half synchronous rectifying operation, and the on-
resistance of the high side switch is 1[Q]. When the settings of the current threshold is not appropriate, rectifying operation becomes unstable (a change
of half synchronous rectifying operation and full synchronous rectifying operation becomes unstable), and then ripple voltage of rectified voltageis
increased. If the settings of the appropriate current threshold is difficult, it is recommended to set ATR pin level to low voltage.

RAA457100 » . VCC VCC output current threshold
Rectifier operation
RECT lon-resistance of regulatt:r Initial
’ ; . curren ; ;
r[} high side switch - Register settings (mA)
h ;
=] - - -
— ! ] Half synch/1[Q]
{E I decreasing | 0x1B D[7:0] 3.868
b
. . increasing | 0x1B D[7:0] + Ox1F D[6:0] 7.736
VINI | High-Side SW Full synch/8[Q]
Gate decreasing | 0x1C D[7:0] 8.087
Control [ i 0x1C D[7:0] + OX1F D[6:0] 11.96
o ) increasing X :0] + Ox : .
VIN2 Low-Side SW Full synch/4[Q)]
> | decreasing | 0x1D D[7:0] 16.17
JE._EI ! J | increasing | 0x1D D[7:0] + Ox1F D[6:0] 20.04
5 I Full synch/2[Q]
> decreasing | Ox1E D[7:0] 31.99
7_,/7—[] increasing | OXLE D[7:0] + Ox1F D[6:0] 35.86
RGND Full synch/1[Q)]

Figure 8.2.1 Rectifier circuit, and Rectifier action on ATR pin and ATPC pin = high

8.3 A/D Converter

In charge mode, some pin voltages (RECT pin voltage, BAT pin voltage, etc) are monitored by 12bit A/D converter. Table 8.3.1 shows monitor items
of A/D converter. These items are monitored in 4[ms] period. These items are used by calculating parameters for automatic transmission power control
and charging control (battery temperature, battery voltage). 2-wire serial interface and WPT communication make it possible to read the A/D conversion
results. A/D conversion results in register are not updated automatically. When 0x35 D[0] is 1, all registers of A/D conversion result are updated.

Table 8.3.1 Monitor items of A/D converter

*2
Item monitor point Output code ™ (IRE:JJa\II?J;T?aZ;a?a%Ze) Register(12bit)
- RECT pin voltage 0to 10.8V 0x36 D[7:4]
Rectified output voltage Veeer (4096 /10.8) X Vgecr (321010V) 0x37 D[7:0]
VCC regulator output RIMON pin voltage (4096 /2.7 ) X Vrimon 0to2.7V 0x38 D[7:4]
current (lyce) Vrivon (Vaimon = (lvee X Rivee) / Kivee) (0t01.2V) 0x39 D[7:0]
BAT pin voltage Oto5.0V 0x3A D[7:4]
Battery voltage Voar (4096 /5.4) X Vgar (0t04.35V) 03B D[7:0]
. RICHG pin voltage (4096 /2.7)xV, 0to 2.7V 0x3C D[7:4]
Charging current () RICHG
ong e Vriche (Vricne = (lene X Ricrg) / Kicns ) (0t01.2V) 0x3D D[7:0]
Thermistor temperature | THM pin voltage (4096 /2.7) X V. 0to2.7V 0x3E D[7:4]
(Battery temperature) Viam ' THM (0to2.7V) 0x3F D[7:0]
*1 Output code range is from 0 to 4095.
*2 Each inputted voltage should be within input voltage range to avoid miss converting.
The voltage range in the parenthesis shows a voltage range assumed in practical use.
R19DS0094EJ0100 Rev.1.00 Page 7 of 25
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RAA457100GBM

8. Functions Description

8.4 Power Supply to VCC Pin
Figure 8.4.1 shows block diagram of V CC regulator and battery charge control and charge control FET(CFET). Charge control FET is conductivein
discharge mode and charge mode 1, current from battery flowsinto VCC pin. VCC regulator operatesin charge mode 2. Current from RECT pin flows

into VCC pin. When battery charging does not operate, CFET is off. In battery charging, the battery charge control circuit controls the gate voltage of
CFET, charging current from VCC pin flowsinto BAT pin. VCC regulator regulates the voltage which is 3.3V to 4.8V depending on BAT pin voltage.
V CC regulator has current limit function showed in Table 8.4.1. VCC regulator output voltage is changed depending on current no limit state or current
limit state when charge control operates (Table 8.4.2). If VCC regulator isin current limit state, battery charging current is adjusted depending on
limiting current (load current dividing function of charge control circuit). To prevent the current limit by low RECT pin voltage, the transmission power
has to maintain recommended RECT pin voltage showed in Table 8.4.2.

Operation mode

| Description

Discharge mode, Charge mode 1

CFET is always conductive, the current from battery
flows into VCC pin.

RAA457100
RIMON VCC
{1 vce
i Regulator
R RECT
Ivee ; o
VIN1
HII': Full Battery _| |
— Wave Charge BAT
VIN2 Batter
Rectifier Control [ y
RICHG
Riche
RECTGND GND
1

T

T

(@]

harge mode 2

The power at RECT pin supplies to VCC pin by VCC
regulator. CFET is off when charge control circuit does
not charge. The charge control circuit controls gate
voltage of CFET and the current flows from VCC pin to
BAT pin in battery charging.

Figure 8.4.1 Block diagram of VCC regulator and battery charge control and charge control FET

Table 8.4.1 Current limit function of VCC regulator

Item Description
Current limit by | The maximum output current of VCC regulator can be set by external resistor R, between RIMON pin and GND.
R
wvee The relation of R,,cc and output limiting current
Limiting current lum = Kivee X (1.2 / Ryee)
Kivee = 80
Parameter Ryee = 1.2kQ, or 2.4kQ, or 4.8kQ (prohibit using except recommended value™)

Current limit by | When the differential voltage between RECT pin and BAT pin is low, VCC regulator output current is limited. The output current starts to
low RECT pin | be limited on Vgeer — Vgar < 0.4V, the output current decreases depending on the differential voltage. The output current is limited so that
voltage Vgecr does not decrease than below voltage.

RECT pin voltage when output current of VCC regulator is OmA.

Vgar > 3.0V

Vreer = Vear + 0.2V

Viar < 3.0V

Vieer = 3.2V

*1 Rycc is detected before VCC regulator starts, the circuit works depending on detection result. Ry, value need to be 1.2k or 2.4k or 4.8kQ.

Table 8.4.2 VCC pin voltage
VCC pin voltage
BAT pin voltage (Vgar) in charge control circuit operating RECT pin recommended voltage(Vgecr) ™
Current no limit state Current limit state
3.0V = Vgar < Vens Vgar + 0.3V Vear + 0.1V Vgecr > Vgar+0.5V
Vgar < 3.0V 3.3V 3.1V Vpeer > 3.5V

*1 This is the condition in order to avoid limiting the output current of VCC regulator by decreasing RECT pin voltage.
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RAA457100GBM

8. Functions Description

8.5 Battery Charge Control
8.5.1 Battery Charge Method

This IC has the charge function for Li-ion battery (constant current - constant voltage charge method). Some charge control parameters can be set by

the registers.

8.5.2 Charge Start Voltage, Trickle to Fast Charge Transition Threshold Voltage

and Charge Overvoltage Detection Voltage
Table 8.5.2 shows charge start voltage and trickle to fast charge transition threshold voltage and charge overvoltage detection voltage, and detection
delay time. These voltages are judged by control circuit using A/D conversion result of BAT pin voltage.

Table 8.5.2 Charge start voltage, Trickle to fast charge transition threshold voltage, Charge overvoltage detection voltage

Item Detection voltage Detection delay time
Charge start voltage™ 1.5V (hysteresis voltage 100mV) 256ms
Trickle to fast charge transition threshold voltage 3.0V (hysteresis voltage 100mV) 256ms
Charge overvoltage detection voltage™ Suitable temperature charge control voltage +100mV 256ms

*1 RAA457100 can charge to zero V battery by setting register D[7] in address 0x04.
*2 In low temperature and suitable temperature and high temperature, each charge control voltage can be set to 4.05V or 4.20V or 4.35V. (show section 8.5.3, 8.5.4)

8.5.3 Charge Current, Charge Complete Current, Charge Control Voltage, Charge Timer

The maximum charge current is 70[mA]. Reference fast charge current | g iS Set by resistor R between RICHG pin and GND. Pre-charge current
and trickle charge current are set to one tenth(1/10) of reference fast charge current | o,gg. In SOft start of fast charge, charging current increases stepped
by (1/60)* | gk - Thetransition time of 1 step can be set by register. The fast charge current and the charge control voltage can be set to 3 valuesin each
battery temperature. Trickle charge timer and fast charge timer can be set by register. If the timer overflows, battery chargeis stopped. Table 8.5.3
shows the parameters of charge current and charge complete current and charge control voltage, and charge timer.

Table 8.5.3 Charge control parameters

Item Symbol Value Unit | Remark

Reference fast charge current lcher 1.2 X Kicpe ! Richs A Kicne=80

Pre-charge current

Trickle charge current lerects 0.1 X lener A )
Fast charge current range " lehe leher » 0.5 X lepgr » 0.25 X lepgr A | Register 0x02 D[7:2]
Charge current transition step in soft start of

fast cgharge P Iche_soFt (1760) X lcpgr A -
Transition time of one step in soft start of . .
fast charge Tcho_soFt 15.625, 7.8125, 3.125 ms | Register 0x02 D[1:0]
Charge control voltage ™ Vene 4.05,4.20,4.35 \% Register 0x03 D[7:2]
Charge complete current lec 858 ;( :z:g’: ’ 8(1)2: :z:ig ’ A | Register 0x03 D[1:0]
Charge complete judgement voltage Vee 3.8 Y -
Trickle charge timer Toche 60, 120, 180 min | Register 0x04 D[1:0]
Fast charge timer Tene 180, 240, 300, 360 min | Register 0x04 D[3:2]

*1 It can be set in each battery temperature(low, suitable, high).

Battery
voltage g

Vche
Vrc

VacHeon
Rise:3.0V

ov

Pre-charge

Charge i Trickle charge i

current‘

Constant voltage

Fast charge charge

Time

Irc
IprECHG

7’

ya Step up by (1/60)*Icier
in soft start

: Charge complete current

i detection time

i Charge complete judgement
l——>:

start

Figure 8.5.3 Charging profile

complete Time
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RAA457100GBM 8. Functions Description

8.5.4 Battery Temperature Monitor

RAA457100 controls the fast charging current and the charge control voltage depending on battery temperature. The fast charging current and the
charge control voltage can be set by registersin each temperature range. But the charge control voltage of low and high temperature range needs to be
lower than the charge control voltage of suitable temperature range. The battery temperature range threshold can be set by registersthat are
THM_TH_NB_LE(no battery and charge pending in low temperature threshold), THM_TH_L_LE(low rate chargein low temperature and charge
pending in low temperature threshold), THM_TH_M_L (normal charge and low rate charge in low temperature threshold), THM_TH_M_H(normal
charge and low rate charge in high temperature threshold), THM_TH_H_HE(low rate chargein high temperature and charge pending in high
temperature threshold), THM_TH_HY S(hysteresis) in address 0x05 to 0x0A. THM_TH_LE_NB(charge pending in low temperature and no battery
threshold), THM_TH_LE_L (charge pending in low temperature and low rate charge in low temperature threshold), THM_TH_L_M(low rate chargein
low temperature and hormal charge threshold), THM_TH_H_M(low rate chargein high temperature and normal charge threshold),
THM_TH_HE_H(charge pending in high temperature and low rate charge in high temperature threshold) are calculated by the registers described above.
These registers are written initially by the value for NTC thermistor NCPO3WF104F05RL, NCP15WF104F03RC (Murata Manufacturing) or an
equivalent device. (refer to register map)

Sg?{gj Charge pending Low rate charge Normal charge Low rate charge Charge pending ]
No battery Charge pending Charge pending
THM_ in low temperature Low temperature Suitable temperature High temperature in high temperature
NO_BAT THM_L_ERR THM_L THM_M THM_H THM_H_ERR
Battery
Charge control temperature
voltage A
4.35V  Licirerennens erarennn . e marrsresrassrnrrarnane 2 e
VCV_THM_M
( 0x03 D[5:4] )
420V Lveeeeeneens rardenrenrn N " areaferrrrr
h h
VCV_THM_L VCV_THM_H
(0x03 D[3:2] ) ( 0x03 D[7:6] )
405V feverrereennns R A AN S S ——— ...
- -
Charge control voltage can be set 4.05V or 4.20V or 4.35V by register
Charge 1 in each battery temperature range. 1
pending -
Battery
Constant current temperature
charging current A
IcHGR ST s s
(0x02 D[5:4] )
05*cher |- srrlrrrrsrarrarn e, trarierr e \ v CLRRCRIICCIIICUIITCEPCCR JOOH) CEPECTPICLREERe
ICC_THM_L ICC_THM_H
(0x02 D[3:2]) I ! (0x02 D[7:6])
0.25*IcHGR  fresenrensenesd O S . A . A
h -
Constant current charging current can be set 0.25*IcHgr Or 0.5*IcHcr OF
Charge I IcHer by register in each battery temperature range. I
endin =)
P 9 Battery
temperature
T A T A T A A T A
THM_TH_LE_NB THM_TH_L_LE THM_TH_M_L THM_TH_M_H THM_TH_H_HE
(=THM_TH_NB_LE (initial 0 [degC]) (initial 10 [degC]) (initial 40 [degC]) (initial 45 [degC])
+ THM_TH_HYS)
THM_TH_NB_LE THM_TH_LE_L THM_TH_L_M THM_TH_H_M THM_TH_HE_H
(initial -20 [degC]) (ETHM_TH_L_LE (FTHM_TH_M_L (=ETHM_TH_M_H (=THM_TH_H_HE
- THM_TH_HYS) - THM_TH_HYS) + THM_TH_HYS) + THM_TH_HYS)

Figure 8.5.4 Battery temperature threshold, Charge control voltage, Constant current charge current
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RAA457100GBM 8. Functions Description

8.5.5 Charge State Transition Diagram

[ All State ]
[ 0x4, 0x5, 0x7, 0x8, 0x9 ]
) | @) |
C) CHG_POK=L *1 1
Vear < Vstart or If CHG_POK-=L is detected,
or CHG_EN register 0x01 D[0] is
Charge stop reset forcibly.
THM_AREA = THM_NO_BAT (CHG_EN=0 and ATCHG pin =L)
RESET TIMERl lRESET TIMER
4 )
VBAT > VSTART
No battery (0x6) and — Initial (0x0)
THM_AREA # THM_NO_BAT L
[ 0x1, 0x3 ] [ 0x2 ] CHG_POK=H *2
and Charge control can be started by
setting D[7] to 1 in address 0x04
Q] | (5) ‘ Release charge stop in spitge OE\], <V
. BAT START *
THM AREA = ST AR = (CHG_EN=1 or ATCHG pin=H)
THM_H_ERR, THM_L_ERR THM_H_ERR, THM_L_ERR and
THM_AREA =
HOLD TIMER lHOLD TIMER THM_L, THM_M, THM_H
and
Charge error 2 (0x8) Charge error 3 (0x9) Vear > Vstart "2
and
Var < Ve [ All State ]
a lRESET TIMER
I (3)
( ) Vear > V,
— Pre charge (0x1) BAT = TcovD
| . -[H‘:\'AEQREA‘FHM o | Charge current lpgechs or
= = = Charge time 640ms J T,>Tep
‘ ‘ | RESET TIMER
Vear > Vacheon Vear < Vacheon
and and Vear > Vacheon Vear < Vacteon
and And Charge error 1 (0x7)
Vear < Vec Vear < Ve
Vear < Vec Vear < Vee
RESTART TIMER RESTART TIMER
RESET TIMER lRESET TIMER
[ 0x3 ] [ 0x2 ] "
. Time out
Trickle charge (0x2)

Trickle charge timer start
Charge current lpgecye

RESET TIMERT |

Parameter Description
Vgar <V Vgar > V,
CHG_POK Charge control available for IC BAT * “QCHGON BAT~ “QCHGON
And and
V, VCC pin voltage
= " Vear < Vee Vear < Vee
Vear BAT pin voltage (battery voltage)
RESET TIMER
lgat BAT pin current (battery current) l
v Trickle to fast charge transition threshold voltage
QCHGON (hysteresis voltage 100mV) Fast charge (0x3) *3
y Fast charge timer start
V, h It: tecti It:
covp Charge overvoltage detection voltage Soft start control
Vstart Charge start voltage Charge current lgg *3
\ Charge complete current Fast charge current and charge
FC 9 P control voltage can be changed
Ve Charge complete judgement voltage(3.8V) at each temperature range .
THM_H, THM_M, THM_L|
Trickle charge timer 00:60 minute  01:120 minute lgar < lec (THM_ - L
time out 10:180 minute 11:180 minute and
Fast charge timer 00:180 minute 01: 240 minute FULMD=0
time out 10:300 minute 11:360 minute and
Symbol Description Vaar < Vee
THM_H_ERR High temperature pending l RESET TIMER
THM_AREA THM_H Low rate charge in high temperature Vor <vVic
(Battery temperature THM_M Normal charge Charge complete ’
i an
range) THM_L Low rate charge in low temperature degemem, (OX4) RESET TIMER
judgement time 1s Vear < Vee
THM_L_ERR Low temperature pending
THM_NO_BAT No battery
Vear > Vec
Remark 1) Notation in flow chart
: Judgement after the detection delay time and
Under line : Register Vear <Vee
Remark 2) Priority of branch
(1) : Initial (Ox0) l RESET TIMER

(2) : No battery (0x6)

(3) : Charge error 1 (0x7)
(4): Charge error 2 (0x8)

(5): Charge error 3 (0x9) Charge complete (0x5)
(6): Other condition

R19DS0094EJ0100 Rev.1.00
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RAA457100GBM

8. Functions Description

8.6 Power Supply to Application System (Buck DCDC Converter, Battery Protection)

8.6.1 Buck DCDC Converter
The buck DCDC converter supplies power to application system. The input voltage of DCDC converter is VCC pin voltage. DCDC converter starts
when DDEN pin level is high. DCDC converter output voltage can be set by settings of DDSTO pin and DDST1 pin (show Table 8.6.1.1). Some status
of DCDC converter can be monitored by registers. When 2-wire seria interface set into slave device by setting MS pin to low, an application system
can read the registers by 2-wire serial interface. Table 8.6.1.2 shows registers related to DCDC converter. If the equivalent series resistance of output

capacitor Cpp, is small, the output ripple voltage might be increased. If the DCDC converter output is unstable, series resistance Ry, should be
connected to output capacitor Cyp, for improvement (Refer to Block Diagram).

Table 8.6.1.1 DCDC converter output voltage settings

Voltage input Enable pin DDST1 pin DDSTO pin Output voltage
L L 1.2v
L H 1.5V
VCC DDEN ™
H L 1.8v
H H 3.0V

*1 DCDC converter starts when DDEN pin level is high.
If battery protection and junction temperature error and UVLO(Vcc < Vpepe uvio) is detected, DCDC converter is stopped.

Table 8.6.1.2 Registers related to DCDC converter

Item Register Description
DCDC converter is controlled depending on VCC pin voltage level.
0 : Stop (UVLO detected)
VCC pin voltage Ve < 2.80V(Output voltage is 1.2V or 1.5V or 1.8V)
detection 0x33 D[4] Ve < 3.18V(Output voltage is 3.0V)
(UVLO detection) 1: Start (UVLO release)
Ve > 2.90V(Output voltage is 1.2V or 1.5V or 1.8V)
Ve > 3.30V(Output voltage is 3.0V)
DCDC converter confirms the completion of start up by monitoring SYS pin voltage.
Start up complete 0x33 D[5] 0 : Low voltage status of SYS pin (Vgys < Setting output voltage x 0.831)
1: Start up complete (Vgys > Setting output voltage x 0.875)
Overvoltage DCDC converter stops switching MOSFET if overvoltage is detected at SYS pin.
detection of SYS 0x33 D[6] 0 : Not detected (Vgyg < Setting output voltage x 1.207)
pin 1: Detected (Vgys > Setting output voltage x 1.250)
Overcurrent 0x33 D[7] If overcurrent condition of DCDC converter is detected continuously, the status register is 1(0x33 D[7]=1). The
detection " 0x30 D[2] delay time of detection is 8ms.

*1 Interruption signal is output from CHG/INT pin when MS pin level is low and register 0x2F D[2] is 0.

8.6.2 Battery Protection, Maximum Junction Temperature Protection
Battery protection functions are discharge overvoltage protection and discharge overcurrent protection and discharge short circuit current protection.
Temperature protection is maximum junction temperature protection. Table 8.6.2 shows protection detection threshold and detection delay time and

post-processing.

Table 8.6.2 Protection detection threshold, Detection delay time, Post-processing

Post-processing ™
Iltem Detection voltage Detection Discharge Resistor o
(Voltage for detection) / temperature delay time — between DCDC Digital input / Charge
SGND and Converter 2 | output pins 3 control
FET GND
Discharge overvoltage ;
(between BAT and GND) 2.8V 32ms off disconnect suspend suspend
Discharge overcurrent
(between SGND and GND) 80mV 4ms off connect suspend suspend
Discharge short circuit current
(between SGND and GND) 160mVv 250us off connect suspend suspend
Maximum junction temperature 68 degree C 256ms off disconnect suspend suspend suspend

*1 DCDC converter, discharge control FET and digital input/output pins restart automatically from suspend when each protection is released.

*2 DCDC converter is also suspended when VCC pin voltage is lower than UVLO voltage(Vpcpc uvio)-
*3 MODE, CHG/INT, BUZ, SCL and SDA pins are applicable.

R19DS0094EJ0100 Rev.1.00
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RAA457100GBM 8. Functions Description

8.7 Battery Low Voltage Notification (BUZ pin)

Battery low voltage notification has two threshold voltages depending on DCDC converter output voltage. There are two ways of notice. BUZ pin
(open drain output) outputs low level when battery low voltage H or battery low voltage L is detected and register 0x34 D[2] is 0. BUZ pin outputs
specified pulse (show Table 8.7) when register 0x34 D[2] is 1. Battery low voltage detection result is also stored in register 0x34 D[1:0].

Table 8.7 Battery low voltage notification

DCDC converter . Detection IS B EEEEny
Item output voltage Detection voltage delay time
0x34 D[2]=0 0x34 D[2]=1
BUZ pin outputs low level. BUZ pin outputs pulse,
1.2v, 1.5V, 1.8V 3.20V K
Battery low voltage When battery voltage 256[ms] low level pulse width
detection H . ; )
(between BAT and GND) becomes higher than in 2560[ms] period.
el 3.0V 3.55V detection voltage, BUZ pin
256ms returns high level. EUZ bin outouts oul
1.2V, 1.5V, 1.8V 3.05v P17 OUIRLTS PSS,
Battery low voltage 128[ms] low level pulse width
detection L in 1280[ms] period
(between BAT and GND) 3.0V 3.35v P '

8.8 Charge Status Notification / Interrupt Signal Output (CHG /INT pin)

CHG/ INT pin(open drain output) function is changed by MS pin setting. Table 8.8.1 shows this function. CHG / INT pin outputs low level when
interruption event showed in Table 8.8.2 occursand MS pinislow level. These interruption events can be masked by setting mask register showed in
Table8.8.3.

Table 8.8.1 CHG / INT pin function description

MS pin Description

L CHG / INT pin outputs low level when interruption event occurs (refer to Table 8.8.2). Application system can confirm interruption event
(GND) factor by reading factor register after receiving that CHG / INT pin is low level .

H CHG / INT pin outputs low level when charge control circuit status is pre-charge or trickle charge or fast charge.
(VDDB)

Table 8.8.2 Interruption signal output event

Item Factor register Description

WPT communication data is received from transmitter.

WPT communication receive notification 0x30 D[0] The register is clear after reading.

Charge state transition notification 0x30 D[1] ‘IC'rT:rrgeZi?sttitreistrilg jﬁit;r;té(rlizgedri:;.(:harge state transition diagram)
DCDC converter overcurrent detection 0x30 D[2] 'I?iisDSes;?:fgegl\?v(:;scgse?\éirﬁ:Zr\]/tércurrent.

VCC regulator current limit detection 0x30 D[3] VCC regulator limits output current.

This register is always set by 1 in limiting current.

Table 8.8.3 Interruption signal output mask register

Item Mask register Description
WPT communication receive notification 0x2F D[0] 0 : Interruption output available, 1 : Interruption output unavailable
— — If all mask register are set by 1, CHG / INT pin function is as same as MS pin=H .
Charge state transition notification 0x2F D[1]
DCDC converter overcurrent detection 0x2F D[2]
VCC regulator current limit detection 0x2F D[3]

8.9 Charge Mode or Discharge Mode Notification (MODE pin)
MODE pin level depends on charge mode or discharge mode.

Table 8.9 MODE pin function description

MODE pin | Description

MODE pin outputs low level in charge mode 1 or 2. If MODE pin connects to DDEN pin and DDEN connects VCC or VDDB via external
L resistor, DCDC converter stops in charge mode (Refer to block circuit). When register 0x00 D[0] is 1, MODE pin level is always high (Open
drain output is off).

H Mode pin outputs high level in discharge mode (Open drain output is off).

R19DS0094EJ0100 Rev.1.00 Page 13 of 25
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RAA457100GBM 8. Functions Description

8.10 2-wire Serial Communication Interface (MS, SCL, SDA pin)

RAA457100 can communicate to application system by 2-wire serial interface. Master device or slave device can be selected by MS pin setting. Figure
8.10.1(a), (b) shows SDA dataformat in slave device, Figure 8.10.2(a), (b) shows SDA dataformat in master device. Figure 8.10.3 showstiming
specification. High level input threshold voltage of SDA and SCL pinsislow voltage (less than 1.0V). The communication may be affected adversely if
noise voltage at pinsis high. If communication error occurs, capacitor should be put between that pins and GND for filtering noise.

Table 8.10.1 2-wire serial interface outline

MS pin <l Description
frequency
L 64 RAA457100 becomes slave device. The slave device address is 0X0A(0001010). Application system can read and write
(GND) [kHZ] registers. 0x40 D[0] should be set to 1 for writing into the registers in address 0x00 to OxOF.
RAA457100 becomes master device. The transmitter system can write and read the register of receiver application system via
H 64 WPT communication. When RAA457100 receives an access requirement (read or write register) from transmitter system to
(vDDB) [kHZ] receiver application system, RAA457100 converts the access requirement to 2-wire serial interface format and communicates
to receiver application system.
MSB LSB  MSB LSB MsSB LSB MSB LSB  MsSB LSB MsB LSB_ MSB_ LSB
TTTTTTI TTTTTTT TTTTTTI T
00 0|1[{0[1|0 0 0|RA7 RAO0(0|D7 Do|o 00 0|1{0[{1(0 0 0|RAT7 RAO |0 00010101OERA7 RAOil
11 .. 11 A I A |
Start Slave Write: Register Write . Stop Start  Slave Write: Register . Start Slave Read: :
Address ACK Address o Data ACK Address ACK Address  ack Address  pcg Data NACK
Figure 8.10.1(a) SDA data format(Slave, Write) Figure 8.10.1(b) SDA data format(Slave, Read)
MSB LSB  MSB LSB MSB LSB MSB LSB  MSB LSB MSB LSB MSB
FTTTTTI TTTTTTI TTTTTTT FTTTTI TTTTTTI FTTTTI T
D6 DO|0 0| D7 Do |0|(D7 DO0|0 D6 DO|[0 O|RA7 RAO|0| |D6 DO|1 0ED7
d e ey :IIIIII [ I :
Start Write: : Stop  Start ! Writ | Start
5 ACK ACK ACK ACK ACK

I2C_SLV_ADRS[6:0] 12C_REG_ADRS[7:0] 12C_W_DATA[7:0]  I2C_SLV_ADRS[6:0] 12C_REG_ADRS[7:0] 12C_SLV_ADRS[6:0] [2C_R_DATA[7:0]

Figure 8.10.2(a) SDA data format(Master, Write) Figure 8.10.2(b) SDA data format(Master, Read)
Start Start Stop Start
.............................................................
Vin
SCL
Vi i i
tLow " thicH
V\H S— —
SDA
ViL ) .
—p > > «—> < >
tHD:sTA tr I tsupat tHD:DAT tsu:sTA tsu:sto tsur
Symbol Item Min Max Unit
fSCL SCL clock frequency 0 64 kHz
tBUF Bus free time between Stop condition and Start condition 8.1 - us
. Hold time of Start condition or repeated Start condition )
tHD:STA (First clock pulse is generated after this period) 3.7 us
tLOW Low hold time of the SCL clock 8.1 - us
tHIGH High hold time of the SCL clock 3.7 - us
tSU:STA Set-up time for a repeated Start condition 3.7 - us
tHD:DAT Data hold time (for input data) 3.7 - us
tSU:DAT Data set-up time 3.7 - us
tR Rise time of both SDA and SCL signals - 0.3 us
tF Fall time of both SDA and SCL signals - 0.3 us
tSU:STO Set-up time for Stop condition 3.7 - us
Figure 8.10.3 2-wire serial interface SCL, SDA timing diagram (for reference)
R19DS0094EJ0100 Rev.1.00 Page 14 of 25
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RAA457100GBM 8. Functions Description

8.11 WPT Communication and Rectified Output Overvoltage Protection
8.11.1 Outline

RAA457100 and RAA458100(Transmitter |C) support a bidirectional communication by amplitude modulation on wireless power transmission carrier
signdl. In receiver to transmitter communication, RAA457100 changes transmitting antenna voltage by load modulation and then RAA458100 detects
the voltage variation and demodulates data. In transmitter to receiver communication, RAA458100 changes rectified voltage of RAA457100 by
changing transmission power and then RAA457100 detects the voltage variation and demodul ates data.

8.11.2 Packet Format in WPT Communication

The packet of WPT communication is consisted of fixed data length packet including Preamble, Header, Messagel, Message2, Checksum showed in
Figure 8.11.2. The Header, Messagel, Message2 have 1 bit of odd parity bit respectively, and the check sum generated by exclusive OR is added to the
last of the packet. When ATPC pin level of RAA458100 and RAA457100 is high, automatic transmission power control function is available (ATPC
Mode). In ATPC Mode, the packet which includes a special header code (0x00 to OxOF) is sent from RAA457100 to RAA458100 periodicaly, and
RAA458100 adjusts transmission power based on the dataincluded in packet.

Preamble Header Messagel
(11bit) St (8bit) Prise| st (8bit)

Message2 Checksum
(8bi) Pr|sp| st Pr | Sp

Pr|sp| st (8bit)

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

Figure 8.11.2 Data packet format

Table 8.11.2 Header code

Header code Description
0x00 to OxOF Header code for automatic transmission power control function (ATPC Mode)
0x10 to OXFF Header code for any user purpose

8.11.3 Data Transfer Function

RAA457100 modulates transmitting antennavoltage by switching COM1, COM2 driver (NMOS open drain) depending on transmission data. Cqy,,
between VIN1 pin and COM1 pin, and C,,, between VIN2 pin and COM2 pin are connected or disconnected to GND by COM1 and COM2 driver. If
pesk current of COM driver needs to suppress, series resistor Ry1, Row, Need to beinserted. (Refer to Block diagram)

8.11.4 Data Receive Function

RAA457100 demodulates data packet showed in Figure 8.11.2 . RAA457100 detects rectified voltage variation depending on modulated signal from
transmitter and demodulates. RAA458100 can read and write the register of RAA457100 by using the specific header code.

8.11.5 Communication Bit Rate
Table 8.11.5 shows communication bit rate. The transmission data rate is 250[bps], the reception data rate is 125[bps].

Table 8.11.5 Communication bit rate

Communication direction Bit rate Remark
Data transmission (Receiver to transmitter) 250bps
Data reception (Transmitter to receiver) 125bps

8.11.6 Rectified Output Overvoltage Protection(Clamp function)

When rectified output overvoltage(Vrect ovp) is detected, rectified voltage is suppressed by clamp function. Connect Ccp1 between VIN1 pin and
CLMP1 pin, and Ccp2 between VIN2 pin and CLMP2 pin. These capacitors are connected between VIN1 pin, VIN2 pin and GND by clamp driver of
CLMP1pin and CLMP2 pin(NMOS open drain), then rectified voltage is suppressed. If pesk current of clamp driver needs to suppress, series resistor
Rep1: Repp Need to be inserted. (Refer to Block diagram)

8.12 Wired Charging Function (WRC pin)

RAA457100 can charge not only by wireless but also by wire. Wireless or wired charging is selectable by voltage level of WRC pin.
(Refer to Table 8.12)

Table 8.12 WRC pin function

WRC pin level | Description
L Wireless charging is selected using RAA457100 and RAA458100.
(GND)
H Wired charging is selected using RAA457100 only. 5 V DC should be supplied to RECT pin.
(VDDB)
R19DS0094EJ0100 Rev.1.00 Page 15 of 25
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9. Register Map

9. Register Map (The values described in this chapter are reference values, not guaranteed values.)

9.1 Address 0x00 to 0x07 (Transmitter system can write to these register.)

Address |Bit No. |Register Name Init | R/W |Description
DO |[MODE_OFF 0 | R/W |MODE pin output disable 0 : Enable 1 : Disable(NMOS Tr OFF usually)
D1 0 R
D2 0 R
D3 0 R
0x00
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO |CHG_EN 0 | R/W |Charge start enable 0: Charge stop(Initialize charging flow) 1 : Charge start
D1 0 R
D2 0 R
D3 0 R
0x01
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO [TCC_SOFT[0] 0 | RIW |Trickle to fast charging transition time(per one step)
D1 [TCC_SOFT[1] 0 |RrR/w |0:15.625[ms] 1:7.8125[ms] 2: 3.125[ms] 3 : Unused
D2 [ICC_THM_L[0] 1 [R/W [Fast charge current setting of low temperature operation in battery temperature profile
D3 |ICC_THM_L[1] 0 |R/W |0:ICHGR 1:0.5*CHGR 2:0.25*ICHGR 3:0.25*|CHGR
0x02 — —
D4 |ICC_THM_MI[0] 1 | RIW [Fast charge current setting of suitable temperature operation in battery temperature profile
D5 |IcC_THM_M[1] 0 |RrW|0:ICHGR 1:0.5*ICHGR 2:0.25*ICHGR 3:0.25*ICHGR
D6 |ICC_THM_HI0] 1 [R/W [Fast charge current setting of high temperature operation in battery temperature profile
D7 |ICC_THM_H[1] 0 |rwW|0:ICHGR 1:0.5*ICHGR 2:0.25*ICHGR 3:0.25*ICHGR
DO [ICV_FIN[O] 0 | RIW |constant voltage charge complete current setting
D1 [ICV_FIN[1] 0 |Rrw|0:0.1*ICHGR 1:0.05*ICHGR 2:0.15*ICHGR 3:0.2*ICHGR
D2 |VCV_THM_L[0] 0 [R/W |constant voltage charge control voltage setting of low temperature operation in battery temperature profile
0403 D3 [VCV_THM_L[1] 0 |Rrw [0:4.05[V] 1:4.20[V] 2:4.35[V] 3:4.05]V]
X
D4 |VCV_THM_M[0] 1 [R/W [constant voltage charge control voltage setting of suitable temperature operation in battery temperature profile
D5 [VCV_THM_M[1] 0 [Rw |0:4.05[V] 1:4.20[V] 2:4.35[V] 3:4.05[V]
D6 |VCV_THM_HI0] 0 [RM |constant voltage charge control voltage setting of high temperature operation in battery temperature profile
D7 [VCV_THM_H[1] 0 [Rw |0:4.05[V] 1:4.20[V] 2:4.35[V] 3:4.05[V]
DO |TIM_CHG_TRKL[0] 1 [R/W [Trickle charge timer setting
D1 [TIM_CHG_TRKL[1] 1 | rw |0:60[min] 1:120[min] 2 :180[min] 3: 180[min]
D2 |TIM_CHG_CCCV[0] 1 [R/W [Fast charge timer setting
D3 [TIM_CHG_cccv[i] 1 | rR/w [0:180[min] 1:240[min] 2:300[min] 3:360[min]
0x04 — —
D4 |TIM_CHG_STOP 0 | R/W |Charge control timer halt setting 0: Count 1 : Halt
D5 0 R
D6 |FULMD 0 | R/W |0 : Normal operation 1 : Full charge mode (Charge is continued in spite of detecting charge complete current)
D7 |VCHG_ST_0V 0 | R/W |Charge start threshold voltage 0:1.5[V] 1:0[V]
DO |THM_TH_H_HE[0] 1 | R/W |Transition temperature setting of High temperature low rate charge to Charge pending in high temperature :
THM_TH_H_HE 5.273[mV/code]
D1 |THM_TH_H_HE[1 0 |RW — = =
_TH_H_HE[] {0, THM_TH_H_HE[7:0], 000 } and 12 bit A/D converted value of THM pin voltage are compared.
D2 |THM_TH_H_HE[2] 0 [R/W |The value higher than 25[degC] including hysteresis can be set (because of MSB=0 fixed)
D3 [THM_TH_H_HE[3] 1 | rw |Initial value : 45[degC] at NTC thermistor NCPO3WF104F05RL(Murata Manufacturing)
0x05 —— (9bit resolution, 153 x 5.273=806.7[mV] at THM pin voltage )
D4 _|THM_TH_H_HE[4] 1 |RW Transition temperature of Charge pending in high temperature to High temperature low rate charge :
D5 |[THM_TH_H_HE[5] 0 [RMW |THM_TH_HE_H is calculated by { 0, THM_TH_H_HE[7:0], 000 } + { 0000, THM_TH_HYS[4:0], 000 }
D6 |THM_TH_H_HE[6] 0 [rRW ) ) '
Register value is applied by O0x0A D[7]=1
D7 |THM_TH_H_HE[7] 1 [rRwW
DO |THM_TH_M_HI[O] 1 | R/W |Transition temperature setting of Suitable temperature charge to High temperature low rate charge :
DI |THM_TH_M_H[L] 0 [rRw |THM_TH_M_H 5.273[mV/code] _ _
{0, THM_TH_M_H][7:0], 000 } and 12 bit A/D converted value of THM pin voltage are compared.
D2 |[THM_TH_M_H[2] 0 | RW |The value higher than 25[degC] including hysteresis can be set (because of MSB=0 fixed)
D3 [THM_TH_M_H[3] 0 |Rr/w [Initial value : 40[degC] at NTC thermistor NCPO3WF104FO05RL (Murata Manufacturing)
0x06 —— (9bit resolution, 177 x 5.273=933.3[mV] at THM pin voltage )
D4_|THM_TH_M_HI4] 1 |Rw Transition temperature of High temperature low rate charge to Suitable temperature charge :
D5 [THM_TH_M_H[5] 1 |RMW [THM_TH_H_Mis calculated by { 0, THM_TH_M_H[7:0], 000 } +{ 0000, THM_TH_HYS[4:0], 000 }
D6 [THM_TH_M_H[6] 0 |RW ) ) )
Register value is applied by 0x0A D[7]=1
D7 |THM_TH_M_H[7] 1 |RW
DO [THM_TH_M_L[0] 0 | R/W |Transition temperature setting of Suitable temperature charge to Low temperature low rate charge :
THM_TH_M_L 5.273[mV/code]
D1 |THM_TH_M_L[1 1 |RW — ==
_TH M L[] {1, THM_TH_M_L[7:0], 000 } and 12 bit A/D converted value of THM pin voltage are compared.
D2 |THM_TH_M_L[2] 1 | RIW [The value less than 25[degC] including hysteresis can be set (because of MSB=1 fixed)
D3 [THM_TH_M_L[3] o | rR/w |Initial value : 10[degC] at NTC thermistor NCPO3WF104F05RL(Murata Manufacturing)
0x07 — (9bit resolution, (256+86) x 5.273=1803[mV] at THM pin voltage)
D4 |THM_TH M_L[4] 1 |RW Transition temperature of Low temperature low rate charge to Suitable temperature charge :
D5 |THM_TH_M_L[5] 0 [RMW |THM_TH_L_Mis calculated by { 1, THM_TH_M_L{[7:0], 000 } — { 0000, THM_TH_HYS[4:0], 000 }
D6 |THM_TH_M_L[6] 1 |RW ) ) :
Register value is applied by Ox0A D[7]=1
D7 |THM_TH_M_L[7] 0 |RW
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RAA457100GBM

9. Register Map

9.2 Address 0x08 to OxOF (Transmitter system can write to these register.)

Address |Bit No. |Register Name Init | R/W |Description
DO |THM_TH_L_LE[0] 0 | R/W |Transition temperature setting of Low temperature low rate charge to Charge pending in low temperature :
DL |THM_TH_L_LEM] 0 | Rw |THM_TH_L_LE 5.273[mV/code] _ _
{1, THM_TH_L_LE[7:0], 000 } and 12 bit A/D converted value of THM pin voltage are compared.
D2 |[THM_TH_L_LE[2] 1 | RIW [The value less than 25[degC] including hysteresis can be set (because of MSB=1 fixed)
D3 [THM_TH_L_LE[3] 1 | R/w |Initial value : 0[degC] at NTC thermistor NCPO3WF104F05RL(Murata Manufacturing)
0x08 ——— (9bit resolution, (256+140) x 5.273=2088[mV] at THM pin voltage)
D4 |THM_TH_L LE[4] 0 |RW Transition temperature of Charge pending in low temperature to Low temperature low rate charge :
D5 [THM_TH_L_LE[5] 0 |RMW |THM_TH_LE_L is calculated by { 1, THM_TH_L_LE[7:0], 000 } —{ 0000, THM_TH_HYS[4:0], 000 }
D6 [THM_TH_L_LE[6] 0 |RW ) )
Register value applied by 0x0A D[7]=1.
D7 |THM_TH_L_LE[7] 1 |RW
DO |THM_TH_NB_LE[0] 0 | R/W |Transition temperature setting of No battery to Charge pending in low temperature :
THM_TH_NB_LE 5.273[mV/code]
D1 |THM_TH_NB_LE[1 0 |RW — = o=
_TH_NB_LE[1] {1, THM_TH_NB_LE[7:0], 000 } and 12 bit A/D converted value of THM pin voltage are compared.
D2 |THM_TH_NB_LE[2] 1 | RIW [The value less than 25[degC] including hysteresis can be set (because of MSB=1 fixed)
D3 [THM_TH_NB_LE[3] 0 | r/w |Initial value : -20[degC] at NTC thermistor NCPO3WF104F05RL(Murata Manufacturing)
0x09 — (9bit resolution, (256+212) x 5.273=2467[mV] at THM pin voltage)
D4 _|THM_TH_NB_LE[4] 1 |RW Transition temperature of Charge pending in low temperature to No battery :
D5 |THM_TH_NB_LE[5] 0 |[R/W |THM_TH_LE_NBis calculated by { 1, THM_TH_NB_LE[7:0], 000 } + { 0000, THM_TH_HYS[4:0], 000 }
D6 |THM_TH_NB_LE[6] 1 |RW ) _
Register value applied by 0X0A D[7]=1.
D7 |THM_TH_NB_LE[7] 1 |RW
DO |[THM_TH_HYSIO0] 0 | R/W |Battery transition temperature setting : Hysteresis 5.273[mV/code]
DL |THM_TH_HYS[1] 1 |rRW Initi_al value : 3[degC] around (Hysteresis depen(_ﬁ on temperature because of non linearity of thermistor)
(9bit resolution, 18 x 5.273=94.91[mV] at THM pin voltage)
D2 |[THM_TH_HYS[2] 0 [RMW|THM_TH_HE_H, THM_TH_H_M, THM_TH_L_M, THM_TH_LE_L, THM_TH_LE_NB are calculated by adding this to
D3 |THM_TH_HYS[3] 0 | R/w |0x05 to 0x09 or subtracting this from 0x05 to 0x09.
Ox0A — Regist | li 0A D[7]=1.
D4 |THM_TH_HYS[] 1 |rw egister value applied by Ox [7]
D5 0 R
D6 0 R
D7 |THM_TH_UPLOAD 0 | R/W |1: Transition temperature register values (0x05 to Ox0A ) are applied. This register is reset after applying.
DO |I2C_TRIG 0 | R/W |2-wire I/F communication trigger O : Stand-by state 1: Communication start (When MS pin is high level )
D1 [I2C_READ 0 | R/W |2-wire I/F Write/Read selection O : Write 1: Read (When MS pin is high level )
D2 0 R
D3 0 R
0x0B
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO [I12C_SLV_ADRSI[0] 0 | R/W |Slave address setting for 2-wire I/F of receiver application device (When MS pin is high level )
D1 |I2C_SLV_ADRS[1] 0 |rRW
D2 |I12C_SLV_ADRS[2] 0 |rRwW
D3 |I2C_SLV_ADRSI[3] 0 |RW
0x0C
D4 |12C_SLV_ADRS[4] 0 |RW
D5 [I12C_SLV_ADRS[5] 0 |RW
D6 |I12C_SLV_ADRS[6] 0 |rRwW
D7 0 R
DO |I2C_REG_ADRSI0] 0 | R/W |Register address setting for 2-wire I/F of receiver application device (When MS pin is high level )
D1 |I2C_REG_ADRS[1] 0 |RW
D2 [I2C_REG_ADRS|2] 0 |RW
D3 [I2C_REG_ADRS|3] 0 |RW
0x0D
D4 |I12C_REG_ADRS[4] 0 |rRwW
D5 |I2C_REG_ADRS|5] 0 |RW
D6 |I2C_REG_ADRS|6] 0 |RW
D7 |I2C_REG_ADRS[7] 0 |RW
DO |12C_W_DATAI0] 0 | R/W [Write data setting for 2-wire I/F of receiver application device (When MS pin is high level )
D1 |I2C_W_DATA[1] 0 |rRW
D2 |I2C_W_DATA[2] 0 |RW
D3 |I2C_W_DATA[3] 0 |RW
0x0E
D4 |12C_W_DATA[4] 0 |RW
D5 |12C_W_DATA[5] 0 [rRW
D6 |I2C_W_DATA[6] 0 |rRW
D7 |I12C_W_DATA[7] 0 |rRW
DO |I2C_R_DATAI0] 0 R |Read data for 2-wire I/F of receiver application device (When MS pin is high level)
D1 |I2C_R_DATA[1] 0 R
D2 [I2C_R_DATA[2] 0 R
D3 [I2C_R_DATA[3] 0 R
OxOF
D4 |I12C_R_DATA[4] 0 R
D5 |I2C_R_DATA[5] 0 R
D6 |I2C_R_DATA[6] 0 R
D7 |I2C_R_DATA[7] 0 R
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RAA457100GBM

9. Register Map

9.3 Address 0x10 to 0x17

Address |Bit No. |Register Name Init | R/W |Description
DO |ATPCRX_INTERVAL 0 |R/W |Rx to Tx WPT communication period(ATPC Mode) 0:1[s]/2[s] 1:2[s]/4[s] (Identification, Configuration / Battery Charge)
D1 0 R
D2 0 R
0x10 b3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO |ATPCRX_CTRL_ERR_OFS1[0] 0 | R/W [Control error calculation offset AV1 (ATPC Mode)
D1 |ATPCRX_CTRL_ERR_OFSI[1] ET AV1is applied to offset voltage in condition of fast charge state and ICHG > 0.2C
10.547[mV/code]
D2 |ATPCRX CTRL_ERR_OFS1[2] [ 0 |R/W [initial value : 48 (48x10.547=506.26[mV])
oxi1 D3 |[ATPCRX_CTRL_ERR_OFS1[3] | 0 |RW
D4 |ATPCRX_CTRL_ERR_OFS1[4] | 1 |[rRw
D5 |ATPCRX_CTRL_ERR OFSi[5] [ 1 [rRw
D6 |ATPCRX_CTRL_ERR_OFSi[6] [ 0 |[Rw
D7 |ATPCRX_CTRL_ERR_OFS1[7] | 0 |[Rw
DO |ATPCRX_CTRL_ERR_OFS2[0] | 0 |R/W [Control error calculation offset AV2 (ATPC Mode)
D1 |ATPCRX_CTRL_ERR OFS2[1] | 0 |Rw ﬁ(\)/g;;gsl/isgdg offset voltage in condition of no fast charge state or (fast charge state & ICHG < 0.15C )
D2 [ATPCRX_CTRL_ERR_OFS2[2] [ 0 |RM |initial value : 144 (144x10.547=1518.77[mV])
ox12 D3 |ATPCRX_CTRL_ERR OFS2[3] | 0 [rRw
D4 |ATPCRX_CTRL_ERR_OFS2[4] | 1 |[RwW
D5 |ATPCRX_CTRL_ERR_OFS2[5] 0 |RW
D6 |ATPCRX_CTRL_ERR_OFS2[6] 0 |RW
D7 |ATPCRX_CTRL_ERR_OFS2[7] | 1 |[Rw
DO |ATPCRX_CTRL_ERR_THIO] 0 | R/W [Control error convergence judgement threshold (ATPC Mode)
D1 |ATPCRX CTRL ERR TH(1] L |RW ?n?{;?zgmczi%egloxlo.547:105.47[mv])
D2 |ATPCRX_CTRL_ERR_TH[2] 0 [rRW
013 D3 |[ATPCRX_CTRL_ERR_TH[3] 1 [rRW
D4 |ATPCRX_CTRL_ERR_TH[4] 0 |rRW
D5 |ATPCRX_CTRL_ERR_THI[5] 0o [rRw
D6 |ATPCRX_CTRL_ERR_THI[6] 0 [rRW
D7 |ATPCRX_CTRL_ERR_TH[7] 0 [rRW
DO |ATPCRX_NCTRL_ERR_TH[0] 0 | R/W |Control error non-convergence judgement threshold (ATPC Mode)
o1_[ateer et ne T [ o [l
D2 |ATPCRX_NCTRL_ERR_TH[2] 0 |rRW
oxia D3 |ATPCRX_NCTRL_ERR_TH[3] 0 [rRw
D4 |ATPCRX_NCTRL_ERR_TH[4] 0 [rRW
D5 |ATPCRX_NCTRL_ERR_TH[5] 1 |RW
D6 |ATPCRX_NCTRL_ERR_TH[6] 0 |rRW
D7 |ATPCRX_NCTRL_ERR_TH[7] 0 |rRW
DO |WPT_R_CNT_OVER_ERRI[O0] 0 | R/W |Bit number threshold for error judgement when WPT data is received. (ATPC Mode)
D1 |WPT_R_CNT OVER_ERR[1] N ET 0: 4[bit] 1:1[bit] 2:2[bit] 3: 8[bit] 4: 16[bit] 5: 32[bit] 6 : 48[bit] 7 : 63[bit]
D2 [WPT_R_CNT_OVER_ERR[2] 0 |RW
0x15 D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO [VRECT_CMP_THI0] 0 | R/W |Differential value threshold of AD converted data(VRECT) (ATPC Mode)
D1 |VRECT_CMP_TH[1] 0 |rRwW 2._6_37[mV/code] (RECT pin voltage, 12bit resolution)
Initial value : 32 (32 x 2.637=84.38[mV])
D2 |VRECT_CMP_TH[2] 0o [rRwW
X6 D3 |VRECT_CMP_TH[3] 0 [rRW
D4 |VRECT_CMP_TH[4] 0 [rRW
D5 [VRECT_CMP_THI5] 1 |RW
D6 |VRECT_CMP_TH[6] 0 |rRW
D7 |VRECT_CMP_TH[7] 0 |rRW
DO |IVCC_CMP_TH[O0] 0 | R/W |Differential value threshold of AD converted data(IVCC) (ATPC Mode)
DL_|IVCC_CMP_TH{] 0 R ] G 7alualcods] @ RIVGC=2 4[K0] (VCC requlator ot carent(VCC), 125t resaluon
D2 |IVCC_CMP_TH[2] 0 [R/W ]10.986[uA/code] @ RIVCC=4.8[kQ] (VCC regulator output current(IVCC), 12bit resolution)
D3 [IvCC_CMP_TH[3] 0 | rR/w |0.6592[mV/code] (RIMON pin voltage, 12bit resolution)
O 5 [ivee_ovp_THia 0 | Raw |ual value : 84 - _
7 (64 x 43.945[uA/code]=2812[uA] @ RIVCC=1.2[kQ],
D5 [IVCC_CMP_TH[5] 0 |R/W | 64 x21.972[uA/code]=1406[uA] @ RIVCC=2.4[kQ],
D6 |IVCC_CMP_TH6] 1 |[rRwW 64 x 10.986[uA/code]=703.1[uA] @ RIVCC=4.8[kQ])
D7 |IVCC_CMP_TH[7] 0 [rRW
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RAA457100GBM

9. Register Map

9.4 Address 0x18 to Ox1F

Address |Bit No. |Register Name Init | R/W |Description
DO |VBAT_CMP_THI0] 0 | R/W |Differential value threshold of AD converted data(VBAT) (ATPC Mode)
G XTI o L it AT g Lo esolin)
D2 |VBAT_CMP_TH[2] 0 |rRW
- D3 |VBAT_CMP_TH[3] 0 [rRw
D4 |VBAT_CMP_TH[4] 0 |RW
D5 |VBAT_CMP_THI5] 1 |RW
D6 |VBAT_CMP_TH[6] 0 [rRW
D7 |VBAT_CMP_TH[7] 0 |rRW
DO |[RIMON_RESISTOR[0] 0 | R |connected resistance detection result at RIMON pin
D1 [RIMON_RESISTOR[1] 0 R [0:1.2[kQ] 1:2.4[kQ] 2:4.8[kQ] 3: Error
D2 0 R
0x19 D3 0 R
D4 |ATPC_PHASE[0] 0 R |ATPC Phase (operation status of ATPC Mode) monitor
D5 [ATPC_PHASE[1] 0 R |0:Ping 1:Identification 2 : Configuration 3 : Battery Charge
D6 0 R
D7 0 R
DO |RECT_PSA[0] 0 [R/W |on resistance setting of high side switch in rectifier (Available in Ox1A D[3]=1)
D1 [RECT_PSA[1] 0 |Rw|0:1[Q] 1:2[Q] 2:4[Q] 3:8[Q]
D2 |RECT_FULLSYNC_EN 0 | R/W |0 : Half synchronous operation 1 : Half or full synchronous automatic change operation (Available in Ox1A D[3]=1)
OxIA D3 |RECT_SW_FORCE 0 | R/W |1: On resistance register setting mode of high side switch in rectifier
D4 |ATR_RECT_PSA[0] 0 | R |on resistance setting monitor of rectifier high-side switch
D5 |ATR_RECT_PSA[1] 0 | R |0:1[Q] 1:2[Q] 2:4[Q] 3:8[Q]
D6 |ATR_RECT_FULLSYNC_EN 0 R |Rectifier operation monitor 0 : Half synchronous operation 1 : Half or full synchronous automatic change operation
D7 0 R
DO |RECT_TH_FS8_HS1[0] 1 | R/W |VCC regulator output current threshold 1 (decreasing) for switching the rectifier operation
D1 [RECT TH_FSE HS1{1] L |RW ?hiAsT\Zijzl?siZ?nﬁziglgy_AF/‘D converted result of RIMON pin voltage.
D2 |RECT_TH_FS8_HS1[2] 0 [R/W |0.3516[mA/code] (VCC regulator output current(IVCC), not depending on RIMON resistance)
D3 [RECT_TH_FS8_HS1[3] 1 | rR/W |9bit resolution in setting of RIVCC=1.2[kQ)], 2.4[kQ], 4.8[kQ]
0x1B D4 |RECT TH_FS8_HS1[4] 0 |rRwW Initial value : 11 (11 x 0.3516=3.868[mA])
D5 |RECT_TH_FS8_HS1[5] 0 | R/W |Register value is applied by 0x1F D[7]=1.
D6 |RECT_TH_FS8_HS1[6] 0 [rRwW
D7 |RECT_TH_FS8_HS1[7] 0 |RW
DO |RECT_TH_FS4_FS8[0] 1 | R/W |VCC regulator output current threshold 2 (decreasing) for switching the rectifier operation
D1 |RECT_TH_FS4_FSE[1] 1 |RW %?J;ﬁjgl?sir;#;;:ig Irl;y_A'—;D converted result of RIMON pin voltage.
D2 |RECT_TH_FS4_FS8[2] 1 | R/W [0.3516[mA/code] (VCC regulator output current(IVCC), not depending on RIMON resistance)
D3 [RECT_TH_FS4_FS8[3] 0 | rR/w |9bit resolution in setting of RIVCC=1.2[kQ], 2.4[kQ], 4.8[kQ]
0x1C D2 |RECT TH_FSa_Fs8[d] T [rw Initial value : 23 (23 x 0.3516=8.087[mA])
D5 |RECT_TH_FS4_FS8[5] 0 | R/W [Register value is applied by Ox1F D[7]=1.
D6 |RECT_TH_FS4_FS8[6] 0 |rRW
D7 |RECT_TH_FS4_FS8[7] 0 |rRW
DO |RECT_TH_FS2_FS4[0] 0 | R/W |VCC regulator output current threshold 3 (decreasing) for switching the rectifier operation
D1 |RECT TH_FS2 FS4[1] L |RW ?hiAsT\Zijzl?sir;?nﬁzig IEy_A'_/‘D converted result of RIMON pin voltage.
D2 |RECT_TH_FS2_FS4[2] 1 | RW [0.3516[mA/code] (VCC regulator output current(IVCC), not depending on RIMON resistance)
D3 [RECT_TH_FS2_FS4[3] 1 | rR/W |9bit resolution in setting of RIVCC=1.2[kQ], 2.4[kQ], 4.8[kQ]
0x1D D4 |RECT TH_FS2_Fsa] 0 |rRwW Initial value : 46 (46 x 0.3516=16.17[mA])
D5 |RECT_TH_FS2_FS4[5] 1 | R/W |Register value is applied by Ox1F D[7]=1.
D6 |RECT_TH_FS2_FS4[6] 0 [rRwW
D7 |RECT_TH_FS2_FS4[7] 0 [rRwW
DO |RECT_TH_FS1_FS2[0] 1 | R/W |VCC regulator output current threshold 4 (decreasing) for switching the rectifier operation
D1 |RECT_TH_FS1_FS2[1] 1 |Rw [N ATPC pin and ATR pin =H .
This value is compared by A/D converted result of RIMON pin voltage.
D2 |RECT_TH_FS1_FS2[2] 0 [R/W ]0.3516[mA/code] (VCC regulator output current(IVCC), not depending on RIMON resistance)
D3 [RECT_TH_FS1_FS2[3] 1 | rR/W |9bit resolution in setting of RIVCC=1.2[kQ], 2.4[kQ], 4.8[kQ]
Ox1E b2 |RECT TH_FSL FS2[4] T [rw Initial value : 91 (91 x 0.3516=31.99[mA])
D5 |RECT_TH_FS1_FS2[5] 0 | R/W |Register value is applied by Ox1F D[7]=1.
D6 |RECT_TH_FS1_FS2[6] 1 |RW
D7 |RECT_TH_FS1_FS2[7] 0 |RW
DO [RECT_TH_HYSI[O0] 1 | R/W |VCC regulator output current threshold (hysteresis) for switching the rectifier operation
D1 |RECT _TH_HYS[] L |RW Ilqu'néc;rapsci:nzlT:Lir:gnﬁrhﬁepslaohki‘s calculated by decreasing current threshold + RECT_TH_HYS.
D2 |RECT_TH_HYS[2] 0 [R/W |0 3516[mA/code] (VCC regulator output current(IVCC), not depending on RIMON resistance)
D3 |RECT_TH_HYS[3] 1 | rR/W |9bit resolution in setting of RIVCC=1.2[kQ], 2.4[kQ], 4.8[kQ]
Ox1F D4 |RECT TH_HYS[A] 0 |rRwW Initial value : 11 (11 x 0.3516=3.868[mA])
D5 |[RECT_TH_HYSI[5] 0 | R/W |Register value is applied by Ox1F D[7]=1.
D6 |RECT_TH_HYS[6] 0 [rRwW
D7 |RECT_TH_UPLOAD 0 |R/W |1:Load current threshold register values (0x1B to Ox1F ) are applied. This register is reset after applying.
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RAA457100GBM 9. Register Map

9.5 Address 0x20 to 0x27

Address |Bit No. |Register Name Init | R/W |Description

DO |WPT_T_TRNS 0 | R/W |Data transmission trigger of WPT communication 0 : Complete 1 : Start (This register is reset after transmission)
D1 0 R
D2 0 R

0x20 D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO |WPT_T_HDR[O] 0 | R/W |Transmission data Header of WPT communication
D1 |WPT_T_HDRI[1] 0 |RW
D2 |WPT_T_HDRI[2] 0 |RW

o1 D3 |WPT_T_HDR[3] 0 [rRW
D4 |WPT_T_HDR[4] 0 |rRW
D5 |WPT_T_HDRI[5] 0 |RW
D6 |WPT_T_HDRI[6] 0 |RW
D7 |WPT_T_HDRI[7] 0 |RW
DO |[WPT_T_MSG1[0] 0 | R/W |Transmission data Messagel of WPT communication
D1 |WPT_T_MSGI[1] 0 |rRW
D2 |WPT_T_MSG1[2] 0 |rRW

0x22 D3 |WPT_T_MSG1[3] 0 |RW
D4 |WPT_T_MSG1[4] 0 |RW
D5 [WPT_T_MSG1[5] 0 |rRwW
D6 [WPT_T_MSG1[6] 0 |rRwW
D7 |WPT_T_MSG1[7] 0 |rRW
DO |WPT_T_MSG2[0] 0 | R/W |Transmission data Message2 of WPT communication
D1 |WPT_T_MSG2[1] 0 |RW
D2 |WPT_T_MSG2[2] 0 |RW

0x23 D3 [WPT_T_MSG2[3] 0 |rRwW
D4 |WPT_T_MSG2[4] 0 |rRW
D5 |WPT_T_MSG2[5] 0 |RW
D6 |WPT_T_MSG2[6] 0 |RW
D7 |WPT_T_MSG2[7] 0 |RW
DO |WPT_R_HDRI0] 0 R |Received data Header of WPT communication
D1 |WPT_R_HDR[1] 0 R This register is overwritten by next received data of WPT communication even if this register is not read.
D2 |WPT_R_HDR[2] 0 R

ox24 D3 |WPT_R_HDRI[3] 0 R
D4 |WPT_R_HDRI[4] 0 R
D5 |WPT_R_HDRI[5] o[ R
D6 |WPT_R_HDR[6] 0 R
D7 |WPT_R_HDR[7] 0 R
DO |WPT_R_MSG1[0] 0 R |Received data Messagel of WPT communication
DL |WPT _R_MSGL[1] 0 R This register is overwritten by next received data of WPT communication even if this register is not read.
D2 |WPT_R_MSG1[2] o[ R

0x25 D3 |WPT_R_MSG1[3] o[ R
D4 |WPT_R_MSG1[4] 0 R
D5 |WPT_R_MSG1[5] 0 R
D6 |WPT_R_MSG1[6] 0 R
D7 |WPT_R_MSG1[7] 0 R
DO [WPT_R_MSGZ2[0] 0 R [Received data Message2 of WPT communication
D1 |WPT_R_MSG2[1] 0 R This register is overwritten by next received data of WPT communication even if this register is not read.
D2 |WPT_R_MSG2[2] 0 R

0x26 D3 |WPT_R_MSG2[3] 0 R
D4 |WPT_R_MSG2[4] 0 R
D5 |WPT_R_MSG2[5] o[ R
D6 |WPT_R_MSG2[6] 0 R
D7 |WPT_R_MSG2[7] 0 R
DO |[WPT_T_RATE[0] 1 [RW [WPT communication data rate setting (Receiver to Transmitter communication)
D1 |WPT_T_RATE[1] 0 | R/ [0:125[bps] 1:250[bps] 2 :500[bps] 3:1000[bps]
D2 |WPT_R_DIFF_OLD[0] 1 | R/W [Assigning data point to calculate the rectified output voltage variation for WPT communication packet demodulation.
D3 |WPT_R_DIFF_OLD[1] 1 | r/w |O:Previous data 1:Data 2 times before 2:Data 3 times before 3:Data 4 times before

oxz7 D4 |WPT_R_DIFF_WAIT[O] 1 | R/W |Timing to acquire the rectified output voltage variation for WPT communication packet demodulation.
D5 |WPT_R_DIFF_WAIT[1] 1 |rRW Recommended value 125bps : 7 250bps : - 500bps : - 1000bps :-
D6 |WPT_R_DIFF_WAIT[2] 1 |RW
D7 |WPT_R_DIFF_WAIT[3] 0 |RW
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9. Register Map

9.6 Address 0x28 to Ox2F

Address |Bit No. |Register Name Init | R/W |Description
DO |WPT_R_DIFF_THI1] 0 | R/W |Threshold to detect the rectified output voltage variation for WPT communication packet demodulation.
D1 |WPT_R_DIFF_TH[2] 0 | r/w |3-273[mV/code] (RECT pin voltage, 11b?t re_solutio_n) )
{000, WPT_RDIFF_TH[8:1], 0 } and 12bit differential value of RECT pin voltage are compared.
D2 |WPT_R_DIFF_TH[3] 0 | RIW |Recommended value 125bps : 32(168.7[mV]) 250bps : - 500bps : - 1000bps : -
o0x28 D3 |WPT_R_DIFF_TH[4] 0 |RW
D4 |WPT_R_DIFF_THI5] 0 |RW
D5 [WPT_R_DIFF_THI[6] 1 [rRwW
D6 [WPT_R_DIFF_TH[7] 0 |RW
D7 |WPT_R_DIFF_TH[8] 0 |rRW
DO |WPT_R_CNT_THIO] 1 | R/W |Counter timing to detect data 1/0 for WPT communication packet demodulation.
DL |WPT_R_CNT_TH[1] 1 |rRW Recommended value 125bps : 11 250bps : - 500bps : - 1000bps : -
D2 |WPT_R_CNT_TH[2] 0 |RW
0x29 D3 [WPT_R_CNT_TH[3] 1 [rRwW
D4 |WPT_R_CNT_TH[4] 0 |rRW
D5 |WPT_R_CNT_TH[5] 0 |RW
D6 |WPT_R_CNT_TH[6] 0 |RW
D7 |WPT_R_CNT_TH[7] 0 |RW
DO [WPT_R_CNT_TH_1CYCI0] 0 | R/W |Counter timing to detect data presence/absence for WPT communication packet demodulation.
D1 |WPT_R_CNT_TH_1CYC[L] 0 | r/w |Recommended value 125bps :20 250bps : - 500bps : - 1000bps : -
D2 |WPT_R_CNT_TH_1CYC[2] 1 |RW
0XOA D3 |WPT_R_CNT_TH_1CYC[3] 0 |RW
D4 |WPT_R_CNT_TH_1CYC[4] 1 |RW
D5 [WPT_R_CNT_TH_1CYCI[5] 0 |RW
D6 [WPT_R_CNT_TH_1CYCI6] 0 |RW
D7 |WPT_R_CNT_TH_1CYC[7] 0 |rRwW
DO 0 R
D1 0 R
D2 0 R
0x2B D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO 0 R
D1 0 R
D2 0 R
0x2C D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO 0 R
D1 0 R
D2 0 R
0x2D D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO 0 R
D1 0 R
D2 0 R
0x2E D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO |[INT_WPT_CM_RCV_MASK 0 | R/W [Noatification setting of WPT data receiving (Tx to Rx) 0 : Notify 1 : Do not notify (flag is masked)
D1 [INT_CHG_STAT_CNG_MASK 0 | R/W |Notification setting of battery charge state transition 0 : Notify 1 : Do not notify (flag is masked)
D2 |INT_DD_OCP_DET_MASK 0 | R/W |Notification setting of DCDC overcurrent detection 0 : Notify 1 : Do not notify (flag is masked)
OXOF D3 |INT_VCCREG_CLDET_MASK 0 | R/W |Notification setting of VCC regulator current limit 0 : Notify 1 : Do not notify (flag is masked)
D4 0 R
D5 0 R
D6 0 R
D7 0 R
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9. Register Map

9.7 Address 0x30 to 0x37

Address |Bit No. |Register Name Init | R/W |Description
DO |INT_WPT_CM_RCV 0 R [Interruption notification of WPT data receiving (Tx to Rx) 1 : Data is received (return O after register read)
D1 |INT_CHG_STAT_CNG 0 R |Interruption notification of battery charge state transition 1 : State is transited (return O after register read)
D2 |INT_DD_OCP_DET 0 R |Interruption notification of DCDC overcurrent detection 1: Detected
0x30 D3 |INT_VCCREG_CLDET 0 R |Interruption notification of VCC regulator current limit 1 : Current limiting
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO |MCTRL_STATE_MONI[O] 0 R |Operation mode
D1 |MCTRL_STATE_MON[] 0 R 0,1 : Shut down mode 2to 7 : Charge mode 1 8: Charge mode 2 9 : Discharge mode
D2 [MCTRL_STATE_MONJ2] 0 R
031 D3 |MCTRL_STATE_MON[3] 0 R
D4 |VCCREG_CLDET 0 R |Notification of VCC regulator current limit 0 : Normal condition 1 : Current limiting
D5 |CHG_LDDET 0 R |Notification that load current automatic dividing function is operated 0: OFF 1:ON
D6 |BAT_ASSISTDET 0 R [Notification that assist function by battery is operated 0: OFF 1: ON
D7 0 R
DO |[CHG_STATE_MONI0] 0 R |Battery charging status
D oG STATE MON | 0 e sy 14010 1 Chre compet
D2 |CHG_STATE_MONI2] 0 R
D3 |CHG_STATE_MONI3] 0 R
0x32 D4 |THM_AREA[O] 0 R [Charge control profile for battery temperature
D5 _|THM_AREAL) 0 R ] Sutable temperature charge. 4 High temperature low rate charge. 5 - Charge pencing i high temperature
D6 |THM_AREA[2] o[ R
D7 0 R
DO |WPT_R_ERR 0 R |WPT communication error 0 : Undetected 1 : Detected
D1 |I2C_WR_ERR 0 R |2-wire interface communication error 0 : Undetected 1 : Detected
D2 |RIMON_DET_ERR 0 R |RIMON connected resistance value error 0 : Undetected 1 : Detected
0x33 D3 0 R
D4 |DD_DDIN_OK 0 R [DCDC converter UVLO detection 0 : Detected(DCDC stop) 1 :UVLO release(DCDC start)
D5 |DD_SYS_OK 0 R |DCDC converter SYS voltage detection 0: Low voltage condition 1 : Normal voltage condition (start up complete)
D6 |DD_OVP_DET 0 R |DCDC converter overvoltage detection 0: OVP release(DCDC start) 1 : Detected(DCDC stop)
D7 |DD_OCP_DET 0 R |DCDC converter overcurrent detection 0 : Normal current 1 : Detected
DO |[FGH_DET 0 R |Battery low voltage detection H (First step) 0 : Undetected 1 : Detected
D1 |FGL_DET 0 R [Battery low voltage detection L (Second step) O : Undetected 1 : Detected
D2 |BUZ_MODE 0 | R/W |BUZ output setting O : Level output 1 : Pulse output
0x34 D3 0 R
D4 |DSCP_DET 0 R |Battery discharge short circuit current detection 0 : Undetected 1 : Detected
D5 |[DOCP_DET 0 R [Battery discharge overcurrent detection 0 : Undetected 1 : Detected
D6 |[DOVP_DET 0 R [Battery discharge overvoltage detection O : Undetected 1 : Detected
D7 |TIMAX_DET 0 R [Maximum junction temperature detection 0 : Undetected 1 : Detected
DO |ADC_UPLOAD 0 | R/W |1: A/D converted results are fetched and 0x36 to Ox3F registers are updated. (return O after update)
D1 0 R
D2 0 R
0x35 D3 0 R
D4 0 R
D5 0 R
D6 0 R
D7 0 R
DO |ADC_RECTCLIPDET 0 R [RECT pin voltage detection. RECT pin voltage is higher than ADC input voltage range. 0 : Undetected 1 : Detected
D1 0 R
D2 0 R
0x36 D3 0 R
D4 |ADC_VRECT_I2C[0] 0 R |A/D converted result of rectified voltage (RECT pin voltage)
D5 |ADC_VRECT I12C[1] 0 R 2.637[mV/code] (RECT pin voltage, 12bit resolution)
D6 |ADC_VRECT_I2C[2] 0 R
D7 |ADC_VRECT_I2C[3] 0 R
DO |ADC_VRECT_I2C[4] 0 R
D1 |ADC_VRECT_I2C[5] 0 R
D2 |ADC_VRECT_I2C[6] 0 R
0xa7 D3 |ADC_VRECT_I2C[7] 0 R
D4 |ADC_VRECT_I2C[8] 0 R
D5 |ADC_VRECT_I2C[9] 0 R
D6 |ADC_VRECT_I2C[10] 0 R
D7 |ADC_VRECT_I2C[11] 0 R
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9. Register Map

9.8 Address 0x38 to Ox3F

Address |Bit No. |Register Name Init | R/W |Description

DO 0 R
D1 0 R
D2 0 R

0x38 D3 0 R

X
D4 |ADC_IVCC_I2C[0] 0 R |A/D converted result of VCC regulator output current (RIMON pin voltage)
0.6592[mV/code] (RIMON pin voltage, 12bit resolution)
D5 |ADC_IVCC_I2C[1. 0 R
— —12c] RIMON pin voltage is limited in 1.2V(Current limit function) (1.2[V]/0.6592[mV/code] = 1820 [code])

D6 |ADC_IVCC_I2C[2] 0 | R ]43.94[uA/code] @ RIVCC=1.2[kQ] (VCC regulator output current(IVCC), 12bit resolution)
D7 |ADC_Ivcc_12c3] 0 R [21.97[uA/code] @ RIVCC=2.4[kQ] (VCC regulator output current(IVCC), 12bit resolution)
D0 |ADC_IveC_i2ci] 0 R 10.98[uA/code] @ RIVCC=4.8[kQ] (VCC regulator output current(IVCC), 12bit resolution)
D1 |ADC_IvCC_I2C[5] 0| R
D2 |ADC_IvcC_l2C[s] 0| R
D3 |ADC_IVCC_lI2C[7] 0 R

0x39
D4 |ADC_IVCC_I2CI[8] 0 R
D5 |ADC_IvCC_I2C[9] 0| R
D6 [ADC_IVCC_I2C[10] o | R
D7 [ADC_IvCC_I2C11] o | R
DO 0 R
D1 0 R
D2 0 R
D3 0 R

Ox3A
D4 |ADC_VBAT_I2C|[0] 0 R |A/D converted result of battery voltage (BAT pin voltage)
D5 |ADC_VBAT I2C[1] 0 R |1-318[mV/code] (BAT pin voltage, 12bit resolution)
D6 |ADC_VBAT_I2C[2] 0 R
D7 |ADC_VBAT_I2C[3] 0 R
DO [ADC_VBAT_I2C[4] 0| R
D1 [ADC_VBAT_I2C[5] 0| R
D2 [ADC_VBAT_I2C[6] 0| R
D3 |ADC_VBAT_I2C[7] 0 R

0x3B
D4 |ADC_VBAT_I2C[8] 0 R
D5 [ADC_VBAT_I2C[9] o | R
D6 [ADC_VBAT_I2C[10] o | R
D7 [ADC_VBAT_I2C[11] 0| R
DO 0 R
D1 0 R
D2 0 R
D3 0 R

0x3C
D4 |ADC_ICHG_I2C[0] 0 R |A/D converted result of charging current (RICHG pin voltage)

0.6592[mV/code] (RICHG pin voltage, 12bit resolution)
D5 |ADC_ICHG_I2C[1 0 R
— _12C11] RICHG pin voltage is limited in 1.2V(1C) (1.2[V]/0.6592[mV/code] = 1820 [code])

D6 |ADC_ICHG_I2C[2] 0 | R ]9.417[uA/code] @ RICHG=5.6[kQ)] (charge current(ICHG), 12bit resolution) 1C=17.14[mA]
D7 |ADC_ICHG_I2C[3] 0 R |35.16[uA/code] @ RICHG=1.5[kQ] (charge current(ICHG), 12bit resolution) 1C=64.00[mA]
DO |ADC_ICHG_I2C[4] o | R
D1 |ADC_ICHG_I2C[5] 0| R
D2 |ADC_ICHG_I2C[6] 0 R
D3 |ADC_ICHG_I2C[7] 0 R

0x3D
D4 |ADC_ICHG_I2CI[8] 0 R
D5 |ADC_ICHG_I2C[9] 0o | R
D6 [ADC_ICHG_I2C[10] 0| R
D7 [ADC_ICHG_I2C[11] 0| R
DO 0 R
D1 0 R
D2 0 R

OXGE D3 0 R

X

D4 |ADC_VTHM_I2CJ[0] 0 R |A/D converted result of battery temperature (THM pin voltage)
D5 |ADC_VTHM_I2C[1] 0 R |0-6592[mV/code] (THM pin voltage, 12bit resolution)
D6 |ADC_VTHM_I2C[2] 0 R
D7 |ADC_VTHM_I2C[3] 0 R
DO [ADC_VTHM_I2C[4] o | R
D1 [ADC_VTHM_I2C[5] o | R
D2 |ADC_VTHM_I2C[6] 0 R
D3 |ADC_VTHM_I2C[7] 0 R

Ox3F
D4 |ADC_VTHM_I2C[8] 0 R
D5 [ADC_VTHM_I2C[9] o | R
D6 [ADC_VTHM_I2C[10] 0| R
D7 [ADC_VTHM_I2C[11] 0| R
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9. Register Map

9.9 Address 0x40 to Ox6F

Address |Bit No. |Register Name Init | R/W |Description

DO |I2C_WRITE_EN 0 | R/W |Write enable to registers of 0x00 to OxOF by 2-wire I/F. 0 : Write disable 1: Write enable
D1 0 |RW
D2 0 |RW
D3 0 |RW

0x40
D4 |12C_RSET[0] 0 [RM |pull up resistance setting for SDA, SCL I/O circuit.(This resistance does not mean the pull up resistance of bus line.)
D5 |I2C_RSET[1] 0 |Rw [0:250kQ 1:500kQ 2:1000kQ 3:2000kQ
D6 |Test Register 0 |RW . . . .

- Setting 0 only. Setting 1 is forbidden.

D7 |Test Register 0 |RW

0x41

to Test registers ( Unavailable for user)
Ox6F
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RAA457100GBM 10. Package Dimensions

10. Package Dimensions

JEITA Package code RENESAS Code Previous Code MASS(TYP.)[g]

S-WFBGA41-3.22x2.77-0.40 SWBGO0041LB-A — 0.012

A1 INDEX AREA

BOTTOM VIEW

AN
(Ox (M)

SEATING PLANE -
\\ <
. C area
Sl DE VI EW Dimensions in millimeters
Term Symbols -
Min Nom Max
Package length D 2.72 2.77 2.82
Package width E 3.17 3.22 3.27
\ Overhang dimension in length o) - 0.385 -
‘ Overhang dimension in width ZE — 0.41 =
/ Profile height A — — 0.70
Y ‘r’ Stand-off height Al 0.15 0.19 0.23
| /3 ‘ Terminal diameter b 0.22 0.27 0.32
i 7 I Terminal pitch EI — 0.4 .
Center terminal distance from datum B - 0.2 -
! Tolerance of package lateral profile v - 0.05 -
C area Positional tolerance of terminals X — 0.05 =
Coplanarity y - 0.08 -
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other disputes involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawing, chart, program, algorithm, application
examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages
incurred by you or third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics products.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for each Renesas Electronics product depends on the
product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical

implantations etc.), or may cause serious property damages (space and undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas

Electronics disclaims any and all liability for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas

Electronics.

6. When using the Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for Handling and Using Semiconductor Devices" in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat radiation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions or failure or accident arising out of the use of Renesas Electronics products beyond such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please ensure to implement safety measures to guard them
against the possibility of bodily injury, injury or damage caused by fire, and social damage in the event of failure or malfunction of Renesas Electronics products, such as safety design for hardware and
software including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures by your own responsibility as warranty
for your products/system. Because the evaluation of microcomputer software alone is very difficult and not practical, please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please investigate applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive carefully and sufficiently and use Renesas Electronics products in compliance with all
these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall not use Renesas Electronics products or technologies for (1) any purpose relating to the development, design, manufacture, use, stockpiling, etc., of weapons of mass destruction,
such as nuclear weapons, chemical weapons, or biological weapons, or missiles (including unmanned aerial vehicles (UAVs)) for delivering such weapons, (2) any purpose relating to the development,
design, manufacture, or use of conventional weapons, or (3) any other purpose of disturbing international peace and security, and you shall not sell, export, lease, transfer, or release Renesas Electronics
products or technologies to any third party whether directly or indirectly with knowledge or reason to know that the third party or any other party will engage in the activities described above. When exporting,
selling, transferring, etc., Renesas Electronics products or technologies, you shall comply with any applicable export control laws and regulations promulgated and administered by the governments of the
countries asserting jurisdiction over the parties or transactions.

10.

o

Please acknowledge and agree that you shall bear all the losses and damages which are incurred from the misuse or violation of the terms and conditions described in this document, including this notice,
and hold Renesas Electronics harmless, if such misuse or violation results from your resale or making Renesas Electronics products available any third party.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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