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Automotive Panel Power Management IC

BM81810MUV-M

General Description

BM81810MUV-M is a power management IC for
TFT-LCD panels which are used in car navigation,
in-vehicle center panel, and instrument cluster.

This IC incorporates VCOM amplifier, Gate Pulse
Modulation (GPM) in addition to the power supply for
panel driver (SOURCE, GATE, and LOGIC power
supplies). Moreover, this IC has a built-in EEPROM for
sequence and output voltage setting retention.

Features

BAEC-Q100 QualifiedNete 1)

mAlternative Synchronous Buck DC/DC converter or LDO
for VDD output

ESynchronous Boost DC/DC converter for AVDD output
with integrated load switch.

mVCOM amplifier with 7bit calibrator

mPositive charge pump (Integrated diode, x2/x3) for VGH
output

mNegative charge pump for VGL output

Key Specifications BVGH and VCOM temperature compensation

mInput voltage range: 2.6V to 5.5V BWGate Pulse Modulation(GPM)
mAVDD Output voltage range: 5.0V to 17.0V mI2C Interface Output Voltage Setting Control Function
mVGH Output voltage range: 8.0V to 35.0V (Integrated EEPROM)
mV/GL Output voltage range: -4.0V to -14.0V W Switching frequency switching function
mVDD Output voltage range: 0.9V to 3.4V (525kHz, 1.05MHz, 2.1MHz)
mVCOM Output current: 200 mA (Typ) EProtection circuits
mSwitching Frequency:  525KHz, 1.05MHz, 2.1MHz > Under-Voltage Lockout
mOperating temperature range: -40°C to +105°C »  Thermal Shut Down
mStandby current: 2.0 pA (Typ) »  Over-Current Protection
» Over-Voltage Protection
Special Characteristics » Under Voltage Protection (Timer Latch type)
mAVDD output voltage accuracy: +2% Hinput tolerant (SCL, SDA, EN, GSIN)
mOscillator Frequency: +10% (Notel: Grade 2)

Applications Package W(Typ) x D(Typ) x H(Max)
TFT-LCD Panels which are used in car navigation, VQFN32SV5050 5.0mm x 5.0mm x 1.0mm
in-vehicle center panel, and instrument cluster.

Typical Application Circuit (TOP VIEW)
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Figure 1. Application Circuit

OProduct structure : Silicon integrated circuit
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Pin Configuration (TOP VIEW)
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Figure 2. Pin Configuration
Pin Descriptions
Pin Pin Functi Pin Pin Functi
No. Name unction No | Name unction
1 | VINB | Buck DC/DC power supply input 17 | CPP2 EStIgJPs Positive charge pump switching Di
Positive charge pump feedback & Power Input
2 VREG Inner power supply output 18 VGH of Gate Pulse Modulation
VIN Boost DC/DC load switch input 19 | GSOUT | Output of Gate Pulse Modulation
4 VLSO Boost DC/DC load switch output 20 RE Slope Setting Pin for Gate Pulse Modulation
5 PGND | Boost DC/DC ground 21 WPN | Active Low of EEPROM Writing protection.
o . Slope setting pin for temperature compensation
6 SW Boost DC/DC switching pin 22 NTC of the VON and VCOM
7 PAVDD Boost DC/DC output & output feedback 23 | FAULT | FAULT signal output
Power Input of DRN
PG/ Power Good signal output or
8 AVDD | Power Input of VCOM , DRP 24 LDSW | Load SW of PAVDD.
9 NEG Negative Input of VCOM Amplifier 25 GSIN | Input of Gate Pulse Modulation
10 VCOM | VCOM amplifier output 26 SDA Serial clock data input (12C)
11 CGND | Charge pump ground 27 SCL Serial clock input (12C)
12 VGL Negative charge pump feedback 28 RST Reset output
13 DRN Negative charge pump driver pin 29 VDD Buck DC/DC or LDO output feedback input
14 DRP Positive charge pump driver pin 30 SWB | Buck DC/DC switching pin or LDO output pin
15 CPP1 Built-in Positive charge pump switching Di 31 | PGNDB | Buck DC/DC ground
output 1
16 VCP Built-in Positive charge pump switching Di 32 EN Enable input
output 2
EXP
- -PAD Connect to Ground.
www.rohm.com
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BM81810MUV-M Datasheet

Absolute Maximum Ratings

Limits
Parameter Symbol Unit
Min Typ Max

Power Supply Voltage VIN, VINB -0.3 - +6.5 \%
SwWB -0.3 - VINB+0.3 \

VDD -0.3 - +6.5 \

AVDD, PAVDD, SW -0.3 - +19 \

VLSO -0.3 - +6.5 \

VCOM -0.3 - AVDD+0.3 \Y

DRP -0.3 - AVDD+0.3 \

DRN -0.3 - PAVDD+0.3 \

Output Pin

CPP1,CPP2,VCP -0.3 - +36 \

VGH,GSOUT,RE -0.3 - +36 \

VGL -15 - +0.3 \

VREG -0.3 - VIN+0.3 \Y

FAULT -0.3 - +6.5 \

PG/LDSW -0.3 +19 \

RST, NTC -0.3 - VIN+0.3 \Y

Input Pin NEG -0.3 - AVDD+0.3 \Y

SCL, SDA, EN, GSIN -0.3 - +6.5 \

Functional Pin Voltage

WPN -0.3 - VIN+0.3 \

Maximum Junction temperature Tjmax (Nete 1) - - +150 °C
Storage Temperature Range Tstg -55 - +150 °C

(Note 1) Junction temperature at storage time.

Caution : Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit
between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is operated
over the absolute maximum ratings.
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Thermal Resistance Note 1)

Thermal Resistance (Typ)
Parameter Symbol Unit
1 S(Note 3) zszp(Note 4)
VQFN32SV5050
Junction to Ambient Bua 138.9 39.1 °C/W
Junction to Top Characterization Parameter(Note 2) Yir 1 5 °C/W

(Note 1)Based on JESD51-2A(Still-Air).

(Note 2)The thermal characterization parameter to report the difference between junction temperature and the temperature
at the top center of the outside surface of the component package.
(Note 3)Using a PCB board based on JESD51-3.

(Note 4Using a PCB board based on

Layer Number of Material Board Size
Measurement Board
Single FR-4 114.3mm x 76.2mm x 1.57mm
Top
Copper Pattern Thickness
Footprints and Traces 70um

JESD51-5, 7.

Mlézgﬁ:eNr#(rarr]:t)%roc:rd Material Board Size Pit-clz-r:]ermaI Via(N(I’_'t:i:meter
4 Layers FR-4 114.3mm x 76.2mm x 1.6mmt 1.20mm ©0.30mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70um 74.2mm x 74.2mm 35um 74.2mm x 74.2mm 70um
(Note 5) This thermal via connects with the copper pattern of all layers.
Recommended Operating Ratings (Ta=-40 °C to +105 °C)
Parameter Symbol Min Typ Max Unit
Power Supply Voltage VIN,VINB 2.6 - 55 \%
SWB Current ISWB - - 1.0 A
SW Current ISW - - 2.0 A
Functional Pin Voltage EN,GSIN,WPN -0.1 - +5.5 \Y
2 Line Serial Pin Voltage SDA, SCL -0.1 - +5.5 \Y,
2 Line Serial Frequency FCLK - - 400 kHz
Operating Ambient Temperature TA -40 - +105 °C
Operating Junction Temperature TJ -40 - +125 °C

www.rohm.com
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BM81810MUV-M

Datasheet

Electrical Characteristics (Unless otherwise specified, Ta=25°C, VIN, VINB=3.3V)

1. VDD regulator block (Alternative Buck converter or LDO)

Limits

Parameter Symbol - Unit Condition
Min Typ Max
Output Voltage Range VDD 0.9 - 3.4 \% 50 mV step
Output Voltage Accuracy 1 VDD_R1 2.462 25 2.538 \% VDD=2.5V setting
Output Voltage Accuracy 2 VDD_R2 2.0 - +2.0 % 2@22:%?0%?02'38/) setting
VDD=0.9 V to 245 V
Output Voltage Accuracy 3 VDD_R3 -3.0 - +3.0 % setting
(Ta=-40 to +105 °C)
Soft Start time VDD_SS 0.85 1 1.15 msec |[VDD=1.2 V setting
Under-Voltage Protection voltage VDD_UVP VDDx0.7 | VDDx0.8 | VDDx0.9 \%
SWB H Side ON Resistance RONH_SWB - 300 480 mQ DCDC mode
SWB L Side ON Resistance RONL_SWB - 300 480 mQ DCDC mode
SWB H Side ON Resistance RON_SWB - 1.0 2.0 Q LDO mode
SWB H Side Leak Current IL_ SWBH - 0 20 MA (Ta=-40 to +105 °C)
SWB L Side Leak Current IL_ SWBL - 0 20 MA (Ta=-40 to +105 °C)
Current Limit ILMT_SWB1 1.0 1.7 2.7 A Buck DCDC mode
Current Limit ILMT_SwWB2 0.3 0.5 0.7 A LDO mode
Freq=1.05 MHz
Maximum Duty DMAX_SWB 87 95 - % (Freq=0.525 MHz:98%typ)
(Freq=2.10 MHz:87%typ)
Discharge Resistance DISR_VDD - 25 50 Q
2. Boost DC/DC converter block (AVDD)
Parameter Symbol - Limits Unit Condition
Min Typ Max
Output Voltage Range AVDD 5.0 - 17.0 \Y, 0.1V step
Output Voltage Accuracy1 AVDD_R1 10.342 10.5 10.66 \Y, AVDD=10.5 V setting
Output Voltage Accuracy2 AVDD R2 | 10.29 105 10.71 v fT\; Ei?t%iyozefg;g
Load Switch Soft Start time LS _SS 1.7 2 2.3 msec
Soft Start Time AVDD_SS 425 5 575 | msec éﬁDszelghz V setting
Under-Voltage Protection voltage | AVDD_UVP | AvDDx0.7 | AVDDx0.8 | AVDDx0.9 \Y,
Over-Voltage Protection voltage AVDD_OVP |AvVDDx1.03 | AVDDx1.1 | AVDDx1.2 V
SW H Side On Resistance RON_SW - 250 480 mQ
SW L Side On Resistance RON_SW - 200 350 mQ
SW H Side Leak Current IL_SWH - 0 20 MA (Ta=-40 to +105 °C)
SW L Side Leak Current IL_SWL - 0 20 MA (Ta=-40 to +105 °C)
Current Limit ILMT_SW 2.0 4.0 6.0 A AVDD OCP=2 A setting
Current Limit ILMT_SW 1.0 2.0 2.5 A AVDD OCP=1 A setting
Load Switch ON Resistance RON_LS - 200 350 mQ
Freq=1.05 MHz
Maximum Duty DMAX_SW 83 90 - % (Freq=0.525 MHz:95%typ)
(Freq=2.10 MHz:80%typ)
Discharge Resistance DISR_AVDD - 25 50 Q
(gvégirgh%f-loMmCo., Ltd. All rights reserved. 6/75 TSZ202201-0313AAF00730-1-2
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BM81810MUV-M Datasheet

Electrical Characteristics (Unless otherwise specified, Ta=25°C, VIN, VINB=3.3V) — continued

3. VCOM amplifier block (VCOM)

Limits . .
Parameter Symbol - Unit Condition
Min Typ Max
0.5x 0.5x 0.5x
Output Voltage Range1 VCOM_HOT AVDD ; AVDD \% 40 mV step
-4.0 AVDD +4.0
VCOM VCOM
Output Voltage Range2 VCOM_COLD HOT - HOT \% 10 mV step
-0.63
VCOM VCOM VCOM
Output Voltage Range3 VCOM_CAL HOT HOT HOT \% 10 mV step
- 0.63 +0.63V
Output Voltage Range4 VCOM_RNG | 0.2xAVDD - 0.7x AVvDD \Y,
Calibration Resolution RES_CAL - 7 - Bit
zﬂfﬁgral Non-Linearity Error INL_CAL A ) +1 LSB
(DDifLeLr;antial Non-Linearity Error DNLCAL A } +1 LSB
Output Current Ability
(Source) ISOURCE - 200 - mA
Output Current Ability (Sink) ISINK - 200 - mA
Load Stability VLOAD - 10 70 mV  |lo=-15 mA to +15 mA
Slew Rate SR 30 60 80 V/usec
4. Positive charge pump block (VGH)
Limits . -
Parameter Symbol - Unit Condition
Min Typ Max
Output Voltage Range 1 VGH_HOT 8.0 - 35 \% 0.2 V step
VGH
VGH 0.2 V step
Output Voltage Range 2 VGH_COLD HOT - P%I/ \Y, *Max = 35 V
Output Voltage Accuracy 1 VGH_R1 17.46 18 18.54 \Y, VGH=18 V setting
Output Voltage Accuracy 2 VGH_R2 17.1 18 18.9 v E/T‘j';'j}ﬁc\)’ ffé%”?c)
Soft Start time VGH_SS 4.25 5 5.75 msec [VGH=18 V setting
Under-Voltage Protection voltage | VGH_UVP | VGHx0.7 | VGHx0.8 | VGHx0.9 \Y,
DRP H Side On Resistance RON_DRPH - 10 20 Q
DRP L Side On Resistance RON_DRPL - 10 20 Q
AVDD-CPP1 On Resistance RON_CPP1 - 10 20 Q
CPP1-VCP On Resistance RON_CPP2 - 10 20 Q
VCP-CPP2 On Resistance RON_CPP3 - 10 20 Q
CPP2-VGH On Resistance RON_CPP4 - 10 20 Q
Discharge Resistance DISR_VGH - 150 300 Q
5. Negative charge pump block (VGL
Limits . "
Parameter Symbol - Unit Condition
Min Typ Max
Output Voltage Range VGL -14.0 - -4.0 \% 0.1V step
Output Voltage Accuracy 1 VGL_R1 -6.18 -6 -5.82 \% VGL=-6.0 V setting
Output Voltage Accuracy 2 VGL_R2 6.3 6 5.7 v E/TCaSL-:g-% \J/r fggtlﬂ‘g)
Soft Start time VGL_SS 4.25 5 5.75 msec
Under-Voltage Protection voltage VGL_UVP VGLx0.7 | VGL%0.8 | VGLx0.9 \Y,
DRN H Side On Resistance RON_DRNH - 10 20 Q
DRN L Side On Resistance RON_DRNN - 10 20 Q
Discharge Resistance DISR_VGL - 250 500 Q
www.rohm.com
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BM81810MUV-M

Datasheet

Electrical Characteristics (Unless otherwise specified, Ta=25°C, VIN, VINB=3.3V) — continued

6. Temperature compensation block (NTC)

Limits . »
Parameter Symbol - Unit Condition
Min Typ Max
NTC HOT Voltage VNTC_H 0.475 0.5 0.525 \Y,
NTC COLD Voltage VNTC_H 1.1875 1.25 1.3125 \Y,
NTC Current INTC 36 40 44 MA
NTC Resolution RES_NTC - 4 - Bit
7. Gate Pulse Modulation block (GPM)
Limits . "
Parameter Symbol - Unit Condition
Min Typ Max

GPM High Switch On
Resistance RON_GPMH - 15 30
GPM Low Switch On
Resistance RON_GPML ) 30 )

i N itive L
GPM Propagation Delay1 T_GPM1 - 0.1 0.3 usec 0'c1> ﬁgp:e?tlttilr;lge oad

. No Capacitive Load
GPM Propagation Delay2 T_GPM2 - 0.5 1.0 usec |y uS setting

. No Capacitive Load
GPM Propagation Delay3 T_GPM3 - 1.0 1.75 Hsec |1 uS setting

. No Capacitive Load
GPM Propagation Delay4 T_GPM4 - 1.5 25 Wsec {5 US setting
GSIN Pull Down Resistance RGSIN 70 100 130 kQ
GSIN Input High Voltage VGSINH 1.5 - - \Y,
GSIN Input Low Voltage VGSINL - - 0.6 \%

www.rohm.com
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BM81810MUV-M

Datasheet

Electrical Characteristics (Unless otherwise specified, Ta=25°C, VIN, VINB=3.3V) — continued

8. Overall (Entire device)

Limits
Parameter Symbol Min ‘ Typ Max Unit Condition
Inside Regulator Voltage
VREG Output Voltage VREG 2.15 23 2.45 \Y
Load Stability AV - 20 100 mV IVREG=5 mA
Oscillator Block
Oscillating Frequency 1 FOSC1 475 525 575 KHz
Oscillating Frequency 2 FOSC2 950 1050 1150 KHz
Oscillating Frequency 3 FOSC3 1900 2100 2300 KHz
Under Voltage Lock Out (UVLO) Circuit
UVLO release voltage VUVLO1 25 2.55 2.6 \%
UVLO detection voltage VUVLO2 2.0 2.1 2.2 \%
Hysteresis VHYS_UVL - 0.45 - \Y
Reset Circuit Block
Reset Voltage Range VRST 0.6 * 3.3 \% 0.1V step
Reset Voltage Accuracy VRST_R1 1.9 2.0 2.1 \% VRST=2.0 V setting
Hysteresis VHYS_RST - 0.1 - \%
Reset Delay time Range T_Delay2 0 - 40 msec
FAULT/ PG / RST Signal Output Block
Output Off Leak Current IL - 0 10 MA
Output On Resistance RON_O - 1 kQ
Control Signal Block1 SDA, SCL, WPN
Minimum Output Voltage VSDA - - 0.4 \Y ISDA=3 mA
H Level Input Voltage VIH 1.5 - - \Y
L Level Input Voltage VIL - - 0.6 \%
WPN Pull Down Resistance RWPN 70 100 130 kQ
Control Signal Block2 EN
Pull-Down Resistance Value RENL 280 400 520 KQ EN=Low
REN_H 420 600 780 kQ EN=High
H Level Input Voltage VENH 1.5 - - \Y
L Level Input Voltage VENL - - 0.6 \Y
Overall
Standby Current1 ISTB1 - 2.0 5.0 MA EN=GND
Standby Current2 ISTB2 - - 20 uA (Eg:%?o 1050
Consumption Current ICC1 - 2.0 5.0 mA EN=VIN, No switching
9. EEPROM
Limits
Parameter Symbol Min Typ Max Unit Condition
Rewritable cycle Cyc 100 - - Times TJ<125 °C
Programmable time Twr - - 50 msec
Data hold years DHY 20 - - Years TJ<125 °C

www.rohm.com
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 7. H/L threshold voltage
(control signals)

Figure 8. Power on waveform
(when operated by EN control, Function select = PG)
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Figure 9. Power off waveform
(when operated by EN control, Function select = PG)

Figure 10. Power on waveform
(when operated with EN=VCC, Function select = PG)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 11. Power off waveform
(when operated with EN=VCC, Function select = PG)

Figure 12. Power on waveform
(when operated by EN control, Function select = LDSW)
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Figure 13. Power off waveform
(when operated by EN control, Function select = LDSW)

Figure 14. Power on waveform
(when operated with EN=VCC, Function select = LDSW)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 15. Power off waveform Figure 16. Efficiency
(when operated with EN=VCC, Function select = LDSW) (VDD DC/DC mode)
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Figure 17. Output voltage accuracy
(VDD DC/DC mode, dependent on input voltage)

Figure 18. Output voltage accuracy
(vDD DC/DC mode, dependent on temperature)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 19. Phase margin Figure 20. Load Regulation
(VDD DC/DC mode) (VDD DC/DC mode)
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Figure 21. Load Transient
(vDD DC/DC mode)

Figure 22. Switching waveform
(vDD DC/DC mode)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 23. Efficiency Figure 24. Output voltage accuracy
(VDD LDO mode) (VDD LDO mode, dependent on input voltage)
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Figure 25. Output voltage accuracy
(VDD LDO mode, dependent on temperature)

Figure 26. Phase margin
(VDD LDO mode)
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BM81810MUV-M Datasheet

Typical Performance Curves - continued
(Unless otherwise specified VIN=3.3V, VDD=2.5V, AVYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 27. Load Regulation Figure 28. Load Transient
(VDD LDO mode) (VDD LDO mode)
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Figure 29. Efficiency Figure 30. Output voltage accuracy
(AVDD) (AVDD, dependent on input voltage)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued
(Unless otherwise specified VIN=3.3V, VDD=2.5V, AVYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 31. Output voltage accuracy Figure 32. Phase margin
(AVDD, dependent on temperature) (AVDD)
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Figure 33. Load Regulation
(AVDD)

Figure 34. Load Transient
(AVDD)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 35. Switching waveform Figure 36. Output Current
(AVDD) (VCOM)
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Figure 37. DAC INL
(VCOM)

Figure 38. DAC DNL
(VCOM)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)

Tek ik RS TekIGAd RS
o 2 P . ' 0 '
o 06 79.00ns .72y 06 -87.00ns 1n.72v
................. . SO 1 OB -91.00ns 1.320v é L ‘ O@ 94.00ns 1.320v
A170.0ns A10.40V A181.0ns Al0.40V
..... 4 PP P s 4
VCOM vcomM
2[V/div.] 2[V/div.]
(@ 2.00v J100ns fbskog(s)i/sl ?va (@ 200v ]{loons ?bskoggijrit gsoxv
Figure 39. Slew Rate Figure 40. Slew Rate
(VCOM, rise) (VCOM, fall)
70 6.5 T T T T T
60 63 |- [ L (NN R Ao
50 i i i i i
40 61 [----- T [ H— H HE
30 — 59 [oo——ro\y-- PO O R deeem ]
S 20 % ' : : :
E 10 - P P T
2 0 § 55 b it 1
5 '10 1 1
5 53 -----bmmmmmpmmmm e
& -20 2 .

g 0 SJ e At et S S S G
S 40 49 f----- [ I b ' !
-50 ! ! ! VCOM HOT=5.93V

.60 47 [----- ro---- Tooo T~ VCOM COLD=4.97V |-
-70 4.5 1 1 1 1 1
-15 -10 -5 0 5 10 15 0.3 05 0.7 0.9 11 13 15
Load [mA] NTC [V]

Figure 41. Load Regulation
(VCOM)

Figure 42. NTC Function
(VCOM)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 43. Efficiency Figure 44. Output voltage accuracy
(VGH) (VGH, dependent on input voltage)
5 0SC! 1. COOBOO00OCMHz - 30.Pmvpesk DG ©.00 Y INTEG: I0cycle HWMC: 1[ |
! ! ! ! ! ! ! SWP:  10@steps/swesp CPRSNIOFF SLSWPIOFF ANALICHI/CHZ EOL:OFF SUEEP  EI0
4 b---- ) N N wf: 23.988320kHz #R: +8.196 dB %9: +79.11 deg
: : : : : : : GHINIE] PHASEldzal
3 F---- F-—=--F----F-=---F----F----F----F
1 1 1 1 1 1 1
1 1 1 1 1 1 1
—_ 2 F---- [l e e e e e ea 135
S i : i i i i i
o 1 F---- ~,AVDD=8V --L—W————I———--I— 48 ﬁi-—k.v_._-k,_ o
3 O o [T S R ]
= 0 e e = - - == - - — = 268 e S 45
(=) 1 1 1 1 T
> 1 1 1 1 1 1 1 ﬁf “ll_____‘“i -\
Z 1 - L____L____L____LWL_-_-L o [ - a
R S R L G
= _2 _____ R P i ) i -26 -45
> 1 1 1 1 1 1 1 A
© 4l Lol lo oLl L1 || 3stage
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1.05MHz
4 fo--- 1 Load=10mA
. R R R R A o
- 1k Sk 18k 5@k 108k Soak 1M
40 20 0 20 40 60 80 100
Ta[C]

Figure 45. Output voltage accuracy
(VGH, dependent on temperature)

Figure 46. Phase margin
(VGH)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued
(Unless otherwise specified VIN=3.3V, VDD=2.5V, AVYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 47. Load Regulation Figure 48. Load Transient
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Figure 49. Switching waveform

(VGH)

Figure 50. NTC Function
(VGH)
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BM81810MUV-M

Datasheet

Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)
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Figure 51. Efficiency Figure 52. Output voltage accuracy
(VGL) (VGL, dependent on input voltage)
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Figure 53. Output voltage accuracy
(VGL, dependent on temperature)

Figure 54. Phase margin
(VGL)
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Typical Performance Curves - continued

(Unless otherwise specified VIN=3.3V, VDD=2.5V, AYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)

2.0 T T T T M
i E S U S S
i | | | (100mV/div.)
10 f------ Lo s s DRREEES "...___W’ o N
s : ' : : i :
g 08 [ g ]
© 1 [ 1 1
S 00 | i ! NE— Load
Sos | we mac1oma |
o 1 1 1 1
8 L0 f------bomoooodooaooo Tt T
ROUT :L ______ -E _______ E _______ E_ ______ lout mm m M w ”m '
20 ! ! ! ! (10mA/div.); n e
0 2 4 6 8 10 ey ] okt
Load [mA] 100usec/div.
Figure 55. Load Regulation Figure 56. Load Transient
(VGL) (VGL)
Y 44 T T T T T T T
VGL(AC, 20mV/div.) i | | | | | |
S E s s P PR A S S
E : : ! [vin=s.5v : :
< i i . " i i
- = 1 1 1 1
DRN(5V/div.) , = 40 - r N , -
e N R Tt pon ek e b dum b hen lon . e jew .- o 1 | | | H
LRI iIRIEIN s ! Lo Lo
WDy uwWwo Wbl ,7“; Wy W y WU O 1 1 1 1 1 1 1
¥ El o 3 L) " | L4 v J N | » % X N 3 1 N 8 38 _____ :_____:_____:_____:_____:_____:_____:_
2 P4 1 1 1 1 1 1 1
lout(10mA/div.) ! ! ! ! ! ! !
36 1 1 1 1 1 1 1
* -40 -20 0 20 40 60 80 100
Ta[C]

2usec/div.

Figure 57. Switching waveform
(VGL)

Figure 58. NTC current
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BM81810MUV-M Datasheet

Typical Performance Curves - continued
(Unless otherwise specified VIN=3.3V, VDD=2.5V, AVYDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)

GSIN N .
(2v/div.) 4 (2v/div.) ; b |

'S JM.'“.F. " A e TR -~

0.1usec se-ttmg
0.5usec setting

GSOUT 1.0usec ;etting

as\/o/(tjl-{/) (4v/div.) 1.5usec s‘.e;tting
3 L
25nsec/div. | 250nsec/div.
Figure 59. Propagation Delay Figure 60. Propagation Delay
(GPM, rise) (GPM, fall)

e [ |

GSIN
(2v/div. ’
L 22 TR SRR

GSOUT |
(av/div.)|
1 10usec/div.
Figure 61. Waveform
(GPM)
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Application Example 1 (when operated by EN control)

R_NTC2
R_NTC3
WPN \ R_NTC1
R_FLT
VIN
R_RE GSouT

|
» HYY YUY

g E]
r—————-- 1
A L &
™ | N
D | N
SWB E : : @
VDD E | | @
C_vDD LS Q‘E I\_ ]I &
EN ;E ——————— @
W OnpRAARRRA
E § % AVDD
C_VINB l AVDD
C_REG
N 5 oo [
* 3 -
C_VIN ;l/; - ;I/;
C_LSO
Figure 62. Application Circuit
(Function Select = PG)
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Application Example 1 (when operated by EN control) — continued

Application circuit components list
(Unless otherwise specified VIN=3.3V, VDD=2.5V, AVvDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V)

Value
r?:r;tz ) Unit | Company Parts Number Comment
(Nl\cilt?v Typ Max
C_VIN 10 10x2 - uF | MURATA GRT21BC81A106KEO01
C_VINB 4.7 10 - uF | MURATA GRT21BC81A106KE01 No ”eedm(‘% d\gDD LDO
C_REG 0.047 0.1 0.47 uF | MURATA GRT188R71H104KE13
C_LSO 10 10x2 - uF | MURATA GRT21BC81A106KEO01
C_AVD 5.0 10x3 | 10x6 | pyF | MURATA GRT31CC81E106KE01 See p.49 in detail.
L SwW - 47 - pH TDK LTF5022T-4R7N2R0-H See p.49 in detail.
Please insert D_SW when
D_Sw - - - - ROHM (RBO60M-30DD) improving the efficiency is
necessary.
C_vDD 10 10x2 47 MF | MURATA GRT21BC81A106KEO01
L_SwWB - 47 - pH TDK LTF5022T-4R7N2R0-H
C_VCOM - - - uF | MURATA -
C_VGL 0.47 1.0 4.7 MF | MURATA GRT21BC81E105KE13
C_DRN - 0.1 - MF | MURATA GRT188R71H104KE13
D_VGL - - ROHM RB558WFH
C_VGH 0.47 2.2 4.7 uF | MURATA GRT21BC8YA225KE13
C_CPP1 - 0.1 - uF | MURATA GRT188R71H104KE13
C_VCP - 1.0 - uF | MURATA GRT188C81E105KE13
C_CPP2 - 0.1 - MF | MURATA GRT188R71H104KE13
R_RE 0.2 2.0 - kQ ROHM MCRO03
R_NTC1 - 47 - kQ ROHM MCRO03
R_NTC2 - 33 - kQ ROHM MCRO03
R_NTC3 - 10 - kQ | MURATA NCU18XH103F6SRB
R_FLT 47 100 200 kQ ROHM MCRO03
R_PG 47 100 200 kQ ROHM MCRO03
R_RST 47 100 200 kQ ROHM MCRO03

(Note 1)Please set in consideration of temperature properties and DC bias properties not to become less than the minimum.

Please consider it based on enough evaluations with the actual model.
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Application Example 1 (when operated by EN control) — continued
Timing Chart1

Start-up Sequence (when operated by EN control)
Vee UVLO release

Vee=2.55V

(Inner logic, reset EEPROM)

VIN
Enable=L=H
EN
VREG
EEPROM
EEROM Auto Read\ Discharge
0~5ms
>~ ,
Discharge
Tms
(when;VDD=1.2V)
VDD VDD
/ 90%
Soft Start time
5ms (when 10.5V is set)
delay1 AVDD
AVDD ~
(0~300ms) VIN
level
load
SW ON /
\\ VGL
VGL P
delayd Soft Start time
(0~40ms)

5ms (when -6V is set)

VCOM =
Start up by following to
AVDD voltage

VCOM

: Soft Start time
5ms (when 18V is set)

AVDD |
VGH level /1
7
.
4 1
i
)

EEPROM Register

)
|
GSOUT | \

| delay4
: (0~40ms)
1

Y

/;
RST delay2 X - -
(0~40ms) Reset monitor is setting VDD.
PG
FAULT

Figure 63. Start-Up Sequence Diagram (when operated by EN control)
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Application Example 1 (when operated by EN control) — continued

OFF Sequence (when operated by EN control)

Vce UVLO detect Vee=2.1V
(Inner logic, reset EEPROM)

N

VREG
EEROM |
Discharge | E
Enable=H=L dolay5
EN (0~10ms)
VDD
[Discharge J
VDD

/

Discharge i

AVDD \

VGL

i Il
'

'

.

1

AVDD i
Discharge !
|

1

'

'

VCOM
Discharge

VCOM
: if VGH
D) et
VGH

\

==7

RST
PG
FAULT
Figure 64. OFF Sequence Block (when operated by EN control)
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VCC condition)

Application Example 2 (when operated with EN

BM81810MUV-M

Timing Chart2

VCC condition)

Start-up Sequence (when operated with EN

2.55V

Vce UVLO release

Vce
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Figure 65. Start-Up Sequence Diagram (when operated with EN
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Timing Chart2 - continued

OFF Sequence (when operated with EN= VCC condition)

VIN,
VINB,
EN

VREG

EEROM

Discharge

VDD

AVDD

VGL

VCOM

VGH

EEPROM Register
Data write-able zone

GSOUT

RST

PG

FAULT

’

Vce UVLO detect Vee=2.1V
(Inner logic, reset EEPROM)

—p

discharge after Vcc UVLO detect

|

VDD
Discharge

AVDD
Discharge

VGL
Discharge

S LIV

|

VGH
Discharge
*Discharge enable

(777

7

Figure 66. OFF Sequence Diagram (when operated with EN= VCC condition)
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Application Example 3 (using LDSW mode)

In case of activating in order of VGL => AVDD => VGH, changing the application contracture to following make is possible. In this
case please set Register08h (Function Select) of the EEPROM to "1".

R_NTC2
R_NTC3
WPN | R_NTC1
LLL
VIN
R_RE GSOUT
R_FLT I:I
VGH

FAULT
PG / LDSW C_VGH

VIN

R_RST

EEEEEEEE

L_swB
C_VvDD

VIN

C_LsSO

Figure 67. Application Circuit
(Function Select = LDSW)
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Application Example 3 (using LDSW mode) - continued

Application circuit components list
(Unless otherwise specified VIN=3.3V, VDD=2.5V, AVvDD=10.5V, VGH=18V, VGL=-6.0V, VCOM=5.25V and Ta=25°C)

Value
Parts name Unit | Company Parts Number Comment
(Nl\cflt?v Typ Max
C_VIN 10 10x2 - MF | MURATA GRT21BC81A106KEO1
C_VINB 4.7 10 - uF | MURATA GRT21BC81A106KEO1 No ”eedm(% d\gDD LDO
C_REG 0.047 0.1 0.47 MF | MURATA GRT188R71H104KE13
C_LSO 10 10x2 - uF | MURATA GRT21BC81A106KEO1
C_PAVD 5.0 10x2 10x5 uF | MURATA GRT31CC81E106KEO1 See p.49 in detail.
C_AVD 2.2 4.7 10 uF | MURATA GRT31CC81E475KE01 See p.49 in detail.
L_SW - 4.7 - puH TDK LTF5022T-4R7N2R0-H See p.49 in detail.
Please insert D_SW when
D_Sw - - - - ROHM (RBO60M-30DD) improving the efficiency is
necessary.
M_LDSW - - - - ROHM RTRO30P0O2FHA
R_LDSW - 100 - kQ ROHM MCRO03
C_LDSW - 0.47 - MF | MURATA GRT21BR71H474KEO1
C_GD - 33 - nF | MURATA GRT155R71H333KEO1
R_LSGATE - 100 - kQ ROHM MCRO03
C_vDD 10 10x2 47 uF | MURATA GRT21BC81A106KE01
L_SwWB - 4.7 - pH TDK LTF5022T-4R7N2R0-H
C_VCOM - - - MF | MURATA -
C_VGL 0.47 1.0 4.7 uF | MURATA GRT21BC81E105KE13
C_DRN - 0.1 - uF | MURATA GRT188R71H104KE13
D_VGL - - ROHM RB558WFH
C_VGH 0.47 2.2 4.7 MF | MURATA GRT21BC8YA225KE13
C_CPP1 - 0.1 - MF | MURATA GRT188R71H104KE13
C_VCP - 1.0 - uF | MURATA GRT188C81E105KE13
C_CPP2 - 0.1 - uF | MURATA GRT188R71H104KE13
R_RE 0.2 2.0 - kQ ROHM MCRO03
R_NTC1 - 4.7 - kQ ROHM MCRO03
R_NTC2 - 33 - kQ ROHM MCRO03
R_NTC3 - 10 - kQ | MURATA NCU18XH103F6SRB
R_FLT 47 100 200 kQ ROHM MCRO03
R_RST 47 100 200 kQ ROHM MCRO03
(Note 1)Please set in consideration of temperature properties and DC bias properties not to become less than the minimum.
Please consider it based on enough evaluations with the actual model.
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Start-up Sequence (when operated with LDSW function)

BM81810MUV-M
Timing Chart3

3
2
R
23 / _
ml
E=- N [ " e, b betns =
5 € 2
= o
22 33
= (PN e
[
% a < ® ) AN I N TTTTTTTTT
o g > 2 o a
K] 2 £ ol
S = ge B z: N
in S o =09 ~
v £ g sl | | oY)l 3.
£C g% <
b=~ (2 L] a
mh | ﬁm MMD a
aE ® 5 9ES ~
29 7 >ha »
ce o N A ) NN I N D S I I
nwe L \ H\\ 2
al »
./...ru .......................................................... 2
o
N @ £
N 3m <
b 59 £
ERY e B
........... Z2--}- S H
N o
< |t PO D Y N BN o Y N
a =& 3=
In 38 29
28] = o
WV% =)
[T . N SR SRR Y NI A R, SN DU B 2 W
"
E: 2
................................................ ag
; i
- g se
S s g
o 56
¢ i
SR O S il I N ESUSS ESS E N RN
[
g il
11
> 9 2
2% 8 4\
N w
vl | 1YYy
SE 3
a2
-..A R B R B e B O,
=0
o Q = -
> @ o = o aQ 4 = T %5 =) - = o
22 = g 2 5 0 2 g 3 g o 3 2 3 2
> w
> i S < > m_u.vm 1] - w
(I} a ©
3¢
xS
a3
L ©
w s
o

Figure 68. Start-Up Sequence Diagram (when operated with LDSW Function)
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Timing Chart3 - continued

OFF Sequence (when operated with LDSW function)

Vce UVLO detect Vee=2.1V
(Inner logic, reset EEPROM)

VIN,
VINB

VREG

EEROM

Discharge

EN

Enable=H=L
delayb

(0~10ms)

i(vbD i
1| Discharge

VDD

AVDD
1| Discharge

_l'

AVDD

W

VGL

-»

VGL Hi-z )} VGL
Discharge !

VCOM

ai

a

! i
'
! VGH H
VGH Hi-Z Ji| Discharge Ji
'

\

VGH

:

EEPROM Register
Data write-able zone /

/

RST

LDSW

FAULT

Figure 69. OFF Sequence Diagram (when operated with LDSW Function)
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Serial communication

This IC has two device-address-differential EEPROM installed and data is send or received to/from EEPROM using 2-line serial

interface (SCL, SDA). Communication format for data sending or receiving to/from each EEPROM is shown below.

EEPROM I2C Format for DVR (VCOM calibrator)

Write Device address R/W | ACK DATA ACK
) Start STOP
operation 1 I 0 I 0 I 1 I 1 I 1 I 1 0 0 D6 I D5 I D4 I D3 I D2 I D1 | Do | P 0
Device address R/W [ ACK DATA ACK
Rea(.j Start STOP
operation 1 I 0 I 0 I 1 I 1 I 1 I 1 1 0 D6 I D5 I D4 I D3 I D2 I D1 | DO | X 1

When Device Address = 1001111(R/W) is selected, Data is Read or Write EEPROM for DVR(VCOM calibrator).

During Write mode

‘When P=1, the sending data is written only to Register.

‘When WPN=Low and P=0, the sending data is written only to Register.

‘When WPN=High and P=0, the sending data is written both to Register and EEPROM.

During Read mode
The last bit of received data is “Don’t care”.

“D6” is * select bit: 0 ="+", 1="-"from VCOM(HOT) value.
[D5:D0] are voltage band from VCOM(HQOT).
The voltage band is calculated; 10mV x [D5:D0],

For example,

[D6:D0,P] = 82h(D6=1, [D5:D0]=1'd, P=0) -« VCOM = VCOM(HOT) — 1 x 10mV;
[D6:D0,P] = 7Eh(D6=0, [D5:D0]=63'd, P=0) *=« VCOM = VCOM(HOT) + 63 x 10mV;

Sequence of DVR side EEPROM during Read/Write mode is shown in below chart.

Device Address?

Y

1001111x (DVR)

REGISTER DATA REGISTER DATA of DVR is directly :
OUTPUT UPDATE reflected to Analog Circuit. y
s} : i
3 SDA == 12C IF «——| REGISTER (7hit) i
WPN P i
LO H : :
@ LO :
HI :
: VCOM Calibrator
EEPROM WRITE END PROCESS
Figure 70 .
9 Figure 71
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Serial communication - continued

EEPROM I2C Format for Power Management IC (PMIC)

Write Device address R/W|ACK| Register Address ACK| _ ACK
operation | [T J0]o]0]0]0]0]0]0][ 00h~0Dh{Ohiih |0 | N-bytes Data - o | Step

Read Device address R/W|ACK Register Address ACK| Repeated Device Address ACK _ ACK
operation | > [T J0]o]o]o]oJo]o]o]| 00h~oDhtohiin Jo] St |1 JoJoJoJoJo o i1]o]| | otesbata =7 Stop

Device Address of BM81810MUV-M is 1000 000x.
Multi write is possible until Register 00h to 0Dh.

EN WPN  [Start-up( OCh[7]) PMIC ( 00h to ODh) | Output Function
1 Low Low - - Shutdown
2 High Low - Register Active
3| High | High 0 FéeEgP's;%r,\f Shutdown
4| High | High L 'EeEgP'SF;eO',\ﬁ‘ Active

* In the mass production shipment process, please write Start-up ( 0Ch[7] ) to "1" in EEPROM.

The following are the settings if you want to send the Data by 12C.

Device Address?

Receive register address

Write

Device Address

1000_0001

Output register data

Input data to register

4

Write data to EEPROM

End process

Figure 72

WPN Timing
WPN is normally fixed as Low.
In case of writing to EEPROM, WPN is set to High, and the timing will be as below.
Because the maximum of the auto-read time from EEPROM is 5ms, please between EN signal and 12C input than 5ms.
Also, because the maximum of writing time to EEPROM is 50ms, please between I12C STOP signal and EN falling signal

than 50ms.
VIN / | EEPROM Data EON\
! Auto Read _} {EEPROM_Write Titne
| > bmsec | H > 50msec i
EN i i
B :
LSUWPN fepi :4—»5 tHDWPN
sSCL > Ousec ? oo 12 oo |2 N N n i > 10usec
SDA n| Adoress | | Adaress [ 0| PATA | Cf PATA € PATA | °
T
Figure 73
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12C Timing Diagram

SCL

tHD: ST,

SDA
(IN)

tBUF

S,

YA

SCL

tSU; ST, N tSY; STO
" —m
SDA
30%
s i i
Figure 74. 12C Timing Diagram
Timing standard values
Parameter Symbol NORMAL MODE . FAST MODE Unit
Min Typ Max

SCL frequency fSCL - - 400 kHz
SCL high time tHIGH 0.6 - - us
SCL low time tLOW 1.2 - - us
Rise Time tR - - 0.3 MS
Fall Time tF - - 0.3 us
Start condition hold time tHD;STA 0.6 - - ps
Start condition setup time tSU;STA 0.6 - - ps
SDA hold time tHD;DAT 0 - - ns
SDA setup time tSU;DAT 100 - - ns
Acknowledge delay time tPD - - 0.9 us
Acknowledge hold time tDH - 0.1 - us
Stop condition setup time tSU;STO 0.6 - - us
Bus release time tBUF 1.2 - - us
Noise spike width Tl - 0.1 - ps
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Automatic EEPROM Read Function at Start-up

Upon BM81810MUV-M start-up, a reset signal is generated and each register is initialized.
After VREG activation is finished, data which is stored in the EEPROM is copied to the registers.
The automatic EEPROM read function at start-up is further explained by the flow chart below.

VREG ACTIVE

v

EEPROM READ

v

TRANSFER DATA
REGISTER

v NO
NG

A

v OK y YES

START OPERATION SHUT DOWN

Figure 75. Automatic EEPROM Read Function at Start-up
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EEPROM Parameter Setting

B EEPROM / Main Register Map ( device address :

Device Address: 1000000x (PMIC)

1000000x )

isg:zt:sr Bits Function Resolution Comments
00h 8 AVDD Output voltage 0.1V [5.0Vto 17.0V] AVDD Output voltage setting
01lh 8 VGH(HOT) Output voltage 0.2V [8.0Vto 35.0V] VGH(HOT) Output voltage setting
o0zh s AVGH(COLD) Voltage [6:0] 0.2V [VGH(HOT) + 15V]
VGH NTC Enalbe [7] O:Disable, 1:Enable
03h 8 |VGL Output voltage 0.1V [-14.0Vto -4.0V] VGL Output voltage setting
04h 8 VCOM(HOT) Output voltage 40mV [0.5xAVDD =*=4.0V] VCOM(HOT) Output voltage setting
05h 8 AVCOM(COLD) Voltage [6:0] 10mYV [VCOM(HOT) - 0.63V]
VCOMNTC Enalbe [7] O0:Disable, 1:Enable
VDD Output voltage [5:0] 0.05V[0.9Vto 3.4V] VDD Output voltage setting
06h 8 |VvDD mode select [6] 0:DC/DC,1:LDO Select VDD operation mode DC/DC or LDO
VDD Phase [7] See P.56 page. select VDD Phase
Reset Voltage [4:0] 0.1V [0.6Vto 3.3V] Reset voltage setting
07h 8 Reset monitor select [5] 0:vDD, 1:VIN Select monitor pin of reset function
GPMinput delay [7:6] 00: 0.1usec, 01: 0.5usec, 10: 1.0usec, 11: 1.5usec | GPM input propagation delay time setting
Discharge time [2:0] 1msec [0 to 5msec] Pre-discharge time setting
08h 8 Delayl time [6:3] [0 to 300msec] Load sw itch of AVDD start-up delay time setting
Function Select [7] 0: PG, 1: LDSW 24pin function select
Delay2 time [2:0] 5msec [0 to 30msec, 40msec] Reset start delay time setting
09h 8 DoubleReg [3] 0: Disable, 1: Enable Double Register Function
Delay3 time [6:4] 5msec [0 to 30msec, 40msec] VGL or VGH start-up delaytime setting
DataRef [7] 0: Disable, 1: Enable Data Refresh Function
Delay4 time [2:0] 5msec [0 to 30msec, 40msec] GPM start delay time setting
0Ah 3 AR_Time [3] 0: 0.5sec, 1: 1.0sec Data Refresh Time
Delay5 time [6:4] 2msec [0 to 10msec] VDD stop delaytime setting
VGH Discharge enable [7] 0: Enable, 1: Disable VGH Discharge function enable
AVDD Coil[1:0] See p.49 page. select AVDD Coil indactance
AVDD SW Slew Rate [3:2] See p.48 page. ?fltizsst'i"’c:g:lz;t)“”g
OBh 8 AVDD SS time [5:4] 5msec [Bmsec to 20msec] AVDD softstarttime setting
AVDD OCP Select [6] 0:2A, 1: 1A AVDD OCP min value select
AVDD COMP [7] See p.49 page. AVDD phase compensation setting
AVDD Frequecy [1:0] 00:2.1MHz, 01:1.05MHz, 10:525KHz, 11:525KHz Seletc AVDD switching frequency
VDD Frequecy [3:2] 00:2.1MHz, 01:1.05MHz, 10:525KHz, 11:525KHz Select VDD switching frequency
AVDD Fregenc Select VGH and VGL switchin
och 8 |VGH/VGL Frequecy|[5:4] (00: x1,01: --, 1C(|): ——,y11: --) frequency. Choose only "00" .g
VGH mode select [6] 0: x3 mode, 1:x2 or X4 mode Select VGH charge pump mode
start-up bit [7] O0:Disable, 1:Enable

Device Address: 1001111x (VCOM)

Register

Bits Function
Address

Resolution

Comments

VCOM Calibrator

+/-0.01V [ VCOM +/- 0.63V]

VCOM Calibrator

When Start-up bit(REGOCh[7]) is "1”, below Register cannot be modified.

VGH NTC Enable REGO02h[7]
VCOM NTC Enable REGO05h[7]
VDD mode select REGO06h[6]
Function select REGO08h[7]
VGH mode select REGOCh[6]

To change those Register setting, start-up bit(REGOCh[7]) should be in 0.
After changing the register value, set the Start-up bit(REGOCh[7]) to “1” again to start up with the changed setting.
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Register Map

Device Address : 1000000x (PMIC)

Registi
egister D7 D6 D5 D4 D3 D2 D1 DO Default
Address
00h AVDD Output Voltage 68h
01h VGH HOT Output Voltage 59h
VGH
02h NTC Enable AVGH COLD Voltage 83h
03h VGL Output Voltage 3Bh
04h VCOM HOT Output Voltage 80h
VCOM
05h NTC Enable AVCOMCOLD Votlage 99h
VDD VDD
06h Phase Select MODE VDD Output VOltage 20h
GPM Reset
07h Input Delay Monitor Select Reset VOltage 04h
Function . . .
08h Select Delayl time Discharge time 09h
09h Data Refresh Delay3 time DoubleReg Delay2 time 13h
VGH . . .
0Ah Discharge Enable Delayts time AR_Time Delay4 time 87h
AVDD AVDD AVDD AVDD AVDD
0Bh COMP OCP Select SS Time SW Slew Rate Coil Select 3Ch
Start-up VGH VGH/VGL VDD AVDD
0Ch Bit mode select Frequency Frequency Frequency 05h
0Dh Check Sum 60h
Double Check sum 00h
10h AVDD UVP VDD UVP VGH UVP VGL UVP Register Error| VPP ocp TSD Error
Device Address : 1001111x (VCOM)
Register D6 D5 D4 D3 D2 D1 DO p Default
Address
- VCOM Calibration Voltage P 80h
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Register Map - continued

Command Table

Regitser Address
00h 01h 02h 03h 04h 05h 06h 07h 08h
DATA OA\::?JSt V%':[’;ST VGH | AVGH COLD o\f; ¢ VCSXPE?T VCOM Aé\gclgM VDD VDD ovu E";‘ ﬁ;ﬁ‘f N’::sr Reset | Functon | Delayl | Discharge
INTC Enable|  Voltage NTC Enable Phase MODE Voltage Select time time
(HEX) | Voltage | Voltage m 6:0] Voltage | Voltage m Voltage m ] Voltage Delay Selecet 0] m 63 20l
70l [7:0] 70l [7:0] [6:0] [5:0] [7:6] [5]

00h +0.0V AVDDI2 -0.00V 0.90 V 06 V. 0 msec
01h +0.2V AVDDI2 1004V 0.0V 095 V 07 V. 1msec
02h +0.4V AVDDIZ +0.08V -0.02v 1.00 V 08 V. 2 msec
03h +0.6V AVDDI2 1012V -0.03V 1.05 V 09V Omsec |_3msec
04h +0.8V AVDDI2 1016V -0.04v 110 V 10V 4msec
05h +1.0v AVDDI2 1020V 0,05V 115 V 11V

06h +12v AVDDI2 1024V -0.06V 120 V. 12V 5msec
07 +1.4v AVDDI2 1028V 0.07v 125 V 13V

08l +16V AVDDI2 1032V -0.08V 130 V 14V 0msec
09I +18v AVDDI2 1036V -0.09v 135 V 15V 1 msec
0Al +2.0v AVDDI2 +0.40V -0.10v 140 V 16 V 2 msec
0Bh 2.2V AVDDI2 1044V 011V 145 V 17V 5msec | —3msec
0Ch 2.4V AVDDI2 +0.48V 012V 150 V 18 V 4 msec
0Dh +2.6V AVDDI2 1052V 013V 155 V 19V

OEh +2.8v AVDDI2 1056V -0.14v 160 V 20V 5msec
o o AVDDI2 7060V 015V 165V VDD 21V

10h +3.2V AVDDI2 1064V -0.16V 170 V 22V 0 msec
11h +3.4V AVDDI2 +0.68V 017V 175 V. 23V 1 msec
12h +3.6V AVDDI2 1072V 018V 1.80 V 24V 2 msec
13h 80V +3.8Y a0y |[AvoozioTeY 010V 185 V 25V Lomsec | _3msec
14h +4.0V AVDDI2 +0.80V 020V 190 V. 26 V. 4 msec
15h +a2v AVDDI2 1084V 021V 195 V 27V

16h +4.4V. AVDDI2 +0.88V 0.22V 2.00 V 28 V. 5msec
17h +a.6V AVDDI2 1092V 023V 2.05 V 29V

18h 50V +a.8Y AVDDI2 1096V 024V 210 V 30V 0 msec
19h 5.0V AVDDI2 +1.00V 025V 215V 31V 1msec
1Ah 5.2V AVDDI2 +1.04V 0.26V. 220 V 32V 2msec
1Bh +5.4v AVDDI2 +1.08V 027V, 225V 3msec

15 msec

ich 5.6V AVDD2 +1.12V 028V 230 V 4 msec
1Dh +5.8Y AVDD2 +1.16V 029V 235V 33V

1Eh +6.0V AVDDI2 +1.20V 030V 2.40 V 5msec
1Fh +6.2V. AVDDI2 +1.24V 031V 245

20h +6.4V AVDDI2 +1.28V 0.32v pe/e 250 v_| OtUsee 06 V 0 msec
21h +6.6V AVDDI2 1132V 033V 255 V 07 V. 1msec
22h +6.8Y AVDDI2 +136V 034V 2.60 V 08 V. 2 msec
23h +7.0v AVDDI2 +140V 035V 2.65 V 09 V. 3msec
24h +72v AVDDI2 +148V 036V 270 V 10V 20mSee I msec
25h +7.47 AVDDI2 +1.48V 037V 275 V 11V

26h 7.6V AVDDI2 +1.52V 038V 2.80 V 12V 5msec
27h +7.8V. AVDDI2 +1.56V. -0.39V 285 V 13V

28h 82V +8.0V. 41V [AvoDzrieov 0.40v 290 V 14V 0 msec
29h 84V +8.2V 4.2 V_|AvoDzri6av 0.41v 295 V 15V 1msec
2/ 86 V +8.4V 43 V_|AvoDz iesv 042V 3.00 V 16 V 2 msec
2Bh 88 V +8.6V 44 V_[AvoDz 72v 0.43V 305 V 17V 25 msec | —3Msec
2Ch 90V +8.8Y 45 V_|AvoDz ni7ev 0,44V 310 V 18 V 4 msec
2Dh 92V +9.0v 46 V_|AvoDz ris0v 0,45V 315V 19V

2Eh 94 V. +9.2V 47 V| AvoDz r1av 0.46V 320 V 20V 5msec
2Fh 96 V +9.4V -48 V. AVDDI2 +1.88V. 0.47V 325 V. VIN 21V

30h 98 V +9.6V 4.9 V_[Avooz L2y 0.48V 330 Vv 22V 0 msec
31h 100 V +9.8V 5.0 V_[Avooz g6y 0,49V 335 V 23V 1 msec
32h 51V 102 V +10.0V 5.1 V| AvoDz 2000 0.50v 24V 2 msec
33h 52 V 104 V +10.2v 5.2 V_[AvoDz 208V 0.51v 25V 30msec |—3msec
34h 53 V 106 V +10.4v 5.3 V_|AvoDz2 208 0.52v 26V 4 msec
35h 54 V 108 V +10.6v 5.4 V_|AvoDze212v 0.53v 27V

36h 55V 110V +10.8V 55 V__[AvoD2 2167 054V 28V 5msec
37h 56 V 12 Vv +11.0V. -56 V AVDDI2 +2.20V -0.55V 29V

38h 57V 114V +112v 5.7 V_|AvoDz 2207 0.56V 340 v 30V 0 msec
39h 58 V 116 V +11.4v 58 V_|AvoDz 2287 057V, 31V 1 msec
3Ah 59 V 118 V +11.6V 5.9V _[Avooz v 058V 32V 2 msec
3Bh 60 V 120 V +11.8V 6.0 V_|Avo2 236 050V, 35 msec | —3Msec
3Ch 6.1V 122V +12.0V 6.1 V_|Avoo2 240 0,60V 4 msec
3Dh 62 V 124V +12.2V 6.2 V_|AvoDz 2447 0,61V 33V

3Eh 63V 126 V +12.4V 6.3 V__|AvoDz 248V 0.62V 5msec
3Fh 64V 128V | e +12.6V 6.4 V_[avooeesv] 063v___|VD_Phase_| Disable

40h 65V 130 V +12.8V 6.5 V__|AvoDz2 256V 0.64V Set1 0.90 V 06 V. 0 msec
41h 66 V 132V +13.0V 6.6 V__|AvoDz2 260 0.65V 0.95 V 07 V. 1msec
42h 6.7 V 134 V +13.2v 6.7 V__|AvoDz 2647 0.66V 100 V 08 V. 2 msec
43h 6.8 V 136 V +13.4v 6.8 V__|AvoDz2 268V 067V 105 V 09 V. 40msec |—3msec
44h 69 V 138 V +13.6V 6.9 V_[AvoDz 272V 0.68V 110 V 10V 4 msec
45h 70V 140 V +13.8V 7.0 V_[AvoDR2 2767 0,69V 115 V 11V

46h 71V 142V +14.0V 71V |Avooz 280 070V 120 V. 12V 5msec
47h 72V 144V +14.2V 7.2 V_|AvoDz 2887 071V 125 V 13V

48h 73V 146 V +14.4V 7.3 V_|AvoDz 288y 072V 130 V 14V 0 msec
4%h 74V 148 V +14.6V 7.4 V_|Avooz 292v 0.73V 135 V 15V 1 msec
4Ah 75V 150 V +14.8V 7.5 V_[Avoo2 296 074V 140 V 16 V 2 msec
4Bh 76 V 152 V 7.6 V_|AvoD2 300v 075V 145 V 17V 60msec |_3Msec
4Ch 77V 154 V 7.7 V__|AvoDR 308V 076V 150 V. 18 V 4 msec
4Dh 78 V 156 V 7.8 V__|AvoDR2 308V 077V 155 V. 19V

4Eh 79V 158 V 7.9 V_[AvoDR312v 078V 160 V 20V 5msec
4Fh 80 V 160 V 8.0 V_[AvoDR2 316V 079V 165 V VoD 21V

50h 81V 162 V 8.1V [AVDDR2 320V 0.80V. 170 V 22V 0 msec
51h 82 V 164 V 8.2 V_|AvODR2 3280V 0381V, 175 V 23V 1msec
52h 83 V 166 V 83 V__[AvoDR2 328V 082V 180 V 24V 2msec
53h 84V 16.8 V 8.4 V_[AvoD2 332V 0.83V. 185 V 25V 80 msec |—3msec
54h 85V 17.0 V 85 V__[AVOD2 336V 0.84V 190 V 26 V. 4 msec
55h 86 V 172V 8.6 V_|AvoDz 3.0v 085V 195 V 27V

56h 87 V 174V 87 V_|AvoDz v 0,86V 2.00 V 28V 5msec
57h 88 V 176 V 8.8 V| Avoo 3.48v 087V 205 V 29V

58h 89 V 178 V 8.9 V_[Avooe s352v 088V 210 V 30V 0 msec
59h 9.0 V 180 V 9.0 V_|AvoDz 3sev 0.89V 215 V 31V 1msec
5ph 91V 182 V 9.1 V_[AvoDR2 360V 0.90v 220 V 32V 2 msec
58h 92V 184 V 9.2 V_[AvoDR2 364V 001V 225V 100 msec |_3msec
5Ch 93V 186 V 9.3 V_[AvDDR2 1368V 0.92v 230 V 4 msec
5Dh 94V 188 V 9.4 V_[AvoDz 2w 093V 235 V 33V

5Eh 95V 190 V 9.5 V_[AvDDR2 3767 0.94v. 2.40 V 5msec
5Fh 96 V 192V 9.6 V_[AvoD2 380V 095V 0o 245V | (o cee

60h 97 V 194 V 9.7 V_[AvoDR2 384V 0.96V. 250 V 06 V. 0 msec
61h 98 V 196 V 9.8 V_[AvoDR2 388V 097V 255 V 07V 1msec
62h 99 Vv 198 V 9.9 V_[AvoD2392v 0.98V. 260 V 08 V. 2 msec
63h 100 V 200 V 100 V_|AVDD2 1396V 0.99V. 2.65 V 09 V. 150 msec |3 msec
64h 101 V 202 V 101 V_|AVDDRZ +a00v .00V 270 V 10V 4 msec
65h 102 V 204 V +15.0v 102 V_[AVOD2 +4.0aV. 1,01V 275V 11V

66h 103 V 206 V 103 V_|AVDD2+408V 1.02v 280 V 12V 5msec
67h 104 V 208 V -10.4 V_|AVDDR2 12V 1.03v 285 V 13V

68h 105 V 210 V 105 V_|AVDDR2 416V 1,04V 2.90 V 14V 0 msec
69h 106 V 212V -10.6 V_|AVDD2+420v 1,05V 2.95 V 15V 1 msec
6Ah 107 V 214V 107 V_|AvDDR2 1428V 1.06V 3.00 V 16 V. 2 msec
6Bh 108 V 216 V -10.8 V_|AVDD2 1428V 107V 305 V 17V 200 msec |__3msec
6Ch 109 V 218 V 109 V_|AVDDR2 1432V 1.08v 310 V 18V 4 msec
6Dh 110 V 220 V 110 V_|AVDDR2 +436V 1,09V 315 V 19V

6Eh 111V 222V 111 V_|AVDDR2 +ad0v 110v 320 V 20V 5msec
6Fh 12V 224V 112 V_|AVDDR2 +a4av 111V 325V N 21V

70h 13V 226 V 113 V_|AVDD2 +a 48V 112v 330 V 22V 0 msec
71h 114 V 228 V 114 V_|AVDDR2 +a52v 113V 335 V 23V 1msec
72h 115 v 230 V 115 V_|AVDD2 56V 114V 24V 2 msec
73h 116 V 232 V 11.6 V_|AVDD2 +a60v 115V 25V 250 msec |__3msec
74h 117 V 234V 117 V_|AVDD2+a6av 116V 26 V 4 msec
75h 118 V 236 V 11.8 V_|AVDDR2 +a68V 117V 27V

76h 119 V 238 V 11,9 V_|AvoDzvaz2v 118V 28V 5msec
77h 120 V 240 V 12.0 V_|AVDDR2 476V 119V 29V

78h 121V 242 V 12.1 V_|AVDD2 1480V 1.20v 240 v 30V 0 msec
791 122 V 244V 122 V_|AVDDR2 1484V 121V 31V 1 msec
A 123V 246 V 12.3 V_|AVDD2 1488V 122V 32V 2 msec
78h 124V 248 V 12.4 V_|AVDDR2 1492V 1.23v 300 msec |—3Msec
7Ch 125 V 250 V 125 V_[AVDD2 1496V 1.24v 4 msec
7Dh 126 V 252 V “12.6 V_|AVDD2+500v 125V 33V

7Eh 127V 254 V 12.7 V_|AVDD2 4508V 1.26V 5msec
7Fh 128 V 256 V -12.8 V_|AVDD2+508V 127V
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Command Table - continued

Regitser Address
00h 01h 2h 03h 04h 5h 06h 07h 08h
AVDD | VBHHOT | oy | pygHcolp| VBE  [VEOMHOT| ooy 4vcom VDD VDD VoD GPM Reset Reset | Function | Delayl | Discharge
DATA | Output Output Output Output coLb Output Input Monitor
INTC Enable|  Voltage NTC Enable Phase MODE Voltage Select time time
(HEX) | Voltage | Voltage o 0] Voltage | Voltage - Voltage m ] Voltage Delay Selecet 0] o 3] 20
[7:0] 70 [7:0] [7:0] [6:0] : [7:6] 5]

80h 129 Vv 258 V +0.0V -129 V. AVDD/2 -0.00V v 06 V 0 msec
81h 130 V. 260 V +0.2V -13.0 V. |AVDD/2-0.04V| -0.01v \ 0.7 V 1 msec
82h 131 V. 262 V. +0.4V -13.1 V_|AVDD/2-0.08V| -0.02v \ 08 V 2 msec
83h 132 V. 264 V. +0.6V -13.2 V. |AVDD/2-0.12V| -0.03v \Y 09 Vv 0 msec 3 msec
8ah 183 V 266 V +0.8V -13.3 V_|ADDP2-0.16V| 0,04V v 10V 4 msec
85h 134 V. 268 V +1.0V -13.4 V_|AVDD/2-0.20V| .05V v 11V

86h 135 V. 270 V. +1.2V -13.5 V_|AVDD/2-0.24V| -0.06V v 12V 5msec
87h 136 V 272 V. +1.4v -13.6 V_|AVDD/2-0.28V| -0.07v \ 13V

88h 137 V. 274 V. +1.6V -13.7 V__|AVDD/2-0.32V| -0.08V Y 14V 0 msec
89h 138 V. 276 V. +1.8V -13.8 V__ |AVDD/2-0.36V| -0.09v \Y 15V 1 msec
8Ah 139 V 278 V +2.0V 139 V_|ADD2-0.40V] 010V v 16 V 2 msec
8Bh 140 Vv 280 V +2.2V AVDD/2 -0.44V| -0.11v v 17V 5 msec 3 msec
8Ch 141V 282 V. +2.4V AVDD/2 -0 48V -0.12v A\ 18V 4 msec
8Dh 142 V. 284 V. +2.6V AVDD/2 -0.52V] -0.13v \% 19V

8Eh 143 V. 286 V +2.8V AVDD/2 -0.56V -0.14v \ 20V 5 msec
8Fh 144 V. 288 V +3.0V AVDD/2 -0.60V] -0.15V \Y VDD 21V

90h 145 V. 290 V +3.2V AVDD/2 -0.64V| -0.16V v 22V 0 msec
91h 146 V 292 V +3.4V [AVDD/2-0.68V] 017V v 23V 1 msec
92h 147 V. 294 V. +3.6V AVDD/2 -0.72V| -0.18V v 24V 2 msec
93h 148 V. 29.6 V +3.8V AVDD/2 -0.76V] -0.19v \ 25V 10 msec 3 msec
94h 149 V. 298 V +4.0V AVDD/2 -0.80V] -0.20v Vv 26V 4 msec
95h 150 V. 300 V +4.2V AVDD/2 -0.84V -0.21v \ 27V

96h 151 V. 302 V +4.4V AVDD/2 -0.88V| -0.22v v 28 V 5 msec
97h 152 V. 304 V +4.6V AVDD/2 -0.92V| -0.23v v 29 V

98h 153 V. 30.6 V. +4.8V AVDD/2 -0.96V| -0.24V Vv 30V 0 msec
99h 154 V. 308 V +5.0V AVDD/2 -1.00V] -0.25V \ 31V 1 msec
9Ah 155 V. 310 V +5.2V AVDD/2 -1.04V| -0.26V \ 32V 2 msec
9Bh 156 V. 312V +5.4V AVDD/2 -1.08V] -0.27v \ 15 msec 3 msec
9Ch 157 V. 314 V. +5.6V. AVDD/2 -1.12V| -0.28V Vv 4 msec
9Dh 158 V. 31.6 V. +5.8V AVDD/2 -1.16V| -0.20V Vv 33V

9Eh 159 V 31.8 V +6.0V AVDD/2 -1.20V| -0.30V Vv 5msec
9Fh 16.0 V. 320 V +6.2V AVDD/2 -1 24V -0.31V Vv

ACh 16.1 V 322V +6.4V. AVDD/2 -1.28V| -0.32v beibe \ 10usec 0.6 V 0 msec
Al 162 V. 324 V +6.6V AVDD/2 -1.32V] -0.33v Y 07 V 1 msec
A2t 163 V. 326 V +6.8V AVDD/2 -1.36V] -0.34v A% 08 V 2 msec
A3l 164 V. 328 V +7.0V AVDD/2 -1.40V| -0.35V v 09 Vv 20 msec 3 msec
Adl 16.5 V 330 V +7.2V AVDD/2 -1.44V| -0.36V v 10V 4 msec
ASh 16.6 V. 332 V +7.4V AVDD/2 -1.48V| -0.37v v 11V

A6h 167 V 334 V. +7.6V AVDD/2 -1 52V -0.38V \ 12V 5 msec
A7h 168 V. 336 V +7.8V AVDD/2 -1.56V -0.39v \ 13V

A8h 169 V. 338 V +8.0V AVDD/2 -1.60V] -0.40v \Y 14V 0 msec
Adh 34.0 V. +8.2V AVDD2 -1.64V| -0.41V \' 15V 1 msec
AaAh 342V +8.4V AVDD/2 -1.68V| -0.42v \' 16 V 2 msec
ABh 34.4 V +8.6V AVDD/2 -1.72V] -0.43V \ 17V 25 msec 3 msec
ACh 346 V +8.8V AVDD/2 -1.76V] -0.44v \ 18V 4 msec
ADh 348 V +9.0V AVDD/2 -1.80V] -0.45V \ 19V

AEh +9.2V AVDDI2 -1.84V| 0,46V v 20V 5 msec
AFh +9.4V AVDD/2 -1.88V] -0.47V A VIN 21V

BOh +9.6V AVDD/2 -1.92V| -0.48V v 22V 0 msec
Bih +9.8V AVDD/2 -1.96V| -0.49V A\ 23V 1 msec
B2h +10.0V. AVDD/2 -2.00V) -0.50V 24 V 2 msec
B3h +10.2V. AVDD/2 -2.04V| -0.51v 25V 3 3 msec
Ban 104V ADDI2-2.08V] 052V 26V 0MSeC |4 msec
Bsh +10.6V AVDD/2 -2.12V] -0.53V 27V

Béh +10.8V. AVDD/2 -2.16V| -0.54v 28 V 5 msec
B7h +110V AVDDI2 2.20V] 0,55V 29V

B8h +11.2V AVDDI2 2.2V 0.56V 30V 0 msec
Boh +11.4V. AVDD/2 -2.28V| -0.57v s40v 31V 1 msec
BAh +116V AVDDI2 2.32V] 0,58V 32V 2 msec
BBh +11.8V. AVDD/2 -2.36V] -0.59V 35 msec 3 msec
BCh +12.0V. AVDD/2 -2.40V| -0.60V 4 msec
BDh +12.2V AVDDI2 2.44V] 061V 33V

BEh +12.4V. AVDD/2 -2.48V] -0.62v 5msec
BFh +12.6V. AVDD/2 -2.52V| -0.63V VD_Phase_|

co Enable 28V Aoz 250y E"De .64V Set2 v o6y | Enavle 0 msec
C1t +13.0V. AVDD/2 -2.60V| -0.65V \Y 07V 1 msec
[o7] +13.2V [AVDD/2 2,64V 0,66V v 08 V 2 msec
C3h +13.4V AVDD/2 2,68V 067V v 09 V 40 msec |—3msec
Cah +13.6V. AVDD/2 -2.72V) -0.68V \' 0V 4 msec
Csh +13.8V. -14.0 V |AVDD/2-2.76V| -0.69V \ 11V

Cél +14.0V AVDDI2 2.80V] 0,70V v 12V 5 msec
C7 +14.2V AVDD/2 2.84V] 071V v 13V

csl +14.4V [AVDD/2 2.88V] 072V v 14V 0 msec
Col 146V AVDDI2 2,92V 0.73V v 15V 1 msec
CAh +14.8V [AVDD/2 2.96V] 0.74v v 16 V 2 msec
CBh AVDD/2 -3.00V] -0.75V Vv 17V 3 msec
cch AVDDI2-3.04V] 076V v 18V omsee 4 msec
CDh AVDD/2 -3.08V] 0.77V v 19V

CEh AVDD/2 -3.12V] -0.78V A 20V 5 msec
CFh AVDD/2 -3.16V| -0.79v A% VDD 21V

DOh AVDD/2 -3.20V| -0.80V \ 22V 0 msec
Dih AVDDI2 3.24V] 081V v 23V 1 msec
D2h AVDDI2 328V -0.82v v 24V 2 msec
D3h AVDDI2 332V -0.83V v 25V 3 msec
Dan_| 170V AVDDI2 3.36V] 084V Y 26V BOmsee 14 sec
D5h AVDDI2 -3.40V| 0.85V. v 27V

D6h 50 v AVDDI2 -3.44V| 0,86V v 28 V 5 msec
D7h - AVDD/2 -3.48V] -0.87V A\ 29 V

D8h AVDD/2 -3.52V] -0.88V \ 30V 0 msec
Doh AVDD/2 356V -0.89V v 31V 1 msec
DAL [AVDDI2 3.60V] 0.90v v 32V 2 msec
DBh AVDDI2 -3.64V| 0.91V. v 100 msec |—3msec
DCh AVDDI2 -3.68V| 092V v 4msec
DDh AVDD/2 -3.72V] -0.93V A\ 33V

DEh AVDDI2 3.76V] -0.9av v 5msec
DFh AVDDI2 380V 0,95V v

Eoh ADDI2 384V] 0.96v Lbo V| tousee 06V 0 msec
Elh AVDDI2 3.88V] 20.97v v 0.7 V 1 msec
E2h AVDD/2 3.92V] .98V v 08 V 2 msec
E3h AVDD/2 -3.96V| -0.99v A\ 09 V 3 msec
E4h AVDD/2 -4.00V| -1.00V \ 10V 150 msec 4 msec
ESh +15.0V/ |AVDD/2 -4.04V| -1.01v \ 11V

Eé6h |AVDD/2 -4.08V| -1.02v \' 12V 5 msec
E7h [AVDD/2 -4.12V] 103V v 13V

Esh [AVDD/2 -4.16V] -1.04v v 14V 0 msec
E%h AVDDI2 -4.20V| -1.05V A\ 15V 1 msec
EAh |AVDD/2 -4.24V| -1.06V \ 16 V 2 msec
EBh -1.07v \ 17V 3 msec
ECh -1.08V \Y 18 Vv 200 msec 4 msec
EDh -1.09V v 19V

EEh -1.10V v 20 V 5 msec
EFh 111V v VIN 21V

FOh 112V \ 22V 0 msec
Fih -113v \ 23V 1 msec
F2| |AvDD/2 -2 56V] 114V 24V 2 msec
F3l AVDDI2 -4.60V| 115V 25V 250 msec |3 msec
Fal [AVDD/2 -4.64V] 116V 26 V 4 msec
F5l 117V 27V

Féh -1.18V 28 V 5msec
F7h -119v 29 V

F8h -1.20v 30V 0 msec
FSh ¢ -1.21v 340 v 31V 1 msec
FAh [AVDD/2 -4.88V] 122V 32V 2 msec
FBh [AVDD/2 -4.92V] 123V 300 msec |—3msec
FCh AVDD/2 -4.96V| 124V 4 msec
FDh |AVDD/2 -5.00V] -1.25V 33V

FEh [AVDD72 5,04V 126V 5msec
FFh |AVDD/2 -5.08V| 127V
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Command Table - continued

Regitser Address
0%h 0Ah 0Bh 0Ch 0Dh
VGH AVDD | AVDD | AVDD VGH |VGHNVGL| VDD | AVDD
DATA | Dataref | P¥¥3 |poubiereg| P2 | pischarge | CO¥5 | ar_Time | De4 | AVDD | oep ss sw AVDD | SItWP | e | Frequenc | Frequenc | Frequenc | Sk
time time time time comp col Bit Sum
(HEX) 7 6:4] 3 2ol Enable 4] [&] 2ol m Select | tme |SlewRate| .o m select y y y 70l
m 0] [5:4] 132 0] 54 | B2 | [Lo
00h 0 msec 0 msec AVC_Setl 2.1MHz 2.1MHz
01h 5 msec 5 msec Siowz | AVC_Set2 105MHz | 5 131y | LOSMHE
02h 10 msec 10 msec AVC_Set3 525KHz 525KHz
03h Disable 15 msec 0.5 sec 15 msec AVC Set4
04h 20 msec! : 20 msec AVC_Setl 2.1MHz 2.1MHz
05h 25 msec 25 msec AVC_Set2 1.05MHz 1.05MHz
06h 30 msec 30 msec Stowl I"AVC Set3 0SMHz
o 525KHz 525KHz
07h 0 msec 40 msec 0 msec 40 msec 5 msec AVC_Setd
08h 0 msec 0 msec AVC_Setl 2.1MHz
0%h 5 msec 5 msec Fast |AVC Set2 1.05MHz
0Ah 10 msec 10 msec AVC_Set3 525KHz 525KHz
0Bh Enable |18 msec 10sec |Lomsec AVC_Setd S25KHz
0Ch 20 msec : 20 msec AVC_Setl 2.1MHz 2.1MHz
0Dh 25 msec 25 msec Fastp |AVC Set2 1.05MHz 1.05MHz
OEh 30 msec 30 msec AVC_Set3
OFh 40 msec 40 msec AVC_Setd 525KHz 525KHz
10h 0 msec 0 msec AVC_Setl 1.05MHz 2.1MHz
11h 5 msec 5 msec Slowz |AVC_Set2 525KHz | , 4y, [1.05MHZ
12h 10 msec 10 msec AVC_Set3 256KHz 525KHz
13h Disable |LBmsec 05sec | Lo msec AVC_Setd
14h 20 msec ) 20 msec AVC_Setl 1.05MHz 2.1MHz
15h 25 msec 25 msec Slow1 |AVC_Set2 525KHz | | e\, [L105MHZ
16h 30 msec 30 msec AVC_Set3 P 525KHz
17h 5 msec 40 msec 2 msec 40 msec 10 msec AVC_Setd
18h 0 msec 0 msec AVC_Setl 1.05MHz 2.1MHz
19h 5 msec 5 msec Fast |AVC Set2 [ 525KHz | [ 1.05MHz |
1Ah 10 msec 10 msec AVC_Set3 256KHZ 525KHz
1Bh Enable |15 msec 10sec |L5msec AVC_Setd s26KHz
iCh 20 msec . 20 msec AVC_Setl 1.05MHz 2.1MHz
1Dh 25 msec 25 msec Fastp |AVC Set2 525KHz 1.05MHz
o o o e
fnsec msec 20A o X3 mode
20h 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
21h 5 msec 5 msec AVC Set2 256KHz 1.05MHz
22h 10 msec 10 msec Slow2 I"AVC_set3 pm— 21MHz amKHz
23h Disable | —L8-msec 05sec | Lomsec AVC_Setd
24h 20 msec : 20 msec AVC_Setl 525KHz 2.1MHz
25h 25 msec 25 msec Slowl AVC_Set2 256KHz 1.05MHz 1.05MHz
26h 30 msec 30 msec AVC_Set3 128KHz 525KHz
27h 10 msec 40 msec 4 msec 40 msec 15 msec AVC Set4
28h 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
20h 5 msec 5 msec Fasty |AVC Set2 256KHz 1.05MHz
2Ah 10 msec 10 msec AVC_Set3 A 525KHz
2Bh Enable |15 msec 10sec | L5msec AVC_Setd s25KHz
2Ch 20 msec . 20 msec AVC_Setl 525KHz 2.1MHz
2Dh 25 msec 25 msec Fastp |-AVC Set2 256KHz 1.05MHz
2Eh 30 msec 30 msec AVC Set3
2Fh 40 msec 40 msec AVC_Setd 126KHz 525Kk
30h 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
31h 5 msec 5 msec AVC_Set2 256KHz 1.05MHz
32h 10 msec 10 msec SIow2 I"AVC Set3 o | - [ easkis
33h Disable | L5msec 05sec |_L5msec AVC_Setd
34h 20 msec : 20 msec AVC_Setl 525KHz 2.1MHz
35h 25 msec 25 msec AVC Set2 256KHz 1.05MHz
36h 30 msec 30 msec Stowl I"AVC set3 p— 105MHz a5KHz
37h 15 msec 40 msec 6 msec 40 msec 20 msec AVC_Setd
38h 0 msec 0 msec AVC Setl 525KHz 2.1MHz
39h 5 msec 5 msec Fasty | AVC_Set2 256KHz 1.05MHz
3Ah 10 msec 10 msec AVC_Set3 128KHz 525KHz
3Bh Enable 15 msec 1.0sec 15 msec AVC Set4 525KHz
3Ch 20 msec . 20 msec AVC_Setl 525KHz 2.1MHz
3Dh 25 msec 25 msec Fast |AVC Set2 256KHz 1.05MHz.
3Eh 30 msec 30 msec AVC_Set3 A 525KHz
3Fh Disable domsec | oo 40msec_|AV_COM AVC_Setd | oo
400 0 msec Omsec | P_Set1 AVC_Setl 2.1MHz
41h 5 msec 5 msec AVC_Set2 1.05MHz
42h 10 msec 10 msec Slow2 I"AVC Set3 SmKH: 2Nz 525Kk
43h Disable |_L5msec 05sec |_L5msec AVC_Setd
44h 20 msec " 20 msec AVC_Setl 2.1MHz 2.1MHz
45h 25 msec 25 msec AVC_Set2 1.05MHz 1.05MHz
46h 30 msec 30 msec Slowl. "AVE ser3 ez | oo
47h 20 msec 40 msec 8 msec 40 msec 5msec AVC_Setd
48h 0 msec 0 msec AVC_Setl 2.1MHz 2.1MHz
49h 5 msec 5 msec Fasty | AVC_Set2 1.05MHz 1.05MHz
4Ah 10 msec 10 msec AVC_Set3
525KHz 525KHz
[ 48h | Enable |15 msec Losec | Lomsec AVC_Setd 525KHz
4Ch 20 msec! . 20 msec! AVC_Setl 2.1MHz 2.1MHz
4Dh 25 msec 25 msec Fasy |AVC_Set2 [ 1.05MHz | [ 1.05MHz |
4Eh 30 msec 30 msec AVC_Set3
4Fh 40 msec 40 msec AVC_Set4 S25KHz 525KHe
50h 0 msec 0 msec AVC_Setl 1.05MHz 2.1MHz
51h 5 msec 5 msec AVC_Set2 525KHz 1.05MHz
52h 10 msec 10 msec SIow2. I"AVC Set3 JeKHa 525KHz osKHe
53h Disable |_L5msec 05sec |_L5msec AVC_Setd
54h 20 msec : 20 msec AVC_Setl 1.05MHz
55h 25 msec 25 msec AVC_Set2 525KHz
56h 30 msec 30 msec Stowl I"AVC Set3 JeKH L05MHz 5Kk
57h 25 msec 40 msec 40 msec 10 msec AVC_Setd
58h 0 msec 0 msec AVC_Setl 1.05MHz 2.1MHz
5h 5 msec 5 msec Fas |AVC Set2 525KHz 1.05MHz
5Ah 10 msec 10 msec AVC_Set3 256KHz 525KHz
5Bh Enable |18 msec 10sec | Lomsec AVC_Setd 2AMHZ
5Ch 20 msec . 20 msec AVC_Setl 1.05MHz | 2.1MHz
5Dh 25 msec 25 msec Fast2 AVC_Set2 525KHz 1.05MHz
SEh 30 msec 30 msec AVC_Set3
256KHz 525KHz
5Fh 40 msec 40 msec 10A AVC_Setd <2 mode
60h 0 msec 0 msec ) AVC_Setl 525KHz 2.1MHz
61h 5 msec 5 msec Slowz |AVC_Set2 256KHZ | gy, [ 105MHZ
62h 10 msec 10 msec AVC_Set3 128KHz 525KHz
63h Disable 15 msec 0.5 sec 15 msec AVC Set4
64h 20 msec! i 20 msec AVC_Setl 525KHz 2.1MHz
65h 25 msec 25 msec AVC_Set2 256KHz 1.05MHz
66h 30 msec 30 msec Stowl I"AVC Set3 L0SMHz
1 128KHz 525KHz
67h 30 msec 40 msec 10 msee 40 msec 15 msec AVC_Setd
68h 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
69h 5 msec 5 msec Fast |AVC Set2 256KHz 1.05MHz
6Ah 10 msec 10 msec AVC Set3 128KHz 525KHz
6Bh Enable |18 msec 10sec |Lomsec AVC_Setd 21Miz
6Ch 20 msec : 20 msec AVC_Setl 525KHz | 2.1MHz
6Dh 25 msec 25 msec Fastz |-AVC Set2 256KHz 1.05MHz
6Eh 30 msec 30 msec AVC_Set3
6Fh 40 msec 40 msec AVC_Setd 126KHz S25KHz
70h 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
71h 5 msec 5 msec Slowz |AVC_Set2 256KHZ | oy, [105MHZ
72h 10 msec 10 msec AVC_Set3 128KHz 525KHz
73h Disable |LBmsec 05sec | Lo msec AVC_Setd
74h 20 msec ) 20 msec AVC_Setl 525KHz 2.1MHz
75h 25 msec 25 msec Slow1 |AVC_Set2 256KHz | | e\, [105MHZ
76h 30 msec 30 msec AVC_Set3 T 525KHz
77h 40 msec 40 msec 40 msec 20 msec AVC_Setd
78h 0 msec 0 msec AVC_Setl 525KHz
7%h 5 msec 5 msec Fast |AVC Set2 256KHz
7Ah 10 msec 10 msec AVC Set3 128KHz 525KHzZ
78h Enable 15 msec 1.0 sec 15 msec AVC_Set4 2.1MHz
7Ch 20 msec : 20 msec AVC_Setl 525KHz | 2.1MHz
7Dh 25 msec 25 msec Fastp |AVC Set2 256KHz 1.05MHz
7Eh 30 msec 30 msec AVC_Set3
7Fh 40 msec 40 msec AVC_Setd 128KHz 525KHz
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Command Table — continued

Regitser Address
09h 0Ah 0Bh och oDh
VGH AVDD | AVDD | AVDD VeH |vGHVGL| VDD | AvDD
pAatA | parer | P®™° | poubiereg| P2 | pischarge | PES | AR Time | P84 | ADD | oep ss sw AVDD | Startup | e | Erequenc | Frequenc | Frequenc | SNk
time time time time | comP col Bit Sum
(HEX) m 104 @ 20) Enable o) @ 120) | select | tme |stewRatel (T o | seet y y y e
yl (6] [5:4] [3:2) [6] [5:4] [3:2] [1:0]
80N Omsec Omsec AVC_sett 210z 2 1Mz
81h 5 msec 5 msec AVC_Set2 1.05MHz 1.05MHz
82h 10 msec 10 msec Slow2 I 7VC et 25Ktz 21MHz oKz
83h Disable 15 msec 0.5 sec 15 msec AVC_Set4
84h 20 msec 20 msec AVC_Setl 2.1MHz 2.1MHz
85h 25 msec 25 msec AVC_Set2 1.05MHz. 1.05MHz
86h 30 msec 30 msec Slowl I mAVE Se otz | [ somr
87h omsec 40 msec omsec 40 msec s msec AVC_Setd
88h 0 msec 0 msec AVC_Setl 2.1MHz 2.1MHz
89h 5 msec 5 msec Fast | AVC Sew2 1.05MHz 1.05MHz
8AN 10 msec 10 msec AVC_Set3 25Kz o5KH2
8Bh Enable | _L5msec Losec | ASmsec AVC_Setd o
sch 20 msec 20 msec AVC_Setl 2.1z 2.1MHz
8Dh 25 msec 25 msec Fastz | AVC_Sew2 1.05MHz 1.05MHz
8Eh 30 msec 30 msec AVC_Set
8Fh 40 msec 40 msec AVC_Set4 S25KHz 525Kz
90h 0 msec 0 msec AVC_Setl LOSMHz 2.1MHz
91h 5 msec 5 msec AVC_set2 525KHz 1.05MHz
92n 10 msec 10 msec Slow2 I7AVE se p— 21MHz SnkHe
93h Disable 15 msec 0.5sec 15 msec AVC Set4
94h 20 msec - 20 msec AVC_setl TOSMHz 2.1z
95h 25 msec 25 msec AVC_se2 525KHz 1.05MHz
96h 30 msec 30 msec Slow1 AVC_Set3 256KHZ 1.05MHz 525KHzZ
97h 5 msec 40 msec 2 msec 40 msec 10 msec AVC_Set4
98h 0 msec 0 msec AVC_Setl 1.05MHz. 2.1MHz
99h 5 msec 5 msec Fastl AVC_Set2 525KHz 1.05MHz
9an 10 msec 10 msec AVC_Set3
9Bh Enable | _L5msec Losec | ASmsec AVC_Setd 256KHz [ 525KHz
9Ch 20 msec 20 msec AVC_Setl LOSMHz 21Nz
9Dh 25 msec 25 msec Fastz | AVC_Sew2 525KHz 1.05MHz
9EN 30 msec 30 msec AVC_Se3
o9Fh 40 msec 40 msec 20A AVC_Set4 & mode 256KHz S25KHz
AOh 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
Alh 5 msec 5 msec Slowz | AVC set2 256KHz | ey [105WHE
A2h 10 msec 10 msec AVC_se3 o So5KHz
A3h Disable |15 msec o055 | Lomsec AVC_Setd
AR 20 msec - 20 msec AVC_Setl 525KHz 2.1MHz
ASh 25 msec 25 msec AVC_se2 256KHz 1.05MHz
ABh 30 msec 30 msec Slow mAVC se 128KHE L0SMHz S5KH:
ATl 10 msec 40 msec 4 msec 40 msec 15 msec AVC Set4
A8l 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
A9l 5 msec 5 msec Fastl AVC_Set2 256KHz 1.05MHz
AAf 10 msec 10 msec AVC_Set3
ABh Enable 15 msec 1.0 sec 15 msec AVC_Set4 N 525KHZ 525KHz
ACh 20 msec 20 msec AVC_Setl 525KHz 2.1MHz
ADh 25 msec 25 msec Fasty | AVC_Sew2 256KHz 1.05MHz
AED 30 msec 30 msec AVC_Set3
AFh 40 msec 40 msec AVC_Setd 128KHz S25KHz
BOh 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
B1N 5 msec 5 msec Slows | AVC Setz 256KHz | , 1\pyy [ 105V
B2h 10 msec 10 msec AVC_Se o So5KHz
B3h Disable |15 msec 05sec | Lomsec AVC_Setd
Ban 20 msec - 20 msec AVC_Setl 525KHz 2.1MHz
B5h 25 msec 25 msec AVC_set2 256KHz 1.05MHz
B6h 30 msec 30 msec Slowl mAVC se p— L0SMHz S5KH:
B7h 15 msec 40 msec 6 msec 40 msec 20 msec AVC_Setd
B8h 0 msec 0 msec AVC_setl 525KHz 2.1MHz
Boh 5 msec 5 msec Fast | AVC Sew2 256KHz 1.05MHz
BAh 10 msec 10 msec AVC_se3
BBh Enable 15 msec 1.0 sec 15 msec AVC Set4 s 525KHZ 525KHz
BCh 20 msec B 20 msec AVC_Setl 525KHz 2.1MHz
BDh 25 msec 25 msec Fast2 AVC_Set2 256KHz 1.05MHz
BEh 30 msec 30 msec AVC_Set3 128KHz 525KHzZ
BF Enable d0msec | e 40 msec | AV_COM AVC Setd | £
col 0 msec 0 msec P_Set2 AVC_Setl 2.1MHz 2.1MHz
C1i 5 msec 5 msec AVC_Set2 1.05MHz 1.05MHz
c2 10 msec 10 msec Slow2 I"AVC e 210z
525KHz 525KHz
c3 Disable |15 msec 05sec | Lomsec AVC_Setd
ca 20 msec 20 msec AVC_Setl 21Nz 2.1z
C5h 25 msec 25 msec AVC_set2 1.05MHz 1.05MHz
Céh 30 msec 30 msec Slowl mAVC se SosKH: L05MHz Sa5KH:
C7h 20 msec 40 msec msec 40 msec 5 msec AVC_Setd
Céh 0 msec 0 msec AVC_setl 2.1MHz 2.1MHz
Con 5 msec 5 msec Fast | AVC Sew2 1.05MHz 1.05MHz
cAn 10 msec 10 msec AVC_se3
cBh Enable | _L5msec Losec | _ismsec AVC Set4 525Kz 25Kk 525Kz
cch 20 msec . 20 msec AVC_setl 2.1z 2.1MHz
CDh 25 msec 25 msec Fast2 AVC Set2 1.05MHz 1.05MHz
CEh 30 msec 30 msec AVC_Set3
CFh 40 msec 40 msec AVC_Set4 525KHz 525KHz
DOh 0 msec 0 msec AVC_Setl 1.05MHz 2.1MHz
D1ih 5 msec 5 msec AVC_Set2 525KHz 1.05MHz
D2h 10 msec 10 msec Slow2 I"AVC e 210z
256KHz 525KHz
D3 Disable | _15msec 05sec | Lomsec AVC_Setd
D4 20 msec 20 msec AVC_Setl L05MHz 2.1MHz
DS 25 msec 25 msec AVC_Set2 525KHz 1.05MHz
D6 30 msec 30 msec Slowl mAVC e 256Kz L05MHz 25Kz
D7h 25 msec 40 msec 40 msec 10 msec AVC_Setd
D8h 0 msec 0 msec AVC_Setl LOSMHz 2.1MHz
Doh 5 msec 5 msec Fast | AVC Sew2 525KHz 1.05MHz
DAN 10 msec 10 msec AVC_se3
DBh Enable | _L5msec Losec | _ismsec AVC_Set4 256KHz 25Kk 525Kz
DCh 20 msec . 20 msec AVC_setl LOSMHz 2.1MHz
DDh 25 msec 25 msec Fasty | AVC_Sew2 525KHz 1.05MHz
DEh 30 msec 30 msec AVC_se3
DFh 40 msec 40 msec 1oA AVC Setd 2 mode 256KHz 525Kz
Eoh 0 msec 0 msec AVC_setl 525KHz 2.1z
Elh 5 msec 5 msec AVC_Set2 256KHz 1.05MHz
E2h 10 msec 10 msec Slow2 AVC_Set3 128KHz 21MHz 525KHzZ
E3h Disable 15 msec 0.5 sec 15 msec AVC_Set4
Eah 20 msec 20 msec AVC_Setl 525KHz 2.1MHz
ESh 25 msec 25 msec AVC_Set2 256KHz 1.05MHz
E6h 30 msec 30 msec Slowl I"AVC e L05MHz
128KHz 525KHz
E7h 20 msec 40 msec 1omsec 40 msec 15 msec AVC_Setd
E8h 0 msec 0 msec AVC_Setl 525KHz 21Nz
E9n 5 msec 5 msec Fast | AVC Sew2 256KHz 1.05MHz
EAh 10 msec 10 msec AVC_Set3
EBh Enable | _Lomsec Losec | _ismsec AVC_Set4 128KHz s25KH2 S25KHz
ECh 20 msec . 20 msec AVC_Setl 525KHz 2.1MHz
EDh 25 msec 25 msec Fastz | AVC_Sew2 256KHz 1.05MHz
EEh 30 msec 30 msec AVC_se3
EFnh 40 msec 40 msec AVC_Set4 128KHz 525Kz
Foh 0 msec 0 msec AVC_setl 525KHz 2.1MHz
Fih 5 msec 5 msec AVC_se2 256KHz 1.05MHz
F2l 10 msec 10 msec Slow2 7AVC se 128KHE 21MHz S5KH:
F3i Disable 15 msec 0.5sec 15 msec AVC Set4
F4l 20 msec § 20 msec AVC_Setl 525KHz 2.1MHz
Fsl 25 msec 25 msec AVC_Set2 256KHz 1.05MHz
Fél 30 msec 30 msec Slow1 AVC_Set3 128KHz 1.05MHz 525KHz
71 10 msec 40 msec 40 msec 20 msec AVC_Setd
Fol 0 msec 0 msec AVC_Setl 525KHz 2.1MHz
Fol 5 msec 5 msec Fast | AVC_Sew2 256KHz 1.05MHz
FA! 10 msec 10 msec AVC_Set3
FBh Enable | _L5msec Losec | A5msec AVC_Setd 128KHz [ S25KHz
Fch 20 msec 20 msec AVC_Setl 525KHz 2.1MHz
FDh 25 msec 25 msec Fastz | AVC Sew2 256KHz 1.05MHz
FEh 30 msec 30 msec AVC_Set3
FFh 40 msec 40 msec AVC_Set4 128KHz 525KHz
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Check Sum

Check Sum which has been adopted in BM81810MUV-M is shown below.

You will calculate the Check Sum that the sum of the data, including the Check Sum(CHK7 to CHKO) is 00h.

Register [7] [6] [5] [4] [3] [2] [1] [0]
00h A7 A6 AbS A4 A3 A2 Al A0
O1h B7 B6 B5 B4 B3 B2 B1 BO
02h C7 C6 C5 C4 C3 C2 C1 CO0
03h D7 D6 D5 D4 D3 D2 D1 DO
04h E7 E6 E5 E4 E3 E2 E1 EO
05h F7 F6 F5 F4 F3 F2 F1 FO
06h G7 G6 G5 G4 G3 G2 G1 GO
07h H7 H6 HS5 H4 H3 H2 H1 HO
08h 17 16 15 14 I3 12 I1 10
09h J7 J6 Jb J4 J3 J2 J1 JO
0Ah K7 K6 K5 K4 K3 K2 K1 KO
0Bh L7 L6 L5 L4 L3 L2 L1 LO
0Ch M7 M6 M5 M4 M3 M2 M1 MO
0ODh CHK7 CHKG6 CHK5 CHK4 CHK3 CHK2 CHK1 CHKO

[A7:A0] + [B7:B0] + [C7:CO] + [D7:DO0] + [E7:E0] + [F7:F0] + [G7:G0] + [H7:HO] + [I7:10] + [J7:J0]

+ [K7:KO] + [L7:LO] + [M7:MO] + [CHK7:CHKO] = 00h
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Soft Start Time

BM81810MUV-M has soft start function on AVDD, VGH, VGL and VDD.
Time of the soft start is up to the output voltage reaches the typ Value.
The output voltage typ Value of each block is shown in the following table.

BLOCK | o \/Soc;tf;gseta_lr_; 5 Value Soft Start Time
AVDD 105V Set Register
VGH 18.0V 5 msec
VGL -6.0V 5 msec
VDD 1.2V 1 msec

The time setting Soft Start of AVDD is shown in the table below.

Bit AVDD Soft Start Time
0 0 5 msec
0 1 10 msec
1 0 15 msec
1 1 20 msec

The soft-start time of VGH and VGL are 5msec.
The soft-start time of VDD is 1msec.

The soft-start setting an example of AVDD and VGH are shown in the figure below.

ex: Case of AVDD

A

Error of Soft-Start Time

_>; | —

. |

Soft-Start | ! Set Voltage> Typ.
|

AVDD(Typ.)

> Time

ex:

VGH(Typ.)

Case of VGH

Error of Soft-Start Time

_’} —

| |

| Soft-Start | ! Set Voltage> Typ.
} Time ‘

AVDD(Typ.) fF-----amu---

AVDD

Figure 76. Soft-Start Time

> Time

If you change the setting voltage from typ values, occurs error in the soft-start time.

*The setting voltage > Typ Value -+ Soft-start will be more slow.
*The setting voltage < Typ Value -+ Soft-start will be more faster.

No error of soft-start is occurred for change of frequency.
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Block Diagram
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Figure 77. Block Diagram
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AVDD Block Function

LOAD SWITCH !g" VLSO

REGISTER |—  DAC P\ ERRAMP | PAVDD
PWM
= DRIVER ;I/;
7 PGND
57 i L

DISCHARGE | ;1—'7;7

=L VIN i
e

Figure 78. AVDD Block Diagram

AVDD Block (Boost DC / DC) can set the following functions by EEPROM.

1. AVDD Voltage (Register Address 00h [7:0])
AVDD voltage can be set in 0.1V step from 5.0V to 17.0V.

2. SW Switching Frequency (Register Address 0Ch [1:0])
The switching frequency can be set at 525KHz, 1.05MHz or 2.1MHz.

3. Soft Start Time (Register Address 0Bh [5:4])
Soft Start Time of AVDD can be set in 5msec step from 5msec to 20msec.

4. SW Switching Slew Rate (Register Address 0Bh [3:2])
SW pin switching Slew Rate can be controlled by the register setting.
11’b is the fastest slew rate setting, 00’b is the slowest slew rate setting.

The slew rate by each setting is as follows.

Slew Rate changes by the external part and load electric current conditions such as a coil or the diode, but adjustment
is possible on a true set condition because Slew Rate changes by Slew Rate setting change like Figure.79.

The EMI properties are improved by slowing a slew rate, but please do enough evaluations after a slew rate change
because efficiency becomes the tendency to decrease.

<xx>:AVDD Slew Rate setting

- 20V Bys00M
oV Sons

Figure 79. AVDD Switching Slew Rate
(VIN=3.3V, AVyDD=10.5V, Freq=2.1MHz, L=4.7uH, IAVDD=100mA)
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AVDD Block Function - continued

AVDD Efficiency
90

85

(o]
o

~
(6]

~
o

[e)]
wv

Efficiency [%]

/ —<01>

—<10>

u o
o
Il

<11>

v
o
I

| <xx>:AVDD Slew Rate setting
45 +—

40 + T T T T 1

0 50 100 150 200 250
Load [mA]

Figure 80. AVDD Efficiency
(dependent on Slew Rate)
(VIN=3.3V, AvDD=10.5V, Freq=2.1MHz, L=4.7uH, IAVDD=100mA)

5. OCP Detect Level (Register Address 0Bh [6])
SW pin Over Current Protection detection level can be set at 1.0A(Min) or 2.0A(Min).

6. COMP Adjust (Register Address 0B [7])
Phase Margin can be adjusted.

0’b: AV_COMP_SET1
1’b: AV_COMP_SET2

7. COIL Adjust (Register Address 0Bh [1:0])
You can adjust the settings to match the coil constant to be used.

00’b:AV_COIL_SET1
01’b:AV_COIL_SET2
10’b:AV_COIL_SET3
11’b:AV_COIL_SET4

Please set the setting of COIL Adjust by frequency setting (fs) and a coil to use.

fosclkHz] | Coil[uH] ngm’:‘é]“ Cog’gh?;j]‘““
525 47 00 0b
525 10 11 0b
1050 47 00'b 0'b
1050 10 11 0'b
2100 47 00'b 0b
2100 10 11D 0'b

*Please become more than 10uF/25V product (GRT31CC81E106KEO1) x3 with AVDD output capacitor at the time of the use
with a coil of 10uH.

In addition, COMP Adjust coordinates phase constant of the ERRAMP output and is effective to shift to the zero point 25% low
frequency side to produce by the ERRAMP output by making Comp Adjust 1'b and is effective in reducing ringing at the time of
the load response by the responsiveness adjustment with the actual machine.
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AVDD Block Function — continued

About the phase characteristic, please consider it based on enough evaluations with the actual model.
(1) Setting the Output L Constant (Boost Converter)
The coil to use for output is decided by the rating current ILR and input current maximum value lINMAX of the coil.

linmax + 1/2 x Al should not reach - VIN

the rating value level |
L4 L )
IR
N

/@\ = ' 0
lINMAX l
Co

i average current
@i . ~

Figure 81. Coil Current Waveform Figure 82. Output Application Circuit Diagram

131

a

Adjust so that lINMAX +AIL does not reach the rating current value ILR. AlL can be obtained by the following equation.
1 AVDD - VIN 1

AlL= L VIN x AVDD XT

[A] Here, fis the switching frequency.

Set with sufficient margin because the coil value may have the dispersion of £30%. If the coil current exceeds the
rating current ILR of the coil, it may damage the IC internal element.

BM81810MUV-M uses the current mode DC/DC converter control and has the optimized design at the coil value. A coil
inductance (L) of 4.7 yH to 10 uH is recommended from viewpoints of electric power efficiency, response, and stability.

(2) Output Capacity Settings
For the capacitor to use for the output, select the capacitor which has the larger value in the ripple voltage VPP
allowance value and the drop voltage allowance value at the time of sudden load change. Output ripple voltage is
decided by the following equation.

Here, f is the switching frequency
VIN and Resr is ESR of output capacitor.

AVPP =  ILMAX x RESR + L % (ILMAX - A—"‘) \Y
fCo AVDD 2

Perform setting so that the voltage is within the allowable ripple voltage range.
For the drop voltage during sudden load change; VDR, please perform the rough calculation by the following equation.

VDR=A x 10 s [V]
Co

However, 10 ps is the rough calculation value of the DC/DC response speed. Please set the capacitance considering
the sufficient margin so that these two values are within the standard value range.

(3) Selecting the Input Capacitor
Since the peak current flows between the input and output at the DC/DC converter, a capacitor is required to install at
the input side. For the reason, the low ESR capacitor is recommended as an input capacitor which has the value more
than 10 pF and less than 100 mQ. If a capacitor out of this range is selected, the excessive ripple voltage is
superposed on the input voltage, accordingly it may cause the malfunction of IC.
However these conditions may vary according to the load current, input voltage, output voltage, inductance and
switching frequency. Be sure to perform the margin check using the actual product.
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VGH Block Function
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Figure 83. VGH Block Diagram

VGH Block (Positive Charge Pump) can set below functions by EEPROM.

1. VGH (HOT) Voltage (Register Address 01h [7:0])
VGH (HOT) voltage can be set in 0.2V step from 8.0V to 35.0V.
2. DRP Switching Frequency (Register Address 0Ch [5:4])
Switching frequency can be set at AVDD frequency x1, x1/2, or x1/4.
3. VGH (COLD) Voltage (Register Address 02h [6:0])
To set VGH (COLD) voltage can have the VGH voltage relates to NTC Pin voltage, when NTC Function is used.
VGH (COLD) voltage range can be set in 0.2V step from VGH (HOT) + 0V to VGH (HOT) + 15.0V.
Refer “NTC Block Function” for the detail description of NTC Function.
4. VGH Mode Select (Register Address 0Ch [6])
Boost Stage of Positive Charge Pump can be set by x2, x3, or x4.
x2, x3 can be formed with internal element by EEPROM setting.
x4 can be formed by connecting with external Diode.
Since this function switch needs to change the application construction,
input writing signal by 12C cannot perform Register writing.
To write this Register setting, start-up bit(REGOCh[7]) should be "0".
The VGH voltage output range with the AVDD voltage is related, and may take UVP without being able to output the
VGH voltage of the setting when do not choose appropriate constitution.
Please choose appropriate constitution referring after the following pages.
5. VGH Discharge enable (Register Address 0Ah [7])
When OFF sequence, VGH pin Discharge function can be Enable/Disable.
This function is to confirm when IC starts to operate. If read-and-write is performed after IC starts, the first time
OFF sequence will not be reflected.
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VGH Block Function - continued

Application Example for VGH (3™ Stage Positive Charge Pump)

Depending on the circuit construction, output voltage range of Charge Pump can be limited.

Besides, increasing VGH negative current can lower the possible output voltage.
Please consider the actual application need to select appropriate circuit construction.

Below Figure shows the circuit construction of 3" Stage Positive Charge Pump.
Under this circuit, the possible setting range of VGH output voltage is (AVDD + 2) V to (AVDD x 3 -2 ) V.
(When VGH negative current is OmA)

| REGISTER H DAC +

ERRAMP

:

DRIVER

L L

AVDD

C_AVD

DRP ;;;

DISCHARGE

level shift

I
level shift
I

Nveu  VGH
L
C.VGH
C_DRP2
- cPP2
LI I
C.VCP
L vop

level shift

1

L CPP1 '

level shift

L L| L
L L L |

C P,%‘ I:

-

Figure 84. 3 Stage Positive Charge Pump

Application Example for VGH (2"¢ Stage Positive Charge Pump)

Below Figure shows the circuit construction of 2" Stage Positive Charge Pump.
Under this circuit, the possible setting range of VGH output voltage is (AVDD + 1) V to (AVDD x 2-1) V
(When VGH negative current is 0OmA)

REGISTER

ERRAMP

DAC +

DRIVER

w

AVDD

C_AVD

DRP ;;;

Py VGH VGH
[ ;j T
C_.VGH
level shift
j A CPP2
| S 1T 1
DISCHARGE ’1’_—'717 0—{>o— level shift —,
j VCP
m
| :;‘I L J
level shift —,
j cPP1 C.DRP1
r | |
| :;lI L ||
Cp’%o-bo— level shift —,?_I_

Figure 85. 2" Stage Positive Charge Pump
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VGH Block Function - continued
Application Example for VGH (4" Stage Positive Charge Pump)
Below Figure shows the circuit construction of 4" Stage Positive Charge Pump.

Under this circuit, the possible setting range of VGH output voltage is (AVDD + 3) V to (AVDD x4 - 3) V
(When VGH negative current is OmA)

ERRAMP

:

| REGISTER H DAC +

f DRIVER
—I>o—

L L

I
J level shift —I b
I
I‘—:% & >0 level shift || )
I
level shift —I
I
|

CP_CLK .
’—0-{>0— level shift

L LR ]

Figure 86. 4™ Stage Positive Charge Pump
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VGL Block Function

ERRAMP

REGISTER — DAC

DRIVER

77
(oo
VGL

Figure 87. VGL Block Diagram

VGL Block (Negative Charge Pump) can set below functions by EEPROM.

1. VGL Voltage (Register Address 03h [7:0])
VGL voltage can be set by 0.1V step from -4.0V to -14.0V.

2. DRN Switching Frequency (Register Address 0Ch [5:4])
Switching frequency can set AVDD frequency x1, x1/2, or x1/4.

Application Example for VGL (15t Stage Negative Charge Pump)

Below Figure shows the circuit construction of 15t Stage Negative Charge Pump.
Under this circuit, the possible setting range of VGL output voltage is -4 V to -(AVDD — 2Vf) V
(When VGL positive current is 0OmA)

ERRAMP

| REGISTER |—| DAC : _,:;l:r

DRIVER

CP_CLK

Figure 88. 15t Stage Negative Charge Pump

Application Example for VGL (2"? Stage Negative Charge Pump)

Below Figure shows the circuit construction of 2" Stage Negative Charge Pump.
Under this circuit, the possible setting range of VGL output voltage is -4 V to -(AVDDx2 — 4Vf) V
(When VGL positive current is 0OmA)

- PAVDD

| REGISTER |—| DAC ERRAMP I | i
DRIVER ¢
= _|:|7]” % % C.DRN1
77 - D.VGL1
[ommmce 5y -
¢ F AN VI
cveL — V6L l C.VCN
;/; 7T
Figure 89. 2" Stage Negative Charge Pump
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VCOM Block Function

AVDD

VCOM

1

REGISTER | DAC +

NEG

Figure 90. VCOM Block Diagram

VCOM Block (VCOM Calibrator) can set below functions by EEPROM.

1. VCOM (HOT) Voltage (Register Address 04h [7:0])
VCOM (HOT) voltage can be set by 40mV step from AVDD/2 +/- 0.0V to 4.0V.

2. VCOM (CAL) Voltage (Device Address 1001111x)
VCOM (CAL) voltage is the function to make minor adjustment of VCOM (HOT) voltage value.
VCOM (HOT) can be set by 10mV step from +/- 0.0V to 0.63V.
Refer Page 19, “EEPROM I12C Format for DVR (VCOM calibrator)” for VCOM (CAL) voltage setting.

3. VCOM (COLD) Voltage (Register Address 05h [6:0])
To set VCOM (COLD) voltage can have the VCOM voltage relates to NTC Pin voltage, when NTC Function is used.
VCOM (COLD) voltage range can be set by 10mV step from VCOM (CAL)-0V to VCOM (CAL)+0.63V.
Refer “NTC Block Function” for the detail description of NTC Function.

DVCOM_HOT @VCOM_CAL @VCOM_COLD
(AVDD/2 +4V) (VCOM_HOT0.63V) (VCOM_HOT+VCOM_CAL - 0.63V)
+4V AVDD/2 +4.8V
RPN $083V . Setting Limit
' (VCOM_HOT) 10mv step AVDD/2 4.8V
_________________________________________ oM cAl) .
10mv step
0.63V (vcom_colp)
-4y ' AVDD/2 -4.8V
-0.63V s
1
VCOM_HOT VCOM Calibration VCOM temp
initial setting range range compensation
range

However, VCOM output voltage setting range is AVDD x0.7 to AVDD x0.2 or AVDD/2+4.8V to AVDD/2-4.8V.

( For Example AVDD = 13.0V )

VCOM Max Voltage
AVDD x 0.7 =13x 0.7 =9.1V

10.5Vv
AVDD/2=6.5V fF---------

VCOM Min Voltage
AVDD x 0.2=13x0.2=2.6V

2.5V

\. J
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VDD Block Function

REGISTER |— DAC < ERRAMP

i
7h

MA

PWM
DRIVER
+ LDO
} DISCHARGE

Figure 91. VDD Block Diagram

VDD Block (Buck DC/DC) can set below functions by EEPROM.

1. VDD Voltage (Register Address 06h [5:0])
VDD voltage can be set by 0.05V step from 0.9V to 3.4V.

2. SWB Switching Frequency (Register Address 0Ch [3:2])
Switching frequency can be set at 525KHz, 1.05MHz, or 2.1MHz.

3. VDD Phase Adjust (Register Address 06h [7])
Phase Margin can be adjusted.

0’b : VD_Phase_Set1
1'b : VD_Phase_Set2

VIN[V] VDDI[V] VDD Phase Adjust
5 0.9t01.25 1'b
1.3to 0'b
3.3 0.9to 0'b

Set VDD Phase Adjust 1’b when On-duty < 25%.

4. VDD Mode Select (Register Address 06h [6])
VDD Block can be switched to DC/DC or LDO Mode.
Since this function switch needs to change the application construction,
input writing signal by 12C cannot perform Register writing.
To write this Register setting, start-up bit(REGOCh[7]) should be 0.
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VDD Block Function — continued
Application Example for VDD (Buck DC/DC)

VDD application can select Buck DC/DC or LDO by “VDD Mode Select” of EEPROM setting.
When VDD Mode is selected at "0”, Buck DC/DC operates.
Below figure shows example of Buck DC/DC application circuit.

|J_|VINB
|REGISTER H DAC 4 \ERRAMP C.VINB
PWM
1 DRIVER VDD
;l/; C_vDD
) MA
+ LDO
—— DISCHARGE :3717

Figure 92. VDD Block Diagram(Buck DC/DC)

Application Example for VDD (LDO)

When VDD Mode is selected at "1”, LDO operates.
Below figure shows example of LDO application circuit.

,J_|VINB
Py ] Py

L 4
REGISTER DAC > ERRAMP ;'/; C_VINB
PWM
W
I DRIVER D—[ VDD
v

SWB
C_VvDD
1 PGNDB ;I;
) MA 4 |
- DD
] LJ
LDO
————— DISCHARGE »"—7717

Figure 93. VDD Block Diagram(LDO)

¥

C_VDD in LDO mode, please use 1.0uF to 10uF.

In addition, when VDD function is not used, please set in VDD LDO mode, and, please connect capacitor more than 1.0uF.
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GPM Block Function
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Figure 94. GPM Block Diagram

GPM Block (Gate Pulse Modulation) can set below functions by EEPROM.

1. Input Delay Time (Register Address 07h [7:6])
Falling timing of input signal can be set at 0.1usec, 0.5usec, 1.0usec, or 1.5usec.

GSIN |

1
i, Input Delay Time
-

GSOUT

Figure 95. GPM Input Delay Time

Pin connection when GPM is not used

When GPM function is not used, connect GSIN pin to VIN.
Connect RE pin to resistance (2.0kohm).
GSOUT pin should be OPEN.
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RESET Block Function

VIN ,J-‘ °
VDD P

L

L

REGISTER — DAC

RESET |— DELAY | |

I[ RST

Figure 96. RESET Block Diagram

RESET Block can set below functions by EEPROM.

1. RESET Detect Voltage (Register Address 07h [4:0])
RESET detection voltage can be set by 0.1V step from 0.6V to 3.3V.

2. RESET Monitor Select (Register Address 07h [5])
RESET detection pin can select from VDD and VIN.

3. Delay2 Time (Register Address 09h [2:0])
RESET detection time can be set from Omsec to 40msec.

RESET Detect Volt'age
Monitor pin : .
(VIN or VDD) i Delay2 Time i
> |
RST '

\DGQ@ -0.1v

Figure 97. RESET Function
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PG/LDSW Block Function
PG/LDSW Block can switch PG (Power Good) and LDSW (Load Switch) function by EEPROM.

Case of PG Function,
When GPM Block becomes workable, PG pin will change from High to Low to recognize as all boost sequence is completed.

PG/LDSW
SEQUENCE J[
LOGIC ;4_—,7]”

Figure 98. PG/LDSW Block Diagram Ve ‘\

PG/LDSW

Case of LDSW Function,
This function is used when VGL voltage output is prior to AVDD voltage output. W Losw PAVDD

With below application construction, "Timing Chart 3” sequence can be realized.  cat

Voltage

AVDD

LSW ON Delay

CLDSW mipsw €S0  Aupp

77

PAVDD

EN

PG/LDSW

RLDSW

R_LSGATE

M_LDSW
Gate
Voltage

PG/LDSW
SEQUENCE

LoGIC _|%7_[

AVDD

LDSW OFF
Delay

Figure 100. LDSW Delay Time

Figure 99. LDSW Function

LDSW on delay can be set by the formula below.

R X R R +R Vth
LDSW ON Delay = —Cppsy X (M> In <1 — _LSGATE ~ LDSW ) [sec]
Riscare + Ripsw Ripsw AVDD
LDSW off delay can be set by the formula below.
R +R Vth
LDSW OFF Delay = —C_LDSW x R_LDSW X ln( LSGATE ~ "LDSW o ) [sec]

where:
AVDD is AVDD setting voltage.
Vth is M_LDSW gate threshold voltage

When using the LDSW function, set the delay3 time to be longer than or equal to the sum of the maximum value including the
variation of the load switch ON delay time and VGL soft start time. If the delay3 time setting is short, UVP is applied at startup.
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NTC Block Function

VGH
v |G ae
. —— LOGIC
4bit
_\|\ VCOM
€]

Figure 101. NTC Block Diagram
NTC Block is the function to adjust VGH, VCOM voltage depending on NTC pin voltage.
NTC pin will output 40pA (Typ) current.
Connecting thermistor element can perform temperature adjustment function.

Below functions can be set by EEPROM.

1. VGH NTC Enable (Register Address 02h [7])
VGH Block NTC Function can be changed to Enable or Disable.

2. VCOM NTC Enable (Register Address 05h [7])
VCOM Block NTC Function can be changed to Enable or Disable.

Pin connection when NTC is not used.

When NTC function is not used, connect NTC pin to OPEN.

EN Block Function

Figure 102. EN Block Diagram

When inserting resistor to EN terminal, EN threshold voltage is decided by resistance division with internal resistor.

Threshold Voltage calculation;
EN threshold voltage high typical ( VENH ) = 0.9/300x (400+Rup) [V]
EN threshold voltage low typical (VENL ) = 0.9/500x (600+Rup) [V]

The EN threshold voltage including unevenness is as follows;

2o VENL Threshold Voltage o VENH Threshold Voltage

1.5 1.5
: - = //
E‘ 1.0 § 1.0
> —Typ. = —T‘/‘P-

05 Min. 05 M

Max.
Max
0.0 0.0
0 20 40 60 80 100 120 o 20 40 60 80 100 120
Pull Up Resistance [KQ] Pull Up Resistance [KQ]
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VGH and VCOM temperature compensation
NTC[V]A

1.25V

0.5V

Ta[°C]
VGHL[V]

VGH + VGH Fh_En Dh Ch Bh Ah Sh & 7h 6h 5 4h 3nh 20 Th Oh
(HOT) (COLD) L e A

VGH
(HOT)

Ta[°C]
VCOMLV] A

VCOM Fh Eh Dh Ch Bh Ah Sh 8 7h 6h 5h 4h 3h 2h  1h  Oh

(cAL) N T T B

VCOM + VCOM
(CAL) (cOLD)

Ta[C]

Figure 103. NTC Function

NTC Function can adjust VGH, VCOM voltage depending on NTC voltage (VNTC).
4 bit ADC is used to detect NTC voltage.

When NTC pin voltage VNTC < 0.5V, NTC function will judge as HOT setting.

In this case, VGH and VCOM output voltage can be calculated by below formula.
VGH = VGH (HOT)
VCOM = VCOM (CAL)

When NTC pin voltage VNTC = 1.25V, NTC function will judge as COLD setting.

VGH = VGH (HOT) + AVGH (COLD)
VCOM = VCOM (CAL) — AVCOM (COLD)

When NTC pin voltage is 0.5V < VNTC < 1.25V, VGH and VCOM can be estimated by below formula.

vy = AVCHCOLD) (ROUNDUP (VNTC _ O'SV) 1) + VGH(HOT) [V
= —_— % - )=
15 0.047V V]
VCOM = VCOM(CAL) AVCOM(COLD) (ROUNDUP (VNTC _ O'SV) ) 4
= _ % _— | -
15 0.047V V]
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FAULT Block Function

UVLO —— FAULT
TSD —— |:
Shut Down —
— 1 LOGI
by UVP and OCP GIC _J ;‘_"L
Check Sum — 77
Fail Register » 12C

Figure 104. FAULT Block Diagram

FAULT Function is to inform IC situation to outside.
When the operation is normal, FAULT pin will be High.
When the operation is abnormal, FAULT pin will be Low.

Below are the conditions to have FAULT pin to Low.
I. Detect UVLO

Il. Start TSD

lll.  Shutdown by UVP or OCP

IV. Check Sum NG

Fail Register Function

When FAULT PIN is Low, it is possible to confirm which protection circuit is activating by reading Data from Fail Register.

Fail Register will reflect the protection detected circuit at the moment of FAULT=Low
Register Address of Fail Register is 10h.

Register D7 D6 D5 D4 D3 D2 D1 DO
Address
Double Check sum
10h ADDUW | vobuwpe | veHUWP | VGLUW | Register | ADDOCP| TSD o
Error

Fail Register does not have EEPROM writing function.
When VIN UVLO is detected, the data will be deleted.

(gv;vgirgh%;o'\rﬂ'nc LAl vt ) 63/75 TSZ02201-0313AAF00730-1-2
0., Ltd. All rights reserved.
TSZ722111 » 15 « 001 9 9.Dec.2020 Rev.003


http://www.rohm.com/

BM81810MUV-M

Datasheet

Protection function explanation of POWER MANAGEMENT block

UNDER VOLTAGE LOCK OUT (UVLO)
The BM81810MUV-M has UVLO function for VIN and a circuit miss-operation during in under UVLO voltage operation is
prevented. If VIN below UVLO voltage, it shuts down VDD, AVDD, VGH, VGL, GPM, VCOM and RESET.

THERMAL SHUTDOWN (TSD)
The BM81810MUV-M incorporates a Thermal Shut Down (TSD) function. If IC temperature exceeds 175°C (TYP), it shuts
down VDD, AVDD, VGH, VGL, GPM, VCOM and RESET.

UNDER VOLTAGE PROTECTION (UVP)
This block has Under Voltage Protection (UVP) function for VDD, AVDD, VGH and VGL output.
When detecting UVP, inner Counter will be activated, and after 5ms passed, it shuts down VDD, AVDD, VGH, VGL, GPM,

and VCOM. (It also shuts down RESET when RESET monitors VDD voltage.)

IV. OVER VOLTAGE PROTECTION (OVP)
This block has Over Voltage Protection (OVP) function for AVDD output.
When detecting OVP, output voltage rising is limited by forcing Switching turn off. If output voltage falls, Switching is
restarted.

V. OVER CURRENT PROTECTION (OCP)
This block has Over Current Protection (OCP) function for VDD and AVDD.
When detecting OCP, it controls Switching and limits generating over current in FET.

BLOCK Protective Function Working Condition Action Protective removal
Over current Protection . Control switching pulse duty to not over .
(Buck DCDC mode ) ISWB > 1.0 A (Min) current limit ISWB <1.0A (Min)
Over current Protection . . .
VDD (LDO mode ) ISWB > 0.3 A (Min) Control LDO to not over current limit. ISWB < 0.3 A (Min)
) Detect :VDD<Target value x 0.8 IC shutdown
Under Voltage Protection Release : VDD>Target value x 0.9 if UVP status maintains during 5msec IC restart
Over Voltage Protection AVDD > (Target value x 1.1) Switching STOP AVDD < ( Target Value x 1.05)
Control S‘g'\f‘;"gfﬁ‘i}“g?ﬁn‘ii‘t‘ty to not ISW < 1.0 A (Min) or 2.0 A (Min)
AVDD Over current Protection ISW > 1.0 A (Min) or 2.0 A (Min)
IC shutdown IC restart
if OCP status maintains during Smsec
. Detect : AVDD<Target value x 0.8 IC shutdown
Under Voltage Protection Release : AVDD>Target value x 0.9 if UVP status maintains during 5msec IC restart
) Detect :VGH<Target value x 0.8 IC shutdown
VGH Under Voltage Protection Release : VGH>Target value x 0.9 if UVP status maintains during 5msec IC restart
. Detect :VGL>Target value x 0.8 IC shutdown
VeL Under Voltage Protection Release : VGL<Target value x 0.85 if UVP status maintains during 5msec IC restart
Under Voltage Lockout VIN < 2.0V (Min) IC shutdown VIN > 2.55V (Typ)
General
Thermal shutdown Tj > 175°C (Typ) IC shutdown Tj < 150°C (Typ)
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Double Register
BM81810MUV-M can perform various setting by Register.

If these settings are changed without intension, to avoid application abnormal operation, certain specific Register has error
detection function.

Below shows the Register with anomaly detection function.

Register D7 D6 D5 D4 D3 D2 D1 DO
Address

00h AVDD Output Voltage
01h VGH HOT Output Voltage

VGH
02h NTC Enable /IVGH COLD Voltage
03h VGL Output Voltage
04h VCOM HOT Output Voltage

VCOM
05h NTC Enable VCOM COLD Votlage

VDD VDD
06h Blieme YOBE VDD Output Voltage

GPM Reset
07h Input Delay Monitor Select Reset VOItage
Function . . .

08h - Delayl time Discharge time
0%h Data Refresh Delay3 time DoubleReg Delay? time

VGH . . .
0Ah bischarge Enable Delayts time AR_Time Delay4 time
0Bh AVDD AVDD AVDD AVDD AVDD

COMP OCP Select SS Time SW Slew Rate COIL
0Ch Start-up VGH VGH/VGL VDD AVDD

Bit mode select Frequency Frequency Frequency
0Dh Check Sum
10h AVDD UVP VDD UVP VGH UVP veLuvp |Pouble Registerl  \ hp ocp TSD Check sum
Error Error

:| Double Register correspond BIT
Data Refresh
Data Refresh is the Function to read Data from EEPROM periodically.
If Register setting is suddenly changed without intension, Data Refresh function can read Data from EEPROM to recover to the

normal Data.

Data Refresh performs at certain cycle period.
The time of period can be set by Register at 0.5sec or 1.0sec.

In the case of WPN=Low, Double Register Function and Data Refresh Function can be set by Register as Enable or Disable.
Below table shows the function by each combination.

In the case of WPN=High, Double Register Function and Data Refresh Function are Disable.

Data Double : .
WPN Refresh Register Data Refresh Operation Double Register Check
Low 0 : Disable 0 : Disable Disable } Dlsgble -
(Keep working even logic abnormality happens)
Enable
Low 0 : Disable 1: Enable Disable (First shutdown once logic abnormality detects.
After Fault to be low for Imsec, then re-start)
: Enable Disable
Low 1: Enable 0 Disable (Data Refresh at set period) (Keep working even logic abnormality happens)
Enable Enable
Low 1: Enable 1: Enable (Data Refresh at set period) (Perform Data Refresh once logic abnormality detects)
) : Disable
High ) ) Disable (Keep working even logic abnormality happens)
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PCB Layout Guide

GND Wiring Pattern
The high current GND (PGND) should be wired thick. To reduce line impedance, the GND lines must be as short and
thick as possible and uses few via. Therefore design at PCB board four layers or above is recommended. (Please use
the middle layer as GND shielding and directly connect each GND.) In the case of two layers or less at PCB board
designs, please enough confirm with the actual model about the heat and the noise with care to a GND wiring.

Switching-Line Wiring Pattern
The wiring from switching line (SW pin) of DC/DC converter to inductor and diode must be as short and thick as
possible. If a wiring is long, ringing by switching increases, and the voltage over the resistance of this IC might be
generated. Please note that switching line does not vary PCB layer.
Switching line and wiring easily affected by noise such as feedback line must be placed separately.
Switching noise spread may cause the lack of operation stability. In case the multi-layer PCB board, please note that a
switching line and a line easily affected by noise or the external components are not adjacent between layers.
Drawing GND shield line between switching line and these lines easily affected by noise is recommended if these lines
are placed close.

Power Supply Voltage Line Wiring Pattern
For power supply voltage (VIN, VINB, VLSO, PAVDD, AVDD, VGH), place smooth capacitor nearby IC pin.
Please note that smooth capacitor does not vary PCB layer.

The figure 105 shows an application circuit on the basis of the basic PCB layout pattern guideline mentioned above.
€ Bold line: High current line

€ Blue line(two dots and dashed line): Wiring easily affected by noise

€ Red line (dashed line): Noise source line such as switching line.

€ < Z Z =Place smooth capacitor nearby IC pin

2

e« PAVDD, please become as short as possible.

R_NTC2

R_NTC3
WPN ) R_NTC1

R_FLT

VIN
R_RE GSouT

VIN

R_PG
FAULT l

PG / LDSW ‘

VIN

|
"ToEEEHEEE

Figure 105. PCB Layout Indications
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EMC Layout Guide

Introduce the plan that can design on the PCB as EMC measures.

Measures by the board pattern

*Wire AVDD line briefly thickly. (1)
*Wire the current loop of Boost DC/DC briefly thickly. (2)

Measures by the external component
Insert a common mode filter or a beads coil in the AVDD line and form the EMC filter. (3)

*Place output capacitor and small capacitor (10pF - 1,000pF) in parallel. (4)
eInsert the snubber circuit in SW pin. (Assumed the efficiency becomes worse) (5)

alalalalalolaioll
T/T

1Rk
S s z

(4)

C_VINB

C_RE(;;
WIN
a4
C_VIN
C_LSO
Figure 106. EMI Circuit 1
2
( ) -prEEE e e, A
VIN e L o B
C.PIN / - ’\“\ C_Avb‘-._
- 1 ——
r\. \\7_ .e/
o—L ~ O GND
Figure 107. EMI Circuit 2
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1/0 Equivalence Circuit

1. VINB 2. VREG 3. VIN
{i VINB ijVWJ VIN
L
VREG
l
/K i
Vi Vi
4. VLSO 6. SW 7. PAVDD
jzjvm
PAVDD PAVDD
|,_||__ jij f?- 'S [
VLSO
0 . L 1
o
T[:l‘ VNI
/i
8. AvDD 9. NEG 10. VCOM
? AVDD ©- AVDD AVDD & 1 AVDD
A e i ]
NEG VCOM
VN
° y N i ]
Vi 77 77 7'[?
12. VGL 13. DRN 14. DRP
PAVDD &~ 4E;PAVDD AVDD & 'ijAVDD
Internal reg. ZS |_ ZS |_
DRN DRP
L4 D—‘—{
i N TLJ:L N TLJ:L
VGL
77 7
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/0 Equivalence Circuit - continued

15. CPP1

16. VCP

17. CPP2

VGH

CPP2 |—

VCP |_
CPP1 |_

i

L
|

AVDD

ZVGH
CPP2

VCP ;
CPP1 ;

AVDD

=

- r

1VGH
VCP ;
CPP1 ;

=

CPP2

WL

18. VGH 19. GSOUT 20. RE
VGH VGH
T i
GSOUT L GSOUT L
2§ EI_ RE §|_ RE §|_
/i
21. WPN 22.NTC 23. FAULT
VREG j VREG
FAULT
WPN }
ﬁ L
;j NTC !$IJ
'_l
24. PG/LDSW 25. GSIN 26. SDA
VREG VREG
PG/LDSW — |
GSIN

LI g

J
SDA }

i
A
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/0 Equivalence Circuit - continued

27.SCL 28. RST 29.VDD

VREG j -
iy :
= !

30. SWB 32. EN

SCL

HUE

VINB VREG

SWB

ﬁir
T
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Operation Notes

1. Reverse Connection of Power Supply
Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as mounting an external diode between the power supply and the IC’s power
supply terminals.

2. Power Supply Lines
Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines of the
digital and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog
block. Furthermore, connect a capacitor to ground at all power supply pins. Consider the effect of temperature and
aging on the capacitance value when using electrolytic capacitors.

3. Ground Voltage
Ensure that no pins are at a voltage below that of the ground pin at any time, even during transient condition.

4. Ground Wiring Pattern
When using both small-signal and large-current ground traces, the two ground traces should be routed separately but
connected to a single ground at the reference point of the application board to avoid fluctuations in the small-signal
ground caused by large currents. Also ensure that the ground traces of external components do not cause variations
on the ground voltage. The ground lines must be as short and thick as possible to reduce line impedance.

5. Thermal Consideration
Should by any chance the power dissipation rating be exceeded the rise in temperature of the chip may result in
deterioration of the properties of the chip. In case of exceeding this absolute maximum rating, increase the board size
and copper area to prevent exceeding the Pd rating.

6. Recommended Operating Conditions
These conditions represent a range within which the expected characteristics of the IC can be approximately obtained.
The electrical characteristics are guaranteed under the conditions of each parameter.

7. Inrush Current
When power is first supplied to the IC, it is possible that the internal logic may be unstable and inrush current may flow
instantaneously due to the internal powering sequence and delays, especially if the IC has more than one power
supply. Therefore, give special consideration to power coupling capacitance, power wiring, width of ground wiring, and
routing of connections.

8. Operation Under Strong Electromagnetic Field
Operating the IC in the presence of a strong electromagnetic field may cause the IC to malfunction.

9. Testing on Application Boards
When testing the IC on an application board, connecting a capacitor directly to a low-impedance output pin may
subject the IC to stress. Always discharge capacitors completely after each process or step. The IC’s power supply
should always be turned off completely before connecting or removing it from the test setup during the inspection
process. To prevent damage from static discharge, ground the IC during assembly and use similar precautions during
transport and storage.

10. Inter-pin Short and Mounting Errors
Ensure that the direction and position are correct when mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply and output pin.
Inter-pin shorts could be due to many reasons such as metal particles, water droplets (in very humid environment) and
unintentional solder bridge deposited in between pins during assembly to name a few.

11. Unused Input Pins
Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance and
extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it. The small
charge acquired in this way is enough to produce a significant effect on the conduction through the transistor and
cause unexpected operation of the IC. So unless otherwise specified, unused input pins should be connected to the
power supply or ground line.
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Operational Notes — continued

12. Regarding the Input Pin of the IC
This monolithic IC contains P+ isolation and P substrate layers between adjacent elements in order to keep them
isolated. P-N junctions are formed at the intersection of the P layers with the N layers of other elements, creating a
parasitic diode or transistor. For example (refer to figure below):

When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes inevitably occur in the structure of the IC. The operation of parasitic diodes can result in mutual
interference among circuits, operational faults, or physical damage. Therefore, conditions that cause these diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to the P substrate) should be

avoided.
‘ Resistor ‘ ‘ Transistor (NPN) ‘
P|n A Pin B Pin B
c —2—
Pin A E
SN ARG
i Parasitic N ] N N \
, Elements ¥ t """ Parasitic
P P Substrate ~ 4 P Substrate ! Elements
JT— GND JT— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

Example of monolithic IC structure

13. Ceramic Capacitor
When using a ceramic capacitor, determine the dielectric constant considering the change of capacitance with
temperature and the decrease in nominal capacitance due to DC bias and others.

14. Area of Safe Operation (ASO)
Operate the IC such that the output voltage, output current, and power dissipation are all within the Area of Safe
Operation (ASO).

15. Thermal Shutdown Circuit(TSD)

This IC has a built-in thermal shutdown circuit that prevents heat damage to the IC. Normal operation should always
be within the IC’s power dissipation rating. If however the rating is exceeded for a continued period, the junction
temperature (Tj) will rise which will activate the TSD circuit that will turn OFF all output pins. When the Tj falls below
the TSD threshold, the circuits are automatically restored to normal operation.

Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no
circumstances, should the TSD circuit be used in a set design or for any purpose other than protecting the IC from
heat damage.

16. Over Current Protection Circuit (OCP)
This IC incorporates an integrated overcurrent protection circuit that is activated when the load is shorted. This
protection circuit is effective in preventing damage due to sudden and unexpected incidents. However, the IC should
not be used in applications characterized by continuous operation or transitioning of the protection circuit.
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Ordering Information

B M 8 1.8 1 0 M U V| - ME2
|
Part Number Package Product Rank
MUV: VQFN32SV5050 M: for Automotive
Packaging specification
E2: Embossed tape and reel

Marking Diagram
VQFN32SV5050(TOP VIEW)

Part Number Marking

B M o
81810 LOT Number
/—

O

Pin 1 Mark
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Physical Dimension, Tape and Reel Information

Package Name VQFN325V5050

1PIN MARK

(e}
z | e
(e}
[=J0. 08[s]
co. 2 3. 4%0, 1
1 8
Jguuuuluuu
32 D % C 9
D) -
D) - -
D (- S
») - :
B ») c =
Z D dd
sl 25 P = e (UNIT:mm)
nONNMNAAN
24 17 PKG:VQFN325V5050
0 15 05 0. 25 1o Drawing No. EX385-5001

< Tape and Reel Information >

Tape Embossed carrier tape
Quantity 2500pcs
Direction of feed EZ

The direction is the pin 1 of product is at the upper left
when you hold reel on the left hand and you pull out the tape on the right hand

=

O 0O O 0O O 0 00
U
Pin 1 Direction of feed
Reel EE—
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Revision History

Date Revision Changes

25.July.2016 001 New Release
AVDD Current Limit (1A setting) Limit Maximum 3.0A -> 2.5A (P.6)
Remove WPN pin from input tolerant. (P.1)
Describe the package name in detail. (P.1)

10.Jan.2019 002 Change absolute maximum ratings value of WPN pin. (P.4)
Add C_GD to application circuit when using LDSW mode.(P.31, P32)
Correct some minor typographical errors.

9.Dec.2020 003 Updated packages and part numbers. P.75-2, P.75-3
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Ordering Information

B M 8 1.8 1 0 M U V -
|
Part Number Package
MUV: VQFN32SV050A
Marking Diagram
VQFN32SV050A(TOP VIEW)
Part Number Marking
B M -
81810 LOT Number
&
O\ Pin 1 Mark

MZE?2

Product Rank

M: for Automotive
Production site
Z: Added

Packaging specification
E2: Embossed tape and reel
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Physical Dimension, Tape and Reel Information

VQFN32SV050A

Package Name
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- 1 Drawing No. EX001-0102

< Tape and Reel Information >

Tape Embossed carrier tape
Quantity 2500pcs
Direction of feed E2

The direction is the pin 1 of product is at the upper left
when you hold reel on the left hand and you pull out the tape on the right hand

0,0 0,0 0,0 0,0 0,0 0,0
e2iTR ||| E2 iR ||| E2 TR ||| E2 i TR][||E2 i TR || E2 TR
RTRRE =S| S A=V 1 YRS T I Y=Y

Direction of feed

A

Pocket Quadrants

Reel

E2: PIN1 is placed to the top left corner

TL: PIN1 is placed to the lower left.

TR : PIN1is placed to the top right corner.
E1:PIN1 is placed to the lower right.
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Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ot 1),
aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM'’s Products for Specific Applications.

(Notel) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM'’s Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Clz,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse, is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Notice-PAA-E Rev.004
© 2015 ROHM Cao., Ltd. All rights reserved.
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including Clz, H2S, NHs, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act

Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.

Notice-PAA-E Rev.004
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.

Notice — WE Rev.001
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