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Datasheet

For DSC/TABLET/Mobile Phones 

USB Switching Charger IC Integrating a 
USB Adapter Automatic Detection Function 
 BD7168GU 

 
٨ Overview 

٨ High-efficient step-down switching charger IC 
integrating a USB adapter automatic detection function, 
a 28V OVP, and a 40-mȍ Pch-FET between SYSTEM 
and Battery for single-cell Li-ion Batteries for mobile 
appliances 

 

٨ Features㩷
䊶A 28V OVP and a controller of protection for minus voltage 

 are integrated. 

䊶A USB adapter automatic detection function based on D+ 

 and D- detection is integrated. 

䊶Set values can be changed via I2C communication. 

䊶A 1-MHz synchronous current-mode step-down DC/DC 

converter, which permits small external parts to be attached, 
is integrated. 

䊶The USB input current limit can be set at 100 mA, 500 mA, 

900 mA, or 1500 mA with I2C and an external terminal. 

䊶A current detection register is integrated, and external FETs 

and diodes are not required. 

䊶The switch between SYSTEM and VBAT contains a 40-mȍ 

Pch FET. 

䊶A battery assist function is integrated, which automatically 

supplied electric power from the battery in case of 
insufficient USB input electric power. 

䊶A ultra-miniature WL-CSP is adopted, which measures 3.2 

x 3.2 mm and has a 0.5-mm pitch. 
 

٨ Application㩷

䊶Digital still cameras, tablet PC, mobile phones, smart cell 

phones 

٨ 

 䊶VCSP85H3                 3.20mm x 3.20mm x 1.0mm 

 

٨ Operation conditions㩷
䊶Input voltage range䋻                       3.895䌾6.0V 

䊶Output voltage range䋻                         0䌾5.5V 

䊶Output current䋻                             2.0A(max) 

䊶Switching frequency䋻                      1.0MHz(typ.) 

䊶High-side FET(Pch)ON resistance䋻          125mȍ(typ.) 

䊶Low-side FET(Nch)ON resistance䋻          100mȍ(typ.) 

 

٨ Terminal arrangement diagram (TOP VIEW) 
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٨ Application circuit㩷
 

 
 
 
 
  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 ٤Product structure㧦Silicon monolithic integrated circuit ٤This product is not designed 

㪘㪹㫆㫌㫋㩷㫋㪿㫀㫊㩷㪻㫆㪺㫌㫄㪼㫅㫋㩷
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٨ Block diagram 
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٨ Description of terminals 

No 
Symbol Description 

State of terminal 
When unused 

A5,A6 VBUS 
USB supply voltage terminal.VBUS can supply 1.42A(max) to SYSTEM.VBUS current limit is selected by DP, DM I2C 
or external terminal regarding to power supply you use.  

OPEN 

B5,B6 VIN DC/DC input terminal. Please connect capacitance(4.7ȝF) between ↑IN and GND. OPEN 

C1 VREG Internal power supply output terminal. Please connect capacitance(1ȝF) between ↑REG and GND. Capacitor 

C5䇮C6 LX DC/DC inductor connection terminal.Please connect inductor between LX and SYSTEM. OPEN 

D5,D6 PGND Power ground terminal GND 

E5,F5 SYSTEM 
System power supply output terminal.When VBAT < 3.0V ,SYSTEM voltage is kept 3.25V.In case of 

3.0V<VBAT<4.2V , SYSTEM voltage is VBAT+250mV. Please connect capacitor (10ȝ F) between SYSTEM and GND. 
Capacitor 

E6,F6 VBAT 
Battery connection terminal.Please connects to Li+ battery of one cell. 
When you use a normal power supply, battery is charged from SYSTEM. 
If ↑BUS dosen‟t exist or SYSTEM current is over the input current limits,VBAT supply current to SYSTEM. 

- 

F4 TH 

Thermistor connection terminal for battery temperature detection. 

Please connect thermistor (NTC) between TH and GND. 

Please connect resistance (equal to resistance of thermistor at 25㷄) between TH and VREG. 

If thermistor resistance value is over the limit of the high temperature or low temperature, charge stops. 
If TH is connected GND, the temperature sensor of thermistor is DISENABLE. 

GND 

B2 CEN 
Charge enable input terminal.If you connect CEN to GND, charge of battery is ENABLE. 
And in case of CEN at high, charge of battery is DISENABLE.  

OPEN or GND 

C2 USUS USB suspend input terminal. If USUS is high, charge stops. OPEN or GND 

F2 CRG Charge state output terminal (open drain) OPEN or GND 

F3 XPWR_RST This terminal stops the system startup pulse output. OPEN or GND 

F1 CTI Cap connection terminal for charge timer clock.Please connect capacitor (1000pF) between CTI and GND. Capacitor 

C4 IUSSET1 Input current limit/control terminals.If IUSSET1,2 are L, current limit of USB is 90mA. In case of IUSSET1=H , 
IUSSET2=L, the current limit is 480mA.In case of IUSSET1=L, IUSSET2=H ,the current limit is 860mA. 
And, in case of IUSSET1, 2=H, the current limit is 1420mA. 

OPEN or GND 

D4 IUSSET2 

B1 GND Ground terminal.GND is ground connection for inner circuit...  GND 

E2 XPWR_ON Pulse output terminal for USB input detection. If VBAT is over 3.2V, 400msec pulse is generated. OPEN or GND 

A4 DPI USB D+ signal input terminal OPEN or GND 

A3 DMI USB D- signal input terminal OPEN or GND 

A2 DPO USB D+ signal output terminal OPEN or GND 

A1 DMO USB D- signal output terminal OPEN or GND 

E1 VDD Power supply terminal for I2C GND 

D2 SDA Data input/output terminal for I2C GND 

D1 SCL Clock input terminal for I2C GND 

E4 FB DC/DC feedback output terminal OPEN 

B3 USB_OK 
USB power state output terminal (open drain) 
When a normal power supply is detected, output of open drain is L. 

OPEN or GND 

E3 INT_B Interrupting signal terminal OPEN or GND 

B4 GCNT External PMOS gate control terminal OPEN or GND 

D3 TEST TEST terminal. Please use in open state. OPEN 
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٨ Absolute maximum rating (Ta = 25㷄) 

 

  Item Symbol Rated value Unit Comment 

Supply voltage 

VBUS -0.3䌾28 

V 

 

VIN -0.3䌾10  

SYSTEM -0.3㨪7  

LX -0.3㨪10  

VBAT -0.3㨪7  

VDD -0.3㨪4.5  

Control input terminal 

CEN,USUS,IUSSET1,2, 
DPI,DMI, DPO,DMO,TH, 

XPWR_RST 
-0.3䌾7 V 

 

GCNT -1.0䌾28   

I2C input terminal SCL,SDA -0.3䌾4.5 V  

Output terminal 
CRG,XPWR_ON,USB_OK 

INT_B 
-0.3䌾7 V 

 

Power dissipation (Ta㻡25㷄) Pd 1.25 *1 W  

Operating temperature range Topr -30䌾+85 㷄  

Storage temperature range Tstg -55䌾+125 㷄  

Junction temperature Tjmax 150 㷄  

 
 *1  When a 50 × 50 × 1.75-mm four-layer substrate made of glass epoxy is implemented (Ta = 25䛐) 

 
 
 

 

٨ Operation conditions 

 

Item Symbol 
Standard value 

Unit 
MIN TYP MAX 

Supply voltage 

VBUS 3.42 - 6.0 V 

VBAT - - 4.35 V 

VDD 1.5 - 3.6 V 

Control input terminal 

CEN,USUS 
IUSSET1,2, 

DPI,DPO 
DMI,DMO 

TH, 
XPWR_RST 

-0.3 - 5.5 V 

I2C INPUT TERMINAL 
SCL 
SDA 

-0.3 - 3.6 V 

Output terminal 

CRG 
INT_B 

USB_OK, 
XPWR_ON 

-0.3 - 5.5 V 
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 Entire system 

 

٨ Electric characteristics (VBUS = 5.0 V, VBAT = 3.6 V, and Ta = 25䛐 unless otherwise specified) 

Item Symbol 
Standard value 

Unit Condition 
Minimum Standard Maximum 

䇼Entire system䇽 

VBAT leakage current 1 IBAT_L1 - 0.05 1 ȝA USB OPENᤨ 

VBAT leakage current 2 IBAT_L2 - 10 20 uA CHARGE Disenable 

VBUS leakage current IBUS_L - 1.5 2.5 mA USB SUSPEND 

VREG output voltage VREG 3.1 3.225 3.35 V IVREG=1mA 

VREG UVLO detection 
voltage 

VREG_UVLO 2.375 2.5 2.625 V ↑REGĻdetection 

VREG UVLO hysteresis VREG_UVLO_hys 50 100 200 mV ↑REGĹdetection 

VREG UVLOD detection 
voltage 

VREG_UVLOD 1.8 1.9 2.0 V ↑REGĻdetection 

VREG UVLOD 
hysteresis 

VREG_UVLOD_hys 50 100 200 mV ↑REGĹdetection 

INT_B output Low voltage VINT_L - - 0.4 V IINT_B = 5mA 

INT_B leakage current IINT_L - - 1 ȝA VINT_B = 5V 

䇼Control unit䇽 

IUSET1,2 control voltage L VUSET_L - - 0.4 V  

IUSET1,2 control voltage H VUSET_H 1.6 - - V  

CEN control voltage L VCEN_L - - 0.4 V CHARGE Enable 

CEN control voltage H VCEN_H 1.6 - - V CHARGE Disenable  

USUS control voltage L VUSUS_L - - 0.4 V CHARGE Enable 

USUS control voltage H VUSUS_H 1.6 - - V CHARGE Disenable 

XPWR_RST control voltage 
L 

VXPWRR_L - - 0.4 V  

XPWR_RST control voltage 
H 

VXPWRR_H 1.6 - - V  

 

 

 OVP unit 

 

٨ Electric characteristics (VBUS = 5.0 V, VBAT = 3.6 V, and Ta = 25㷄 unless otherwise specified) 

Item Symbol 
Standard value Standa

rd 
value 

Standard value 
Minimum Minimum Minimum 

䇼OVP unit䇽 

VBUS UVLO detection 
voltage 

VBUS_UVLO 3.52 3.7 3.88 V ↑BUSĻdetection 

VBUS UVLO hysteresis VBUS_UVLOhys 150 200 250 mV ↑BUSĹdetection 

VBUS OVP detection 
voltage 

VBUS_OVP 5.7 5.85 6.0 V ↑BUSĹdetection 

VBUS OVP hysteresis VBUS_OVPhys 50 100 150 mV ↑BUSĻdetection 

Output voltage startup time TVBUS_ON - 5 10 msec  

Output voltage OFF time TVBUS_OFF - 1 5 ȝsec  

VBUS -VIN ON resistance RON_VBUS 60 125 250 mȍ  

VBUS-VIN leakage current Ileak_VBUS - - 1 ȝA ↑BUSĺ↑IN leak current 
USBOK output Low voltage VUSBOK_ON - - 1.0 V IUSBOK =1mA 

USBOK leakage current IUSBOKL - - 1 ȝA  

䇼NVP unit (A clamper for a protection of -28V PMOS VGS䇽 

Clamp voltage VZ 8 11 14 V  

Pull down resistance RPD 10 20 30 kȍ  
 

䃁Radiation-resistant design is not adopted. 
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 Charger detector / Analog SW unit 

 

٨ Electric characteristics (VBUS = 5.0 V, VBAT = 3.6 V, Ta = 25䛐, and CTI = 1000 pF unless otherwise specified) 

Item Symbol 
Standard value 

Unit Condition 
Minimum Standard 

Maximu
m 

䇼USB charger detector䇽 

VDAT_SRC voltage  
(D+ output voltage)  

VDAT_SRC 0.5 0.6 0.7 V  Io=0䌾200ȝA  

RCD resistance (D+ pull-up 
resistance)  

RCD 52 69 86 kȍ   

VDATA_REF voltage 
(D- detection voltage) 

VDAT_REF 0.3  0.35  0.4  V  At the time of the DM terminal rise 

VLGC voltage (D- detection 
voltage)  

VLGC 1.2  1.4  1.6  V  At the time of the DM terminal rise 

D- sink current IDAT_SINK 50  100  150  ȝA  V(DM) = 0.6V 

Detection voltage for 
BCS-compliant PORT (D+ 
detection voltage) 

VTL 
VBUS 

×0.22 
VBUS 
×0.27 

VBUS 
×0.32 

V 
BCS-compliant PORT䋺 
SDP, CDP, DCP 

Detection voltage for pull-up 
PORT(D+ detection voltage) 

VTM 
VBUS 
×0.48 

VBUS 
×0.53 

VBUS 
×0.58 

V  

DPPD resistance 
(D+ pull-down resistance ) 

VTH 
VBUS 
×0.75 

VBUS 
×0.80 

VBUS 
×0.85 

V 
Pull-up PORT䋺 
PS2, UART 

VDAT_SRC voltage  
(D+ output voltage)  

RDPPD 333 667 1000 kȍ  

䇼USBSW (DP, DM) unit䇽 

SW ON resistance RON_USBSW 䋭 3 6 ȍ VIN=3.3V or 0V 

Leakage current in OFF IIOFF_USB -3 䋭 3 ȝA VIN=3.3V or 0V VB=OPEN 

SW capacitance CSW 䋭 6 䋭 pF USBSW ON 

USBSW startup time TUPUSB 䋭 䋭 1 ms USBS→ OFFĺON 

䃁Radiation-resistant design is not adopted. 
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 DC/DC unit 

 

Recommended operation range 

Item Symbol 
Standard value 

Unit 
MIN TYP MAX 

Power voltage VIN - 5 10 V 

External circuit constant 

CVIN 2.2 4.7 - ȝF 

Lx 2.2 4.7 10 ȝH 

CSYSTEM 2.2 4.7 10 ȝF 

RFB 1 4.7 10 kȍ  

CFB 0.47 1 2 ȝF 

 

٨ Electric characteristic (VBUS = 5.0 V, VBAT = 3.6 V, and Ta = 25㷄 unless otherwise specified) 

Item Symbol 
Standard value 

Unit Condition 
Minimum Standard 

Maximu
m 

䇼DC/DC unit䇽 

VIN UVLO detection voltage VIN_UVLO 3.14 3.36 3.58 V ↑INĻ detection 

VIN UVLO hysteresis VIN_UVLOhys 50 100 150 mV ↑INĹ detection 

VBUS_VIN uvlo voltage 
difference 

DiffUVLO 160 - - mV 
VBUS_UVLO-VIN_UVLO 
Voltage defference 

VBUS input current limit 
value1 

IUSB1 80 90 100 mA IUSSET1=”L”,IUSSET2=”L” 

VBUS input current limit 
value2 

IUSB2 460 480 500 mA IUSSET1=”H”,IUSSET2=”L” 

VBUS input current limit 
value3 

IUSB3 650 690 730 mA IUSSET[2:0]=03h 

VBUS input current limit 
value4 

IUSB4 820 860 900 mA IUSSET1=”L”,IUSSET2=”H” 

VBUS input current limit 
value5 

IUSB5 1340 1420 1500 mA IUSSET1=”H”,IUSSET2=”H” 

Minimum system output 
voltage 

VSYS_MIN 
VREG- 
0.015 

VREG+ 
0.025 

VREG+ 
0.065 

V When VBAT = 2.5 V 

VBAT-system output voltage VSYSdiff 210 250 290 mV When VBAT = 3.6 V 

Soft start time Tdcdc_ss - 4 8 msec System rise time 

High-side FET ON resistance Ron_high 62.5 125 250 mȍ  

High-side FET leakage 
current 

Ileak_high - - 1 ȝA ↑INĺL↓ leak current 

High-side FET reverse current Irev_high - - 1 ȝA L↓ĺ↑IN leak current 
Low-side FET ON resistance Ron_low 50 100 200 mȍ  

Low-side FET leakage current Ileak_low - - 1 ȝA L↓ĺGND leak current 
Oscillation frequency Fosc 0.9 1 1.1 MHz  

SCP timer latch time Tscp - 22 44 msec  

Short circuit detection voltage VSCP 1.8 2 2.2 V  

Short circuit detection 
hysteresis  

VSCP_hys - 0.1 0.2 V  

High-side䊶FET backflow 

detection voltage 
Vrev_hith 0 40 80 mV 

Voltage difference between VIN 
and VBAT 

REGA stop delay time Tregstp 10 20 40 msec 
REGA stop time after VBUS uvlo 
detection 

 

䃁Radiation-resistant design is not adopted. 

٨ Output voltage 

The output voltage of the DC/DC unit is shown in the figure below. When VBAT 䋼 3.0 V, VSYSTEM 䋽 3.25 V will be output. 

When VBAT 䋾 3.0 V, VBAT + 0.25 V will be output. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. System output voltage 

3.25V

3.0V 4.2V VBAT
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VSYSTEM
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  Charger unit 
 
Recommended operation range 

 

Item Symbol 
Standard value 

Unit 
MIN TYP MAX 

Power voltage 
SYSTEM 0 VBAT+0.25 5.5 V 

VBAT 0 - 5.5 V 

External circuit constant 

CTI 100 1000 10000 pF 

CRG pull-up 
resistance 

10 100 - kȍ 

TH pull-up 
resistance 

- 10 - kȍ 

 

٨ Electric characteristics (VBUS = 5.0 V, VBAT = 3.6 V, Ta = 25㷄, and CTI = 1000 pF unless otherwise specified) 

Item Symbol 

Standard value 

Unit Condition 
Minimum Standard 

Maximu
m 

䇼Charger unit䇽 

Fast Charge Current IBATCHG 300 400 500 mA  

Pre Charge Current IBATPRE 36 60 84 mA  

Tricle charge current ITRICLE - IBATPRE/2 IBATPRE mA  

Tricle charge Detect Voltage Vtricle 1.35 1.5 1.65 V VBAT㸣detection 

Tricle charge Detect Voltage 
hysteresis 

Vtricle_hys 50 100 200 mV VBAT㸡detection 

Fast-charge detect voltage VPRE 2.716 2.8 2.884 V VBAT 㸡detection 

Fast-charge hysteresis  VPREHYS 100 200 300 mV When VBAT is lowering 

Full charge voltage VSTOP 4.170 4.2 4.230 V IVBAT = 0mA 

Charge restart voltage VRECHG 4.05 4.1 4.15 V When VBAT = 4.2 V 

Over-voltage detection voltage VOVP 4.3 4.35 4.4 V  

Charge termination current  ITOPOFF 60 80 100 mA  

ON resistance between 
SYSTEM and VBAT 

RON_VBAT 20 40 60 mȍ  

Pre-charge safety timer value TPRE 108 120 132 min  

Fast charge safety timer value TFAST 540 600 660 min  

Temperature safety timer value THTPRO 108 120 132 min 
Time is detected at a temperature 

of 58㷄 or over. 

Fast charge safety timer value 
at low temperature 

TLTPRO 1296 1440 1584 min 
Time is detected at a temperature 

of 2 to 10㷄 or below. 

Charge end delay time TTOPOFF 13 15 17 sec  

CRG output low voltage VCRG_L, VFLT_L - - 0.4 V ICRG = 5mA 

CRG leakage current ICRG_L, IFLT_L - - 1 ȝA VCRG = 5V 

CRG flickering frequency TCRG 0.48 0.6 0.72 Hz When Temp Error1,2 

FLT flickering frequency TFLG 4.8 6 7.2 Hz When Batt Error 

XPWR_ON output low voltage VXPWR_L - - 0.4 V IXPWR_ON = 5mA 

XPWR_ON leakage current IXPWR_L - - 1 ȝA VXPWR_ON = 5V 

XPWR_ON ON time Txpwr_on 320 400 480 msec  

XPWR_ON ON output 
detection voltage 

VTH_XPWR 3.1 3.2 3.3 V VBAT 㸡detection 

TH threshold voltage HOT1 VTH_HOT1 
VREG 

㬍0.315 

VREG 

㬍0.329 

VREG 

㬍0.344 
V 

When 45±2㷄 detection 
ȕ(25/50) = 3370 K is used 

TH threshold voltage HOT2 VTH_HOT2 
VREG 

㬍0.281 

VREG 

㬍0.294 

VREG 

㬍0.308 
V 

When 50±2㷄 detection  
ȕ(25/50) = 3370 K is used 

TH threshold voltage HOT3 VTH_HOT3 
VREG 

㬍0.234 

VREG 

㬍0.245 

VREG 

㬍0.256 
V 

When 58±2㷄 detection  
ȕ(25/50) = 3370 K is used 

TH threshold voltage COLD1 VTH_COLD1 
VREG 

㬍0.626 

VREG 

㬍0.646 

VREG 

㬍0.665 
V 

When 10±2㷄 detection 
ȕ(25/50) = 3370 K is used 

TH threshold voltage COLD2 VTH_COLD2 
VREG 

㬍0.702 

VREG 

㬍0.720 

VREG 

㬍0.738 
V 

When 2±2㷄 detection 
ȕ(25/50) = 3370 K is used 

TH threshold disenable voltage VTH_Dis 
VREG 

㬍0.02 

VREG 

㬍0.035 

VREG 

㬍0.05 
V  

Battery open detection voltage VTH_BATOPN 
VREG 

㬍0.92 

VREG 

㬍0.95 

VREG 

㬍0.98 
V  

 

䃁Radiation-resistant design is not adopted. 
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٨ Reference data 

 

 

 

VBAT INPUT CURRENT VS. TEMPERATURE NORMALIZED FULL VOLTAGE VS. TEMPERATURE 

IUSSET THRESHOLD VOLTAGE VS. TEMPERATURE 

 

IUSSET CURRENT VS. IUSSET VOLTAGE 
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٨ Reference data 

 
 
 

CEN THRESHOLD VOLTAGE VS. TEMPERATURE 

 

CEN CURRENT VS. CEN VOLTAGE 

 
USUS THRESHOLD VOLTAGE VS. TEMPERATURE 

 

USUS CURRENT VS. USUS VOLTAGE 
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٨ Reference data 

 
 
 

VIN_UVLO VOLTAGE VS. TEMPERATURE VBUS_UVLO VOLTAGE VS. TEMPERATURE 

 

VBUS_OVP VOLTAGE VS. TEMPERATURE 

 

VREG_UVLO VOLTAGE VS. TEMPERATURE  
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٨ Reference data 

 
 
 

DCDC_CLK FREQUENCY VS. TEMPERATURE 

 

INPUT CURRENT LIMIT VS. TEMPERATURE 

SYSTEM VOLTAGE VS. VBAT VOLTAGE (100mA LIMIT) 

 

SYSTEM VOLTAGE VS. VBAT VOLTAGE (460mA LIMIT) 
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٨ Reference data 

 
 
 

XPWR_ON CURRENT VS. XPWR_ON VOLTAGE 

 

CEN CURRENT VS. CEN VOLTAGE 

 
USB_OK CURRENT VS.USB_OK VOLTAGE 

 

-  CHARACTERISTIC 
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٨ Reference data 

 
 
 

VREG LOAD REGURATION HIGH SIDE FET BACKGATE CONTROL VOLTAGE 

 VS. TEMPERATURE 

TH THRESHOLD VOLTAGE / VREG VOLTAGE 

VS. TEMPERATURE (HOT) 

 

TH THRESHOLD VOLTAGE / VREG VOLTAGE 

 VS. TEMPERATURE (COLD) 
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٨ Reference data 

 
 
 

TH THRESHOLD VOLTAGE / VREG VOLTAGE 

 VS. TEMPERATURE (BATOPN) 

 

TH THRESHOLD VOLTAGE / VREG VOLTAGE 

VS. TEMPERATURE (DisEN) 
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٨ Reference data 

 
 
 

CHARGE CHARACTERISTIC 

 

 

 

PUT CURRENT LIMIT CHANGE FROM 90mA TO 48  

 

INPUT CURRENT LIMIT CHANGE FROM 480mA TO 90mA 
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٨ Reference data 

 
 
 

PUT CURRENT LIMIT CHANGE FROM 90mA TO 860mA 

 

INPUT CURRENT LIMIT CHANGE FROM 860mA TO 90mA 

 

INPUT CURRENT LIMIT CHANGE FROM 90mA TO 1420mA 

 

INPUT CURRENT LIMIT CHANGE FROM 1420mA TO 9  
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٨ Reference data 

 
 
 

PUT CURRENT LIMIT CHANGE FROM 90mA TO 48  

 

INPUT CURRENT LIMIT CHANGE FROM 480mA TO 90mA 

 
PUT CURRENT LIMIT CHANGE FROM 90mA TO 860mA 

 

INPUT CURRENT LIMIT CHANGE FROM 860mA TO 90mA 

 
 
  

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 10ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 10ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 10ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 10ȍ
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٨ Reference data 

 
 
 

INPUT CURRENT LIMIT CHANGE FROM 90mA TO 1420mA 

 

INPUT CURRENT LIMIT CHANGE FROM 1420mA TO 9  

 

PUT CURRENT LIMIT CHANGE FROM 90mA TO 48  

 

INPUT CURRENT LIMIT CHANGE FROM 480mA TO 90mA 

 
 
  

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 10ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 10ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 3.3ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div
SYSTEM = 3.3ȍ
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٨ Reference data 

 
 
 

PUT CURRENT LIMIT CHANGE FROM 90mA TO 860mA 

 

INPUT CURRENT LIMIT CHANGE FROM 860mA TO 90mA 

 

INPUT CURRENT LIMIT CHANGE FROM 90mA TO 1420mA 

 

INPUT CURRENT LIMIT CHANGE FROM 1420mA TO 9  

 
 
  

200ȝS/div

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

SYSTEM = 3.3ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 3.3ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 3.3ȍ

VBUS 1.0V/div

VSYS 1.0V/div

IBAT 500mA/div

IBUS 500mA/div

200ȝS/div SYSTEM = 3.3ȍ
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٨ Reference data 

 
 
 

STARTUP CHARACTERISTIC (Input Current Limit mA) 

 

STARTUP CHARACTERISTIC (Input Current Limit 480mA) 

 
STARTUP CHARACTERISTIC (Input Current Limit 860mA) 

 

STARTUP CHARACTERISTIC (Input Current Limit 1420mA) 

 
 
  

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = no load

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = no load

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = no load

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = no load
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٨ Reference data 

 
 
 

STARTUP CHARACTERISTIC (Input Current Limit 90mA) 

 

STARTUP CHARACTERISTIC (Input Current Limit 480mA) 

 
STARTUP CHARACTERISTIC (Input Current Limit 860mA) 

 

STARTUP CHARACTERISTIC (Input Current Limit 1580mA) 

 
 
  

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = 10ȍ

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = 10ȍ

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = 10ȍ

VBUS 2.0V/div

VSYS 2.0V/div

IBAT 200mA/div

IBUS 200mA/div

100mS/div SYSTEM = 10ȍ
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٨ Reference data 

 
 
 

VBUS OFF TO ON WAVEFORM (VBAT = 3.6V) 

 

VBUS ON TO OFF WAVEFORM (VBAT = 3.6V) 

 

VBUS OFF TO ON WAVEFORM (VBAT = 4.2V) 

 

VBUS ON TO OFF WAVEFORM (VBAT = 4.2V) 
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٨ Reference data 

 
 
 

LOAD CHARACTERISTICS (Input Current Limit 90mA) 

 

LOAD CHARACTERISTICS (Input Current Limit 90mA) 

 
LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

 
  

IBAT 200䌭A/div

VBAT 1.0V/div

VSYS 1.0V/div

200ȝS/div
VBAT = 2.5V
SYSTEM : no load to 10ȍ

IBAT 200䌭A/div

VBAT 1.0V/div

VSYS 1.0V/div

200ȝS/div
VBAT = 2.5V
SYSTEM : ϭϬɏ ƚŽ no load
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٨ Reference data 

 
 
 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 
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٨ Reference data 

 
 
 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

LOAD CHARACTERISTICS (Input Current Limit 860mA) 

 

 

 

 

 

 

 
  

Analog SW EYE pattern (High speed mode) Analog SW EYE pattern (Full speed mode) 
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10V/2A 1.0MHz

PWM DC/DC
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Back Gate

Control

SYSTEM

CC-CV

Control

VBAT

Li-1Cell

TH
Thermistor

Monitor

Thermistor Input

CRG

PGNDLX

Regurated Battery Voltage+250mV

TSD

IUSSET2

Input Current Limit

VIN
VREG

XPWR_

RST

VREG

I2C䇭I/F

SDA

FB

USUS

GND

Back gate

control

VBUS

USB_OK

DPI

DMI

XPWR_ON

CEN

USB CHG

DETECTOR

䉰䊷䊚䉴䉺

VDD

DPODMO

CTI Charge

timer

VBUS

D+

D-

ID

GND

䊙䉟䉮䊮

⿠േ▤ℂIC

䉲䉴䊁䊛㔚Ḯ

+

VREG

Control

LOGIC

GCNT

28V⠴࿶
OVP

UVLO

NVP Control

INT_B

䂾 Applied circuit diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 2. Applied circuit diagram 
㶎Precautions for use 

 

䊶We believe that the applied circuit diagram shown as an example is recommendable one, but please check the characteristics of the circuit with 

extreme care before using it. In addition, to use the circuit with any external circuit constant changed, determine it with sufficient margins allowed 
for variations in external parts and our IC, including static characteristic and transient characteristics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Startup  
control IC 

System  
power supply 

microcomputer 
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Full charge detect

Temperature protection

CHARGE STOP

Battery assist function

ANY STATE
(except address 01h:

00h & 7Fh)

SUSPEND
address 01h:00h

SPND

PRE CHARGE
address 01h:02h

PCHG

FAST CHARGE
address 01h:03h

FCHG

Temp Err_1
address 01h:10h

TMP1

Batt Error
address 01h:7Fh

BTER

TOP OFF
address 01h:0Eh

TOFF

DONE
address 01h:0Fh

DONE

Temp Err_2
address 01h:11h

TMP2

TSD_2
address 01h:21h

TSD2

BATT ASSIST_1

address 01h:30h

BTA1

BATT ASSIST_2
address 01h:31h

BTA2

Timer>15s

TSD_1
address 01h:20h

TSD1

TSD_3
address 01h:22h

TSD3

TSD_4
address 01h:23h

TSD4

82h
Temp Err_3

address 01h:12h

TMP3

VREG_UVLO=H &

{CEN=L & CEN_reg=L} & (USB_OK=L) & (USUS=L) & (USUS_reg=L) &

{BAT_TEMP[2:0] =(00h or 01h or 02h or 04h or 06h)} &

[(UVLO_DET=L) or {IUSSET[2:0]= (02h or 03h or 04h or 05h or 06h or 07h)}] &

CHGDET_DONE=H & BAT_DET=H & ADD_LTCH=H & SS_END=H

BAT_TEMP[2:0]=03h or 05h

VBAT<4.1V

OVP_COMP=H

BATT ASSIST_3
address 01h:32h

BTA3

㽲

㽳㽶

㽴

㽷

㽵

㽸

㽻

㽼
㽽

㽾

㽿
㾀

㾁

㾂

㾃
㾄

㾅

21

28

22

23

24

25

26

27

29

30

32

34

33

35

31

36

34

33( )

DC/DC STOP

CHARGE STOP

DC/DC STOP

CHARGE STOP

DC/DC STOP

CHARGE STOP

38 To Batt Error

BAT_TEMP[2:0] = 03h & Timer > 120m  adding up

To Batt Error39

38 39

BAT_TEMP[2:0]㻛03h & 05h

BAT_TEMP[2:0]㻛03h & 05h

BAT_TEMP[2:0]=03h or 05h

BAT_TEMP[2:0]㻛03h & 05h

BAT_TEMP[2:0]=03h or 05h

IBAT>ITOPOFF

CHARGE STOP

VBAT>4.35V

IBAT䋼ITOPOFF

VSYS>VBAT

TSD release

TSD detect

VBAT < VPRE VBAT > VPRE

VREG_UVLO=L or

{(CEN=H) or (CEN_reg=H)} or USB_OK=H or USUS=L or USUS_reg=L or

BAT_TEMP[2:0]=07h or ADD_LTCH=L

VSYS>VBAT

VSYS>VBAT

VSYS䋼VBAT

VSYS䋼VBAT

TSD release

TSD release

TSD detect

TSD detect

TSD release

TSD detect

BAT_TEMP[2:0]=03h or 05h

VSYS䋼VBAT

DCDC_STOP

CHARGE_STOP

VBAT>4.35V or

(BAT_TEMP[2:0] = 00h or

 01h or 02h or 04h or 06h

 & Timer>120m)

VBAT>4.35Vor

䋨BAT_TEMP[2:0] = 04h &

      Timer>1440m) or

(BAT_TEMP[2:0] = 00h or 01h

  or 02h or 06h & Timer>600m)

VBAT<4.35V &

{ CEN=H or CEN_reg=H or USB_PG=H or

 USUS=H or USUS_reg=H or BAT_TEMP[2:0]=07h or BAT_DET=L }

BAT_TEMP[2:0] = 03h & Timer > 120m  adding up

Timer Pause

VBAT>4.35Vor

䋨BAT_TEMP[2:0] = 04h &

      Timer>1440m) or

(BAT_TEMP[2:0] = 00h or 01h or

       02h or 06h & Timer>600m)

CEN_reg   : Resistor map address 06hD1

USUS_reg : Resistor map address 06hD0

㪘㪛㪛㪶㪣㪫㪚㪟㩷䋺㩷㩿㩷㪭㪠㪥㩷㪓㩷㪭㪙㪘㪫㪂㪋㪇㫄㪭㩷㩽㩷㪫㪙㪛㩷㫄㫊㪼㪺㩷㪀

Tricle CHARGE
address 01h:01h

TCHG

㪭㪙㪘㪫㩷㪕㩷㩿㪈㪅㪎㪭㪀㩷䋧
25ms

VBAT < (1.6V)

㽹
㽺37

BAT_TEMP[2:0] = 05h & Timer > 120m  adding up

BAT_TEMP[2:0] = 05h & Timer > 120m  adding up

Temp Err_4
address 01h:13h

TMP4

40

41

VREG_UVLO=H & USB_OK=L &

{BAT_TEMP[2:0] =(03h or 05h)} &

CHGDET_DONE=H & BAT_DET=H

TSD_5
address 01h:24h

TSD5

TSD detect

TSD release

Temp Err_5
address 01h:14h

TMP5
BAT_TEMP[2:0]=03h or 05h

44

42

43 BAT_TEMP[2:0]㻛03h & 05h

45

To Batt Error46

BAT_TEMP[2:0] = 03h & Timer > 120m  adding up

BAT_TEMP[2:0] = 05h & Timer > 120m  adding up

46

Timer Pause

DC/DC STOP

CHARGE STOP

Timer Pause

DC/DC STOP

CHARGE STOP

Timer Pause

DC/DC STOP

CHARGE STOP

VREG_UVLO=L or USB_OK=H or

{BAT_TEMP[2:0] =(00h or 01h or 02h or 04h or 06h)} or

CHGDET_DONE=L or BAT_DET=L

Transferr condition from

PCHG is

The condition of

FCHG is

٨ Charger unit  state transition diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. State transition diagram of charger 
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DC/DC stop 
condition 

DC/DC operating conditions 

BATDC_EN=L BATDC_EN=H 

Conditions except 
for the right 
conditions 

USB_OK = L & VREG㻢2.5V䋧USUS_reg = L & 

USUS= L & Tj㻡150㷄
VIN>VBAT&CHGDETDONE=H & BAT_DET =H & 

BATTEMP 㻛07h 

 

USB_OK = L & VREG㻢2.5V䋧USUS_reg = L & 

USUS= L & Tj㻡150㷄
VIN>VBAT&CHGDETDONE=H 

 

 
 
 

 Form Start condition Reset conditon Pause 
condition 

Restart condition 

Precharge timer Adding  
up 

TricleCHARGE,PRECHARGE 㽳,䂾33,䂾36 㽻,㽽 㽼,㽾 

Fastcharge timer Adding  
up 

FAST CHARGE,TOP OFF 㽶,䂾32,䂾34,㽵,䂾36 㽿,㾁, 㾀,㾂 

High temperature 
timer 1 

Adding  
up 

Temp Err1 
BAT_TEMP[2:0]=03h 

䂾31,䂾38,䂾36,㽳 㽼 㽻 

Low temperature 
timer 1 

Adding  
up 

Temp Err1 
BAT_TEMP[2:0]=05h 

䂾31,䂾38,䂾36,㽳 㽼 㽻 

High temperature 
timer 2 

Adding  
up 

Temp Err2 
BAT_TEMP[2:0]=03h 

䂾31,䂾39,䂾36,㽶 㾀 㽿 

Low temperature 
timer 2 

Adding  
up 

Temp Err2 
BAT_TEMP[2:0]=05h 

䂾31,䂾39,䂾36,㽶 㾀 㽿 

High temperature 
timer 5 

Adding  
up 

Temp Err5 
BAT_TEMP[2:0]=03h 

䂾31,䂾46,䂾36,㽹 䂾43 䂾42 

Low temperature 
timer 5 

Adding  
up 

Temp Err5 
BAT_TEMP[2:0]=05h 

䂾31,䂾46,䂾36,㽹 , 䂾43 䂾42 
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٨ Timing chart during regular charge 

IBAT

IPRE

VBAT

㪠㪚㪟㪞㬍㪇㪅㪈

2.0V

4.2V
4.1V

FULL

CHARGE

TOP

OFF

PRE

CHARGE
Fast Charge Fast ChargeCRG

4.35V

OVPᬌ಴

㽲 㽳 㽴㽵 㽶 㽷 㽸

CHG_STATE

VBUS

00h 01h 02h 0Eh 0Fh 03h 7Fh

㪭㪙㪬㪪ශട

SUSPEND

XPWR_ON

FLT

2.8V

Tricle

CHARGE

03h

㽺

3.2V

㽹 㽻

400ms 15s

 
Figure 4. Timing chart during regular charge 

 

㽲 VBUS is applied, tricle-charge begins, and the state of CRG changes from Hi to Low. 

㽳 When VBAT>2.0V, pre-charge stars. 

㽴 The charge mode switches to fast charge when VBAT exceeds 2.8 V, and constant-current charge begins. 

㽵 When VBAT>3.2V, XPWR_ON pulse is generated. 

㽶 In  400msec  XPWR_ON=”Hi-Z” 
㽷 When VBAT exceeds 4.2 V, constant-voltage charge begins. 

㽸 Constant-voltage charge (fast charge) ends when the IBAT current reaches 80 mA, and a 15-second TOP OFF period 
begins. 

㽹 The TOP OFF period ends. The system is in a full charge state, and charge no longer takes place. The state of CRG 
changes from Low to Hi. 

㽺 Recharge begins when VBAT drops below 4.1 V. The state of CRG changes from Hi to Low. 

㽻 In case of overcharge, charge is discontinued by OVP detection when VBAT exceeds 4.35 V. The state of CRG is Low, and 
FLT terminal change form High to Low. 

 

 

 

 

 

  

VBUS add 

OVP detect 
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٨ USB connection startup timing chart (when current limit automatic detection is changed from 
1420mA to 1140mA) (VBAT>3.2V) 

 

VREG_UVLO

DCDC_CTRL

VBUS

USB_OK

VIN

VREG

SYSTEM

IBAT

IUSSET

(Register)

㹢D+,D- Judgement start

㽲

03h 02h
Judge

䋨00h)

(Inner signal)

CRG

VBAT

USBCHGDET

(Register)
00h 06h 06h00h

Judge

䋨00h)

CEN

CHARGE

STATE
00h 03h FAST00h01h

INT_B

SoftStart_

END

(Register)

XPWR_ON

02h

00h

01h 02h

㽳 㽴㽵 㽶 㽷 㽸 㽹 㽺 㽻 㽳㽼 㽸 㽹 㽺

BAT_TEMP

(Register)
00h07h

00h

CHGDET_

DONE

(Register)

IBUS

㪈㪋㪉㪇䌭㪘

㪈㪈㪋㪇䌭㪘

㽽

400ms

16.4ms

281.5ms

(Inner signal)

 
Figure 5. USB connection startup timing chart (when current limit automatic detection is changed from 1420mA to 1140mA) 

Ԙ VBUS is connected. 

ԙ USB_OK output, OVP FET is ON and voltage is supplied to VIN. 

Ԛ VREG outputs and UVLO release. After that, charger detection is starts.  

ԛ Charger detection is finished, and DC/DC operates after input current limit and charging port and determined. 

Ԝ Due to VBAT>3.2V, XPWR_ON outputs after charger detection.  

ԝ In 400msec, XPWR_ON resets. 

Ԟ Confirming the condition with I2C , INT_B and XPWR_ON are released 

ԟ DC/DC starts and SS end flag outputs. After that charge starts. 

Ԡ Charge state is changed from tricle-charge to pre-charge. 

ԡ Charge state is changed from pre-charge to fast-charge. 

Ԣ VBUS voltage is down by increasing load current. Detecting UVLO, the condition move to SUSPEND and input current is 
changed automatically. 

ԣ After charger detection, input current limit and charging port are updated and DC/DC is ON. The value of input current limit is 

-01h determined at ԛ. 
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٨ USB connection startup timing chart  

(In a case that the state doesn’t return when current limit 900mA㸢500mA) 

VREG_UVLO

DCDC_CTRL

VBUS

USB_OK

VIN

VREG

SYSTEM

IBAT

IUSSET

(Register)

㹢D+,D- judgement start

㽲

02h 01h
Judge

䋨00h)

(Inner signal)

(Inner signal)

CRG

VBAT

USBCHGDET

(Register)
00h 06h 06h00h

Judge

䋨00h)

CEN

CHARGE

STATE
00h 03h 03h00h01h

INT_B

SoftStart_

END

(Register)

XPWR_ON

02h

00h

01h 02h

㽳 㽴㽵 㽶 㽷㽸 㽹 㽺 㽻 㽼 㽾 㽿 㾀

BAT_TEMP

(Register)
00h07h

00h

CHGDET_

DONE

(Register)

IBUS

㪍㪐㪇䌭㪘

㪋㪏㪇䌭㪘

㽽

400ms

Judge

䋨00h)
00h

00h

00h

㾁

00h

㾂 㾃  
Figure 6. USB connection startup timing chart (In a case that the state doesn‟t return when current limit 900mAĺ500mA) 

Ԙ VBUS is connected. 

ԙ USB_OK output, OVP FET is ON and voltage is supplied to VIN. 

Ԛ VREG outputs and UVLO release. After that , charger detection is starts. 

ԛ Charger detection is finished, and DC/DC operates after input current limit and charging port and determined. 

Ԝ Due to VBAT>3.2V, XPWR_ON outputs after charger detection. 

ԝ In 400msec, XPWR_ON resets. 

Ԟ Confirming the condition with I2C , INT_B and XPWR_ON are released 

ԟ DC/DC starts and SS end flag outputs. After that charge starts. 

Ԡ Charge state is changed from tricle-charge to pre-charge. 

ԡ Charge state is changed from pre-charge to fast-charge. 

Ԣ VBUS voltage is down by increasing load current. Detecting UVLO, the condition move to SUSPEND and input current is 

changed automatically. 

ԣ After charger detection, input current limit and charging port are updated and DC/DC is ON.Input current limit is 480mA(01h) 

Ԥ DC/DC starts , SS end flag output and charge starts. 

ԥ The condition change from tricle charge to pre charge. 

Ԧ The condition change from pre charge to fast charge. 

ԧ VBUS voltage is down by increasing load current. Detecting UVLO, the condition move to SUSPEND and input current is 

changed automatically. 

Ԩ After charger detection, input current limit and charging port are updated and DC/DC is ON.Input current limit is 90mA(00h) 

ԩ DC/DC starts , SS end flag output , but the condition dosen‟t transferr to charge state but to SUSPEND.  
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٨ Timing chart when USB is pulled out 

VBUS

USB_OK

VIN

VREG

VREG_UVLOD

LV_CLK

XPWR_ON

DCDC_CTRL

PRE_COMP

VIN_UVLO

(Inner signal)

SYSTEM
VBAT

(Inner signal)

(Inner signal)

(Inner signal)

 
 

Figure 7. Timing chart when USB is pulled out 
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Charging Port
detect

Charger Type
detect

Wait Time
out

VBUS
detect

N:VBUSDET=0

IPORT=1

SPORT=1

N: CHGPORT[2:0]=001

N: CHGPORT[2:0]=010

Y: CHGPORT[2:0]=011

X: CHGPORT[2:0]=101

X: CHGPORT[2:0]=101

Dedicated Charging Port

(VBUSDET=0?)

Y: CHGDET=1

N

Y

Y: VBUSDET=1

&

USB Port

Y:BCS conforming Port
& Deta Connect Detect OK

D+ voltage level
detect

Pull-Up PORT = 1

N:Deta Connect

Detect NG

Y: DCDRETRY is Rising

USB Port Detect Done

<Stable/Except for Open Port>

Others

*USB䉼䊞䊷䉳䊞䊷ᬌ಴䉕䊥䊃䊤䉟䈚䈢䈇႐ว䈲䇮䉴䉺䊮䊋䉟䉴䊁䊷䊃(ὐ✢ᨒౝㇱ䋩䈮䈍䈇䈩䇮
I2C䉟䊮䉺䊐䉢䊷䉴䉋䉍䇮䊧䉳䉴䉺DCDRETRY@02h䉕㵱㪣㸢㪟㵱䈮ᄌൻ䈘䈞䈩䈒䈣䈘䈇䇯

IPORT/SPORT/Not USB Wait(Time out) : 64000count

NOTE:1count = Oscillator Frequency Cycle = Typ. 100kHz (10usec)

Detect Wait(Min) :

9050count

Detect Wait(Min) :

9050count

Detect Wait(Min) :

9050count

*䊘䊷䊃䈱್ቯቢੌᤨ㑆䈲࿑ౝcount୯䈱ว⸘䈮䈭䉍䉁䈜(䉝䊅䊨䉫ㆃᑧ䉕㒰䈒)
਄⸥䈱ᤨ㑆ෳ⠨୯䈲ౝ⬿䉥䉲䊧䊷䉺䈱๟ᵄᢙ䈏100kHz(Typ.)䈱႐ว䈪䈜䇯(min50k,max150kHz)

N:DCD failed

within 64000count

Data Contact
detect

D+ voltage level
detect

Y:DCD succeeded

or Time out

Others

N:Open Port=1

Y: VBUSDET=1

&

Not USB Port

Detect Wait(Min) :

9050count

USB/BCS Wait(DCD Wait Time) :

4000(min)䌾64000(max)count

NOTE:1count = Oscillator Frequency

Cycle = Typ. 100kHz (10usec)

N

N

N

Y &

IUSSET[2:0]=01h

N

(USB_OK=H?)

Dedicated Chraging Port

(USB_OK=H?)

Not USB Port

(Pull-Up Port)

(USB_OK=H?)

Standard Downstream Port

(USB_OK=H?)

Irregular USB Port

(USB_OK=H?)

Charging Downstream Port

CHGDET_DONE=H

UVLO_DET=0? IUSSET[2:0]=05h

UVLO_DET=1? IUSSET[2:0]=LAST_IUSSET[2:0]-01h

IUSSET_CAN=Hᤨᦠ䈐ㄟ䉁䈭䈇

Y &

IUSSET[2:0]㻛01h

To VBUS Detect &

IUSSET[2:0]=00h

To VBUS Detect &

IUSSET[2:0]=00h

Y

Y &

IUSSET[2:0]=01h

Y &

IUSSET[2:0]㻛01h

To VBUS Detect &

IUSSET[2:0]=00h

Y &

IUSSET[2:0]=01h

N

(USB_OK=H?)

DCDC STOP &

CHARGE STOP

N

Y &

Timer > 20msec

CHGDET_DONE=H

IUSSET[2:0]=01h

IUSSET_CAN=Hᤨᦠ䈐ㄟ䉁䈭䈇

(USB_OK=H?)

I-Port

N
Y &

IUSSET[2:0]=01h

To VBUS Detect &

IUSSET[2:0]=00h

(USB_OK=H?)

S-Port

N
Y &

IUSSET[2:0]=01h

CHGDET_DONE=H

IUSSET[2:0]=00h

䂾 USB charger detection state transition diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
 
 

Figure 8. USB charger detection state transition diagram 
 

䂾 IUSSET Standard value when USB charger is detected 
 

USB detection results 
USBCHGDET[2:0] 

㧔I2C register㧕 

IUSSET[2:0] 

㧔I2C resisitor㧕 

IPORT 7h 
1h 

SPORT 6h 

SDP 
(Standard Downstream Port) 

1h 0h 

CDP 
(Charging Downstream Port) 

3h 5h 

DCP 
(Dedicated 

Charging Port) 
2h 5h 

Irregular USB Port 4h 0h 

Pull-Up Port 5h 1h 

 

*For USB charger detection retry , please change register DCDRETRY@02h   
from L to H by I2C interface in stanby state (a dotted line) 

*The time of completed port judgement is a total of count in this figure. (except for a delay of analog) The 
reference value in this figure is the value in case that frequency of the inner oscillator is 100kHz(Typ.) 
(min50kHz,max150kHz) 
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䂾 USB charger detection block diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. USB charger detection block diagram 
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-

VOUT VOUT䋨3.42䌾5.0䌾6.6V䋩

RDPPD=667k

VTH

VTM

VTL

S
e
q
u
e
n
c
e
r

SIADC

㽳㪪㪠

300k

400k

400k

400k

RDPPD

SPORT IPORT JUDGE䋺 CONNECT

OTHERS DETECTION 䋺OPEN

USBCHGDET SI UNIT JUDGE

VOUT㧔V㧕

3.42(min) 6.6(max)5.0(typ)
㨪

㨪

VTL

㨪

VTM

㨪

VTH

BCS Basing upon PORT

0.752

Pull-up-port

5.6142.57

SPORT

3.482.651.64

IPORT

2.111.35

㽲㪛㪚㪛
㽴㪚㪧㪛
㽵㪚㪫㪛
㽳㪪㪠

㽲㪛㪚㪛
㽵㪚㪫㪛

USB SW
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䂾 Timing chart of USB charger detector 㽲 

 
 

Figure 10. Standard downstream port detection timing chart 
  

VBUS at 

Portable 

Device

VDP_SRC

IDAT_SINK

RDPPD

VREG-vf

VDP_SRC

VDP_SRC

1sec

on

off

90msec

㽴CPD

D+

D-

90msec

㽲DCD

90msec

㽳DPVL

STANDARD DOWNSTREAM PORT (USB 1.0 / USB2.0)

VREG-vf

VSRC

10msec

TDCD_DBNC TVDPSRC_ON

0.5msec 0.5msec

VDPSRC_ON

0.5msec
ᬌ಴⚳ੌ

Vlogic_hi

Vlogic_hi

USB

Assert

㐿ᆎ

USB_SW

ԘDCD    :Data Contact Detect 

ԙDPVL  :D+ Voltage Level detect 

ԚCPD  :Charging Port Detect 

ԛCTD    :Charging Type Detect 

start 

Detection end 
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٨ Timing chart of USB charger detector 㽳 

 
  

VBUS at 

Portable 

Device

VDP_SRC

IDAT_SINK

RDPPD

VREG-vf

VDP_SRC

VDP_SRC

1sec

on

off

90msec 90msec

㽵CTD㽴CPD

D+

D-

90msec

㽲DCD

90msec

㽳DPVL

Dedicated charger㩷ធ⛯ᤨ

VREG-vf

VSRC

10msec

TDCD_DBNC TVDPSRC_ON

0.5msec 0.5msec

VDPSRC_ON

0.5msec

TVDPSRC_ON

ᬌ಴⚳ੌ

Vlogic_hi

Vlogic_hi

USB_SW

ԘDCD    :Data Contact Detect 

ԙDPVL  :D+ Voltage Level detect 

ԚCPD  :Charging Port Detect 

ԛCTD    :Charging Type Detect 

Detection 

Detection end 
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٨ Charge voltage, charge current, and temperature 

 

(1) The charge current will be switched after the temperature of the thermistor of the Li battery is detected by the TH terminal. 

 

(In the case of the default settings) 

Mode Charge current 

Fast charge 
current 

400 mA 

Low-temperature 
charging current 

200 mA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Relationship between battery temperature and charge current 

 

(2) The charge control voltage will be switched after the temperature of the thermistor of the Li battery is detected by the TH 
battery upon completion of charge. 

 

Thermistor detection voltage Charge control voltage 

㽲  2 䌾 45㷄 4.200V 

㽳  45 䌾 50㷄 4.100V 

㽴  50 䌾 58㷄 4.050V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure12. Relationship between battery temperature and charge voltage   

0mA

ૐ᷷ల㔚㔚ᵹ

ᕆㅦల㔚㔚ᵹ

I[mA]

T[㷄]

⚂5㷄

⚂2㷄

⚂10㷄 ⚂13㷄

⚂55.0㷄

⚂58.0㷄

00h04h05hBAT_TEMP[0:2] 03h01h 02h

V[V]

T[㷄]

ల㔚೙ᓮ㔚࿶㽲

ల㔚೙ᓮ㔚࿶㽳

ల㔚೙ᓮ㔚࿶㽴

⚂45.0㷄

⚂50.0㷄

⚂58㷄

(58㷄એ਄䈲ల㔚஗ᱛ䋩

03h01h00h 02h04h05hBAT_TEMP[0:2]

03h 02h04hVSTOP[0:2]

The charge current is adjustable between 100 and 2000 mA at 
address 06h. 
The low-temperature charting current will become half of the set 
value after the charge current is changed. 

Fast charge current 

Low temperature 
 charge current 

Charge control  

voltage 㽲 

Charge control  

voltage 㽳 

Charge control  

voltage 㽴 

about 10㷄 about 13㷄 

about 55㷄 

about 2㷄 

about 58㷄 

about 5㷄 

about 45㷄 

about 50㷄 

about 58㷄 

Charge stops at temperature>58㷄 
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٨ CRG,FLT conditions at any states 

 

 Adress 
BAT_TEMP 

[2:0] 

CRG 

01h 02h 
LED_FLIC[2:0] 

䋽0h 
LED_FLIC[2:0] 

≠0h 

SUSPEND 00h * * Turn off Blink 

Tricle CHARGE 01䌨 * * Turn off Blink 

PRE CHARGE 02h * * Turn off Blink 
FAST CHARGE 03h * * Turn off Blink 
TOP OFF 0Eh * * Turn off Blink 
DONE 0Fh * * Turn off Blink 
TempErr1,2,4,5[TERR] 

10h,11h,14h * * 
Blink with 

TERR 
Turn off 

TempErr3 12h * * Turn off Blink 
TempErr4  [TERR] 

13h * 03h,05h 
Blink with 

TERR 
Turn off 

TSD1,2,3,4,5 
20h,21h,22h, 

23h,24h 
* * Turn off 

Blink 

Batt Assist1,2,3 30h,31h * * Turn on Blink 
Batt Assist3 32h * * Turn off Blink 
Batt Error(Over voltage) 

7Fh 

Conditions 
except for 

the 
following 

conditions 

Conditions 
except for the 

following 
conditions 

Blink with 
TERR_TOUT 

Blink with 
TERR_TOUT 

Batt Error(Over voltage)  
( No battery ) 

7Fh 

Conditions 
except for 

the 
following 

conditions 

07h Turn off 

Blink 

Batt Error 
(Charge time out) 7Fh 

01h, 02h, 
03h, 0Eh 

00h, 01h, 
02h, 04h, 

06h 

Blink with 
BERR_TOUT 

Blink with 
BERR_TOUT 

Batt Error 
(Unusual 
temperature time out) 

7Fh 10h, 11h 03h 
Blink with 

BERR_TOUT 
Blink with 

BERR_TOUT 

 

٨ INT_B OUTPUT CONDITION 
When interrupting is occurred, INT_OL=H, and INT_B =output of open drain. 

 Occurring factor 
Release factor 

External conditions Inner process and register 

1 Charge state transition 

䋨00h,0Fh,10h,11h,12h,20h,21h,22h,23h,7Fh 

transition䋩 

CHG_STAT transition Address 01h read 

2 Detection end of USB port CHGPORT detection end Address 03h read 

3 VBUS UVLO detection ↑BUS_U↑=HĺL Address 04h read 

4 VBUS UVLO release ↑BUS_U↑=LĺH Address 04h read 

5 VBUS OVP detection VBUS_OV=HĺL Address 04h read 

6 VBUS OVP release VBUS_OV=LĺH Address 04h read 

7 When input current limit changes 

 automatically 

UVLO_DET=L㸢H 

VBUS_UV=H㸢L 

Address 05h read 

8 Battery detection BAT_DET=L㸢H Address 04h read 

9 Battery dead (no battery) detection BAT_DET=H㸢L Address 04h read 

10 Countercurrent detection䋨When VIN<VBAT䋩 ADD_LATCH=L㸢H Address 04h read 

11 SS_END SS_END=L㸢H Address 04h read 

12 SCP Latch operation SCP_LATCH=L㸢H Address 04h read 

13 VIN_UVLO detection VIN_UV=H㸢L Address 04h read 

14 VIN_UVLO release VIN_UV=L㸢H Address 04h read 

15 Thermistor detection BAT_TEMP[2:0]= 

07h㸢00h~06h 

Address 03h read 

16 No thermistor BAT_TEMP[2:0]= 

00h~06h㸢0h7 

Address 03h read 

17 XPWR_ON output ↓P→R_COMPo=LĺH Address 01h read 

 

٨ XPWR_ON  OUTPUT CONDITION 
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When interrupting is occurred, XPWR_ON outputs. And XPWR_ON is output of open drain. 

 Occurring factor 
Release factor 

External conditions Inner process and register 

1 CHGDET_DONE=H & 
↓P→R_COMP=LĺH & XPWR_ON_EN = L 

BAT_TEMP[2:0]=00h 䌾 06h  & 

BAT_DET=H & XPWR_RST=L 

None 400msec wait  or  

XPWR_RST=H 

When ↓P→R_RST=LĺH, output mask is latched. 
Latch release condition 

Ԙ VREG_UVLOD = L 

ԙ BATTEMP[2:0] = 07h or BATDET=”0” 
 
 
If VXPWR is changed by I2C when XPWR is masked, XPWR_ON outputs only one time when XPWR_COMPo= 
H after that. 
 
 
 

 

XPWR_ON logic is not changed when USUS=H or USUS_reg=H.  

 

٨ IC peripheral parts setting method 

Ɣ CTI oscillation frequency setting 

 

 

 

 

fCTI  = 
8[ǴA] 

CCTI × 0.8[V] 
= CCTI × 10 

-5 
= 

ICTI 

CCTI × VCTI_TH 
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 Specifications of serial control unit 
 

Recommended operation range 
 

Item Symbol 
Standard value 

Unit 
MIN TYP MAX 

VDD power voltage VDD 2.7 - 3.6 V 

 

٨ Electric characteristics (Ta=25㷄 and VDD = 3.3 V unless otherwise specified) 

 

Item Symbol 
Standard value 

Unit Condition 
MIN TYP MAX 

SCL䇮SDA 

H level input voltage VINH VDD*0.7 - VDD+0.3 V  

L level input voltage VINL -0.3 - VDD*0.3 V  

H level input current IINH -10 - 10 ȝA Input voltage 䋽 0.9 × VCC 

L level input current IINL -10 - 10 ȝA Input voltage 䋽 0.1 × VCC 

L level output voltage (SDA) VOL - - 0.4 V IIN=3.0mA 

Bus line capacitive load Cb - - 400 pF  

 
 
 

٨ AC timing characteristics (Ta=25㷄 and VDD = 3.3 V unless otherwise specified) 

 

Item Symbol 
FAST-MODE* STANDARD-MODE* 

Unit 
MIN TYP MAX MIN TYP MAX 

SCL frequency fSCL - - 400 - - 100 kHz 

SCL CLK ”H” zone fHIGH 0.6 - - 4 - - ȝsec 

SCL CLK ”L” zone fLOW 1.3 - - 4.7 - - ȝsec 

SDA/SCL rise time tR - - 0.3 - - 1 ȝsec 

SDA/SCL fall time tF - - 0.3 - - 1 ȝsec 

Start condition hold time tHD䋺STA 0.6 - - 4 - - ȝsec 

Start condition setup time tSU䋺STA 0.6 - - 4.7 - - ȝsec 

Data hold time tHD䋺DAT 0 - 0.9 0 - 3.45 ȝsec 

Data setup time tSU䋺DAT 100 - - 250 - - nsec 

Stop condition setup time 䌴SU䋺STO 0.6 - - 4 - - ȝsec 

Bus release time 䌴BUF 1.3 - - 4.7 - - ȝsec 

Noise filtering enable period 䌴1 0 - 50 0 - 50 nsec 

 

Fast Mode and Standard Mode are modes defined by operation speed. 

Operation at 100 kHz is called Standard Mode, whereas operation at 400 kHz is called Fast Mode.  
Since these operation frequencies are specified maximum frequencies, the IC can operate with a 100-kHz clock, for example, in 
Fast Mode. 
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٨ Serial data timing 

 
 

 
 
 

Figure 13. Serial data timing 
 
 

 
 

 
Figure 14. Start bit and stop bit timing 

 

tR tF

tLOW

tHIGH

tHD:DATtSU:DAT
tHD:STA

tBUF

SCL

SDA

tSU:STA

SCL

tHD:STA

SDA

STOP BIT

tSU:STO

START BIT
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٨ Serial I/F read/write 

 

 
1. Write protocol 

Shown below is the write protocol. Data is transferred, consisting of a slave address and the subsequent byte 
representing a transferred write instruction. 
The third byte writes the data in the internal register written in the second byte, and the register addresses are 
automatically incremented in the fourth and following bytes. Note, however, that the data at 00h will be transferred in 
the transfer of the data in the next byte after the last register address is reached. The addresses will have been 
incremented upon completion of transfer. 
 

S A A A P 

register address slave address 

from master to slave 

from slave to master 

R/W=0(write) 

DATA 

A D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 A7 A6 A5 A4 A3 A2 A1 A0 0 X X X X X X X 

*1 *1 

DATA 

 

A=acknowledge(SDA LOW) 
A=not acknowledge(SDA HIGH) 
S=START condition 
P=STOP condition 
*1: Write Timing 

register address 
increment 

register address 
increment 

 
2. Composite read protocol 

After an internal address is designated, the direction of data transfer is changed by generating a repetitive start 
condition, and data is read. Data of incremented addresses is read thereafter. After the data at the last address is read, 
the data at 00h will be read as data read from the next byte. The addresses will have been incremented upon 
completion of transfer. 

 

R/W=0(write) R/W=1(read) 

slave address register address slave address 

DATA DATA 

S A A A Sr 1 0 A7 A6 A5 A4 A3 A2 A1 A0 X X X X X X X X X X X X X X 

A=acknowledge(SDA LOW) 
A=not acknowledge(SDA HIGH) 
S=START condition 
P=STOP condition 

from master to slave 

from slave to master 

register address 
increment 

register address 
increment 

P A D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 A 

Sr=repeated START condition 
 

*In the composite read protocol, do not fail to set A (not acknowledge) after the last data is read.  
If data read is completed with A (acknowledge), the operation will stop in the data read state (if the read data at that time 
is 0, the operation will stop with SDA in the L level output state). However, if SCL is activated in this state to read data 
and A (not acknowledge) is set, regular operation will be recovered. 

٨ Slave address 

 
 

Slave address 

0110001 
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٨ Register map 

 

Description of symbols 

 W: Writable register 

 R: Readable register 

 R/W: Readable and writable register 

 䋭: Write-protected register (bit that writes “0”) 
 

Addres

s 

Address 

name 
Address D7 D6 D5 D4 D3 D2 D1 D0 Default Function 

00h SFTRST R/W - - - - - - - 
SFTRS

T 
00h 

Software reset 

control 

01h 
CHG_S

TAT 
R CHG_STATE[7:0] 00h Current state 

02h 
LAST_S

T 
R LAST_STATE[7:0] 00h Preceding state 

03h STAT1 R 

BATDE

T_DON

E 

BAT_TEMP[2:0] 

CHGD

ET_DO

NE 

USBCHGDET[2:0] 70h 
Expression 

 of the states 1 

04h STAT2 R 
UVLO_ 

DET 

ADD_ 

LTCH 

SCP_ 

LTCH 

SS_EN

D 

VIN_U

V 

VBUS_ 

UV 

VBUS_ 

OV 

BAT_ 

DET 
00h 

Expression 

 of the states 2 

05h 
CHGSE

T1 
(*1) - IUSSET[2:0] - LAST_IUSSET[2:0] 00h 

Setting of input current 

limits 

06h 
CHGSE

T2 
R/W 

INTBE

N 

XPWR

_ON_E

N  

IUSSE

T_CAN 

REDC

D 
CEN USUS 20h Settings 1 

07h 
CHGSE

T3 
R/W - - - 

BATDC

_EN 

COLD_ 

EN 

COLD_ 

ERR_E

N 

USB_S

W_EN 

USB_S

W 
1Ch Settings 2 

08h 
CHGSE

T4 
R/W VSTOP[2:0] - IFST[3:0] 84h 

Full charge voltage or 

fast charge current  

setting 

09h 
CHGSE

T5 
R/W VXPWR[2:0] IPRE[4:0] 05h 

Pre charge current 

setting  

0Ah 
CHGSE

T6 
R/W - VOVP[1:0] - ITOPOFF[3:0] 06h 

Over voltage or full 

charge current setting 

0Bh 
CHGSE

T7 
R/W LED_FLIC[2:0] - VPRE[3:0] 05h 

Pre charge voltage 

setting 

0Ch 
LEDSET

1 
R/W VSYS[1:0] BERR_TOUT[2:0] TERR_TOUT[2:0] 5Bh LED blink setting 

0Dh 
LEDSET

2 
R/W - - BERR_OVP[2:0] TERR[2:0] 1Bh LED blink setting 

 
Register reset conditions: 

㽲 When VREG_UVLO = L 

㽳 →hen “1” is written in D0 of address 00h 

If even either of conditions 㽲 and 㽳 is fulfilled, all registers will be reset. 

Ԛ VREG_UVLO = L(Reset address 04䌨D4-D6 ) 

ԛ USB_PG=L(Address 03h D303ޔh D2-D004ޔh D205ޔh D5-D407ޔh D0) 

Ԝ BAT_TEMP=07h or BATDET=㵱0㵱(Address 09hD7-D5) 

 

Input “0” in “-.” Each empty register is used as a register for IC tests. The IC test enter test mode if “1” is written in “-.” Send “0” to each register 
marked with “-“ at the time of data transmission. 
 

During data read from an external unit, two-line serial communication timing and IC internal operation timing become asynchronous.  
Take a proper measure against it, such as the introduction of a three-time matching sequence, to prevent problems with the application. 
 

(*1) Address 05h is LAST_IUSSET[1:0]䇮UVLO_DET is Read Only.IUSSET[1:0] is R/W. 
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٨ Register map(TEST MODE) 
 

Attention about marks 

 W is a register which can be written.  

 R is a register which can be read. 

 R/W is a register which can be written or read. 

 䋭 is a register which can‟t be written.(bit for „0‟) 
 

addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 Default Function 

0Eh TEST1 R/W - - - - - - - - 00h TEST MODE1 

0Fh TEST2 R/W - - - - - - - - 00h TEST MODE2 

10h TEST3 R/W - - - - - - - - 00h TEST MODE3 

11h TEST4 R/W - - - - - - - - 00h TEST MODE4 

12h TEST5 R/W - - - - - - - - 00h TEST MODE5 

13h TEST6 R/W - - - - - - - - 00h TEST MODE6 

14h TEST7 R/W - - - - - - - - 00h TEST MODE7 

15h TEST8 R/W - - - - - - - - 00h TEST MODE8 

16h TEST9 R/W - - - - - - - - 00h TEST MODE9 

17h TEST10 R/W - - - - - - - - 00h TEST MODE10 

18h TEST11 R/W - - - - - - - - 00h TEST MODE11 

19h TEST12 R/W - - - - - - - - 00h TEST MODE12 

 
Register reset conditions䋺 

㽲 VREG_UVLOD = L 

㽳 When D0 of address 00h is ‟1‟ 
 

If 㽲 or 㽳 is detected, all register are reset. 

 
Please input ”0” to “-“.Blank registers are used as registers for test.  
If you write ”1” to ”-“ register , a state move to test mode, so please send ”0” to ”-“ register while data sending. 
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٨ Detailed description of registers 1 

 

Addres

s 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defaul

t 

Description of 

data 

00h 
SFTR

ST 
W - - - - - - - 

SFTRS

T 
00h 

Software reset control 

input 

 
 D0: SFTRST Software reset 
   „0‟: Reset canceled (default) 
   „1‟: Reset  Reset will be automatically canceled with a single shot pulse. 
 

 
D7-D0:   CHG_STAT[7:0] Signal that indicates the current state 

Data 
(hexadecimal) 

Data (binary) 
State Description 

D7 D6 D5 D4 D3 D2 D1 D0 

00h 0 0 0 0 0 0 0 0 SUSPEND Standby state 

01h 0 0 0 0 0 0 0 1 Tricle CHARGE Tricle-charge state 

02h 0 0 0 0 0 0 1 0 PRE CHARGE Pre-charge state 

03h 0 0 0 0 0 0 1 1 FAST CHARGE Fast charge state 

0Eh 0 0 0 0 1 1 1 0 TOP OFF Full charge detection state 

0Fh 0 0 0 0 1 1 1 1 DONE Charge complete state 

10h 0 0 0 1 0 0 0 0 Temp Err 1 
Battery temperature during pre-charge: 2㷄 or below 

and 58㷄 or over 

11h 0 0 0 1 0 0 0 1 Temp Err 2 
Battery temperature during fast charge: 2㷄 or below 

and 58㷄 or over  

12h 0 0 0 1 0 0 1 0 Temp Err 3 
Battery temperature when charge is completed: 2㷄 or 

below and 58㷄 or over 

13h 0 0 0 1 0 0 1 1 Temp Err 4 
Battery temperature during charge is suspend: 2㷄 or 

below and 58㷄 or over 

14h 0 0 0 1 0 1 0 0 Temp Err 5 
Battery temperature during tricle charge: 2㷄 or below 

and 58㷄 or over 

20h 0 0 1 0 0 0 0 0 TSD 1 
Unusual chip temperature during pre-charge (175㷄 

or over Typ) 

21h 0 0 1 0 0 0 0 1 TSD 2 
Unusual chip temperature during fast-charge (175㷄 

or over Typ) 

22h 0 0 1 0 0 0 1 0 TSD 3 
Unusual chip temperature during full-charge (175㷄 or 

over Typ) 

23h 0 0 1 0 0 0 1 1 TSD 4 
Unusual chip temperature during pre-charge (175㷄 

or over Typ) 

24h 0 0 1 0 0 1 0 0 TSD 5 
Unusual chip temperature during tricle-charge (175㷄 

or over Typ) 

30h 0 0 1 1 0 0 0 0 
BATT ASSIST 

1 
System < VBAT state during fast charge 

31h 0 0 1 1 0 0 0 1 
BATT ASSIST 

2 
System < VBAT state during fast charge 

32h 0 0 1 1 0 0 1 0 
BATT ASSIST 

3 
System < VBAT state during full charge 

7Fh 0 1 1 1 1 1 1 1 BattError Battery error state 

         is default. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Addres

s 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defaul

t 

Description of 

data 

01h 
CHG_ST

AT 
R CHG_STATE[7:0] 00h Current state 
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٨ Detailed description of registers 2 

 

 
D7-D0: LAST_STATE[7:0]  Signal that indicates the state just before CHG_STATE [7:0] 

Data 
(hexadecimal) 

Data (binary) 
State Description 

D7 D6 D5 D4 D3 D2 D1 D0 

00h 0 0 0 0 0 0 0 0 SUSPEND Standby state 

01h 0 0 0 0 0 0 0 1 Tricle CHARGE Tricle-charge state 

02h 0 0 0 0 0 0 1 0 PRE CHARGE Pre-charge state 

03h 0 0 0 0 0 0 1 1 FAST CHARGE Fast charge state 

0Eh 0 0 0 0 1 1 1 0 TOP OFF Full charge detection state 

0Fh 0 0 0 0 1 1 1 1 DONE Charge complete state 

10h 0 0 0 1 0 0 0 0 Temp Err 1 
Battery temperature during pre-charge: 2㷄 or below 

and 58㷄 or over 

11h 0 0 0 1 0 0 0 1 Temp Err 2 
Battery temperature during fast charge: 2㷄 or below 

and 58㷄 or over  

12h 0 0 0 1 0 0 1 0 Temp Err 3 
Battery temperature when charge is completed: 2㷄 or 

below and 58㷄 or over  

13h 0 0 0 1 0 0 1 1 Temp Err 4 
Battery temperature when state is suspend: 2㷄 or 

below and 58㷄 or over  

14h 0 0 0 1 0 1 0 0 Temp Err 5 
Battery temperature during tricle-charge: 2㷄 or below 

and 58㷄 or over 

20h 0 0 1 0 0 0 0 0 TSD 1 
Unusual chip temperature during pre-charge (175㷄 

or over Typ) 

21h 0 0 1 0 0 0 0 1 TSD 2 
Unusual chip temperature during fast-charge (175㷄 

or over Typ) 

22h 0 0 1 0 0 0 1 0 TSD 3 
Unusual chip temperature during full-charge (175㷄 or 

over Typ) 

23h 0 0 1 0 0 0 1 1 TSD 4 
Unusual chip temperature during pre-charge (175㷄 

or over Typ) 

24h 0 0 1 0 0 1 0 0 TSD 5 
Unusual chip temperature during tricle-charge (175㷄 

or over Typ) 

30h 0 0 1 1 0 0 0 0 
BATT ASSIST 

1 
System < VBAT state during fast charge 

31h 0 0 1 1 0 0 0 1 
BATT ASSIST 

2 
System < VBAT state when full charge is detected 

32h 0 0 1 1 0 0 1 0 
BATT ASSIST 

3 
System < VBAT state during full charge 

7Fh 0 1 1 1 1 1 1 1 BattError Battery error state 

         : Default 

 

When a state change to fast-charge state (03h) from pre-charge state (02h), a last state is sometimes full-charge state (0E).  

  

Addres

s 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defa

ult 

Description of 

data 

02h LAST_ST R LAST_STATE[7:0] 00h Preceding state 
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٨ Detailed description of registers 3 
 

Addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 Default 

Description of 

data 

03h STAT1 R 

BATDE

T_DON

E 

BAT_TEMP[2:0] 

CHGD

ET_DO

NE 

USBCHGDET[2:0] 70h Display of states 

 

D2-D0: USBCHGDET[2:0] Signal that indicates the result of USB charger detection 

Data (hexadecimal) 
Data (binary) 

State Description 
D2 D1 D0 

00h 0 0 0 Not USB Port default 

01h 0 0 1 SDP Port Standard Downstream Port 
02h 0 1 0 DCP Port Dedicated Charge Port 

03h 0 1 1 CDP Port Charging Downstream Port 

04h 1 0 0 OPEN Port Open Port 

05h 1 0 1 Pull-Up Port Pull-Up Port 

06h 1 1 0 S - Port Sony Charger USB Port 

07h 1 1 1 I - Port Apple Charger USB Port 

         : Default 

 

D3:  CHGDET_DONE USB charge detection end flag 
   „0‟: USB charger is not detected (default) 
   „1‟:  USB charger detection is finished 
 
D5-D3: BAT_TEMP[2:0] Signal that indicates the temperature of the battery 

Data (hexadecimal) 
Data (binary) 

State Description 
D6 D5 D4 

00h 0 0 0 Room Temp 45䛐>Ta>10䛐 

01h 0 0 1 HOT1 50䛐>Ta>45䛐 

02h 0 1 0 HOT2 58䛐>Ta>50䛐 
03h 0 1 1 HOT3 Ta>58䛐 

04h 1 0 0 COLD1 2䛐<Ta<10䛐 

05h 1 0 1 COLD2 Ta<2䛐 

06h 1 1 0 Disable Temperature control disenable (TH terminal pull-down) 

07h 1 1 1 Battery open When the battery is open 䋨TH terminal Pull-Up䋩 

         : Default 

 
D7:  BATDET_DONE Battery detection end flag 

   „0‟: Battery is not detected or searched(default) 
   „1‟:  Battery detection is finished  
  



 

 

  48/57 

BD7168GU 

© 2012 ROHM Co., Ltd. All rights reserved. 
www.rohm.com 

TSZ22111001࡮14࡮ 

TSZ02201-0Q2Q0A400070-1-2 
20012.10.09 Rev.001 

 

 

٨ Detailed description of registers 4 

 

Addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defaul

t 
Function 

04h STAT2 R 
UVLO_ 

DET 

ADD_ 

LTCH 

SCP_ 

LTCH 

SS_EN

D 

VIN_U

V 

VBUS_ 

UV 

VBUS_ 

OV 

BAT_ 

DET 
00h Display of states 

 

D0:  BAT_DET  Battery detection flag 
   „0‟: Battery is not detected(default) 
   „1‟: Battery is detected  
 

D1:  VBUS_OV VBUS OVP  detection 
   „0‟: VBUS OVP is not detected(default) 
   „1‟:  VBUS OVP is detected  
 

D2:  VBUS_UV  VBUS UVLO  detection 
   „0‟: VBUS UVLO is detected(default) 
   „1‟:  VBUS UVLO is not detected  
 

D3:  VIN_UV  VIN_UVLO detection 
   „0‟: VIN UVLO is detected(default) 
   „1‟:  VIN UVLO is not detected  
 

D4:  SS_END  SS_END detection 
   „0‟: SS_END is not detected(default) 
   „1‟:  SS_END is detected  
 

D5:  SCP_LATCH SCP detection 
   „0‟: SCP is not detected(default) 
   „1‟:  SCP is detected  

 

D6:  ADD_LATCH Countercurrent detection䋨VIN<VBAT detection䋩 
   „0‟: Countercurrent is not detected(default) 
   „1‟: Countercurrent is detected  
 

D7:  UVLO_DET Input current automatically change flag 
   „0‟: Input current automatically change is not detected(default) 
   „1‟:  Input current automatically change is detected  

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

  49/57 

BD7168GU 

© 2012 ROHM Co., Ltd. All rights reserved. 
www.rohm.com 

TSZ22111001࡮14࡮ 

TSZ02201-0Q2Q0A400070-1-2 
20012.10.09 Rev.001 

 

 

٨ Detailed description of registers 5 

 

 

D1-D0: LAST_IUSSET[2:0] Signals that display a preceding state of VBUS input current limit 

 

Data (hexadecimal) 
Data (binary) 

State Description 
External terminal setting 

D2 D1 D0 IUSSET2 IUSSET1 

00h 0 0 0 90mA Input current limited to 90 mA 0 0 

01h 0 0 1 480mA Input current limited to 480 mA 0 1 
02h 0 1 0 690mA Input current limited to 690 mA - - 

03h 0 1 1 860mA Input current limited to 860 mA 1 0 

04h 1 0 0 1140mA Input current limited to 1140 mA - - 

05h 1 0 1 1420mA Input current limited to 1420 mA 1 1 

06h 1 1 0 1890mA Input current limited to 1890 mA - - 

07h 1 1 1 infinity Input current is not limited - - 

         䈲ೋᦼ୯ 

 

D5-D4: IUSSET[2:0] Signals that display or change a state of VBUS input current limit  

 

Data (hexadecimal) 
Data (binary) 

State Description 
External terminal setting 

D2 D1 D0 IUSSET2 IUSSET1 

00h 0 0 0 90mA Input current limited to 90 mA 0 0 

01h 0 0 1 480mA Input current limited to 480 mA 0 1 
02h 0 1 0 690mA Input current limited to 690 mA - - 

03h 0 1 1 860mA Input current limited to 860 mA 1 0 

04h 1 0 0 1140mA Input current limited to 1140 mA - - 

05h 1 0 1 1420mA Input current limited to 1420 mA 1 1 

06h 1 1 0 1890mA Input current limited to 1890 mA - - 

07h 1 1 1 infinity Input current is not limited - - 

         : Default 

  

Addres

s 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defa

ult 
Function 

05h 
CHGSET

1 
R/W - IUSSET[2:0] - LAST_IUSSET[2:0] 00h Display of states 
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٨ Detailed description of registers 6 

 

Addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defaul

t 
Function 

06h 
CHGSE

T2 
R/W 

INTBE

N 

XPWR

_ON_E

N 

- - 
IUSSE

T_CAN 

REDC

D 
CEN USUS 20h Setting states 

 

D0: USUS  Charger state transition diagram : SUSPEND and DC/DC OFF 
   „0‟: Regular operation(default) 

   „1‟: SUSPEND䋧DCDC_CTRL=L 

 
D1: CEN  Charger state transition diagram : SUSPEND and DC/DC ON 

   „0‟:  Regular operation(default) 

   „1‟: SUSPEND䋧DCDC_CTRL=H 

 
D2:  REDCD  USB charger redetection (restart at PosEdge: R/W) 

   „0‟:  Not restart (default) 
   „1‟:  Restart (PosEdge) 
To make a restart when the register value is “1,” write “0” in the register, and then write “1” again. 

Disregard this setting in all cases, except  when CHGDET_DONE is H. 
 

D3:  IUSSET_CAN IUSSET write protect flag (R/W) 
   „0‟:  With IUSSET write sequence (default) 
   „1‟:  Without IUSSET write sequence 
 
 

D6:  XPWR_ON_EN XPWR_ON terminal output enable control 
   „0‟: With XPWR_ON signal output(default) 
   „1‟: Without XPWR_ON signal output 
 

D7:  INTBEN  INT_B terminal output enable control 
   „0‟: With interruption signal (default) 
   „1‟: Without interruption signal 
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٨ Detailed description of registers 7 

 

Addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defaul

t 
Function 

07h 
CHGSE

T3 
R/W - - - 

BATDC

_EN 

COLD_ 

EN 

COLD_ 

ERR_E

N 

USB_S

W_EN 

USB_S

W 
1Ch Setting states 

 

D0:  USB_SW  USB_SW exchange control 
   „0‟:  USB_SW  OPEN(default) 
   „1‟:   USB_SW  CLOSE 
 

D1:  USB_SW_EN USB_SW automatically change enabling control 
   „0‟:  USB_SW automatically change : invalid(default) 
   „1‟:   USB_SW automatically change :valid 
 

D2: COLD_ERR_EN Timeout function at low temperature enabling control  
   „0‟: Invalid 
   „1‟: Valid(default) 
  Set the timer counter at a unusual low temperature to valid 
  Set the charge timer counter value at low temperature to double 
 

D3: COLD_EN         1/2 charge current at low temperature enabling control 
   „0‟: Invalid 
   „1‟: Valid(default) 
 

D4: BATDC_EN DC/DC enabling control when a battery doesn‟t exsist. 
   „0‟: Invalid 
   „1‟: Valid(default) 
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٨ Detailed description of registers 8 

 

Addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 Default 

Description of 

data 

08h 
CHGSE

T4 
R/W VSTOP[2:0] - IFST[3:0] 84h 

Setting of full charge 

voltage 

Setting of fast charge 

current 

09h 
CHGSE

T5 
R/W VXPWR[2:0] IPRE[4:0] 05h 

Setting of pre-charge 

current 

0Ah 
CHGSE

T6 
R/W - VOVP[1:0] - 

Setting of over-charge voltage 

Setting of full charge current 
06h 

Setting of 

 over-charge voltage 

Setting of full charge 

current 

 

Data Set value 

D4 D3 
D2 

D7 

D1 

D6 

D0 

D5 

IFAST 

[D3䌾D0] 

IPRE 

[D4䌾D0] 

VXPWR 

[D7䌾D5] 

VSTOP 

[D7䌾D5] 

VOVP 

[D6䌾D5] 

ITOPOFF 

[D3䌾D0] 

0 0 0 0 0 200mA 10mA 3.200V 3.900V 4.350V 20mA 

0 0 0 0 1 250mA 20mA 3.500V 4.000V 4.450V 30mA 

0 0 0 1 0 300mA 30mA 3.600V 4.050V 4.450V 40mA 

0 0 0 1 1 350mA 40mA 3.700V 4.100V 4.450V 50mA 

0 0 1 0 0 400mA 50mA 3.800V 4.200V - 60mA 

0 0 1 0 1 450mA 60mA 3.900V 4.350V - 70mA 

0 0 1 1 0 500mA 70mA 4.000V 4.350V - 80mA 

0 0 1 1 1 550mA 80mA 4.100V 4.350V - 90mA 

0 1 0 0 0 600mA 90mA  - - 100mA 

0 1 0 0 1 650mA 100mA  - - 100mA 

0 1 0 1 0 700mA 110mA  - - 100mA 

0 1 0 1 1 750mA 120mA  - - 100mA 

0 1 1 0 0 800mA 130mA  - - 100mA 

0 1 1 0 1 800mA 140mA  - - 100mA 

0 1 1 1 0 800mA 150mA  - - 100mA 

0 1 1 1 1 800mA 160mA  - - 100mA 

1 0 0 0 0 - 170mA  - - - 

1 0 0 0 1 - 180mA  - - - 

1 0 0 1 0 - 190mA  - - - 

1 0 0 1 1 - 200mA  - - - 

1 0 1 0 0 - 200mA  - - - 

1 0 1 0 1 - 200mA  - - - 

1 0 1 1 0 - 200mA  - - - 

1 0 1 1 1 - 200mA  - - - 

1 1 0 0 0 - 200mA  - - - 

1 1 0 0 1 - 200mA  - - - 

1 1 0 1 0 - 200mA  - - - 

1 1 0 1 1 - 200mA  - - - 

1 1 1 0 0 - 200mA  - - - 

1 1 1 0 1 - 200mA  - - - 

1 1 1 1 0 - 200mA  - - - 

1 1 1 1 1 - 200mA  - - - 

         : Default 
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٨ Detailed description of registers 9 

 

Addr

ess 

Address 

name 
R/W D7 D6 D5 D4 D3 D2 D1 D0 

Defaul

t 
Function 

0Bh 
CHGSE

T7 
R/W LED_FLIC[2:0] - VPRE[3:0] 05h 

Setting of pre-charge 

voltage 

0Ch 
LEDSET

1 
R/W VSYS[1:0] BERR_TOUT[1:0] TERR_TOUT[2:0] 5Bh LED blink setting 

0Dh 
LEDSET

2 
R/W   BERR_OVP[1:0] TERR[1:0] 1Bh LED blink setting 

 

data Set value 

D3 

 

D2 

 

D1 

D7 

D0 

D6 

VPRE 

[D3䌾D0] 

VSYS 

[D7䌾D6] 

0 0 0 0 2.300V VREG+275mV 

0 0 0 1 2.400V VREG+25mV 

0 0 1 0 2.500V VREG-15mV 

0 0 1 1 2.600V VREG-225mV 

0 1 0 0 2.700V - 

0 1 0 1 2.800V - 

0 1 1 0 2.900V - 

0 1 1 1 3.000V - 

1 0 0 0 3.100V - 

1 0 0 1 3.200V - 

1 0 1 0 3.300V - 

1 0 1 1 3.400V - 

1 1 0 0 3.400V  - 

1 1 0 1 3.400V - 

1 1 1 0 3.400V - 

1 1 1 1 3.400V - 

 

data Set value 

D2 D1 D0 
LED_FLIC 

[D7䌾D5] 

TERR 

[D2䌾D0] 

BERR_OVP 

[D5䌾D3] 

BERR_TOU

T 

[D5䌾D3] 

TERR_TOU

T 

[D2䌾D0] 

D5 D4 D3 

D7 D6 D5 

0 0 0 Forced ON Invalid Turn on Turn on Turn on Turn on 

0 0 1 Turn on 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 

0 1 0 0.25Hz 0.25 Hz 0.25 Hz 0.25 Hz 0.25 Hz 

0 1 1 0.5Hz 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 

1 0 0 0.6 Hz 0.6 Hz 0.6 Hz 0.6 Hz 0.6 Hz 

1 0 1 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 

1 1 0 6 Hz 6 Hz 6 Hz 6 Hz 6 Hz 

1 1 1 Turn off Turn off Turn off Turn off Turn off 

 

         : Default 

 

LED_FLIC[1:0] 㧦LED Forced ON/OFF   

TERR[2:0]  䋺Timer count at unusual temperature 

BERR_OVP [2:0] 䋺Over voltage protection error 

BERR_TOUT[2:0] 䋺Timeout error of charge time 

TERR_TOUT[2:0] 䋺Timeout error of unusual temperature 

 

Blink signals in a normal condition are prior to LED Forced ON/OFF. 
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żI/O terminal equivalent circuit diagram 1   
 

 

VBUS,VIN VREG 

 

VBUS VIN

NMOS

  

LX SYSTEM , VBAT 

LX

VIN

 

SYSTEM

VBAT

 

TH CEN , USUS 

 

VREG

IUSSET1

IUSSET2

USUS

CEN

 

TH

VREG

VIN 

VBAT 

VREG 

EBZ 
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䂾I/O terminal equivalent circuit diagram 2 

 

 

CRG , XPWR_ON, FLT, INT_B CTI 

CRG

XPWR_ON

FLT

INT_B

 

VREG

CTI

 

DPI , DMI, DMO,DPO GCNT 

DPI

DMI

DPO

DMO

 

GCONT

VBUS

 

VDD , SCL , SDA  FB 

VDD

SDA

SCL

 

FB

VERG
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䂾 Precautions for use 

 

1.) Absolute maximum rating 

Although this product was manufactured under strict quality control, it may degrade or break if the applied voltage or operating temperature 

range exceeds the absolute maximum rating. It was not manufactured in anticipation of breakage states, such as short circuit and open circuit 

modes, either. If a special mode in which any factor exceeds the absolute maximum rating is expected to occur, consider taking a proper 

physical measure, such as a fuse. 

2.) Charge establishment 

The BD7166GU is high-efficiency switch-mode charge management device for single-cell Li-ion battery. The charge parameters can be programmed through an 
I2C interface. Then this IC is necessary to design in consideration of rating, peripheral circuit and parts of connected accessories. 

3.) Potential of the GND terminal 

Set the potential of the GND terminal so that it will remain minimum in any operation state. 

Take a proper measure not to allow all terminals to drop below the potential of the GND terminal in actual transition and other phenomena. 

4.) Thermal design 

Perform thermal design allowing sufficient margins for permissible losses (Pd) in actual use. 

5.) Short circuit between terminals and improper mounting  

Mount the IC in the correct direction and position on a printed circuit board. Improper mounting may result in the breakage of the IC.  

There is another possibility that the IC will break in case of a short circuit attributable to a foreign substance between output terminals or 

between an output terminal and the power GND. 

6.) Operation in a strong electromagnetic field 

Note that the IC may malfunction if it is used in a strong electromagnetic field. 

7.) Influences in a strong light 
Note that the IC may malfunction if it is used in a large amount of light like a strobe. Please shade and check the operation sufficiently. 

8.) Common impedance 

Connect the power and GND wires with extreme care, such as lowering common impedance or minimizing the ripple (using as thick and 

short a wire as possible, lowering the ripple with an LC, etc.). 

9.) Temperature protection circuit (TSD circuit) 

 This IC integrates a temperature protection circuit (TSD circuit). This circuit is intended exclusively to isolate the IC from thermal runaway, not 

to protect and guarantee the IC. Do not continuously operate after this circuit was operated, or operate it on the premise that this circuit 

becomes active. 

10.) Rush current when the power is turned on 

 In the case of a CMOS IC or an IC with plural power supplies, a rush current may instantaneously flow when the power is/powers are turned 

on. Pay close attention to the power coupling capacity, the power supply/power supplies, and the width and layout of the GND pattern wires. 

11.) IC terminal input 

   This IC is a monolithic IC and has P+ isolation and a P board between elements to separate them. 

   This P layer and the N layer of each element form a P-N junction, which makes up each parasitic element. 

   For example, when a register and a transistor are connected to terminals as shown in Figure . 15 

      䇳The P-N junction serves as a parasitic diode when GND > (terminal A) in the case of the register or when GND > (terminal B) in the 

case of the transistor (NPN). 

      䇳In the case of the transistor (NPN), a parasitic NPN transistor becomes activated by the N layer of another element close to the 

abovementioned parasitic diode when GND > (terminal B). 

Because of the structure of the IC, parasitic elements will be inevitably formed by the potential relationship. If such parasitic elements 

work, it may result in circuit operation interference, malfunction, or, in the worst case, breakage. Use the IC with extreme care not to   

allow parasitic elements to work, such as applying a lower voltage than GND (P board) to the input terminal. 
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Fig. 15: Example of simple structure 
of bipolar IC 
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٨ Selection of model to order 

 

B D  7 1 6 8  G U - E 2  

            
           
Loam type  Product No. 

 
 Package 

GU: VCSP85H3 
 

Packing/Forming specification 
E2: Reel-shaped emboss taping 
 

   

 

Figure 16. Selection of model to order 

  

 

 

 

 

 

㧨Tape and Reel information㧪 

VCSP85H3  

(TOP VIEW) 

D 7 1 6 8 

Part Number Marking 

LOT Number 

1PIN MARK 

 

<Marking diagram> 

< External dimensions > 

Figure 17. Outline drawing 



DatasheetDatasheet 

  
 

© 2012 ROHM Co., Ltd. All rights reserved. 

 
 

٨
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. 

 
٨

1)  Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment, 
OA equipment, telecommunication equipment, home electronic appliances, amusement equipment, etc.).  If you 
intend to use our Products in devices requiring extremely high reliability (such as medical equipment, transport 
equipment, traffic equipment, aircraft/spacecraft, nuclear power controllers, fuel controllers, car equipment including car 
accessories, safety devices, 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. 

 
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 designed and manufactured for use under standard conditions and not 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 Cl2, 

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 (even if you use no-clean type fluxes, cleaning residue of 

flux is recommended); 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 (Pd) depending on Ambient temperature (Ta). When used in sealed area, confirm the actual 

ambient 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. 
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٨
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; if flow soldering method is preferred, please consult with the 

ROHM representative in advance. 
 
For details, please refer to ROHM Mounting specification 
 

٨
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. 

 
٨

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 Ionizer, friction prevention and temperature / humidity control). 
 

٨
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 Cl2, H2S, NH3, 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. 
 

٨
QR code printed on ROHM Products label is for ROHM’s internal use only. 
 

٨
When disposing Products please dispose them properly using an authorized industry waste company. 
 

٨
Since our Products might fall under controlled goods prescribed by the applicable foreign exchange and foreign trade act, 
please consult with ROHM representative in case of export. 
 

٨
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. ROHM shall not be in any way responsible or liable 
for infringement of any intellectual property rights or other damages arising from use of such information or data.: 

 
2) 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 information contained in this document. 
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٨
1) 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. 

 
2) This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.  
 
3) The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written 

consent of ROHM. 
 
4) 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. 

 
5) The proper names of companies or products described in this document are trademarks or registered trademarks of 

ROHM, its affiliated companies or third parties.  
 


