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2-Series and 3-Series lithium-ion/polymer Battery Packs Protector 

1 Features 

 High accuracy protection voltage per cell: 

 Overcharge protection voltage VOVN (N = 1 ~ 3):  

3.55 V ~ 4.60 V (Step: 10 mV, Accuracy : ±25 mV ) 

 Overcharge release voltage VOVRN (N = 1 ~ 3):  

3.30 V ~ 4.60 V (Step: 50 mV, Accuracy: ±25 mV ) 

 Overdischarge protection voltage VUVN (N = 1 ~ 3): 

2.00 V ~ 3.20 V (Step: 10 mV, Accuracy: ±25 mV ) 

 Overdischarge release voltage VUVRN (N = 1 ~ 3): 

2.00 V ~ 3.40 V (Step: 100 mV, Accuracy: ±35 mV ) 

 Current protection (VI current-sensing): 

 Discharge overcurrent 1 protection voltage VDOC1:  

0.010 V ~ 0.300 V (Step: 5 mV, Accuracy: ±10 mV ) 

 Discharge overcurrent 2 protection voltage VDOC2:  

0.020 V ~ 0.600 V (Step: 10 mV, Accuracy: ±20 mV ) 

 Discharge short-circuit protection voltage VSC:  

0.040 V ~ 1.200 V (Step: 20 mV, Accuracy: ±40 mV )  

 Charge overcurrent protection: 

 Charge overcurrent protection voltage VCOC:  

-0.01 V ~ -0.30 V (Step: 5 mV, Accuracy: ±10 mV )  

 Internal delay time (overcharge protection, over 

-discharge protection, overcurrent protection), 

Set by internal circuit without external capacitor 

 NTC temperature protection 

 Independent charge (CO) and discharge 

(DO) FET drivers 

 Absolute maximum rating is up to 28V 

 Wide VDD voltage range: 3.3V to 24V 

 Ultra low quiescent current: 

6.5µA (Normal mode)                                      

0.5µA (Power down mode) 

 Open-wire detection (OW) 

 0V battery charge forbidden 

 Charge and discharge status detection 

 Load locking during overdischarge  

 Power down mode 

 External control of charge-discharge by CTL*1  

 Operation temperature: −40C ~ +85C 

 Package: MSOP-10/DFN10(0303) 

 Support partially separating charging and 

discharging port 

*1Note1: The CTL function must use DFN10 (0303). 

2 Applications 

 Lithium-ion rechargeable battery packs  

 Lithium polymer rechargeable battery packs 

 Power tools, e-robot, e-bike, vacuum cleaner 

3 Description 

The IP3232 device is a low-power battery pack 

protector that provides a primary protection solution 

for 2-Series and 3-Series lithium-ion/polymer 

rechargeable battery. The device implements a suite 

of voltage, current, temperature detection and 

protections for Li-ion/polymer rechargeable battery 

packs. Protection thresholds and delay time are 

factory-programmed and available in a variety of 

configurations. 
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Figure 1: Typical Application for 3-Series Cells 
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Figure 2: Typical Application for 2-Series Cells 
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4 Pin Configuration and Function 
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Figure 3: IP3232 MSOP10 Pin Assignments 

 

Pin Name Description 

1 CO Charge control FET driver 

2 DO Discharge control FET driver 

3 VM Load and adapter detection pin 

4 NTC Over/under temperature detection thermistor measurement input 

5 VI Current detection Pin 

6 VSS Negative power supply, connect to the negative terminal of cell1 

7 VC1 Negative terminal for cell 2, positive terminal for cell 1 

8 VC2 Negative terminal for cell 3, positive terminal for cell 2 

9 VC3 Positive terminal for cell 3 

10 VDD Positive power supply, connect to positive terminal of cell 3 
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Figure 4: IP3232 DFN10 (0303) Pin Assignments 

 

Pin Name Description 

1 CO Charge control FET driver 

2 DO Discharge control FET driver 

3 VM Load and adapter detection pin 

4 CTL*1 Input pin for charge-discharge control  

5 NTC Over/under temperature detection thermistor measurement input 

6 VI Current detection Pin 

7 VC1 Negative terminal for cell 2, positive terminal for cell 1 

8 VC2 Negative terminal for cell 3, positive terminal for cell 2 

9 VC3 Positive terminal for cell 3 

10 VDD Positive power supply, connect to positive terminal of cell 3 

EPAD VSS Negative power supply, connect to the negative terminal of cell1 
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5 Absolute Maximum Ratings 

Parameter Symbol Value Unit 

VDD pin input voltage range VDD to VSS -0.3 ~28 V 

VC1, VC2, VC3, CTL pin VC1, VC2, VC3, CTL to VSS VSS-0.3 ~ VDD+0.3 V 

NTC, VI pin NTC, VI to VSS VSS-0.3 ~ 6 V 

DO to VSS voltage range DO to VSS VSS-0.3 ~ VDD+0.3 V 

CO, VM to VDD pin CO, VM to VDD -28 ~ 0.3 V 

Storage Temperature Range Tstg -55 ~ 125 C 

Thermal Resistance 
(Junction to Ambient) 

θJA 120 C/W 

ESD (Human Body Model) ESD 2 KV 

*Stresses beyond these listed parameters may cause permanent damage to the device. Exposure to Absolute 

Maximum Rated conditions for extended periods may affect device reliability. 
 
 
 

6 Recommended Operating Conditions 

Parameter Symbol Min. Typ. Max. Unit 

Input voltage VDD 3.3 -- 24 V 

Battery voltage per cell VC1, VC2, VC3 0 -- 4.6 V 

Operating Temperature TA -40 -- 85 C 

*Device performance cannot be guaranteed when working beyond these recommended operating conditions. 
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7 Product List 

IP3232 XX
                             IC CODE for DFN10(0303)

                          Range: from EA to ZZ
 

IP3232 MXX
                    IC CODE for MSOP-10 

                          Range: from MEA to MZZ
 

 
 
 

Table 1: Product list 
Product list 1 (1/3) 

Product 
name 

VOV VOVR VUV VUVR VDOC1 VDOC2 VSC VCOC 

IP3232MEA 4.250V 4.150V 2.700V 3.000V 0.100V 0.200V 0.400V -0.100V 

IP3232MEB 4.250V 4.150V 2.700V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232MEC 4.250V 4.150V 2.500V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232MED 3.750V 3.550V 2.300V 2.600V 0.100V 0.200V 0.400V -0.050V 

IP3232MEE 3.650V 3.550V 2.500V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232MEF 4.250V 4.150V 2.700V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232MEG 4.250V 4.150V 2.500V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232MEH 3.750V 3.550V 2.300V 2.600V 0.100V 0.200V 0.400V -0.050V 

IP3232MEI 3.650V 3.550V 2.500V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232MEJ 4.250V 4.100V 2.800V 3.000V 0.150V 0.180V 0.500V -0.100V 

IP3232MEK 3.750V 3.550V 2.700V 3.000V 0.050V 0.100V 0.200V -0.025V 

IP3232MEL 4.250V 4.050V 2.700V 3.100V 0.080V 0.150V 0.400V -0.040V 

IP3232MEM 4.280V 4.080V 2.500V 3.000V 0.100V 0.200V 0.500V -0.050V 

IP3232EA 4.250V 4.150V 2.500V 3.000V 0.150V 0.250V 0.400V -0.050V 

IP3232EB 3.750V 3.650V 2.300V 2.700V 0.100V 0.350V 1.200V -0.100V 

IP3232EC 4.280V 4.080V 2.700V 3.000V 0.100V 0.200V 0.400V -0.050V 

IP3232ED 3.650V 3.450V 2.500V 2.800V 0.100V 0.150V 0.200V -0.025V 

 
 
 
Product list 2 (2/3) 

Product 
name 

tOV tUV tDOC1 tDOC2 tSC tCOC tPD 

IP3232MEA 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEB 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEC 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MED 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 
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IP3232MEE 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEF 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEG 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEH 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEI 1.0s 1.0s 1.0s 64ms 280µs 64ms 2s 

IP3232MEJ 1.0s 256ms 16ms 8ms 280µs 16ms 2s 

IP3232MEK 2.0s 2.0s 2.0s 64ms 560µs 64ms 32s 

IP3232MEL 1.0s 1.0s 1.0s 64ms 280µs 64ms - 

IP3232MEM 1.0s 1.0s 1.0s 64ms 280µs 64ms - 

IP3232EA 1.0s 1.0s 64ms 16ms 280µs 64ms - 

IP3232EB 1.0s 512ms 32ms 8ms 280µs 8ms 2s 

IP3232EC 1.0s 1.0s 1.0s 64ms 280µs 64ms 32s 

IP3232ED 1.0s 1.0s 256ms 8ms 280µs 64ms 2s 

 
 
Product list 3 (3/3) 

Product 
name 

Overdischarge 
load locking 

function 

Power 
down 
mode 

selection 

Cell 
count 

CTL 
function 

Temperature 
detection 

TUTC TOTC TUTD TOTD 

IP3232MEA Disable Enable 3-series Disable Enable 0°C 55°C -20°C 70°C 

IP3232MEB Enable Enable 3-series Disable Enable 0°C 50°C -20°C 65°C 

IP3232MEC Enable Enable 3-series Disable Enable 0°C 50°C -20°C 65°C 

IP3232MED Enable Enable 3-series Disable Enable -5°C 55°C -20°C 70°C 

IP3232MEE Enable Enable 3-series Disable Enable -5°C 55°C -20°C 70°C 

IP3232MEF Enable Enable 2-series Disable Enable 0°C 50°C -20°C 65°C 

IP3232MEG Enable Enable 2-series Disable Enable 0°C 50°C -20°C 65°C 

IP3232MEH Enable Enable 2-series Disable Enable -5°C 55°C -20°C 70°C 

IP3232MEI Enable Enable 2-series Disable Enable -5°C 55°C -20°C 70°C 

IP3232MEJ Enable Enable 2-series Disable Enable 0°C 55°C -20°C 65°C 

IP3232MEK Disable Enable 2-series Disable Enable 0°C 55°C -20°C 70°C 

IP3232MEL Disable Disable 3-series Disable Enable 0°C 55°C -20°C 70°C 

IP3232MEM Disable Disable 3-series Disable Enable 0°C 55°C -20°C 70°C 

IP3232EA Disable Disable 2-series Disable Enable 0°C 55°C -20°C 65°C 

IP3232EB Disable Enable 2-series Enable Enable 0°C 50°C -20°C 65°C 

IP3232EC Enable Enable 2-series Enable Enable 0°C 55°C -20°C 70°C 

IP3232ED Disable Enable 3-series Disable Enable 0°C 55°C -20°C 70°C 

 
 
 

Table 2：Function options 

Temperature detection Enable Disable 

Overdischarge load locking function Enable Disable 

Power down mode selection Enable Disable 

CTL function *1 Enable Disable 

Cell count 2-series 3-series 
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8 Electrical Characteristics 

Unless otherwise specified, TA = -40C to 85C, VDD = 10.5V, CTL = 3.5V, typical value @TA=25C. 

Parameter Symbol Test Conditions 
Range 

Unit 
Min. Typ. Max. 

VDD - VSS voltage   3.3 - 28 V 

VDD - VM voltage   3.3 - 28 V 

Quiescent current 
IQ 

（input power） 
VDD = VC3 = 10.5V, VC2 = 7V,  

VC1 = 3.5V 
- 6.5 9 µA 

Shut-down current 
(Power down) 

IQ 

（input power） 
Shutdown down(VDD=6V) - 0.5 1 µA 

Overcharge protection 
voltage (N=1, 2, 3) 

VOVN 

TA = 25C VOVN-0.025 
3.55 ~ 4.60 
STEP: 10mV 

VOVN+0.025 

V TA = -20C ~ +60C VOVN-0.030 VOVN+0.030 

TA = -40C ~ +85C VOVN-0.040 VOVN+0.040 

Overcharge release 
voltage (N=1, 2, 3) 

VOVRN 

VOVN ≠ VOVRN 

TA = 25C VOVRN-0.025 

3.30 ~ 4.60 

VOVRN+0.025 

V 

TA = -20C ~ +60C VOVRN-0.030 VOVRN+0.030 

TA = -40C ~ +85C VOVRN-0.040 VOVRN+0.040 

VOVN = VOVRN 

TA = 25C VOVRN-0.015 

3.55 ~ 4.60 

VOVRN+0.015 

TA = -20C ~ +60C VOVRN-0.030 VOVRN+0.030 

TA = -40C ~ +85C VOVRN-0.040 VOVRN+0.040 

Overdischarge 
protection voltage 

(N=1, 2, 3) 
VUVN 

TA = 25C VUVN-0.025 
2.0 ~ 3.2 

STEP: 10mV 

VUVN+0.025 

V TA = -20C ~ +60C VUVN-0.040 VUVN+0.040 

TA = -40C ~ +85C VUVN-0.050 VUVN+0.050 

Overdischarge release 
voltage (N=1, 2, 3) 

VUVRN 

VUVN ≠ VUVRN 

TA = 25C VUVRN-0.035 

2.0 ~ 3.4 

VUVRN+0.035 

V 

TA = -20C ~ +60C VUVRN-0.050 VUVRN+0.050 

TA = -40C ~ +85C VUVRN-0.060 VUVRN+0.060 

VUVN = VUVRN 

TA = 25C VUVRN-0.025 

2.0 ~ 3.2 

VUVRN+0.025 

TA = -20C ~ +60C VUVRN-0.040 VUVRN+0.040 

TA = -40C ~ +85C VUVRN-0.050 VUVRN+0.050 

0V battery charge 
forbidden voltage 

V0INH 0V battery charge forbidden - 
𝟐

𝟑
×VUVN - V 

Discharge overcurrent 1 
protection voltage  

VDOC1 
TA = 25C VDOC1-10 10 ~ 300 

STEP: 5mV 

VDOC1+10 
mV 

TA = -40C ~ +85C VDOC1-15 VDOC1+15 

Discharge overcurrent 2 
protection voltage  

VDOC2 

TA =25C VDOC2-20 
20 ~ 600  

STEP: 10mV  

VDOC2+20 

mV TA = -20C ~ +60C VDOC2-25 VDOC2+25 

TA = -40C ~ +85C VDOC2-30 VDOC2+30 

Discharge short circuit 
protection voltage 

VSC TA =25C VSC-40 
40 ~ 1200 

STEP: 20mV 
VSC+40 mV 

Discharge overcurrent 
release voltage 

VDOCR VM threshold 1.1 1.2 1.3 V 

Charge overcurrent 
protection voltage 

VCOC 
TA = 25C VCOC -10 -10 ~ -300 

STEP: 5mV 

VCOC +10 
mV 

TA = -40C ~ +85C VCOC -15 VCOC +15 

Overcharge protection 
delay time 

tOV - tOV×0.8 
512 

tOV×1.2 ms 
4000 

Overdischarge tUV - tUV×0.8 256 tUV×1.2 ms 
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protection delay time 2000 

Discharge overcurrent 1 
protection delay time 

tDOC1 - tDOC1×0.8 
8 

tDOC1×1.2 ms 
4000 

Discharge overcurrent 2 
protection delay time 

tDOC2 - tDOC2×0.8 
8 

tDOC2×1.2 ms 
64 

Discharge short circuit 
protection delay time 

tSC - tSC×0.7 
280 

tSC×1.3 µs 
560 

Charge overcurrent 
protection delay time 

tCOC - tCOC×0.8 
8 

tCOC×1.2 ms 
64 

CTL control 
charge-discharge 

inhibition delay time  
tCTL - tCTL×0.8 4 tCTL×1.2 ms 

CTL pin voltage "H" VCTLH - 3.2 3.5 3.8 V 

CTL pin voltage "L" VCTLL - 1.2 1.5 1.8 V 

CTL pull-down current ICTL -  0.2 0.3 µA 

VM to VDD resistance RVMD TA = 25C 0.6 1.2 1.8 MΩ 

VM to VSS resistance RVMS TA = 25C 0.25 0.5 0.75 MΩ 

CO to VDD resistance RCOD TA = 25C  10  KΩ 

CO to VM resistance RCOM TA = 25C  10  KΩ 

DO to VDD resistance RDOD TA = 25C  10  KΩ 

DO to VSS resistance RDOS TA = 25C  0.4  KΩ 

Discharge-status 
detection voltage 

threshold 
Vdis_status_th VI - 2 - mV 

Discharge-status 
detection voltage 

hysteresis 
Vdis_status_hys VI - 1.5 - mV 

Charge-status detection 
voltage threshold 

Vchg_status_th VI - -2 - mV 

Charge-status detection 
voltage hysteresis  

Vchg_status_hys VI - -1.5 - mV 

NTC charge-status over 
temperature protection 

 

TOTC 
NTC temperature rising 

 NTC:103AT 
TOTC -2 TOTC TOTC +2 C 

TOTCR 
NTC temperature falling 

NTC:103AT 
TOTCR -2 TOTCR TOTCR +2 C 

NTC discharge-status 
over temperature 

protection 
 

TOTD 
NTC temperature rising  

NTC:103AT 
TOTD -2 TOTD TOTD +2 C 

TOTDR 
NTC temperature falling 

NTC:103AT 
TOTDR -2 TOTDR TOTDR +2 C 

NTC charge-status 
under temperature 

protection 

TUTC 
NTC temperature falling                           

NTC:103AT 
TUTC -2 TUTC TUTC +2 C 

TUTCR 
NTC temperature rising                            

NTC:103AT 
TUTCR -2 TUTCR TUTCR +2 C 

NTC discharge-status 
under temperature 

protection 

TUTD 
NTC temperature falling 

NTC:103AT 
-22 -20 -18 C 

TUTDR 
NTC temperature rising 

NTC:103AT 
-12 -10 -8 C 

OTD, OTC, UTD, UTC 
delay time 

tNTC_FAULT - 1.5 3 5 s 
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Open-wire detection 
delay time 

tOW_DELAYN - 3 4 5 s 

Power down mode 
delay time 

tPD Options - 0 / 2 / 32 - s 

Note:  Please choose the MOSFETs based on the terminal resistance of CO and DO.
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9 Functional Description 

System Diagram 
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Figure 5: IP3232 Internal System Diagram 

Overview 

The IP3232 device is a low power dissipation battery pack protector that provides a primary protection 

solution for 2-Series and 3-Series lithium-ion/polymer rechargeable battery. The device implements a suite of 

voltage, current, and temperature detection and protections for Li-ion/polymer rechargeable battery packs. 

Protection thresholds and delays are factory-programmed and available in a variety of configurations. 
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Overcharge status  

When any cell battery voltage becomes higher than VOVN during charging in the normal status and the 

condition continues for the overcharge protection delay time (tOV) or longer, IP3232 turns the charge control FET 

off to stop charging. This status is called the overcharge status. The overcharge status is released in the following 

three cases: 

(1) In the case that the VM voltage is lower than 0.35V (Typ.), IP3232 releases the overcharge status when all 

the cell battery voltages fall below overcharge release voltage (VOVRN).  

(2) In the case that the VM voltage is equal to or higher than 0.35V (Typ.), IP3232 releases the overcharge 

status when all the cell battery voltages fall below VOVN. 

(3) In the case that the VI voltage is equal to or higher than Vdis_status_th(discharge current detected), 

IP3232 pull CO up to VDD, and turn on the charge control FET(Q1), even though all battery voltages are higher 

than VOVN. 

The overcharge release delay is internally fixed at 4ms. 

Overdischarge status  

When any cell battery voltage falls below VUVN during discharging in the normal status and the condition 

continues for the overdischarge protection delay time (tUV) or longer, IP3232 turns the discharge control FET(Q2) 

off to stop discharging. This status is called the overdischarge status.  

The overdischarge status is released in the following cases: 

With power-down function： 

Under the overdischarge status, when the VM voltage is higher than 3.5V and this condition continues for the 

power down mode delay time tPD or longer, the power-down function works and the current consumption is 

reduced to 500nA. By connecting a battery charger, the power-down function is released.  

• If charger is not connected, IP3232 maintains the overdischarge status even when the battery voltage 

reaches VUVRN or higher. 

• If charger is connected, the battery voltage reaches VUVN or higher and IP3232 releases the overdischarge 

status.  

• In the case that the VI voltage is equal to or higher than Vchg_status_th(charge current detected), IP3232 

pull DO up to VDD, and turn on the discharge control FET(Q2), even though all battery voltages are lower than 

VUVN. 

Without power-down function： 

Under the overdischarge status, the power-down function does not work even when the VM voltage is higher 

than 3.5V. 

• If charger is not connected, the battery voltage reaches VUVRN or higher and IP3232 releases the 

overdischarge status.  

•If charger is connected, the battery voltage reaches VUVN or higher and IP3232 releases the overdischarge 

status.  

• In the case that the VI voltage is equal to or higher than Vchg_status_th(charge current detected), IP3232 

pull DO up to VDD, and turn on the discharge control FET(Q2), even though all battery voltages are lower than 

VUVN. 

The overdischarge release delay is internally fixed at 4ms. 
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Discharge overcurrent status 

Under the discharge status, the VI pin voltage will increase with the increase of discharge current.  

When the VI pin voltage is equal to or higher than VDOC1, this condition continues for the discharge 

overcurrent 1 protection delay time (tDOC1) or longer, IP3232 will be in the discharge overcurrent 1 status. When 

the VI pin voltage is equal to or higher than VDOC2, this condition continues for the discharge overcurrent 2 

protection delay time (tDOC2) or longer, IP3232 will be in the discharge overcurrent 2 status. When the VI pin 

voltage is equal to or higher than VSC, this condition continues for the discharge short circuit protection delay time 

(tSC) or longer, IP3232 will be in the discharge short circuit status. After any of the three states mentioned above 

appears, the discharge control FET(Q2) will be turned off.  

Under the discharge overcurrent status, VM pin and VSS pin are connected by resistor in IP3232. However, 

the VM pin voltage is the VDD pin voltage due to the load as long as the load is connected. When the load is 

disconnected, VM pin returns to the VSS pin voltage. When the VM pin voltage returns to VDOCR or lower, IP3232 

releases the discharge overcurrent status. 

Charge overcurrent status 

When the charge current is equal to or higher than the specified value, the VI pin voltage is equal to or lower 

than VCOC, this condition continues for the charge overcurrent protection delay time (tCOC) or longer, the charge 

control FET(Q1) is turned off and charging is stopped. This status is called the charge overcurrent status. IP3232 

releases the charge overcurrent status when the VM pin voltage is 0.35V (Typ.) or higher by removing the charger 

or connecting load. The charge overcurrent protection isn’t functional in the overdischarge status. 

CTL control logic*1 

When the CTL pin voltage is equal to or lower than CTL pin voltage "L" (VCTLL) and the status continues for the 

charge-discharge inhibition delay time (tCTL) or longer, the charge control FET(Q1) and the discharge control 

FET(Q2) are turned off, and charging and discharging is stopped. This status is called the charge-discharge 

inhibition status. IP3232 releases charge-discharge inhibition status when the CTL pin voltage is equal to or higher 

than CTL pin voltage "H" (VCTLH). When the CTL pin is floating, the internal pull-down resistance pulls CTL to 

voltage “L”. 

0V battery charge forbidden 

If the voltage of any battery is lower than the 0V battery charging prohibition voltage threshold, it is 

prohibited to charge the battery. 

Open-wire detection (OW) 

An OW fault is detected when at least one of the cell is open wire, and the status continues for the delay time 

(tOW_DELAYN) or longer, the charge control FET(Q1) and discharge control FET(Q2) are turned off. The OW fault 

recovers when the cell voltage in fault turn normal, the recovery conditions of charge control FET(Q1) and 

discharge control FET(Q2) is depended on the OV, UV, OC faults’ recovery conditions. 

tOW_DELAYN start counting when the OW is detected, not the OW occurs. 
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Charge-status and discharge-status detection 

IP3232 integrates a charge and discharge status comparator. The charge-status is detected when the VI 

voltage is lower than -2mV, the hysteresis is -0.5mV. The discharge-status is detected when the VI voltage is higher 

than 2mV, the hysteresis is 0.5mV. charge-status detection during discharge protection status, discharge-status 

detection during charge protection status, when the charge or discharge status changed, it will turn on the FET 

quickly to protect the MOSFETs’ body diode. 

When the device is during overcharge, charge over temperature, charge under temperature event, the CO 

FET is off and the DO FET is on. If a discharge occurs(VI > Vdis_status_th) and the temperature meet the discharge 

requirements, the device would turn on the CO FET to protect the MOSFET body diode after 1ms delay time.  

When the device is during overdischarge event, the DO FET is off and the CO FET is on. If a charge occurs (VI< 

Vchg_status_th) , the device would turn on the DO FET to protect the MOSFET body diode after 1ms delay time.  

Overdischarge load locking  

When IP3232 is under the overdischarge status, and VM will be pulled up by external load. If the 

overdischarge load locking function is enabled and the load exists, the DO terminal will remain low, even if the 

battery voltage increases above VUVRN. When the load is removed, and the VM voltage drops below the 1.2V (Typ.) 

and this condition continues for delay time 64ms (Typ.) or longer, the load locking status will be removed and 

IP3232 will be under the overdischarge status again. At this time, IP3232 releases the DO terminal according to the 

normal overdischarge release conditions. 

    If both the overdischarge load locking function and the power-down function are enabled, when IP3232 is 

under the overdischarge status and the load has existed for the power down mode delay time (tPD) or longer, 

the IP3232 will be in power down mode and the DO terminal will remain low even if the battery voltage has 

increased above VUVRN. 

NTC Status 

In the process of charge and discharge, too high or too low temperature will damage the cell. Therefore, the 

thermistor RNTC needs to be used to sense the temperature change. When the temperature reaches the set 

protection value and remains for a period of time, temperature protection will occur. IP3232 will turn off the 

charging or discharging MOS tube to protect the high and low temperature of cell charging and discharging. 

Unless otherwise specified, TOTCR is 10°C lower than TOTC. TOTDR is 10°C lower than TOTD. TUTCR is 10°C higher 

than TUTC. TUTDR is 10°C higher than TUTD. 

Charge over temperature 

When IP3232 detects that the temperature is higher than TOTC during charging and the condition 

continues for the delay time (tNTC_FAULT) or longer, IP3232 turns the charge control FET (Q1) off to stop 

charging. 

The charge over temperature is released in the following two cases: 

1.If IP3232 detects that the temperature is lower than TOTCR and this condition continues for 3s(Typ.) or 

longer, IP3232 will release the charge over temperature and turn on the charge control FET(Q1). 

2.If a discharge occurs(VI > Vdis_status_th) in the charge over temperature status, IP3232 will turn on 

the charge control FET(Q1) to protect MOSFET body diode after 1ms delay time. 

Charge under temperature 

When IP3232 detects that the temperature is lower than TUTC during charging and the condition 
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continues for the delay time (tNTC_FAULT) or longer, IP3232 turns the charge control FET (Q1) off to stop 

charging. 

The charge under temperature is released in the following two cases: 

1.If IP3232 detects that the temperature is higher than TUTCR and this condition continues for 3s(Typ.) or 

longer, IP3232 will release the charge over temperature and turn on the charge control FET(Q1). 

2.If a discharge occurs(VI > Vdis_status_th) in the charge under temperature status, IP3232 will turn on 

the charge control FET(Q1) to protect MOSFET body diode after 1ms delay time. 

Discharge over temperature 

When IP3232 detects that the temperature is higher than TOTD during discharging and the condition 

continues for the delay time (tNTC_FAULT) or longer, IP3232 turns the discharge charge control FET (Q2) off to 

stop discharging. 

The discharge over temperature is released in the following cases: 

If IP3232 detects that the temperature is lower than TOTDR and this condition continues for 3s(Typ.) or 

longer, IP3232 will release the discharge over temperature and turn on the discharge control FET(Q2). 

Discharge under temperature 

When IP3232 detects that the temperature is lower than TUTD during discharging and the condition 

continues for the delay time (tNTC_FAULT) or longer, IP3232 turns the discharge charge control FET (Q2) off to 

stop discharging. 

The discharge under temperature is released in the following cases: 

If IP3232 detects that the temperature is higher than TUTDR and this condition continues for 3s(Typ.) or 

longer, IP3232 will release the discharge under temperature and turn on the discharge control FET(Q2).      

 

Application 

1. The recommended NTC resistance type: 103AT, B=3435 

2. The final protection temperature can be changed by series or parallel resistance. At the same time, 

the protection threshold is also changed. 

3. There are 12 options of protection thresholds available for selection: 

 

Table 3: NTC Protection threshold options 

Options: 1 2 3 4 5 6 7 8 9 10 11 12 

Charging 

under 

temperature 

0°C 0°C 0°C 0°C 0°C 0°C -5°C -5°C -5°C -5°C -5°C -5°C 

Charging  

over 

temperature 

45°C 45°C 55°C 55°C 
50°C 

*2
 

50°C 

*2
 

45°C 45°C 55°C 55°C 
50°C 

*2
 

50°C 

*2
 

Discharging 

under 

temperature 

-20°C -20°C -20°C -20°C -20°C -20°C -20°C -20°C -20°C -20°C -20°C -20°C 

Discharging 

over 

temperature 

65°C 70°C 65°C 70°C 65°C 70°C 65°C 70°C 65°C 70°C 65°C 70°C 

*2Note2: When Charging over temperature TOTC is 50°C, TOTCR is 45°C. 
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10 Sequence Charts           

Overcharge protection and overdischarge protection  

VOV

VOVR

VUVR

VUV

VBAT(n)

VDD

VSS

DO

CO

VDD

VSS

VPACK-

VM

VDD

VUV

VSS

VCOC

VPACK-

Charger

Load

Status

Delay

（1） （2） （3）（1） （1）

Overcharge delay time tOV Over discharge delay time tUV

VDD

VSS

VDOC

VCOC

VI

 
Figure 6: Overcharge protection and overdischarge protection timing chart 

Note： (1) Normal status 

(2) Overcharge status 

(3) Overdischarge status 
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Charge overcurrent protection 

VOV

VUV

VUVR

VOVR

VDD

VSS

VDD

VSS

VPACK-

VDD

VSS
VPACK-

VCOC

    Chager

Status
(1) (2) (1) (2) (1)

tCOC

COC delay time
tCOC

COC delay time

VDD

VSS

VDOC1

VPACK-

0.35V

VBAT(n)

DO

CO

VI

VM

0.35V

Figure 7: Charge overcurrent protection timing chart 

Note： (1) Normal status 

(2) Charge overcurrent status 
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Discharge overcurrent protection 

Load

Status

tDOC1

DOC1 delay time

tDOC2

DOC2 delay time
tSC

Short circuit delay time

（1）（1） （2） （1） （2） （1） （2）

VOV

VUV

VOVR

VUVR

VBAT(n)

DO

CO

VM

VDD

VSS

VDD

VSS

VDD

VSS

VDD

VSS

VDOC1

VDOC2

VSC

VDOCR

VI

 

Figure 8: Discharge overcurrent protection timing chart 

Note： (1) Normal status 

(2) Discharge overcurrent status 
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Discharge overcurrent release 

Load

Status

tDOC1

DOC1 delay time
tDOC2

DOC2 delay time
tSC

Short circuit delay time

（1）（1） （2） （1） （2） （1） （2）

VOV

VUV

VOVR

VUVR

VBAT(n)

DO

CO

VM

VDD

VSS

VDD

VSS

VDD

VSS

VPACK-

Charger

VI

VDD

VSS

VDOC1

VDOC2

VSC

VCOC

 

Figure 9: Discharge overcurrent release timing chart 

Note： (1) Normal status 

(2) Discharge overcurrent status 
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NTC detection 

VOV

VUV

VUVR

VOVR

VDD

VSS

VDD

VSS

VUTDR

1.2V

VSS

VBAT(n)

DO

CO

NTC

VUTCR

VUTD

VUTC

VOTCR

VOTC

VOTDR

VOTD

 

Figure 10: NTC detection timing chart 
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11 Application Schematic 

IP3232

CO DO

VSS

VDD

CTL*1

P+

RVC2

RVC1

RVC3

VC2

VC1
NTC

P-

Rsense

Q2Q1

VI

RNTC

VM

VC3

RVDD

RVM

CVDD

CVC3

CVC2

CVC1

CNTC

D1

 
Figure 11: Typical Application for 3-Series Cells 
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Q2Q1

VI

RNTC

VM

VC3

RVDD

RVM

CVDD

CVC3

CVC2
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Figure 12: Typical Application for 2-Series Cells 

IP3232

CO DO

VSS

VDD

CTL*1

P+

RVC2

RVC1

RVC3

VC2

VC1
NTC

C-

Rsense

Q2Q1

VI

RNTC

VM

VC3

RVDD

RVM

CVDD

CVC3

CVC2

CVC1

CNTC

D1

P-  

Figure 13: Typical Application for 3-Series Cells with partially separating charging and discharging port 

IP3232

CO DO

VSS

VDD

CTL*1

P+

RVC2

RVC3

VC2

VC1
NTC

C-

Rsense

Q2Q1

VI

RNTC

VM

VC3

RVDD

RVM

CVDD

CVC3

CVC2

CNTC

D1

P-  

Figure 14: Typical Application for 2-Series Cells with partially separating charging and discharging port 
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Note： 

*3Note3: In the application of electric tools, the recommended CVDD value is 4.7 µF to 10 µF. Please choose the 

CVDD value based on the actual current.  

*4Note4: In applications such as power battery, if there is an instantaneous surge of load current during startup, 

please be sure to use the D1 at the VDD pin in the typical application schematic to enhance protection. 

 

 

 

Symbol Device Function Typ. 

RVDD Resistor Power RC filter and current-limiting 330Ω 

RVC3 Resistor Power RC filter and current-limiting 330Ω 

RVC2 Resistor Power RC filter and current-limiting 330Ω 

RVC1 Resistor Power RC filter and current-limiting 330Ω 

Q1 N MOSFET Charge protection 
 

Q2 N MOSFET Discharge protection 

RNTC Thermistor Temperature detection 10k(103AT) 

CVDD*3 Capacitor Power RC filter  1µF 

CVC3 Capacitor Power RC filter  1µF 

CVC2 Capacitor Power RC filter  1µF 

CVC1 Capacitor Power RC filter  1µF 

CNTC Capacitor Power RC filter  10nF 

RVM Resistor  Current-limiting 1kΩ 

Rsense 
Current sensing 

resistor 
High accuracy current sensing 2mΩ 

D1*4 BAV21W VDD protection  
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12 Part Dimension Specification 

 

 
Figure 15: IP3232 MSOP10 
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Figure 16: IP3232 DFN10(0303) 
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13 Mark Description 

 

Figure 17: IP3232 DFN10 mark 
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Figure 18: IP3232 MSOP10 mark 
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14 Important Notice 

INJOINIC TECHNOLOGY Corp. and its subsidiaries reserve the right to make corrections, enhancements, 

improvements and other changes to its semiconductor products and services. Buyers should obtain the latest 

relevant information before placing orders and should verify that such information is current and complete. All 

semiconductor products (also referred to herein as “components”) are sold subject to INJOINIC TECHNOLOGY 

Corp.'s terms and conditions of sale supplied at the time of order acknowledgment.  

INJOINIC TECHNOLOGY Corp. assumes no liability for applications assistance or the design of Buyers' 

products. Buyers are responsible for their products and applications using INJOINIC's components. To minimize 

the risks associated with Buyers' products and applications, Buyers should provide adequate design and operating 

safeguards.  

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and 

safety-related requirements concerning its products, and any use of INJOINIC's components in its applications, 

notwithstanding any applications-related information or support that may be provided by INJOINIC. Buyer 

represents and agrees that it has all the necessary expertise to create and implement safeguards which anticipate 

dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures 

that might cause harm and take appropriate remedial actions. Buyer will fully indemnify INJOINIC TECHNOLOGY 

and its representatives against any damages arising out of the use of any INJOINIC's components in safety-critical 

applications.  

Reproduction of significant portions of INJOINIC's information in INJOINIC's data books or data sheets is 

permissible only if reproduction is without alteration and is accompanied by all associated warranties, conditions, 

limitations, and notices. INJOINIC TECHNOLOGY Corp. is not responsible or liable for such altered documentation. 

Copying information from third parties may be subject to additional restrictions.  

INJOINIC will update this document from time to time. The actual parameters of the product may vary due to 

different models or other items. This document is not a warranty of any kind, express or implied.  

Resale of INJOINIC's components or services with statements different from or beyond the parameters 

stated by INJOINIC for that component or service voids all express and any implied warranties for the associated 

INJOINIC's component or service and is an unfair and deceptive business practice. INJOINIC TECHNOLOGY Corp. is 

not responsible or liable for any such statements.  
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