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Analog Technologies 
 
 

AT1002 Series 

Single-Cell Lithium Battery Protection IC 

 

Figure 1. The Physic Photo of AT1002 

FEATURES 

⚫ High-Precision Voltage Detection Function: 

Overcharge Protection Voltage: 3.5V to 4.5V, 

accuracy: ±25mV 

Overcharge Delay Voltage: 0.2V, accuracy ±50mV 

Overdischarge Protection Voltage: 2.0V to 3.0V, 

accuracy: ±80mV 

Overdischarge Delay Voltage: 0 to 0.6V, accuracy: 

±100mV 

⚫ Discharge Overcurrent Protection Function: 

Overcurrent Protection Voltage: 0.025V to 0.25V, 

accuracy: ±15 mV 

Short Circuit Protection Voltage: 0.1V, 0.2V, 0.4V, 

1.0V, accuracy: ±30% 

⚫ Charging Overcurrent Protection Voltage: 

−0.03V to −0.15V, accuracy: ±30% 

⚫ Load Detection Function 

⚫ Charger Detection Function 

⚫ 0V Charging Function 

⚫ Sleep Function: selectable as "Yes" or "No"  

(see product catalog for details) 

⚫ Overdischarge Auto-Recovery Function: selectable 

as "Yes" or "No" (see product catalog for details) 

⚫ Low current consumption: 

Operating Mode: 2.2μA (typ.) @TA = +25°C 

Current Consumption During Overdischarge (with 

overdischarge auto-recovery function):  

0.7μA(typ.) @TA = +25°C 

Sleep Current (with sleep function):  

0.05μA (typ.) @TA = +25°C 

⚫ Lead-free, halogen-free. 

⚫ SOT-23-6 Package 

APPLICATIONS 

⚫ Lithium-Ion Rechargeable Battery 

DESCRIPTION  

The AT1002 series is equipped with high-precision 

voltage detection circuits and delay circuits, which 

enable protection against overcharging, 

overdischarging, and overcurrent by detecting the 

battery's voltage and current. It is suitable for the 

protection circuit of single-cell lithium ion/lithium 

polymer rechargeable batteries. 

ABSOLUTE MAXIMUM RATINGS  

Parameter Symbol Value Unit 

Power Supply Voltage VCC −0.3 ~ 0.8 V 

Input Voltage at VM Pin VM VCC−12 ~ VCC+0.3 V 

Operating Temperature TOPR −40 ~ 85 °C 

Storage Temperature TSTG −40 ~ 125 °C 

PIN CONFIGURATIONS 

 

Figure 2. Pin Configuration 
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PIN DESCRIPTION 

Table 1: Pin Function 

Pin # Symbol Description 

1 DO Discharge MOSFET control terminal. 

2 VM 
Charge and discharge current detection terminal, connected to the negative of the charger or 
load. 

3 CO Charging MOSFET control terminal. 

4 NC No connection. 

5 VCC Power supply input, connected to the positive terminal of the power supply (battery). 

6 VSS Power Ground, connected to the negative terminal of the power supply (battery). 
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Figure 3. Block Diagram 
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ELECTRICAL CHARACTERISTICS 

(At TA = +25°C, VIN = 12V, unless otherwise noted.) 

Table 2. 

Parameter Symbol Test Conditions Min. Typ. Max. Unit 

Normal Operating Current IVCC VCC = 3.5V - 2.2 5.0 μA 

Standby Current (With Standby 
Function) 

IPDN VCC = 1.5V - 0.05 0.5 μA 

Current Consumption During Over-
Discharge (With Over-Discharge Auto-
Recovery Function) 

IOPED VCC = 1.5V - 0.7 1.5 μA 

Overcharging 

Protection Voltage VOC VCC = 3.5→4.7V VOC−0.025 VOC VOC+0.025 V 

Release Voltage VOCR VCC = 4.7→3.5V VOCR−0.05 VOCR VOCR+0.05 V 

Protection Delay tOC VCC = 3.5→4.7V 40 80 120 ms 

Overdischarge 

Protection Voltage VOD VCC = 3.5→2.0V VOD−0.08 VOD VOD+0.08 V 

Release Voltage VODR VCC = 2.0→3.5V VODR−0.1 VODR VODR+0.1 V 

Protection Delay tOD VCC = 3.5→2.0V 20 40 60 ms 

Discharge 
Overcurrent 

Protection Voltage VEC VM−VSS = 0→0.3V VEC−0.015 VEC VOD+0.015 V 

Protection Delay tEC VM−VSS = 0→0.3V 5 10 15 ms 

Release Delay tECR VM−VSS = 0.3→0V 1 2 4 ms 

Charging 
Overcurrent 

Protection Voltage VCHA VM−VSS = 0→0.3V VCHA*70% VCHA VCHA*130% V 

Protection Delay TCHA VM−VSS = 0→0.3V 5 10 15 ms 

Release Delay TCHAR VM−VSS = 0.3→0V 1 2 4 ms 

Short Circuit 

Protection Voltage VSHORT VM−VSS = 0→1.5V VSHORT*70% VSHORT VSHORT*130% V 

Protection Delay TSHORT VM−VSS = 0→1.5V 120 280 504 μs 

Release Delay TSHORTR VM−VSS = 1.5→0V 1 2 4 ms 

0V Charging 
Charger Start-Up Voltage 

V0VCH 
Function allowing 

charging to 0V battery 
0 0.7 1.5 V 

FUNCTION DESCRIPTION 

1. Overcharge Status 

When the battery voltage rises above VOC and persists for a period of time TOC, the output of the CO terminal 
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will reverse, turning off the charging control MOSFET, and stopping the charging, which is referred to as 

overcharge status. When the battery voltage drops below the overcharge release voltage VOCR and persists for a 

period of time TOCR, the overcharge status will be released and return to normal. 

To release the overcharge status, there are two cases:  

1). Disconnect the charger without connecting the load and VCHA<VVM<VEC. When the battery voltage drops to the 

overcharge release, the overcharge status will be released. When the battery voltage drops to below the 

overcharge release VOCR, the overcharge status will be released. 

2). Disconnect the charger and connect the load. If VVM>VEC, then only when VCC<VOC, the overcharge status will 

be released, and this function is called load detection function. 

Note: If overcharging is detected and the charger remains connected, even if the cell voltage drops below VOCR, 

the overcharging status cannot be released. The overcharge discharge status can only be released by 

disconnecting the charger and ensuring VVM> VCHA. 

2. Overdischarge Status 

When the battery voltage drops below VOD and persists for a period tOD, the output of the DO terminal will 

reverse, turning off the discharge control MOSFET, stopping the discharge, referred to as the overdischarge 

status. When the battery voltage rises above the overdischarge release voltage VODR and persists for a period 

tODR, the overdischarge status will be released and return to normal. 

To release the overdischarge status and return to normal, there are several cases: 

1). Connect the charger. If the VM terminal voltage is lower than the charging overcurrent protection voltage 

(VCHA) when the battery voltage is higher than the overdischarge protection voltage (VOD), the overdischarge 

status will be released, returning to normal working state. This function is called charger detection function. 

2). Connect the charger. If the VM terminal voltage is higher than the charging overcurrent protection voltage 

(VCHA), when the battery voltage is higher than the overdischarge release voltage (VODR), the overdischarge status 

will be released, returning to normal working state. 

3). If it is a product with overdischarge unlock function (sleep recovery), when the charger is not connected, the 

battery voltage restores to above the overdischarge release voltage (VODR), the overdischarge status will be 

released, returning to normal working state. 

4). If it is a product with overdischarge lock function (sleep lock), then VM must be made ≤0V by connecting the 

charger, and then meet the conditions of 1 or 2 above to release the overdischarge status, returning to normal 

working state. 

3. Discharge Overcurrent Status 

When the battery is in a discharge state, the VM terminal voltage increases with the increase of discharge current. 

When the VM terminal voltage is higher than VEC and persists for a period TEC, the chip considers that a 

discharge overcurrent occurs; when the VM terminal voltage is higher than VSHORT and persists for a period tSHORT, 

the chip considers a short circuit. When either of the above two states occurs, the output of the DO terminal will 
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reverse, turning off the discharge control MOSFET, stopping the discharge. 

If the equivalent resistance of the load increases or the load is disconnected, so that VM<VDD-1.0V, the discharge 

overcurrent status can be released, returning to normal state. 

4. Overcurrent Protection: 

During the charging process of the battery in normal working state, if the VM terminal voltage is lower than the 

charging overcurrent protection voltage (VCHA), and this state persists for more than the charging overcurrent 

protection delay time (TCHA), then the MOSFET used for charging control will be turned off, stopping the charging, 

and this state is called charging overcurrent status. After entering the charging overcurrent protection state, if the 

VM terminal voltage rises above the charging overcurrent protection voltage (VCHA) by disconnecting the charger, 

the charging overcurrent status will be released, returning to normal working state. 

5. 0V Charging Function: 

This function is used to recharge batteries that have discharged to 0V. When the voltage between the charger 

connected to the battery positive pole (P+) and the battery negative pole (P-) is higher than the charger's starting 

voltage for charging 0V batteries (V0VCH), the gate of the charging control MOSFET is fixed to the potential of the 

VDD terminal. Due to the voltage difference between the gate and source of the MOSFET caused by the charger 

voltage, which is higher than its conduction voltage, the charging control MOSFET conducts (the CO terminal is 

turned on), and charging begins. At this time, the discharge control MOSFET remains off, and the charging current 

passes through its internal parasitic diode. When the battery voltage is higher than the overdischarge protection 

voltage (VOD), the IC enters normal working state. 

TYPICAL APPLICATION 

 

Figure 4.  Application Circuit 

AT1002 
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No. Symbol Typ. Range Unit 

1 R1 1 1 ~ 1.5 kΩ 

2 R2 2 1 ~ 3 kΩ 

3 C1 0.1 ≥1 μF 

OUTLINE DIMENSIONS 

Figure 5. Outline Dimensions 

ORDERING INFORMATION 

Part Number Buy Now 

AT1002   

 

https://www.shop.analogtechnologies.com/AT1002.htm
https://www.smtzone.com/mm5/merchant.mvc?Screen=PROD&Store_Code=store01&Product_Code=AT1002
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NOTICE 

1. It is important to carefully read and follow the warnings, cautions, and product-specific notes provided with 

electronic components. These instructions are designed to ensure the safe and proper use of the component 

and to prevent damage to the component or surrounding equipment. Failure to follow these instructions could 

result in malfunction or failure of the component, damage to surrounding equipment, or even injury or harm to 

individuals. Always take the necessary precautions and seek professional assistance if unsure about proper use 

or handling of electronic components. 

2. Please note that the products and specifications described in this publication are subject to change without 

prior notice as we continuously improve our products. Therefore, we recommend checking the product 

descriptions and specifications before placing an order to ensure that they are still applicable. We also reserve 

the right to discontinue the production and delivery of certain products, which means that not all products 

named in this publication may always be available. 

3. This means that while ATI may provide information about the typical requirements and applications of their 

products, they cannot guarantee that their products will be suitable for all customer applications. It is the 

responsibility of the customer to evaluate whether an ATI product with the specified properties is appropriate 

for their particular application. 

4. ATI warrants its products to perform according to specifications for one year from the date of sale, except 

when damaged due to excessive abuse. If a product fails to meet specifications within one year of the sale, it 

can be exchanged free of charge. 

5. ATI reserves the right to make changes or discontinue products or services without notice. Customers are 

advised to obtain the latest information before placing orders. 

6. All products are sold subject to terms and conditions of sale, including those pertaining to warranty, patent 

infringement, and limitation of liability. Customers are responsible for their applications using ATI products, 

and ATI assumes no liability for applications assistance or customer product design. 

7. ATI does not grant any license, either express or implied, under any patent right, copyright, mask work right, 

or other intellectual property right of ATI. 

8. ATI's publication of information regarding third-party products or services does not constitute approval, 

warranty, or endorsement. 

9. ATI retains ownership of all rights for special technologies, techniques, and designs for its products and 

projects, as well as any modifications, improvements, and inventions made by ATI. 

10. Despite operating the electronic modules as specified, malfunctions or failures may occur before the end of 

their usual service life due to the current state of technology. Therefore, it is crucial for customer applications 

that require a high level of operational safety, especially in accident prevention or life-saving systems where 

the malfunction or failure of electronic modules could pose a risk to human life or health, to ensure that 

suitable measures are taken. The customer should design their application or implement protective circuitry or 

redundancy to prevent injury or damage to third parties in the event of an electronic module malfunction or 

failure. 


