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AF3209

2-In-1 Single-Cell Li-ion Battery Protection IC

> Description

AF3209 is a 2-In-1 single-cell lithium battery protection chip with
built-in MOSFET. This chip features ultra-low power
consumption and low on-resistance integrated MOSFET. It
provides comprehensive protection functions including charge
over-voltage protection, charge over-current protection,
discharge over-current protection, over-temperature protection
and short-circuit protection, ensuring safe and efficient
operation of the battery cell.

AF3209 adopts the SOT23-5 package, requiring only one
external resistor and one capacitor, making the application
circuit extremely simple, safe and reliable.

> Applications
® Single-cell rechargeable lithium-ion battery packLi-
ion Battery Protection Module

® Li-ion Battery Applications

» Marking Information

Features

Integrated 16mQ Power Tube

VOC Protection Threshold: 4.3V+50mV
VOC Recovery Threshold: 4.15V+60mV
VOD Protection Threshold: 2.5V+100mV
VOD Recovery Threshold: 3.0V+100mV
I0C Protection Threshold: 10A

10D Protection Threshold: 11.5A

Short Protection Threshold: 25A

Built-in over-temperature protection

Triple over-discharge detection protection
Ultra-low quiescent current: 3.5 pA
Ultra-low sleep current: 0.6 A

0V Lithium Battery Charging Allows Function

® 6 6 6 06 6 & o 0 0 0 0 o o Y\

Lead-free product compliant with European
RoHS standard

> Device Information

AF 3209 T S5
© @060®

@ Standard

Product Name

T : Voc=4.300V, Vocr=4.150V
Vop=2.500V, Vopr=3.000V

@
®
@

S5 : SOT23-5 package

Device Ordering Voc/Vocr Vob/Vobr Marking | Package | Quantity Packing
Number (V) (V)
AF3209 AF3209TS5 4.30/4.15 2.50/3.00 AF3209 SOT23-5 3000pcs Tape and Reel
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> Typical ApplicationNote 1)
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Note 1:The recommended resistance value for resistor R1 is 1kQ-2kQ, and the recommended capacitance value for
capacitor C1 is 0—1pF. After connecting to the battery cell, the chip can be automatically activated and operate normally. If

the battery needs to be spot-welded, resistor R1 must be 1kQ.

> PIN Configuration

(Top View)
VM VM
5 4
1 2 3

NC GND VDD

SOT23-5
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» Pin Description

Pin Name | Pin No. Pin Function
NC 1 No connected.
GND 2 Chip ground, connected to the negative terminal of the battery cell.
VDD 3 Power supply.
VM 4,5 Charger negative voltage input.

> Block Diagram

VDD [] orp Charger Detectar ﬁ:f
00V COMP SHORT COMP

2 LOGIC ]
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» Working Timeline Diagram

Overcharge — Discharge — Normal operation
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Over-discharge — Charging — Normal operation
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> Absolute Maximum Ratings (Note )

Symbol Pin Description Parameter Range Unit
VDD 3 Supply Voltage -0.3~8 \%
VM 4,5 Charger Input Voltage -8 ~10 \%
TSTG Storage Temperature Range -55 ~ 145 T
TJ Junction Temperature -40 ~ 145 T

PMAX Power Dissipation at T=25°C 400 mW
HBM ESD 4 KV

Note 1: Operating any parameter beyond the absolute maximum ratings may result in permanent damage to
the chip. The ratings given are only the extreme limits; operation under these conditions does not ensure the
chip's technical specifications will be met. Prolonged operation near the absolute maximum ratings may impair

the reliability of the chip.

> Electronics Characteristics (Unless otherwise specified, TA=25°C, Vbp=3.6V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Supply Voltage Vvbp 0 V
Charger Input Voltage VM -6 \%
) Vp+~p-=5V, Current limit
Over-charge Protection
Vocv 0.1A;VBAT from 3.6V to 4.25 4.3 4.35 V
Threshold
4.5V
Vp+~p-=5V, Current limit
Over-charge Recovery
Vocr 0.1A;VBAT from 4.5V to 4.09 4.15 4.21 \Y
Threshold
3.6V
. Vp+~p-=5V, Current limit
Over-discharge
) Vob 0.1A;VBAT from 3.6V to 2.4 25 2.6 \Y
Protection Threshold
2.0V
) Vp+~p-=5V, Current limit
Over-discharge
Vobr 0.1A;VBAT from 2.0V to 2.9 3 3.1 \
Recovery Threshold
3.6V
Discharge Over-current Vear=3.8V, Current
liop1 . 9 11.5 14 A
Threshold increases from OA
Load Short-Circuit
IsHT 15 25 35 A
Threshold
Charge Over-current Vvop=3.8V, Current
lioc . 7 10 13 A
Threshold increases from OA
Operating current IOPE Leave VM floating 3.5 7 MA
Sleep current IPDN VDD=1.8V 0.6 1.5 MA
Pull-up and pull-down
IPU 14 MA
current
7/ 12
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Internal pull-up current IPD VM=1V 14 MA
Resistance from VM to IVM=1A
RDS(ON) 12.5 16 18 mQ
GND
Over-temperature
protection detection TSHD 145 ‘C
temperature
Over-temperature
protection release TSHR 120 ‘C
temperature
VOC Protection Delay
i Tvoc 100 ms
Time
VOC Recovery Delay
) Tvocr 100 ms
Time
VOD Protection Delay
) Tvop 8 ms
Time
Tiovz 2 ms
Short-circuit Protection
) Tiovz 2 ms
Delay Time
Short-circuit Recovery
, TsHTR 150 VE]
Delay Time
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> Functional Description

AF3209 monitors the battery voltage and current, and protects a single-cell rechargeable lithium battery from
damage caused by overcharge voltage, over-discharge voltage, over-discharge current, and short-circuit
conditions by disconnecting the charger or the load. These features ensure that the rechargeable battery
operates within specified limits. The chip requires only one external capacitor and one external resistor; the
MOSFET is integrated internally, with a typical equivalent resistance of 16 mQ.

The AF3209 supports four operating modes: normal operation mode, charge operation mode, discharge
operation mode, and sleep mode.

Normal Operation Mode

If no abnormal conditions are detected, the charging and discharging processes can switch freely; this state is
referred to as normal operation mode.

Overcharge Voltage Condition

During charging under normal conditions, when the battery voltage exceeds the overcharge detection voltage
(VOCV) and persists for a duration equal to or longer than the overcharge voltage detection delay time (TOCV),
the AF3209 will control the MOSFET to stop charging. This state is referred to as the overcharge voltage
condition. If the abnormal condition disappears within the overcharge voltage detection delay time (TOCV), the
system will not take action.

The overcharge voltage condition is released under the following two circumstances:

1. When the charger is connected, the voltage at the VM pin falls below the charger detection voltage
(VCHA), and the battery voltage drops to the overcharge release voltage (VOCR).

2. When the charger is not connected, the battery voltage drops to the overcharge detection voltage
(VOCV). If the charger is not connected and the battery voltage remains higher than the overcharge
detection voltage, the battery will be discharged through the internal diode.

Over-Discharge Voltage Condition

During discharge under normal conditions, when the battery voltage drops to the over-discharge detection
voltage (VODV) and persists for a duration equal to or longer than the over-discharge voltage detection delay
time (TODV), the AF3209 will disconnect the battery from the load to stop discharging. This state is referred to
as the over-discharge voltage condition. At this point, the discharge control MOSFET is turned off, and the
internal pull-up current source is enabled. When the VDD voltage drops to 2.3V (typical) or lower, the current
consumption is reduced to the sleep state current consumption (IPDN). This state is referred to as the sleep
condition. When the VDD voltage reaches 2.4V (typical) or higher, the sleep condition is released. When the
battery voltage rises to or above the over-discharge release voltage (VODR), the AF3209 returns to the normal
operating condition.

Over-Discharge Current Condition

If the discharge current exceeds the rated value (detection thresholds for over-discharge current 1 and over-
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discharge current 2) and the duration is equal to or longer than the over-discharge current detection delay time,
the battery will be disconnected from the load. If the current drops back within the rated range before the over-
discharge current detection delay time elapses, the system will not take action. The internal pull-down current
pulls down the VM pin. When the voltage at the VM pin drops to or below the reference voltage for over-
discharge current 1, the over-discharge current condition is reset.

Load Short-Circuit Current Condition

If the voltage at the VM pin drops to or below the short-circuit protection voltage (VSHORT), the system will stop
discharging, and the battery will be disconnected from the load. TSHORT is the maximum delay time for current
interruption. When the voltage at the VM pin drops to or below the reference voltage for over-discharge current,
the load short-circuit condition is reset.

Charger Detection

When a battery in the over-discharge state is connected to a charger, and the voltage at the VM pin drops to
or below the charger detection voltage (VCHA), the AF3209 will release the over-discharge state once the
battery voltage rises to or above the over-discharge detection voltage (VODV).

0V Charging

0V charging is supported. When the battery voltage is below 2.3V, the charging chip enters the sleep state. At
this time, the MOSFET is turned off, and the chip charges through the body diode. When the battery voltage is
below 2.3V, the charging current must not exceed 500mA to prevent damage to the battery and the chip.
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> Package Information

SOT23-5

D
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Dimensions Dimensions
Symbol In Millimeters In Inches
Min. MAX. MIN. Max.
A 1.05 0.45 0.0413 0.057
A1 0 1.15 0 0.0059
A2 0.9 1.3 0.0354 0.0511
B 0.25 0.5 0.0098 0.0196
C 0.1 0.23 0.0039 0.009
D 2.82 3.05 0.111 0.12
E 2.6 3.05 0.1023 0.12
E1 15 1.75 0.059 0.0688
e 0.95 (TYP) 0.0374 (TYP)
el 1.90 (TYP) 0.0748 (TYP)
L 0.1 0.6 0.0039 0.0236
0 0° 30° 0° 30°
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DISCLAIMER

SSCSEMI RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. SSCSEMI DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT
DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICIENCE UNDER ITS PATENT RIGHTS, NOR
THE RIGHTS OF OTHERS.

THE GRAPHS PROVIDED IN THIS DOCUMENT ARE STATISTICAL SUMMARIES BASED ON A LIMITED
NUMBER OF SAMPLES AND ARE PROVIDED FOR INFORMATIONAL PURPOSE ONLY. THE
PERFORMANCE CHARACTERISTICS LISTED IN THEM ARE NOT TESTED OR GUARANTEED. IN SOME
GRAPHS, THE DATA PRESENTED MAY BE OUTSIDE THE SPECIFIED OPERATING RANGE (E.G.
OUTSIDE SPECIFIED POWER SUPPLY RANGE) AND THEREFORE OUTSIDE THE WARRANTED RANGE.

OUR PRODUCT SPECIFICATIONS ARE ONLY VALID IF OBTAINED THROUGH THE COMPANY'S
OFFICIAL WEBSITE, CRM SYSTEM, OR OUR SALES PERSONNEL CHANNELS. IF CHANGES OR
SPECIAL VERSIONS ARE INVOLVED, THEY MUST BE STAMPED WITH A QUALITY SEAL AND MARKED
WITH A SPECIAL VERSION NUMBER TO BE VALID.

12 / 12

SSC-V1.0 WWW.SSCSemi.com Analog Future



http://www.sscsemi.com/

