Advanced Analog Technology, Inc.

AAT8636 Series

ONE-CELL LI-IONBATTERY PROTECTIONIC

FEATURES
e |deal for One-Cell Rechargeable Li-lon Battery
Pack.

e Low Current Consumption
3O0pA ... Supply Current (Typical)

O.pA ... Standby Current
e High Withstand Voltage
Absolute Maximum Ratings..22V (Vpp —VN)
e High Accuracy Voltage Detection
Over Charge Detector............... +20mV
Over Discharge Detector.......... +2.5%
e Over Current and Short Circuit Protection
e \Wide Operating Temperature Range— 40° C to
85°C
e UltraSmall Package........ SOT26

PIN CONFIGURATION

TOP VIEW

DOUT 1 O 6 GND

VN 2 5 Vo,

Cour 3 4 Cy
SOT26

GENERAL DESCRIPTION

The AAT8636 series are protection ICs designed
to safeguard one-cell rechargeable Li-lon battery
pack against over charge, over discharge, over
current, and short circuit. The AAT8636 series
use advanced high voltage CMOS process to
provide high accuracy voltage detection and low
current consumption.

The AAT8636 series incorporate a reference unit
and three voltage detectors. During the charging
process, when the cell voltage (V) ischarged to
a value higher than the over charge threshold
voltage (V,), the over charge detector (COM1)
will switch the output pin (Cg,r) to alow level
within adelay time (t;), and thus turning off the
MOSFET connected to the charging path. The
Cout Pin may change to high level again when
the V, voltage falls below “ Vg —Vyys”, OF
when Vg, falls below V; while the charger is

disconnected from the battery pack.
During the discharging process, when the Vg,

drops to a value lower than the over-discharge
threshold voltage ( Vp; ), the over-discharge
detector (COM2) will switch Dg; to low level

within adelay time (t, ), and thus turning off the
MOSFET connecting to the discharging path. In
the mean time, the AAT8636 series will enter a
low current standby mode. Once into standby
mode, the systems can only be released from
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AAT8636 Series

standby mode right after the battery pack is
connected to a charger.

The conditions of over current and short circuit
protection are both determined by the voltage at
the VN pin. As the voltage of VN pin reaches a
value higher than v,. , which indicates an

undesirable large current is flowing through the
path, Dg,r Will be switched to low and the path

is cut-off right after an internally pre-set delay
time (tyc) elapses. Inthecase of short circuit, i.e.

BLOCK DIAGRAM

VN risesaboveVy,, , the path will also be cut-off

but with amost no delay time. Once the over
current or factors contributing to short circuit is
removed, the built-in resistor at the VN pin,
typically 100k , will pull VN downto GND and
bring the IC back to standard operation.

Together with the application circuit, the
AAT8636 series will function as a consummate
protector, which promotes safe usage and the
sustainability of Li-lon battery packs.
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AAT8B636 Series
PIN DESCRIPTION
Pin No. | Symbol Description
1 Dour  |Output of Over-Discharge Detection
2 VN Pin for Charger Negative Input
3 Cour  |Output of Over-Charge Detection
4 Cext Pin for External Capacitor Setting COM1 Delay Time
5 Voo |Power Supply
6 GND |Ground

TYPICAL APPLICATION

- Advanced Analog Technology, Inc.—

Page 3 of 16 VvV 1.0




Advanced Analog Technology, Inc.

AAT8636 Series
ABSOLUTE MAXIMUM RATINGS
Symbol ltem Rating Unit
Voo Supply Voltage -0.3t012 V
VN Input Voltage VN Pin Vop —22 10 Vp, +0.3 v
Veed Ceq PIN GND-0.3 to Vpp +0.3 v
Veou Cour PN Vpp — 22 10 Vpg +0.3 N
Voou | OUtPut Voltage Dour PN GND- 023 to Vy,+0.3 v
Py Power Dissipation 160 mw
Tc Operating Temperature Range —40t0 +85
Tsorager Tj | Storage and Junction Temperature —-50to +120

ABSOLUTE MAXIMUM RATINGS

Stresses beyond those listed under “Absolute Maximum Ratings’ may cause permanent damage to the
device. Exposure to absolute maximum rating conditions for extended period of time may affect device
reliability.
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AAT8B636 Series
ELECTRICAL CHARACTERISTICS
*AAT8636A Toper =25
Symbol ltem Conditions Min Typ M ax Unit
\ Operating Input Volt Voltage Defined as 1.5 10.0 \Y
por |Operating Input Voltage Vo, —~GND : :
v Detect Rising Edge of Supply
ct |Over Charge Threshold Voltage 4.33 4.35 4.37 \%
Voltage
v Over Charge Threshold
HYS _ 0.15 0.20 0.25 V
Hysteresis Range
tc1  |Over Charge Delay Time aay 60 75 90 ms
Over Discharge Threshold Detect Falling Edge of
Vo 2437 | 2500 | 2563 | V
Voltage Supply Voltage
tp1  |Over Discharge Delay Time Vbp=3.6V t0 2.4V 7 10 13 ms
v Over Current Detection Detect Rising Edge of VN
oc _ 0.17 0.20 0.23 \Y
Voltage Pin Voltage
Over Current Detection Del
tec | Y lv,,=30v 9 13 17 ms
Time
Vahort |Short Circuit Detection Voltage | Vpp =3.0V Vpp —1.2|Vpp —0.9]Vpp -06] v
Short Circuit Detection Del
tshort |_. ¥ Vpp=3.0V 5 50 HS
Time
Reset Resistance for Over
Rshort ) Vpp=3.6V, VN=1.0V 50 100 150 kQ
Current Protection
Vg1 |[Nch ON Voltage of Cqr | oL =S0pA | Vpp=4.4V 0.35 0.50 \V;
Vg2 [Nch ON Voltage of Dgyr l oL =S0pA | Vpp=2.4V 0.2 05 vV
loo  |Supply Current Vpp=3.9V,VN =0V 3.0 5.0 HA
|'standby |Standby Current Vpp =2.0V 0.1 BA
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AAT8B636 Series
ELECTRICAL CHARACTERISTICS
*AAT8636B Toper =25
Symbol ltem Conditions Min Typ M ax Unit
\ Operating Input Volt Voltage Defined as 1.5 10.0 Y
pp1 |Operating Input Voltage Vo, —~GND : :
v Detect Rising Edge of Supply
ct |Over Charge Threshold Voltage 4.26 4.28 4.30 \%
Voltage
v Over Charge Threshold
HYS _ 0.15 0.20 0.25 V
Hysteresis Range
tc1  |Over Charge Delay Time aay 60 75 90 ms
Over Discharge Threshold Detect Falling Edge of
Vo 2437 | 2500 | 2563 | V
Voltage Supply Voltage
tp1  |Over Discharge Delay Time Vbp=3.6V t0 2.4V 7 10 13 ms
v ) Detect Rising Edge of VN
oc |Over Current Detection Voltage | 0.17 0.20 0.23 \%
Pin Voltage
Over Current Detection Del
tec | Y lv,,=30v 9 13 17 ms
Time
Vahort |Short Circuit Detection Voltage | Vpp =3.0V Vpp —1.2|Vpp —0.9]Vpp -06] v
Short Circuit Detection Del
tshort |_. ¥ Vpp=3.0V 5 50 HS
Time
Reset Resistance for Over
Rhort ) Vpp=3.6V, VN=1.0V 50 100 150 kQ
Current Protection
Vg1 |[Nch ON Voltage of Cqr | oL =S0pA | Vpp=4.4V 0.35 0.50 \V;
Vg2 [Nch ON Voltage of Dgyr l oL =S0pA | Vpp=2.4V 0.2 05 vV
loo  |Supply Current Vpp=3.9V,VN =0V 3.0 5.0 HA
|'standby |Standby Current Vpp =2.0V 0.1 BA
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AAT8B636 Series
ELECTRICAL CHARACTERISTICS
*AAT8636C Toper =25
Symbol ltem Conditions Min Typ M ax Unit
\ Operating Input Volt Voltage Defined as 1.5 10.0 \Y
pp1 |Operating Input Voltage Vo, —~GND : :
v Detect Rising Edge of Supply
ct |Over Charge Threshold Voltage 4.30 4.32 4.34 \%
Voltage
v Over Charge Threshold
HYS _ 0.15 0.20 0.25 V
Hysteresis Range
tc1  |Over Charge Delay Time aay 60 75 90 ms
Over Discharge Threshold Detect Falling Edge of
Vo 2437 | 2500 | 2563 | V
Voltage Supply Voltage
tp1  |Over Discharge Delay Time Vbp=3.6V t0 2.4V 7 10 13 ms
v Over Current Detection Detect Rising Edge of VN
oc : 0.17 0.20 0.23 \Y
Voltage Pin Voltage
Over Current Detection Del
tec | Y lv,,=30v 9 13 17 ms
Time
Vahort |Short Circuit Detection Voltage | Vpp =3.0V Vpp —1.2|Vpp —0.9]Vpp -06] v
Short Circuit Detection Del
tshort |_. ¥ Vpp=3.0V 5 50 HS
Time
Reset Resistance for Over
Rort _ Vpp=3.6V, VN=1.0V 50 100 150 | kQ
Current Protection
Vg1 |[Nch ON Voltage of Cqr | oL =S0pA | Vpp=4.4V 0.35 0.50 \V;
Vg2 [Nch ON Voltage of Dgyr l oL =S0pA | Vpp=2.4V 0.2 05 vV
loo  |Supply Current Vpp=3.9V,VN =0V 3.0 5.0 HA
|'standby |Standby Current Vpp =2.0V 0.1 BA
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AAT8636 Series

TIMING DIAGRAM v o
*AAT8636 SERIES Current Circuit
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AAT8636 Series

OPERATION

1. COM1 (Over-Charge Detector)
COM1 is the monitor of the voltage at the V,, pin. COM1 senses an over charging condition and if this condition continues

longer than the delay time (t, ), when the voltage at V,, exceeds the over charge detector threshold V., . Under this condition,
Cour pinfallsto alow level and thus turns off the external charge control N-channel MOSFET. An interna level shifter is
incorporated in the buffer driver at the C;; pintodrivethelow level of C,; tobeequal to the VN pin voltage. Furthermore,
the high level of C,; isset to beequivalenttoV, .

The over charge delay time t., of over charging is determined by the external capacitor C, connected between the GND and
C.. pin. Thedelay time t, can be estimated as the following:

~ Cyx(Vpp —0.7)
0.48x10°°

Cl

However, if the duration of the over charge condition is not long enough to cover thetime delay window, C; will not changeto

the low level and the charging process continues.

2. Required Conditionsto Reset COM 1 from Over Charging
After the MOSFET, the charge control, is turned off, COM1 can be reset under two conditions. As resetting COM1meansC,;

returnsto high level again and the charging path is reconnected to restart charging process, one of the conditions to reset COM1
iswhen v, falsto lower than* V —V,s" asaresult of battery cell internal discharge. Disconnecting the battery pack from
the charger can also reset COM 1 even when V5 is still within the hysteresiswindow (V¢ — Vv < Vpp <V ).

After the battery pack is disconnected from the charger, connecting a system load to the battery pack allows current to flow
through the parasitic diode of external charge control MOSFET. This discharging current will bring V, down eventually and

once Vpp dropsbelow V., Cq,r will changeto highlevel.
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AAT8636 Series

OPERATION (CONT.)

3. COM2 (Over Discharge Detector)
COM2 monitors the cell voltage at the V,, pin. When V, drops below the over discharge threshold V,, during the

discharging process, COM 1 detects an over charging condition and after delay time (t,, ) elapses, the D, pinfalsto alow

level and thusturning off the external discharge control N-channel MOSFET . As soon asthis happens, the VN pinwill be changed
to high level by an internal PMOS and the AAT8636 series will enter the standby mode.

Connecting the battery pack to a charger is the required condition for AAT8636 series to recover from standby mode. With the
charger connected, the charge current can flow through the parasitic diode of the external discharge control N-channel MOSFET
while v, isstill lower than the over-discharge threshold. Once Vv, is charged up to a value higher than V, , the Do,; pin
goesto ahigh level. Thisleadsto the “ON” state of both the charge and discharge control MOSFETS, and the charging process
proceeds on as long as the charger is connected. Connecting a charger to the battery pack when Vv, isaready higher than V,

will make D, instantaneoudly high.

4. COM3 (Over Current Detector, Short Circuit Protector)
The over current detector and short circuit protector function normally when both the charge and discharge control N-channel
MOSFETsare“ON".

In standard operation, voltage on VN pinwill be either slightly higher or lower than GND, depending on the impedance of the two
MOSFETs. However, when the VN pin voltage risesto aval ue between the short circuit detection voltage V,,, and over current

detection voltage V., the AAT8636 series detect an over current condition. Asaresult, the external discharge control N-channel
MOSFET goesto “OFF” with D, pinat thelow state. An output delay timefor the over current detectionisinternally fixed. A

quick recovery of VN from avalue between Vg, and V. tothe normal value within the delay time keeps the discharge control

FET staying at the “ON” state.

Short circuit may as well be explained as a “serious’ over current condition. When the VN pin voltage rises to a value not only
higher than V. but also higher than Vg, , the short circuit protector will shut down the discharge MOSFET immediately to
protect battery pack from being damaged or exploding.

TheVN pinhasabuilt-in pull down resistor. Thus once the factorsthat cause over current or short circuit isremoved, the VN pin
will be pulled down to ground level through the internal resistor. Therefore, with VN lower than the over current and short circuit

protection threshold, D ; will be turned back on and the AAT8636 series can continue normal charge or discharge operation.

When over current or short circuit occurs, the AAT8636 series will not enter a standby mode.
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AAT8B636 Series
PACKAGE DIMENSION
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PACKAGE DIMENSION (CONT.)

VARIATION (ALL DIMENSIONS SHOWN IN MILLIMETERYS)

SYMBOL | MIN |TYP | MAX
L B s 1.45
N B 0.15
A2 090 | 115 | 130
030 | ------ 0.50
c 008 | ---—--- 0.22
2.90 BSC
E 2.80 BSC
El 1.60 BSC
e 0.95BSC
el 1.90 BSC
L 0.30 | 045 | 0.60
L1 0.60 REF
L2 0.25BSC
R 010 | coooe | —meee-
R1 010 | ------ 0.25
0 o 4° g
01 5 10° 15°
NOTE:

1JEDEC OUTLINE: MO-178 AB
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AAT8636 Series

TAPE AND REEL
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AAT8636 Series

TAPE AND REEL (CONT.)
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AAT8636 Series
AAT8636 Versions
Description 8636A 8636 B 8636 C
Over Charge Threshold Voltage
4.35V 4.28V 4.32V
(Vo)
Over Discharge Threshold
2.50V 2.50V 2.50V
Voltage (Vp,)
Over Current Detection Voltage
0.20Vv 0.20Vv 0.20Vv
(Voc)
PART MARKING
PREVIOUS TOP MAKING
AXXX
NEW TOP MARKING
AXX
NOTE: SOT26 HASNO BACK MARKING.
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AAT8636 Series

ORDERING INFORMATION

AAT XXXXX-XX-X <

A A

Package Code 2
T=Taping Reel
Blank=Tube or Tray

AAT Part Number >
Remark:
T=Taping Reel
PS.
Sot26->3,000pcs/reel
Package Code 1 N Blank=Tube
Sot26: S3
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