
XR-8105
...the analog plus companyTM

Lithium-Ion Cell
Protection System

Rev. 1.00
�1996

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 � (510) 668-7000 � FAX (510) 668-7017

October 1996-2

FEATURES

� Cell Over-Voltage Detection

� Cell End of Discharge Voltage Detection

� Cell Under-Voltage Detection

� Externally Programmable Trip Voltages

� Low Input Bias Current

APPLICATIONS

� Lithium Ion Battery Pack Protection

BENEFITS

� High Pack Reliability

� Irreparable Cell Damage Avoidance

� Early Warning of Impending Disconnect

GENERAL DESCRIPTION

The lithium Ion Protection circuit is a monolithic IC which
will handle all major Lithium Ion battery protection
requirements during charge and discharge. Three or four
cell systems may be used. This IC is designed to provide

highly accurate monitoring of  charging conditions for
each cell to determine maximum safe cell voltage, and
discharging conditions for minimum advisable discharge
voltage level.

ORDERING INFORMATION

Part No. Package
Operating

Temperature Range

XR-8105CD 16 Lead 300 Mil JEDEC SOIC -40°C to +85°C

BLOCK DIAGRAM

Figure 1. Simplified Li-Ion Protection Block Diagram
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PIN CONFIGURATION

OVP
5VREF
OVPREF
EODREF

CELL4+
ON/OFF
CELL3+

NC
UVPREF
CELSEL
EOD
UVP

CELL2+
CELL1+

NC
CELL-

16 Lead SOIC (Jedec, 0.300”)

161

98

2

3

4

5

6

7

15

14

13

12

11

10

PIN DESCRIPTION

Pin # Symbol Type Description

1 CELL4+ I Cell 4 positive connection.  Cell 4 is connected between CELL4+ and CELL3+ pins.

2 ON/OFF I Used to enable and disable the IC.  IC supply current reduces below 100nA in under
voltage condition (shutdown). Connected to negative terminal of the battery charger.

3 CELL3+ I Cell 3 positive connection.  Cell 3 is connected between CELL3+ and CELL2+ pins.

4 NC No Connect.

5 CELL2+ I Cell 2 positive connection.  Cell 2 is connected between CELL2+ and CELL1+ pins.

6 CELL1+ I Cell 1 positive connection. Cell 1 is connected between CELL1+ and CELL- pins.

7 NC No connect.

8 CELL- I IC ground reference potential.

9 UVP O Under-voltage protection output.  This pin provides output current when under-voltage
condition is detected.

10 EOD O End of discharge output. This pin provides CMOS logic output when end of discharge
condition is detected.

11 CELSEL I Used to set up system for 3 or 4 cell operation. Connect to 5VREF for 4 cell applica-
tion and to CELL- for 3 cell application. Short out CELL4+ to CELL3+ for 3 cell applica-
tion.

12 UVPREF I Input reference voltage for under-voltage detection comparator.  Reference voltage
is provided through a resistive divider referenced to on board 5VREF voltage reference.

13 EODREF I Input reference voltage for end of discharge detection comparator.  Reference volt-
age is provided through a resistive divider referenced to on board 5VREF voltage refer-
ence.

14 OVPREF I Input reference voltage for over-voltage detection comparator.  Reference voltage is
provided through a resistive divider referenced to on board 5VREF voltage reference.

15 5VREF O Reference voltage provided to set up EODREF, UVREF and OVREF reference volt-
ages through a resistive divider (see application circuit).

16 OVP O Over-voltage detection output. This pin provides output current when over-voltage
condition is detected.
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ELECTRICAL CHARACTERISTICS
Test Conditions:  4 Cells, Each Cell Voltage=4 VDC, T=25 °C, See Test Circuit.

Symbol Parameter Min. Typ. Max. Unit Conditions

DC Characteristics

ICELL4+ Supply Current, ON State 200 265 350 µA Each Cell Voltage = 4V

ICELL4+ Supply Current, OFF State 100 nA UVP (Shut-Down) mode, 
(VCELL4+ -VON/OFF) < 1.0V

VCELL4+ Operating Voltage 5.3 25 V Total Cell Voltage; Measured on
CELL4+ Pin.

5VREF 5V Reference Voltage 4.9 5.0 5.1 V Load Resistor = 500kΩ

I5VREF 5VREF Output Current 10 200 µA ∆V5VREF < 50mV

ICELL3+ Cell 3 Input Bias Current -10 -1 10 nA Each Cell Voltage = 4V

ICELL2+ Cell 2 Input Bias Current -10 -2 10 nA Each Cell Voltage = 4V

ICELL1+ Cell1 Input Bias Current -20 -8 -2 nA Each Cell Voltage = 4V

VEOD EOD Output Voltage, High 
Level

4.0 4.27 4.5 V IEOD = 50µA, Activated State

VEOD EOD Output Voltage, Low Level 0.70 0.67 0.80 V IEOD = 50µA, Normal State

IEOD EOD Output Source Current 400 600 µA VEOD > 4V, Activated State

IEOD EOD Output Sink Current 200 300 µA VEOD < 0.80V, Normal State

IOVP OVP Output Current, Normal 10 100 pA Each Cell Voltage = 4V, 
VOVP = 0V

IOVP OVP Output Current, Activated 10 18 26 µA Each Cell Voltage = 4V, 
VOVP = VCELL4+ -0.5V

IUVP UVP Output Current, Normal 10 100 pA Each Cell Voltage = 4V, 
VUVP = 0V

IUVP UVP Output Current, Activated 10 18 25 µA Each Cell Voltage = 4V, 
VUVP= VCELL4+ -0.5V

VON ON/OFF ON Threshold 3.2 3.5 3.8 V Each Cell Voltage = 2.3V, Apply
Voltage Between ON/OFF Pin and
CELL4+ Pin.

VOFF ON/OFF OFF Threshold 2.8 3.1 3.4 V Each Cell Voltage = 2.3V, Apply
Voltage Between ON/OFF Pin and
CELL4+ Pin.

Voltage Sense Threshold

OVP Over Voltage Protection
Turn-ON Threshold

4.15 4.2 4.25 V Each Cell Voltage = 4V.  
Increasing Voltage Applied to Cell
Under Such Test Until Trip Point.

UVP Under Voltage Protection 
Turn-ON Threshold

2.4 2.5 2.6 V Each Cell Voltage = 2.3V.
Increasing Voltage Applied to Cell
Under Test Until Trip Point.

∆OVP OVP Turn-ON Threshold
Matching Between Cells

10 20 mV Each Cell Voltage = 4V

∆UVP UVP Turn-ON Threshold 
Matching Between Cells

60 120 mV Each Cell Voltage = 2.3V

∆EOD EOD Turn-On Threshold 
Matching Between Cells

70 140 mV Each Cell Voltage = 2.5V
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ELECTRICAL CHARACTERISTICS  (CONT’D)

Symbol Parameter Min. Typ. Max. Unit Conditions

OVPHYS OVP Threshold Hysteresis 70 100 130 mV Each Cell Voltage = 4V

UVPHYS UVP Threshold Hysteresis 70 100 130 mV Each Cell Voltage = 4V

EODHYS EOD Threshold Hysteresis 15 25 35 mV Each Cell Voltage = 4V

Cell Imbalance

ICELLIMB Maximum Cell Imbalance 
Current

60
40

nA
nA

4 Cell Application
3 Cell Application

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage -0.5V < VCELL4+ < 30V. . . . . . . . 

OVP Output -28V < VOVP < VCELL4+. . . . . . . . . . . . . . . 

UVP Output -0.5V < VUVP < 28V. . . . . . . . . . . . . . . . . . 

EOD Output -0.5V < VEOD < 28V. . . . . . . . . . . . . . . . . 

Storage Temperature -65°C to +150°C. . . . . . . . . . . . 

Operating Temperature -40°C to +85°C. . . . . . . . . . . . 
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Figure 2. Test Circuit
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SYSTEM DESCRIPTION

Cell Over-Voltage Detection

If any cell, or group of parallel cells exceeds an adjustable
maximum Over-Voltage threshold level (set via external
resistor divider network, typically 4.2V), the protection
circuit will shut off output current source (typically 15µA)
at the OVP output, removing gate drive for the external
MOS switch which disrupts battery current charge path.
OVP comparator has built in threshold hysteresis of
100mV typical. Thus the charge path will remain open
until cell voltage drops below 4.1V at which point the
battery can be charged again.

Cell End of Discharge Voltage Detection

When any cell in the pack first discharges to an adjustable
(via external resistor divider network), End of Discharge
voltage level, typically set at 2.7V, the protection circuit
will output a compatible TTL and CMOS compatible high
level on the EOD pin. EOD provides low output level
under normal conditions. This signal is intended to be
used as warning to the user to prepare his/her system for
battery recharging.

Cell Under-Voltage Detection

If any cell, or group of parallel cells drops to an adjustable
minimum Under-Voltage threshold level (set via external
resistor divider network, typically 2.5V), the protection
circuit will shut off output current source (typically 15µA)
at the UVP output, removing gate drive for the external
MOS switch which disrupts battery current discharge
path. UVP comparator has built in threshold hysteresis of
100mV typical. Thus the discharge path will remain open
until cell voltage increases above 2.6V at which point the
battery can be discharged again.

Cell Imbalance

The cell voltage monitor current is less than 20nA.
However, the maximum cell imbalance current can get as
high as 60nA. A 4 cell battery pack will not be imbalanced
by more than 5% in 142.7 years while using this circuit.
For a 3 year period the maximum cell imbalance due to
XR-8105 cell bias current will be < 0.11%.

3 Cell and 4 Cell Operation

The XR–8105 can work with 3 cell or 4 cell  high stacks.
Pin 11 is connected to VREF for 4 cell and to GND for 3 cell
operation.

Startup

To initiate the XR-8105 proper operation, in the
application circuit, a minimum of 5V voltage source is
required to be temporarily applied between BATT+ and
BATT- terminals. Without jump start both MOS switches
will remain OFF preventing current flow to the load even
though the battery may be fully charged. Thus the battery
pack, upon assembly requires a brief connection to the
charger or any 5V or greater value voltage source with
minimum 1kΩ source resistance for the battery pack to be
ready for proper operation.

THEORY OF OPERATION

Background

Li-Ion cells have a terminal voltage which ranges from
2.5V to 4.2V (different manufacturer’s have slightly
different voltages). The cells must be protected from
exceeding these extremes on either end, which is a
requirement different from earlier cell technologies.
Meeting this requirement involves monitoring each cell in
a cell pack. Because Li-Ion cells can be paralleled, any
parallel cells can be monitored together. (e.g. a cell pack
that is 4 cells in series will have 4 points to monitor. A pack
that contains cells in a 3x3 matrix requires only 3 points to
be monitored).

All current is ultimately returned to the bottom of the cell
stack. Any cell input bias current results in causing the
pack to become unbalanced. As an illustration, consider a
4 cell stack. The current removed from the node between
cells 1 and 2 is experienced by only cells 1. The current
removed from the node between cells 2 and cells 3 is
experienced by cells 1 and cells 2. If the currents are the
same, then cell 1 experiences twice the current flow of cell
2. This continues throughout the stack. The largest
imbalanced will be between cell 1 and cell 4 where cell 4
conducts no bias currents and cell 1 conducts all 3 bias
current, assuming that all 3 bias currents have the same
polarity.

To minimize this effect, one of two possible methods can
be employed. The first is sampling. Each cell can be
sampled on a rotating basis, reducing the duty cycle on
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each cell so the effective average current is reduced. The
problem with this method can appear as two possible
results:  (1) A charge on an individual cell can be missed if
it happens during a non monitor period or (2) if a change
occurs in the charger output such that it reaches the full
compliance voltage of the power supply between the
monitoring cycles, it can cause the protection device to
fail and leave you without protection. This will happen if
the charger voltage is above the maximum voltage of the
IC.

The second method is continuous measurement. The
disadvantage of this is that there is a slightly higher
system current drawn. The challenge is to minimize the
bias currents for the measured inputs.  The XR-8105 has
a typical input bias current of 10mA. For today’s capacity
cells, this introduces not more that a 0.11% imbalance
over a 3 year period (for 1.54AH battery), which is
considered the shelf life by the cell manufacturer.

Operation

The EXAR XR-8105 monitors the voltage of 3 or 4 cell
stacks with a differential input stage that isolates the
voltage of each cell tap point. These differential voltages
are compared to each of three reference voltages, which
are externally set by the user based on both application
and manufacturer’s recommendations.

Two of these reference voltages:  UVPREF and OVPREF
are used to determine the state of two outputs that control

external MOS switches via the UVP and OVP outputs
respectively. The UVP output and MOS switch are used to
block discharge current when any cell voltage reaches
the UVPREF point. Charge current is still allowed via the
body diode of the UVP MOS switch.

The UVP condition indicates that one of the cells has
reached the UVP point, typically 2.5VDC. Any further
drain on a cell that has reached this point can cause
irreparable damage. Because of this, the GND point for all
in pack circuitry is isolated by this MOS switch as well.
Thus, when the UVP MOS switch is turned off, the system
GND is lifted from the in-pack circuitry and all possible
sources, of battery drain including XR-8105 supply
current, are removed.

The reaction to an OVP condition is similar. If any cell in
the peak reaches the OVPREF voltage (typically
4.2VDC), the OVP output turns off the OVP MOS switch,
disconnecting the charge current path. Again, discharge
current is allowed through the body diode of the OVP
MOS switch. In this case, the in-pack electronics remain
active.

One additional reference point and output exists. These
are the pins used to detect and indicate an end of
discharge voltage condition, or EOD. EOD is typically set
at 2.7V.  The EOD output is a logic level. A logic level “1”
indicates an EOD condition, allowing a system to alert a
user to shut down the host system in an orderly fashion
prior to full power disconnect which occurs when the UVP
threshold is reached.
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SYMBOL MIN MAX MIN MAX

A 0.093 0.104 2.35 2.65

A1 0.004 0.012 0.10 0.30

B 0.013 0.020 0.33 0.51

C 0.009 0.013 0.23 0.32

D 0.398 0.413 10.10 10.50

E 0.291 0.299 7.40 7.60

e 0.050 BSC 1.27 BSC

H 0.394 0.419 10.00 10.65

L 0.016 0.050 0.40 1.27

α 0° 8° 0° 8°

INCHES MILLIMETERS

16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability.  EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement.  Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application.  While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness.  Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1996 EXAR Corporation
Datasheet  October 1996
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.


