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FEATURES
� Provides Accurate Measurement of Available

Charge in Li-Ion and Li-Polymer Batteries
� Supports the Smart Battery Specification

(SBS) V1.1
� Integrated Time Base Removes Need for

External Crystal
� Works With the TI bq29311 Analog Front End

(AFE) Protection IC to Provide Complete Pack
Electronics for 10.8-V or 14.4-V Battery Packs
With Few External Components

� Based on a Powerful Low-Power RISC CPU
Core With High-Performance Peripherals

� Integrated FLASH Memory Eliminates the
Need for External Configuration EEPROM

� Measures Charge Flow Using a High
Resolution 16-Bit Integrating Converter

–  Better Than 3-nVh of Resolution
–  Self-Calibrating
–  Offset Error Less Than 1-µV

� Uses 16-Bit Delta Sigma Converter for
Accurate Voltage and Temperature
Measurements

� Programmable Cell Modeling for Maximum
Battery Fuel Gauge Accuracy

� Drives 3-, 4-, or 5-Segment LED Display for
Remaining Capacity Indication

� 38-Pin TSSOP (DBT)

APPLICATIONS
� Notebook PCs
� Medical and Test Equipment
� Portable Instrumentation
   

DESCRIPTION
The bq2085 SBS-compliant gas gauge IC for battery
pack or in-system installation maintains an accurate
record of available charge in Li-ion or Li-polymer
batteries. The bq2085 monitors capacity and other
critical parameters of the battery pack and reports the
information to the system host controller over a serial
communication bus. It is designed to work with the
bq29311 analog front-end (AFE) protection IC to
maximize functionality and safety and minimize
component count and cost in smart battery circuits.
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DESCRIPTION (CONTINUED)T h e  b q 2 0 8 5 0 u s e s  a n  i n t e g r a t i n g  c o n v e r t e r  w i t h c o n t i n u o u s  s a m p l i n g  f o r  t h e  m e a s u r e m e n t  o f  b a t t e r yc h a r g e  a n d  d i s c h a r g e  c u r r e n t s .  O p t i m i z e d  f o r  c o u l o m bcounting in portable applications, the self-calibratingintegrating converter has a resolution better than 3-nVha n d  a n  o f f s e t  m e a s u r e m e n t  e r r o r  o f  l e s s  t h a n  1 - � V( t y p i c a l ) .  F o r  v o l t a g e  a n d  t e m p e r a t u r e  r e p o r t i n g ,  t h eb q 2 0 8 5 0 u s e s  a  1 6 - b i t  A - t o - D  c o n v e r t e r.  I n  c o n j u n c t i o nwith the bq29311, the onboard ADC also monitorsi n d i v i d u a l  c e l l  v o l t a g e s  i n  a  b a t t e r y  p a c k  a n d  a l l o w s  t h eb q 2 0 8 5 0 t o  g e n e r a t e  t h e  c o n t r o l  s i g n a l s  n e c e s s a r y  t oimplement the cell balancing and  the required safetyprotection for Li-ion and Li-polymer battery chemistries.The bq20850supports the Smart Battery Data (SBData)commands and charge-control functions. Itc o m m u n i c a t e s  d a t a  u s i n g  t h e  S y s t e m  M a n a g e m e n tB u s  ( S M B u s )  2 - w i r e  p r o t o c o l .  T h e  d a t a  a v a i l a b l einclude the battery’s remaining capacity, temperature,voltage, current, and remaining run-time predictions.T h e  b q 2 0 8 5 0 p r o v i d e s  L E D  d r i v e r s  a n d  a  p u s h - b u t t o ni n p u t 0 t o  d e p i c t  r e m a i n i n g  b a t t e r y  c a p a c i t y  f r o m  f u l l  t oe m p t y  i n  2 0 % ,  2 5 % ,  o r  3 3 %  i n c r e m e n t s  w i t h  a  3 - ,  4 - ,  o r5-segment display.The bq20850contains 512 bytes of internal data flashmemory, which store configuration information. Theinformation includes nominal capacity and voltage,self-discharge rate, rate compensation factors, ando t h e r 0 p r o g r a m m a b l e  c e l l - m o d e l i n g  f a c t o r s 0 u s e d  t oaccurately adjust remaining capacity for use-conditionsbased on time, rate, and temperature. The bq20850alsoa u t o m a t i c a l l y  c a l i b r a t e s  o r  l e a r n s  t h e  t r u e  b a t t e r yc a p a c i t y  i n  t h e  c o u r s e  o f  a  d i s c h a r g e  c y c l e  f r o mp r o g r a m m a b l e  n e a r  f u l l  t o  n e a r  e m p t y  l e v e l s . T h e  b q 2 9 3 11  A F E  p r o t e c t i o n  I C 0 p r o v i d e s  p o w e r  t o  t h e b q 2 0 8 5 0 f r o m  a  3  o r  4  s e r i e s  L i - i o n  c e l l  s t a c k ,  e l i m i n a t i n gthe need for an external regulator circuit.
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A B S O L U T E  M A X I M U M  R A T I N G S o v e r  o p e r a t i n g  f r e e - a i r  t e m p e r a t u r e  ( u n l e s s  o t h e r w i s e  n o t e d ) † S u p p l y  v o l t a g e  r a n g e ,  V D D  r e l a t i v e  t o  V S S  ( s e e  N o t e  1 ) – 0 . 3   V  t o  6  V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  O p e n - d r a i n  I / O  p i n s ,  V ( I O D )  r e l a t i v e  t o  V S S  ( s e e  N o t e  1 ) – 0 . 3   V  t o  6  V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  I n p u t  v o l t a g e  r a n g e  t o  a l l  o t h e r  p i n s ,  V I  r e l a t i v e  t o  V S S  ( s e e  N o t e  1 ) – 0 . 3   V  t o  V D D  +  0 . 3 V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

O p e r a t i n g  f r e e - a i r  t e m p e r a t u r e  r a n g e ,  T A – 2 0 �

C  t o  8 5 �
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.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  S t o r a g e  t e m p e r a t u r e  r a n g e ,  T .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1 1 3 0 m p e 5 4 T m 
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SMBus TIMING SPECIFICATIONS
VDD = 3.0 V to 3.6 V, TA = –20°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

FSMB SMBus operating frequency Slave mode, SMBC 50% duty cycle 10 100 kHz

FMAS SMBus master clock frequency Master mode, no clock low slave extend 51.2 kHz

TBUF Bus free time between start and stop 4.7 µs

THD:STA Hold time after (repeated) start 4.0 µs

TSU:STA Repeated start setup time 4.7 µs

TSU:STO Stop setup time 4.0 µs

T Data hold time
Receive mode 0

sTHD:DAT Data hold time
Transmit mode 300

µs

TSU:DAT Data setup time 250 µs

TTIMEOUT Error signal/detect See Note 5 25 35 ms

TLOW Clock low period 4.7 µs

THIGH Clock high period See Note 6 4.0 50 µs

TLOW:SEXT Cumulative clock low slave extend time See Note 7 25 ms

TLOW:MEXT Cumulative clock low master extend time See Note 8 10 ms

TF Clock/data fall time See Note 9 300 ns

TR Clock/data rise time See Note 10 1000 ns

NOTES: 5. The bq2085 times out when any clock low exceeds TTIMEOUT
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Measurements

The bq2085 uses an integrating sigma-delta analog-to-digital converter (ADC) for current measurement and
a second sigma delta ADC for battery voltage and temperature measurement. Voltage, current, and
temperature measurements are made every second.

Charge and Discharge Counting

The integrating ADC measures the charge and discharge flow of the battery by monitoring a small-value sense
resistor between the SR1 and SR2 pins as shown in the schematic. The integrating ADC measures bipolar
signals from –0.3 to 1.0 V. The bq2085 detects charge activity when VSR = V(SR1)–V(SR2) is positive and
discharge activity when VSR = V(SR1)–V(SR2) is negative. The bq2085 continuously integrates the signal over
time, using an internal counter. The fundamental rate of the counter is 2.6 nVh. The bq2085 updates Remaining
Capacity() with the charge or discharge accumulated in this internal counter once every second.

Offset Calibration

The bq2085 provides an autocalibration feature to cancel the voltage offset error across SR1 and SR2 for
maximum charge measurement accuracy. The bq2085 performs autocalibration when the SMBus lines stay low
for a minimum of 20 s. The bq2085 is capable of automatic offset calibration down to 1µV.

Digital Filter

The bq2085 does not measure charge or discharge counts below the digital filter threshold. The digital filter
threshold is programmed in the Digital Filter DF 0x2b and should be set sufficiently high to prevent false signal
detection with no charge or discharge flowing through the sense resistor.

Voltage

While monitoring SR1 and SR2 for charge and discharge currents, the bq2085 monitors the individual series
cell voltages through the bq29311. The bq2085 configures the bq29311 to present the selected cell to the
VCELL pin of the bq29311 which should be connected to VIN of the bq2085. The internal ADC of the bq2085
then measures the voltage and scales it appropriately. The bq2085 then reports the Voltage( ) and the  individual
cell voltages in VCELL1, VCELL2, VCELL3, and VCELL4 located in 0x3c–0x3f.

Current

The bq2085 uses the SR1 and SR2 inputs to measure and calculate the battery charge and discharge current
as represented in the data register Current().

Temperature

The TS input of the bq2085 in conjunction with an NTC thermistor measures the battery temperature as shown
in the schematic. The bq2085 reports temperature in Temperature( ).

The bq2085 can also be configured to use its internal temperature sensor by setting the IT bit in Misc
Configuration  DF 0x2a. Data flash locations DF 0xa4 through DF 0xad also have to be changed to prescribed
values if the internal temperature sensor option is selected.

Gas Gauge Operation

Table 1. Data Flash Settings for Internal or External Temperature Sensor

LABEL
LOCATION
Dec (Hex)

INTERNAL TEMP SENSOR SETTING
Dec (Hex)

EXTERNAL TEMP SENSOR SETTING
Dec (Hex)

Misc. Configuration 42 (0x2a) Bit 7 = 1 Bit 7 = 0

TS Const1 164/5 (0xa4/5) 0 (a3) 37251 (0x9183)

TS Const2 166/7 (0xa6/7) 0 (a2) 20848 (0x5170)

TS Const3 168/9 (0xa8/9) –11136 (a1) 57999 (0xe28f)

TS Const4 170/1 (0xaa/b) 5754 (a0) 4012 (0x0fac)

TS Const5 172/3 (0xac/d) 13348 (3424) 5190 (0x1446)
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The operational overview in Figure 3 illustrates the gas gauge operation of the bq2085. Table 3 describes the

bq2085 registers.

C h a r g e E f f i c i e n c y C o m p e n s a t i o n

C u r r e n t

+R e m a i n i n g C a p a c i t y ( R M )

C u r r e n t

C o m p e n s a t i o n

T i m e r– –�+

F u l l

C h a r g e C a p a c i t y ( F C C )

DischargeCountRegister(DCR)Q u a l i f i e d

T r a n s f e r

T e m p e r a t u r e ,  O t h e r  D a t a M a i n  C o u n t e r s  a n d C a p a c i t y  R e f e r e n c e  ( F C C )O u t p u t sA v a i l a b l e  C h a r g e L E D  D i s p l a y T w o - W i r e

S e r i a l  P o r t

–++B a t t e r y  E l e c t r o n i c s

L o a d   E s t i m a t e

F i g u r e  3 .  b q 2 0 8 5  O p e r a t i o n a l  O v e r v i e w T h e  b q 2 0 8 5  a c c u m u l a t e s  a  m e a s u r e  o f  c h a r g e  a n d  d i s c h a r g e  c u r r e n t s  a n d  e s t i m a t e s  s e l f - d i s c h a r g e  o f  t h e

b a t t e r y .  T h e  b q 2 0 8 5  c o m p e n s a t e s  t h e  c h a r g e  c u r r e n t  m e a s u r e m e n t  f o r  t e m p e r a t u r e  a n d  s t a t e - o f - c h a r g e  o f  t h e

b a t t e r y .  T h e  b q 2 0 8 5  a l s o  a d j u s t s  t h e  s e l f - d i s c h a r g e  e s t i m a t i o n  b a s e d  o n  t e m p e r a t u r e .

T h e  m a i n  c h a r g e  c o u n t e r  R e m a i n i n g C a p a c i t y ( )  ( R M )  r e p r e s e n t s  t h e  a v a i l a b l e  c a p a c i t y  o r  e n e r g y  i n  t h e  b a t t e r y

a t  a n y  g i v e n  t i m e .  T h e  b q 2 0 8 5  a d j u s t s  R M  f o r  c h a r g e ,  s e l f - d i s c h a r g e ,  a n d  o t h e r  c o m p e n s a t i o n  f a c t o r s .  T h e

i n f o r m a t i o n  i n  t h e  R M  r e g i s t e r  i s  a c c e s s i b l e  t h r o u g h  t h e  S M B u s  i n t e r f a c e  a n d  i s  a l s o  r e p r e s e n t e d  t h r o u g h  t h e

L E D  d i s p l a y .

T h e  F u l l C h a r g e C a p a c i t y ( )  ( F C C )  r e g i s t e r  r e p r e s e n t s  t h e  l a s t  m e a s u r e d  f u l l  d i s c h a r g e  o f  t h e  b a t t e r y .  I t  i s  u s e d

a s  t h e  b a t t e r y  f u l l - c h a r g e  r e f e r e n c e  f o r  r e l a t i v e  c a p a c i t y  i n d i c a t i o n .  T h e  b q 2 0 8 5  u p d a t e s  F C C  a f t e r  t h e  b a t t e r y

u n d e r g o e s  a  q u a l i f i e d  d i s c h a r g e  f r o m  n e a r l y  f u l l  t o  a  l o w  b a t t e r y  l e v e l .  F C C  i s  a c c e s s i b l e  t h r o u g h  t h e  S M B u s

i n t e r f a c e .

T h e  D i s c h a r g e  C o u n t  R e g i s t e r  ( D C R )  i s  a  n o n - a c c e s s i b l e  r e g i s t e r  t h a t  t r a c k s  d i s c h a r g e  o f  t h e  b a t t e r y .  T h e

b q 2 0 8 5  u s e s  t h e  D C R  r e g i s t e r  t o  u p d a t e  t h e  F C C  r e g i s t e r  i f  t h e  b a t t e r y  u n d e r g o e s  a  q u a l i f i e d  d i s c h a r g e  f r o m

n e a r l y  f u l l  t o  a  l o w  b a t t e r y  l e v e l .  I n  t h i s  w a y ,  t h e  b q 2 0 8 5  l e a r n s  t h e  t r u e  d i s c h a r g e  c a p a c i t y  o f  t h e  b a t t e r y  u n d e r

system use conditions.

Main Gas-Gauge Registers

The gas-gauge register functions are described in Table 3.
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RemainingCapacity( ) (RM)

RM represents the remaining capacity in the battery. The bq2085 computes RM in units of either mAh or 10 mWh
depending on the selected mode. See Battery Mode( ) (0x03) for units configuration.

RM counts up during charge to a maximum value of FCC and down during discharge and self-discharge to a
minimum of 0. In addition to charge and self-discharge compensation, the bq2085 calibrates RM at three
low-battery-voltage thresholds, EDV2, EDV1, and EDV0 and three programmable midrange thresholds
VOC25, VOC50, and VOC75. This provides a voltage-based calibration to the RM counter.

DesignCapacity( ) (DC)

DC is the user-specified battery full capacity. It is calculated from Pack Capacity DF 0x31-0x32 and is
represented in units of  mAh or 10 mWh. It also represents the full-battery reference for the absolute display
mode.

FullChargeCapacity( ) (FCC)

FCC is the last measured discharge capacity of the battery. It is represented in units of either mAh or 10 mWh,
depending on the selected mode. On initialization, the bq2085 sets FCC to the value stored in Last Measured
Discharge DF 0x35-0x36. During subsequent discharges, the bq2085 updates FCC with the last measured
discharge capacity of the battery. The last measured discharge of the battery is based on the value in the DCR
register after a qualified discharge occurs. Once updated, the bq2085 writes the new FCC value to data flash
in mAh to Last Measured Discharge. FCC represents the full battery reference for the relative display mode and
relative state of charge calculations.

Discharge Count Register (DCR)

The DCR register counts up during discharge, independent of RM. DCR counts discharge activity, battery load
estimation, and self-discharge increment. The bq2085 initializes DCR, at the beginning of a discharge, to FCC
– RM when RM is within the programmed value in Near Full DF 0x2f. The DCR initial value of FCC – RM is
reduced by FCC/128 if SC = 0 (bit 5 in Gauge Configuration) and is not reduced if SC = 1. DCR stops counting
when the battery voltage reaches the EDV2 threshold on discharge.

Capacity learning (FCC Update) and Qualified Discharge

The bq2085 updates FCC with an amount based on the value in DCR if a qualified discharge occurs. The new
value for FCC equals the DCR value plus the programmable nearly full and low battery levels, according to the
following equation:

FCC (new) � DCR (final) � DCR (initial) � Measured Discharge to EDV2 � (FCC � Battery Low%)

Battery Low % = (value stored in DF 0x2e) ÷ 2.56

A qualified discharge occurs if the battery discharges from RM ≥ FCC – Near Full to the EDV2 voltage threshold
with the following conditions:

� No valid charge activity occurs during the discharge period. A valid charge is defined as a charge of 10 mAh
into the battery.

� No more than 256 mAh of self-discharge or battery load estimation occurs during the discharge period.

� The temperature does not drop below the low temperature thresholds programmed in Learning Low Temp
DF 0x9b during the discharge period.

� The battery voltage reaches the EDV2 threshold during the discharge period and the voltage is greater than
or equal to the EDV2 threshold minus 256 mV when the bq2085 detected EDV2.

� No midrange voltage correction occurs during the discharge period.

� Current remains ≥ 3C/32 when EDV2 or Battery Low % level is reached.

� No overload condition exists when EDV2 threshold is reached or if RM( ) has dropped to Battery Low%

*FCC.

(1)
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T a b l e  3 .  b q 2 0 8 
 3 R e g i s t e r  F u n c t i o n s  ( C o n t i n u e d ) FUNCTION

C O M M A N D  C O D EACCESSUNITSRelativeStateOfCharge0x0d

read

percent

AbsoluteStateOfCharge0x0e

read

percent

RemainingCapacity0x0freadmAh, 10 mWhFullChargeCapacity0x10readmAh, 10 mWhRunTimeToEmpty0x11readminutesAverageTimeToEmpty0x12readminutesAverageTimeToFull0x13readminutes

ChargingCurrent0x14

read

mA

ChargingVoltage0x15readmVBattery Status0x16read
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Table 4. Self-Discharge for Rate Programmed

TEMPERATURE

(° C)

S E L F - D I S C H A R G E  R A T E

Temp 

< 10

1/4 Y% per day10 ≤ T e m p  

<20

1/2 Y% per day20 ≤ T e m p  

<30

Y% per day

30 ≤ T e m p  

<40

2Y% per day

40 ≤ T e m p  

<50

4Y% per day50 ≤ T e m p  

<60

8Y% per day

60 ≤ T e m p  

<70

16Y% per day

70 ≤ T e m p

32Y% per day

Time 

– Days

0200

400

6008001000

1200

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0

TA = 15

°CCAPACITYvsTIME

TA = 35

°C

TA = 25

°C

TA = 45

°C
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For the midrange corrections to occur, the temperature must be in the range of 19°C to 31

°C inclusive and the

C u r r e n t ( )  a n d  A v e r a g e C u r r e n t ( )  m u s t  b o t h  b e  b e t w e e n  

–640mA and 0. The bq208.1makes midrange
corrections as shown in Table 5. For a correction to occur, the bq208.1must detect the need for correction twice
during subsequent 20-s intervals. With the VCOR bit set, the bq208.1makes midrange corrections whenever
conditions permit. If the OTVC bit in 

Gauge Configuration DF 0x1.3is set and VCOR = 0, the bq208.1makes

a single attempt of mid-range correction immediately after device reset and does not require a second

validation.

Table 5. Midrange Corrections

CONDITION

RESULT

Voltage( )

≥ VOC755and RelativeStateOfCharge( ) 

≤ 63%

RelativeStateOfCharge( )

→75%

< VOC755and RelativeStateOfCharge( ) 

≥ 87%

RelativeStateOfCharge( )

→75%

≥VOC505and RelativeStateOfCharge( ) ≤ 38%

RelativeStateOfCharge( )

→50%

<VOC505and RelativeStateOfCharge( ) ≥ 62%

RelativeStateOfCharge( )

→50%

≥ VOC255and RelativeStateOfCharge( ) 

≤ 13%

RelativeStateOfCharge( )

→25%

< VOC255and RelativeStateOfCharge( ) 

≥ 37%

RelativeStateOfCharge( )

→25%

C h a r g e  C o n t r o lCharging Voltage5and Current Broadcasts

The bq20856supports SBS charge control by broadcasting the ChargingCurrent() and ChargingVoltage() to

the Smart Charger address. The bq20856broadcasts the requests every 10 seconds. The bq20856updates the

v a l u e s  u s e d  i n  t h e  c h a r g i n g  c u r r e n t  a n d  v o l t a g e 5 b r o a d c a s t s  b a s e d  o n  t h e  b a t t e r y ’s state of charge, voltage, and

temperature. The charge voltage5is programmed in Charging Voltage DF 0x039-0x3a. The charge current may

take5any of four different values: Fast Charging Current DF (0x3d –0x3c), Maintenance Charging Current (DF

0x3f), Precharge Current (0x41), or00  The charge current depends on charge state and operating conditions.

The bq20856internal charge control is compatible with the constant current/constant voltage5profile for0Li-Ion.

The bq20856detects primary charge termination on the basis of the tapering charge current during the

c o n s t a n t - v o l t a g e  p h a s e .

Alarm Broadcasts to Smart Charger and HostIf5any of the bits 8 –156in BatteryStatus() are set, the bq20856broadcasts an AlarmWarning( ) message5to the

Host address. If5any of the bits 12 –156in BatteryStatus() are set, the bq20856also sends an AlarmWarning( )

message5to the Smart Charger address. The bq20856repeats the AlarmWarning( ) messages every 10 seconds

u n t i l  t h e  a l a r m  b i t s  a r e  c l e a r e d .

P r e c h a r g e  Q u a l i f i c a t i o n

The bq20856sets ChargingCurrent() to the precharge rate as programmed in 
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Overcurrent: An overcurrent condition exists when the bq2085 measures the charge current to be equalto or greater than 

Overcurrent Margin

 plus ChargingCurrent(). Overcurrent Margin

 is programmed in DF

0x5c–0x5d. On detecting an overcurrent condition, the bq2085 sets the ChargingCurrent() to zero and setsthe TERMINATE_CHARGE_ALARM bit in Battery Status(). The overcurrent condition and TERMINATE_CHARGE_ALARM are cleared when the measured current drops below Overcurrent Margin

.�Overvoltage: An overvoltage condition exists when the bq2085 measures the battery voltage to be morethan Over Voltage Margin plus ChargingVoltage(), or when a cell voltage has exceeded the overvoltagelimit programmed in 

Cell Over Voltage . Over Voltage Margin

 is programmed in DF 0x5a –0x5b and 

Cell OverVoltage

 in DF 0x60. On detecting an overvoltage condition, the bq2085 sets the ChargingCurrent() to zero

and sets the TERMINATE_CHARGE_ALARM bit in BatteryStatus(). The bq2085 clears the TERMINATE_CHARGE_ALARM bit when it detects that the battery is no longer being charged (DISCHARGING bit setin BatteryStatus()). The bq2085 continues to broadcast zero charging current until the overvoltage

condition is cleared. The overvoltage condition is cleared when the measured battery voltage drops below
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TERMINATE_CHARGE_ALARM when it no longer detects that the battery is being charged or it no longer

detects the termination condition. See Table 6 for a summary of BatteryStatus( ) alarm and status bit

operation.

Table 6. Alarm and Status Bit SummaryBATTERY STATE

CONDITIONSCC( ) CURRENT AND

STATUS BITS SET

STATUS CLEAR CONDITION Overcurrent

C( ) 

≥

 CC( ) + 

Overcurrent Margin

CC( ) = 0,  TCA = 1
C( ) < Overcurrent MarginProlonged

Overcurrent

AC( ) ≥

 Fast-Charging Current

 + Overcurrent Margin

CVOV = 1

CC( ) = 0, TCA = 1

AC( ) < 256
mA OverloadAC( ) ≤

 –Overload Current

CVUV = 1 AC( ) < –

256
mA

V( )≥CV( ) +Over VoltageMargin
TCA = 1 DISCHARGING = 1 Overvoltage

V( ) ≥

 CV( ) + 

Over Voltage Margin 

VCELL1, 2, 3, or 4 ≥

 Cell Over Voltage

CC( ) = 0,  CVOV = 1
V( ) < CV( ) + 

Over Voltage Margin

VCELL(all) ≤  Cell Over Voltage Reset

OvertemperatureT() ≥

 Max Temperature CC( ) = 0, OTA = 1,TCA = 1, CVOV = 1 T() ≤

 Max Temperature –

Temperature

Hysteresis

 or T() 

≤

 43°C

CC( ) = 0, FC = 1 RSOC( )<

 Fully Charged Clear %

OverchargeCapacity added after RM( ) = FCC( ) ≥Μαξιµυµ Οϖερχηαργε OCA = 1, TCA = 1 DISCHARGING = 1, and 2 mAh of

discharge is measured

T() < 0

°C

CC( ) = 0 0°C 

≤ T()

Undertemperature0°C  

≤

 T() < LTF CC( ) = PrechargeT() ≥

 LTF + DF 0x44
(default = 3

°C)

Primary Char e
FC = 1, TCA = 1 CC( ) Maintenance

 TerminationCurrent taper
CC( ) = MaintenanceCharging Current

RSOC( ) < 

Fully Charged Clear%

Fully Discharged

RM( ) < 

Battery Low % andDISCHARGING = 1

FD = 1
RSOC( ) ≥

 20%

RM( ) = 0V( ) ≤

 

Terminate Voltage TDA = 1
V( ) > 

Terminate Voltage 

and RM( ) > 0

OverdischargedVCELL1, 2, 3 or 4 ≤

 Χελλ Υνδερ ςολταγε

TDA = 1, CVUV = 1 V( ) > 

Terminate Voltage

VCELL(all) ≥

 

Cell Under Voltage Reset

Low Capacity RM() <  RCA()
R C A  =  1

R M ( )  ≥

 RCA()

L o w  R u n  T i m e

ATTE() <  RTA() R T A  =  1
AT T E ( )  

≥

 RTA()

N O T E : A C ( )  =  A v e r a g e C u r r e n t ( ) ,  C ( )  =  C u r r e n t ( ) ,  C V ( )  =  C h a r g i n g V o l t a g e ( ) ,  C C ( )  =  C h a r g i n g C u r r e n t ( ) ,  V ( )  =  V o l t a g e ( ) ,

T ( )  =  Te m p e r a t u r e ( ) ,  T C A  =  T E R M I N AT E _ C H A R G E _ A L A R M ,  O TA  =  O V E R _ T E M P E R AT U R E _ A L A R M ,  

O C A  =  O V E R _ C H A R G E D _ A L A R M ,  T D A  =  T E R M I N AT E _ D I S C H A R G E _ A L A R M ,  F C  =  F U L LY _ C H A R G E D ,

F D  =  F U L LY _ D I S C H A R G E D ,  R S O C ( )  =  R e l a t i v e S t a t e O f C h a r g e ( ) .  R M ( )  =  R e m a i n i n g C a p a c i t y ( ) ,  

R C A  =  R E M A I N I N G _ C A PA C I T Y _ A L A R M ,  R T A  =  R E M A I N I N G _ T I M E _ A L A R M ,  AT T E ( )  =  A v e r a g e T i m e T o E m p t y ( ) ,

R T A ( )  =  R e m a i n i n g T i m e A l a r m ( ) ,  R C A ( )  =  R e m a i n i n g C a p a c i t y A l a r m ( ) .  LT F  =  L o w  Te m p e r a t u r e  F a u l t  t h r e s h o l d

F C C ( )  =  F u l l  C h a r g e  C a p a c i t y Cell Balancing

T h e  b q 2 0 8 5  b a l a n c e s  t h e  c e l l s  d u r i n g  c h a r g e  b y  d i s c h a r g i n g  t h o s e  c e l l s  a b o v e  t h e  t h r e s h o l d  s e t  i n  

C e l l  B a l a n c e

T h r e s h o l d

 D F  0 x d 7

–

0 x d 8 ,  i f  t h e  m a x i m u m  d i f f e r e n c e  i n  c e l l  v o l t a g e s  e x c e e d s  t h e  v a l u e  p r o g r a m m e d  i n  

C e l l

B a l a n c e  M i n

 D F  0 x d b .  F o r  c e l l  b a l a n c i n g ,  t h e  b q 2 0 8 5  m e a s u r e s  t h e  c e l l  v o l t a g e s  a t  a n  i n t e r v a l  s e t  i n  

C e l l

B a l a n c e  I n t e r v a l

 D F  0 x d c .  O n  t h e  b a s i s  o f  t h e  c e l l  v o l t a g e s ,  t h e  b q 2 0 8 5  e i t h e r  s e l e c t s  t h e  a p p r o p r i a t e  c e l l  t o

d i s c h a r g e  o r  a d j u s t s  t h e  c e l l  b a l a n c e  t h r e s h o l d  u p  b y  t h e  v a l u e  p r o g r a m m e d  i n  

C e l l  B a l a n c e  W i n d o w

 0 x d 9

–

0 x d a

w h e n  a l l  c e l l s  e x c e e d  t h e  c e l l  b a l a n c e  t h r e s h o l d  o r  t h e  h i g h e s t  c e l l  e x c e e d s  t h e  c e l l  b a l a n c e  t h r e s h o l d  b y  t h e

c e l l  b a l a n c e  w i n d o w .

T h e  c e l l  b a l a n c e  t h r e s h o l d  i s  r e s e t  t o  t h e  v a l u e  i n  
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D I S P L A Y  P O R T GeneralThe display port drives a 3-, 4-, or 5-LED bar-graph display. The display is activated by a logic signal on the DISPinput. The bq2085 can display RM in either a relative or absolute mode with each LED representing a

percentage of the full-battery reference. In relative mode, the bq2085 uses FCC as the full-battery reference;

i n  a b s o l u t e  m o d e ,  i t  u s e s  D e s i g n  C a p a c i t y  ( D C ) .

T h e  D M O D E  b i t  i n  P a c k  C o n f i g u r a t i o n D F  0 x 3 1 9 p r o g r a m s  t h e  b q 2 0 8 5  f o r  t h e  a b s o l u t e  o r  r e l a t i v e  d i s p l a y  m o d e .

T h e  L E D  b i t s 9 p r o g r a m  t h e  3 - ,  4 - ,  o r  5 - L E D  o p t i o n . ActivationThe display may be activated at any time by a high-to-low transition on the DISP

 input. This is usually

accomplished with a pullup4resistor and a pushbutton switch. Detection of the transition activates the display

and starts9a four second display timer. Reactivation of the display requires that the DISP

 input4return to a

logic-high state and then transition low again. The second high-to-low transition can be detected only after the

d i s p l a y  t i m e r  e x p i r e s .  I f  u n u s e d ,  t h e  D I S P

 i n p u t 4 m u s t  b e  p u l l e d  u p 4 t o  V

C C

If the EDV0 bit is set, the bq2085 disables the LED display.Display Modes

In relative mode, each LED output4represents 20%, 25%, or 33% of the RelativeStateOfCharge() value. In

absolute mode, each LED output4represents 20%, 25% or 33% of the AbsoluteStateOfCharge() value. Table 7

s h o w s  t h e  d i s p l a y  o p t i o n s  f o r  5  L E D s  T a b l e  8  f o r  4  L E D s ,  a n d  T a b l e  9  f o r  3  L E D s .

In either mode, the bq2085 blinks the LED display if RemainingCapacity() is less than Remaining

CapacityAlarm(). The display is disabled if EDV0 = 1.Table 7. Display Mode for Five LEDs

CONDITIONRELATIVE OR ABSOLUTE
FIVE-LED DISPLAY OPTION

RELATIVE OR ABSOLUTE 

StateOfCharge( )

LEDLEDLEDLED
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Table 8. Display Mode for Four LEDsCONDITION
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Table 11. Stand-Alone bq29311 Protection Control

MODE CONDITION CLEAR (see Note 16)

Over Load AFE Over Curr Dsg (DF 0xb2) is breached for Over Curr Delay (DF 0xb4) AverageCurrent() = 0 mA

Over Current AFE Over Curr Chg (DF 0x0b3) is breached for Over Curr Delay (DF 0xb4) AverageCurrent() = 0 mA

Short Circuit, Discharge AFE Short Circ Thresh (DF 0xb6) is breached for AFE Short Circuit Delay (DF
0xb7, lower nibble)

AverageCurrent() = 0 mA
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Low-Power Modes

The bq2085 enters sleep mode when the charge and discharge current is less than the threshold programmed
in Sleep Current Threshold DF 0xe5, the SMBus lines are low for at least 2 s, and bit 4 of Misc. Configuration
DF 0x2a is set to zero. The bq2085 wakes up periodically to monitor voltage and temperature and to apply
self-discharge adjustment. The sleep period is set in Sleep Timer DF 0xe7. The bq2085 wakes up at a period
set by Sleep Current Time DF 0xe6 to measure current. The bq2085 comes out of sleep when the SMBus lines
go high or if the current is greater than Sleep Current Threshold. A rising edge on SMBC or SMBD restores the
bq2085 to the full operating mode.

Reset Conditions

On power-up the entire IC is reset and data is loaded from Data Flash to configure the SBS Data and the system.
On a partial reset (loss of VCC but RBI holds RAM valid) then a limited number of locations are taken.

These actions are the following:

� The AFE registers are rewritten.

� PackStatus() VDQ flag is cleared (the proposed change is not to clear VDQ).

� PackStatus() EDV2 flag is cleared.

� BatteryStatus() DISCHARGING flag is cleared.

� The charger and alarm broadcast period is set to 10 seconds between broadcasts.

COMMUNICATION

The bq2085 includes an SMBus communication port. The SMBus interface is a 2-wire bidirectional protocol
using the SMBC (clock) and SMBD (data) pins. The communication lines are isolated from VCC and may be
pulled-up higher than VCC. Also, the bq2085 does not pull these lines low if VCC to the part is zero.

The communication ports allow a host controller, an SMBus compatible device, or other processor to access
the memory registers of the bq2085. In this way a system can efficiently monitor and manage the battery.

SMBus

The SMBus interface is a command-based protocol. A processor acting as the bus master initiates
communication to the bq2085 by generating a start condition. A start condition consists of a high-to-low
transition of the SMBD line while the SMBC is high. The processor then sends the bq2085 device address of
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PEC Protocol (Continued)
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Block Read

Read Word

Write Word

A –  ACKNOWLEDGE
A –  NOT ACKNOWLEDGE
S –  START
P –  STOP

A A

bq2083

Figure 7. SMBus Communication Protocol With PEC

PEC Calculation

The basis of the PEC calculation is an 8-bit cyclic redundancy check (CRC-8) based on the polynomial 
C(X) = X8 + X2 + X1 + 1. The PEC calculation includes all bytes in the transmission, including address,
command, and data.  The PEC calculation does not include ACKNOWLEDGE, NOT ACKNOWLEDGE, start,
stop, and repeated start bits.

For example, the host requests RemainingCapacity( ) from the bq2085. This includes the host following the read
word protocol. The bq2085 calculates the PEC based on the following 5 bytes of data, assuming the remaining
capacity of the battery is 1001 mAh.

� Battery Address with R/W = 0: 0x16

� Command Code for RemainingCapacity( ): 0x0f

� Battery Address with R/W = 1: 0x17

� RemainingCapacity( ): 0x03e9

For 0x160f17e903, the bq2085 transmits a PEC of 0xe8 to the host.

PEC Enable in Master Mode

PEC for master mode broadcasts to the charger, host, or both can be enabled/disabled with the combination
of the bits hpe and cpe in Pack Configuration DF 0x28.
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RemainingTimeAlarm()  (0x02)Description:  Sets or gets the Remaining Time Alarm value. Whenever the AverageTimeToEmpty() falls belowthe remaining time value, the bq208 5sends AlarmWarning( ) messages to the SMBus host with theREMAINING_TIME_ALARM bit5set. A remaining time value ofl0leffectively disables this alarm. The bq208 initially sets the remaining time value to the Remaining Time Alarm value programmed in DF 0x00–0x01. Theremaining time value remains unchanged until altered by the RemainingTimeAlarm() function.Purpose:  The RemainingTimeAlarm() function can be used by systems that want to adjust when the remainingtime alarm warning is sent. The remaining time value can be read to verify the value in use by the bq208 RemainingTimeAlarm( ).SMBus protocol: Read or write word

Input/Output: Unsigned integer—the point below which remaining time messages are sent.Units: MinutesRange: 0 to 65,535lminutesGranularity: Not applicableAccuracy: See AverageTimeToEmpty().BatteryMode() (0x03)Description:  Selects the various battery operational modes and reports the battery’s mode and requests.Defined modes include�
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PRIMARY_BATTERY_SUPPORT bit is not used by the bq2085.

RELEARN_FLAG bit set indicates that the bq2085 is requesting a capacity relearn cycle for the battery. The
bq2085 sets the RELEARN_FLAG on a full reset and if it detects 20 cycle counts without an FCC update. The
bq2085 clears this flag after a learning cycle has been completed.

CHARGE_CONTROLLER_ENABLED bit is not used by the bq2085. The bq2085 forces this bit to zero.

PRIMARY_BATTERY bit is not used by the bq2085. The bq2085 forces this bit to zero.

Table 12. Battery Mode Bits and Values

Battery Mode( ) BITS BITS USED FORMAT ALLOWABLE VALUES

INTERNAL_CHARGE_CONTROLLER 0 Read only bit flag

PRIMARY_BATTERY_SUPPORT 1 Read only bit flag

Reserved 2–6

RELEARN_FLAG 7 Read only bit flag
0—Battery OK
1—Relearn cycle requested

CHARGE_CONTROLLER_ENABLED 8 R/W bit flag

PRIMARY_BATTERY 9 R/W bit flag

Reserved 10–12

ALARM_MODE 13 R/W bit flag
0—Enable alarm broadcast (default)
1—Disable alarm broadcast

CHARGER_MODE 14 R/W bit flag
0—Enable charging broadcast (default)
1—Disable charging broadcast

CAPACITY_MODE 15 R/W bit flag
0—Report in mA or mAh (default)
1—Report in 10mW or 10 mWh

ALARM_MODE bit is set to disable the bq2085’s ability to master the SMBus and send AlarmWarning( )
messages to the SMBus host and the smart battery charger. When set, the bq2085 does not master the SMBus,
and AlarmWarning( ) messages are not sent to the SMBus host and the smart battery charger for a period of
no more than 60 seconds and no less than 59 seconds. When cleared (default), the smart battery sends the
AlarmWarning( ) messages to the SMBus host and the smart battery charger any time an alarm condition is
detected.

� The ALARM broadcast does not occur more often than once every 10 s. Whenever the BATTERY_MODE
command is received, the bq2085 resets the bit and starts or restarts a 60-seconds (nominal) timer. After
the timer expires, the bq2085 automatically enables alarm broadcasts to ensure that the accidental
deactivation of broadcasts does not persist. An SMBus host that does not want the bq2085 to be a master
on the SMBus must therefore continually set this bit at least once per 59 seconds to keep the bq2085 from
broadcasting alarms.

� The ALARM_MODE bit defaults to a cleared state when the bq2085 enters SLEEP mode.

� The condition of the ALARM-MODE bit does not affect the operation or state of the CHARGER_MODE bit,
which is used to prevent broadcasts of ChargingCurrent( ) and ChargingVoltage( ) to the smart battery
charger.

CHARGER_MODE bit enables or disables the bq2085’s transmission of ChargingCurrent( ) and
ChargingVoltage( ) messages to the smart battery charger. When set, the bq2085 does not transmit
ChargingCurrent( ) and ChargingVoltage( ) values to the smart battery charger. When cleared, the bq2085
transmits the ChargingCurrent( ) and ChargingVoltage( ) values to the smart battery charger. The
CHARGER_MODE bit defaults to a cleared state when the bq2085 enters SLEEP mode.
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Purpose:  The AtRateOK( ) function is part of a two-function call-set used by power management systems to
determine if the battery can safely supply enough energy for an additional load. The bq2085 updates
AtRateOK( ) within 5 ms after the SMBus host sets the AtRate( ) value. The bq2085 automatically updates
AtRateOK( ) based on the At Rate( ) value every 1 second.

SMBus protocol: Read word

Output:  Boolean—indicates if the battery can supply the additional energy requested.

Units: Boolean

Range: 1, 0

Granularity: Not applicable

Accuracy: Not applicable

Temperature( ) (0x08)

Description:  Returns the temperature (K) measured by the bq2085.

Purpose:  The Temperature( ) function provides accurate cell temperatures for use by battery chargers and
thermal management systems. A battery charger can use the temperature as a safety check. Thermal
management systems may use the temperature because the battery is one of the largest thermal sources in
a system.

SMBus protocol: Read word

Output:  Unsigned integer—cell temperature in tenth-degree Kelvin increments.

Units: 0.1°K
Range: 0 to +6553.5°K {real range}

Granularity: 0.1°K
Accuracy: ±1.5°K (from ideal Semitec 103AT thermistor performance, after calibration)

Voltage( ) (0x09)

Description:  Returns the cell-pack voltage (mV).

Purpose:  The Voltage( ) function provides power management systems with an accurate battery terminal
voltage. Power management systems can use this voltage, along with battery current information, to
characterize devices they control. This ability helps enable intelligent, adaptive power-management systems.

SMBus protocol:  Read word

Output:  Unsigned integer—battery terminal voltage in mV.

Units: mV

Range: 0 to 20,000 mV

Granularity: 1 mV

Accuracy: ±0.25% (after calibration)

Current( ) (0x0a)

Description:  Returns the current being supplied (or accepted) by the battery (mA).

Purpose:  The Current( ) function provides a snapshot for the power management system of the current flowing
into or out of the battery. This information is of particular use in power-management systems because they can
characterize individual devices and tune their operation to actual system power behavior.

SMBus protocol: Read word

Output:  Signed integer—charge/discharge rate in mA increments-positive for charge, negative for discharge.
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 mAR a n g e :  – 3 2 , 7 6 8 . t o  3 2 , 7 6 7  m A G r a n u l a r i t y :  1 mAA c c u r a c y :  l
29% or 5 mA, whichever is greaterA v e r a g e C u r r e n t ( )  ( 0 x 0 b ) D e s c r i p t i o n :   R e t u r n s  a  v a l u e  t h a t  a p p r o x i m a t e s  a  o n e - m i n u t e  r o l l i n g  a v e r a g e  o f  t h e  c u r r e n t  b e i n g  s u p p l i e d  ( o r a c c e p t e d )  t h r o u g h  t h e  b a t t e r y  t e r m i n a l s  ( m A ) .  T h e  A v e r a g e C u r r e n t ( )  f u n c t i o n  r e t u r n s  v a l u e s  e q u i v a l e n t  t o C u r r e n t ( )  d u r i n g  t h e  b a t t e r y ’s  f i r s t  m i n u t e  o f  o p e r a t i o n . P u r p o s e :   T h e  A v e r a g e C u r r e n t ( )  f u n c t i o n  p r o v i d e s  t h e  a v e r a g e  c u r r e n t  f l o w i n g  i n t o  o r  o u t  o f  t h e  b a t t e r y  f o r  t h e power management system.S M B u s  p r o t o c o l :  Read wordO u t p u t :   S i g n e d  i n t e g e r — c h a r g e / d i s c h a r g e  r a t e  i n  m A  i n c r e m e n t s - p o s i t i v e  f o r  c h a r g e ,  n e g a t i v e  f o r  d i s c h a r g e . U n i t s :  mAR a n g e :  – 3 2 , 7 6 8 . t o  3 2 , 7 6 7  m A G r a n u l a r i t y :  1  m A A c c u r a c y :  l
29% or 5 mA, whichever is greaterM a x E r r o r ( )  ( 0 x 0 c ) D e s c r i p t i o n :   R e t u r n s  t h e  e x p e c t e d  m a r g i n  o f  e r r o r  ( % )  i n  t h e  s t a t e  o f  c h a r g e  c a l c u l a t i o n .  F o r  e x a m p l e ,  w h e n M a x E r r o r ( )  r e t u r n s  1 0 %  a n d  R e l a t i v e S t a t e O f C h a r g e ( )  r e t u r n s  5 0 % ,  t h e  R e l a t i v e  S t a t e O f C h a r g e ( )  i s  m o r e l i k e l y  b e t w e e n  5 0 %  a n d  6 0 % .  T h e  b q 2 0 8 5  s e t s  M a x E r r o r ( )  t o  1 0 0 %  o n  a  f u l l  r e s e t .  T h e  b q 2 0 8 5  s e t s  M a x E r r o r ( ) t o  2 %  o n  c o m p l e t i o n  o f  a  l e a r n i n g  c y c l e ,  u n l e s s  t h e  b q 2 0 8 5  l i m i t s  t h e  l e a r n i n g  c y c l e  t o  t h e  + 5 1 2 / - 2 5 4  m A hm a x i m u m  a d j u s t m e n t  v a l u e s .  I f  t h e  l e a r n i n g  c y c l e  i s  l i m i t e d ,  t h e  b q 2 0 8 5  s e t s  M a x E r r o r ( )  t o  8 %  u n l e s sM a x E r r o r ( )  w a s  a l r e a d y  b e l o w  8 % .  I n  t h i s  c a s e  M a x E r r o r ( )  d o e s  n o t  c h a n g e .  T h e  b q 2 0 8 5  i n c r e m e n t sM a x E r r o r ( )  b y  1 %  a f t e r  f o u r  i n c r e m e n t s  o f  C y c l e C o u n t ( )  w i t h o u t  a  l e a r n i n g  c y c l e . I f  v o l t a g e - b a s e d  c o r r e c t i o n s  a r e  a p p l i e d  t o  t h e  c o u l o m b  c o u n t e r ,  M a x E r r o r ( )  i s  s e t  t o  2 9 % . P u r p o s e :   T h e  M a x E r r o r ( )  f u n c t i o n  h a s  r e a l  v a l u e  i n  t w o  w a y s :  f i r s t ,  t o  g i v e  t h e  u s e r  a  c o n f i d e n c e  l e v e l  a b o u t t h e  s t a t e  o f  c h a r g e  a n d  s e c o n d ,  t o  g i v e  t h e  p o w e r  m a n a g e m e n t  s y s t e m  i n f o r m a t i o n  a b o u t  h o w  a g g r e s s i v e  i t should be, particularly as the battery nears the end of its life.S M B u s  p r o t o c o l :  

 Read wordO u t p u t :   Unsigned integer— p e r c e n t  u n c e r t a i n t y  f o r  s e l e c t e d  i n f o r m a t i o n . U n i t s :  %R a n g e :  2– 1 0 0 % G r a n u l a r i t y :  1 % A c c u r a c y :  Not applicableR e l a t i v e S t a t e O f C h a r g e ( )  ( 0 x 0 d ) D e s c r i p t i o n :  R e t u r n s  t h e  p r e d i c t e d  r e m a i n i n g  b a t t e r y  c a p a c i t y  e x p r e s s e d  a s  a  p e r c e n t a g e  o f F u l l C h a r g e C a p a c i t y ( )  ( % ) . P u r p o s e :   T h e  R e l a t i v e S t a t e O f C h a r g e ( )  f u n c t i o n  i s  u s e d  t o  e s t i m a t e  t h e  a m o u n t  o f  c h a r g e  r e m a i n i n g  i n  t h e battery relative to the last learned capacity.S M B u s  p r o t o c o l :  Read word
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Output:  Unsigned integer-percent of remaining capacity.

Units: %

Range: 0–100%

Granularity: 1%

Accuracy: -0, +MaxError( )

AbsoluteStateOfCharge( )(0x0e)

Description:
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BATTERY MODES
CAPACITY_MODE

BIT = 0

CAPACITY_MODE

BIT = 1

Units

mAh 10 mWh

Range0–65,53.4mAh

–0, +MaxError( ) * FullCharageCapacity( )

RunTimeToEmpty( ) (0x11)

Description:

  Returns the predicted remaining battery life at the present rate of discharge (minutes). The

RunTimeToEmpty( ) value is calculated based on either current or power depending on the setting of the

BatteryMode( ) CAPACITY_MODE bit.

Purpose:  The RunTimeToEmpty( ) provides the power management system with information about the relativegain or loss in remaining battery life in response to a change in power policy. This information is 

not

 the same

as the AverageTimeToEmpty( ), which is not suitable to determine the effects that result from a change in power

policy.

SMBus protocol:

 Read word

Output:  Unsigned integer—minutes of operation left.

Units:

 Minutes

Range: 0 to 65,534 minGranularity:

 2 min or better

Accuracy:  –0, +MaxError() 

*

 FullChargeCapacity() / Current()

Invalid Data Indication: 65,53.4indicates battery is not being discharged.

AverageTimeToEmpty() (0x12)

Description:

  Returns a one-minute rolling average of the predicted remaining battery life (minutes). The

AverageTimeToEmpty() value is calculated based on either current or power depending on the setting of the

BatteryMode() CAPACITY_MODE bit.

Purpose:  The AverageTimeToEmpty() displays state-of-charge information in a more useful way. It averagesthe instantaneous esti-of-ch1349
/F9 1 Tf
l138791 tys

 Read word

Output:  Unsigned integer—minutes of operation left.

Units:

 Minutes

Range: 0 to 65,534 minGranularity:

 2 min or better

Accuracy:  –0, +MaxError() 

*
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Granularity: 2 minutes or better

Accuracy:  –0, +MaxError( ) * FullChargeCapacity( ) / AverageCurrent( )

Invalid Data Indication: 65,535 indicates the battery is not being charged.

ChargingCurrent( ) (0x14)

Description:  Returns the desired charging rate in mA.

Purpose:  The ChargingCurrent( ) function sets the maximum charge current of the battery. The
ChargingCurrent( ) value should be used in combination with the ChargingVoltage( ) value to set the charger’s
operating point. Together, these functions permit the bq2085 to dynamically control the charging profile
(current/voltage) of the battery. The bq2085 can effectively turn off a charger by returning a value of 0 for this
function. The charger may be operated as a constant-voltage source above its maximum regulated current
range by returning a ChargingCurrent( ) value of 65,535.

SMBus protocol: Read word

Output:  Unsigned integer—maximum charger output current in mA.

Units: mA

Range: 0 to 65,535 mA

Granularity: 1 mA

Accuracy: Not applicable

Invalid Data Indication: 65,535 indicates that a charger should operate as a voltage source outside its
maximum regulated current range.

ChargingVoltage( ) (0x15)

Description: Returns the desired charging voltage in mV.

Purpose: The ChargingVoltage( ) function sets the maximum charge voltage of the battery. The
ChargingVoltage( ) value should be used in combination with the ChargingCurrent( ) value to set the charger’s
operating point. Together, these functions permit the bq2085 to dynamically control the charging profile
(current/voltage) of the battery. The charger may be operated as a constant-current source above its maximum
regulated voltage range by returning a ChargingVoltage( ) value of 65,535.

SMBus protocol: Read word

Output:  Unsigned integer—charger output voltage in mV.

Units: mV

Range: 0 to 65,535 mV

Granularity: 1mV

Accuracy: Not applicable

Invalid Data Indication: 65,535 indicates the charger should operate as a current source outside its maximum
regulated voltage range.

BatteryStatus( ) (0x16)

Description: Returns the bq2085 status word (flags). Some of the BatteryStatus( ) flags
(REMAINING_CAPACITY_ALARM and REMAINING_TIME_ALARM) are calculated on the basis of either
current or power depending on the setting of the BatteryMode( ) CAPACITY_MODE bit. This is important
because use of the wrong calculation mode may result in an inaccurate alarm.

Purpose:  The BatteryStatus( ) function is used by the power-management system to get alarm and status bits,
as well as error codes from the bq2085. This is basically the same information broadcast to both the SMBus
host and the smart battery charger by the AlarmWarning( ) function except that the AlarmWarning( ) function
sets the error code bits all high before sending the data.

SMBus protocol: Read word
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  Unsigned Integer – status register with alarm conditions bit mapped as follows:ALARM BITS

0x8000

OVER_CHARGED_ALARM

0x4000

TERMINATE_CHARGE_ALARM

0x2000Reserved

0x1000

OVER_TEMP_ALARM

0x0800TERMINATE_DISCHARGE_ALARM0x0400

Reserved

0x0200

REMAINING_CAPACITY_ALARM

0x0100

REMAINING_TIME_ALARM

STATUS BITS 0x0080

Initialized

0x0040

DISCHARGING

0x0020

FULLY_CHARGED

0x0010

FULLY_DISCHARGED

ERROR CODES

0x0007

Unknown Error

0x0006

BadSize

0x0005

Overflow/Underflow

0x0004AccessDenied0x0003

UnsupportedCommand

0x0002

ReservedCommand

0x0001

Busy

0x0000

OK

Alarm Bits

OVER_CHARGED_ALARM bit is set whenever the bq2085 detects that the battery is being charged beyond
the maximum overcharge limit. This bit is cleared when the bq2085 detects that the battery is no longer being
charged and there are 2 mAh of continuous discharge (i.e., the bq2085 detects discharge activity or no activity
above the digital filter).

TERMINATE_CHARGE_ALARM bit is set when the bq2085 detects that one or more of the battery charging
parameters are out of range (e.g., its voltage, current, or temperature is too high) or when the bq2085 detects
a primary charge termination. This bit is cleared when the parameter falls back into the allowable range, the
termination condition ceases, or when the bq2085 detects that the battery is no longer being charged.

OVER_TEMP_ALARM bit is set when the bq2085 detects that the internal battery temperature is greater than
o r  e q u a l  t o  t h e  

Max Temperature

 threshold. This bit is cleared when the internal temperature falls back into the
acceptable range.

TERMINATE_DISCHARGE_ALARM bit is set when RM = 0, Voltage( ) 

≤

 

Terminate Voltage

, or the CVUV bit
in pack status is set indicating that a Li-Ion cell voltage has dropped below the limit programmed in 

Cell Under

.
The bit is cleared when Voltage() 

>

 

Terminate Voltage

, RM() > 0, and the CVUV bit is cleared.

REMAINING_CAPACITY_ALARM bit is set when the bq2085 detects that RemainingCapacity() is less than
that set by the RemainingCapacityAlarm() function. This bit is cleared when either the value set by the
RemainingCapacityAlarm() function is lower than the RemainingCapacity() or when the RemainingCapacity( )
is increased by charging.



bq2085
 

SLUS541 – OCTOBER 2002

34 www.ti.com

REMAINING_TIME_ALARM bit is set when the bq20 l
detects that the estimated remaining time at the present

discharge rate is less than that set by the RemainingTimeAlarm() function. This bit is cleared when either the

value set by the RemainingTimeAlarm() function is lower than the AverageTimeToEmpty() or when the

A v e r a g e T i m e T o E m p t y ( )  i s  i n c r e a s e d  b y  c h a r g i n g .

S t a t u s  B i t s T h e  i n i t i a l i z e d  b i t  i s  s e t  w h e n  t h e  b q 2 0  l 
 i s  h a s 
 d e t e c t e d  a  v a l i d  l o a d  o f  d a t a  f l a s h  a t  f u l l  o r  p a r t i a l  r e s e t .  I t  i s

c l e a r e d  w h e n  t h e  b q 2 0  l 
 d e t e c t s  a n  i m p r o p e r  d a t a  f l a s h  l o a d . D I S C H A R G I N G  b i t  i s  s e t  w h e n  t h e  b q 2 0  l 
 d e t e r m i n e s  t h a t  t h e  b a t t e r y  i s  n o t  b e i n g  c h a r g e d .  T h i s  b i t  i s  c l e a r e d

w h e n  t h e  b q 2 0  l 
 d e t e c t s  t h a t  t h e  b a t t e r y  i s  b e i n g  c h a r g e d . F U L L Y _ C H A R G E D  b i t  i s  s e t  w h e n  t h e  b q 2 0  l 
 d e t e c t s  a  p r i m a r y  c h a r g e  t e r m i n a t i o n  o r  a n  O v e r c h a r g e

c o n d i t i o n .  I t  i s  c l e a r e d  w h e n  R e l a t i v e S t a t e O f C h a r g e ( )  i s  l e s s  t h a n  t h e  p r o g r a m m e d  F u l l y  C h a r g e d  C l e a r  % i nD F  0 x . 7 9 F U L L Y _ D I S C H A R G E D  b i t  i s  s e t  w h e n  V o l t a g e ( )  o r  V C E L L  i s  l e s s  t h a n  t h e  E D V 2  t h r e s h o l d  a n d  C u r r e n t ( )  <

Overload Current  o r  w h e n  R e l a t i v e S t a t e O f C h a r g e ( )  <  B a t t e r y  L o w  %.  T h i s  b i t  i s  c l e a r e d  w h e n

R e l a t i v e S t a t e O f C h a r g e ( )  i s  g r e a t e r  t h a n  o r  e q u a l  t o  2 0 % .

E r r o r  C o d e s

E R R O R  C O D E S

D E S C R I P T I O N

OK

T h e  b q 2 0  l 
 p r o c e s s e d  t h e  f u n c t i o n  c o d e  w i t h o u t 
 d e t e c t i n g  a n y  e r r o r s .B u s yT h e  b q 2 0  l 
 i s  u n a b l e  t o  p r o c e s s  t h e  f u n c t i o n  c o d e  a t  t h i s  t i m e .
Reserved

T h e  b q 2 0  l 
 d e t e c t e d  a n  a t t e m p t  t o  r e a d  o r  w r i t e  t o  a  f u n c t i o n  c o d e  r e s e r v e d  b y  t h i s  v e r s i o n  o f  t h e  s p e c i f i c a t i o n .

T h e  b q 2 0  l 
 d e t e c t e d  a n  a t t e m p t  t o  a c c e s s  a n  u n s u p p o r t e d  o p t i o n a l  m a n u f a c t u r e r  f u n c t i o n  c o d e .

U n s u p p o r t e dT h e  b q 2 0  l 
 d o e s  n o t  s u p p o r t  t h i s  f u n c t i o n  c o d e  w h i c h 
 i s  d e f i n e d  i n  t h i s  v e r s i o n  o f  t h e  s p e c i f i c a t i o n . A c c e s s D e n i e dT h e  b q 2 0  l 
 d e t e c t e d  a n  a t t e m p t  t o  w r i t e  t o  a  r e a d - o n l y  f u n c t i o n  c o d e .O v e r / U n d e r f l o wT h e  b q 2 0  l 
 d e t e c t e d  a  d a t a  o v e r f l o w  o r  u n d e r f l o w. B a d S i z eT h e  b q 2 0  l 
 d e t e c t e d  a n  a t t e m p t  t o  w r i t e  t o  a  f u n c t i o n  c o d e  w i t h  a n  i n c o r r e c t  d a t a  b l o c k .U n k n o w n E r r o rT h e  b q 2 0  l 
 d e t e c t e d  a n  u n i d e n t i f i a b l e  e r r o r.

C y c l e C o u n t ( ) ( 0 x 1 7 )

  R e t u r n s  t h e  n u m b e r  o f  c y c l e s  t h e  b a t t e r y  h a s  e x p e r i e n c e d .  T h e  m A h  v a l u e  o f  e a c h 
 c o u n t 
 i s d e t e r m i n e d  b y  p r o g r a m m i n g  t h e  C y c l e  C o u n t  T h r e s h o l d v a l u e  i n  D F  0 x 3 7 - 0 x 3 8 .  T h e  b q 2 0  l 
 s a v e s  t h e  c y c l e c o u n t 
 v a l u e  t o  C y c l e  C o u n t D F  0 x 0 c - 0 x 0 d  a f t e r  a n  u p d a t e  t o  C y c l e C o u n t ( ) . P u r p o s e :   T h e  C y c l e C o u n t ( )  f u n c t i o n  p r o v i d e s  a  m e a n s  t o  d e t e r m i n e  t h e  b a t t e r y  w e a r .  I t  m a y  b e  u s e d  t o  g i v e a d v a n c e  w a r n i n g  t h a t  t h e  b a t t e r y  i s  n e a r i n g  i t s  e n d  o f  l i f e .
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SMBus protocol: Read word

Output:  Unsigned integer—battery capacity in units of  mAh or 10 mWh.

BATTERY MODES

CAPACITY_MODE
BIT = 0

CAPACITY_MODE
BIT = 1

Units mAh 10 mWh

Range 0–65,535 mAh 0–65,535 10 mWh

Granularity Not applicable Not applicable

Accuracy Not applicable Not applicable

DesignVoltage( ) (0x19)

Description:  Returns the theoretical voltage of a new pack (mV). The bq2085 sets DesignVoltage( ) to the
value programmed in Design Voltage DF 0x04–0x05.

Purpose:  The DesignVoltage( ) function can be used to give additional information about a particular smart
battery expected terminal voltage.

SMBus protocol: Read word

Output:  Unsigned integer—the battery’s designed terminal voltage in mV

Units: mV

Range: 0 to 65,535 mV

Granularity: Not applicable

Accuracy: Not applicable

SpecificationInfo( ) (0x1a)

Description:  Returns the version number of the smart battery specification the battery pack supports, as well
as voltage and current scaling information in a packed unsigned integer. Power scaling is the product of the
voltage scaling times the current scaling. The SpecificationInfo is packed in the following fashion:

      (SpecID_H * 0x10 + SpecID_L) + (VScale + IPScale * 0x10) * 0x100.

The bq2085 VScale (voltage scaling) and IPScale (current scaling) should always be set to zero. The bq2085
sets SpecificationInfo( ) to the value programmed in Specification Information DF 0x06-0x07.

Purpose:  The SpecificationInfo( ) function is used by the SMBus host’s power management system to
determine what information the smart battery can provide.

SMBus protocol: Read word

Output:  Unsigned integer—packed specification number and scaling information:

FIELD BITS USED FORMAT ALLOWABLE VALUES

SpecID_L 0...3 4-bit binary value 0–15

SpecID_H 4...7 4-bit binary value 0–15

VScale 8...11 4-bit binary value 0 (multiplies voltage by 10^ VScale)

IPScale 12...15 4-bit binary value 0 (multiplies current by 10 ^ IPScale)

ManufactureDate( ) (0x1b)

Description:  This function returns the date the cell pack was manufactured in a packed integer. The date is
packed in the following fashion: (year-1980) * 512 + month * 32 + day. The bq2085 sets ManufactureDate( ) to
the value programmed in Manufacture Date DF 0x08–0x09.

Purpose:  The ManufactureDate( ) provides the system with information that can be used to uniquely identify
a particular battery pack when used in conjunction with SerialNumber( ).
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SMBus protocol: Read word

Output: Unsigned integer-packed date of manufacture:FIELD

BITS USED FORMATALLOWABLE VALUES Day0...45-bit binary value

0–.31(corresponds to date)
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The following is a partial list of chemistries and their expected abbreviations. These abbreviations are not case
sensitive.

Lead acid PbAc

Lithium ion LION

Nickel cadmium NiCd

Nickel metal hydride NiMH

Nickel zinc NiZn

Rechargeable alkaline-manganese RAM

Zinc air ZnAr

The ManufacturerData( ) (0x23)

Description: This function allows access to the manufacturer data contained in the battery (data). The bq2085
stores seven critical operating parameters in this data area.

Purpose: The ManufacturerData( ) function may be used to access the manufacturer’s data area. The data
fields of this command reflect the programming of eight critical data flash locations and can be used to facilitate
evaluation of the bq2085 under various programming sets. The ManufacturerData( ) function returns the
following information in order: Pack Configuration, Gauge Configuration, Misc Configuration, Digital Filter, Self
Discharge Rate, Pack Load Estimate, Battery Low%, and Near Full (2 bytes) AFE Status, and the pending EDV
threshold voltage (low byte and high byte).

SMBus protocol: Read block

Output:  Block data—data that reflects data flash programming as assigned by the manufacturer with maximum
length of 13 characters (12 + length byte).

Pack Status and Pack Configuration (0x2f)

This function returns the pack status and pack configuration registers. The pack status register contains a
number of status bits relating to bq2085 operation. The pack status register is the least significant byte of the
word.

The pack configuration register reflects how the bq2085 is configured as defined by the value programmed in
Pack Configuration in DF 0x28.

The pack status register consists of the following bits:

b7 b6 b5 b4 b3 b2 b1 b0

AFE EDV2 SS VDQ 0 SOV CVOV CVUV

AFE

The AFE bit indicates whether the bq29311 RAM integrity check has failed.

0 bq29311 integrity check passed

1 bq29311 integrity check failed

EDV2

The EDV2 bit indicates that pack or cell voltage (program option) is less than the EDV2 threshold.

0 Voltage > EDV2 threshold (discharging)

1 Voltage ≤ EDV2 threshold

SS

The SS bit indicates the seal state of the bq2085.

0 The bq2085 is in the unsealed state.

1 The bq2085 is in the sealed state.
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The VDQ bit indicates if the present discharge cycle is valid for an FCC update.0 Discharge cycle not valid

1 Discharge cycle validSOVThe SOV bit indicates that the safety output limits have been exceeded. Once set, the flag stays set until thebq208 5is reset.0 Safety limits not exceeded

1 Safety limits exceededCVOV

The CVOV bit indicates that a protection limit has been exceeded. It5is set on a Prolonged Overcurrent,Overvoltage, or Overtemperature condition. The bit is not latched and merely reflects the present fault status.0No secondary protection limits exceeded

1A secondary protection limit exceededC V U V T h e  C V U V  b i t  i n d i c a t e s  t h a t  a  p r o t e c t i o n  l i m i t  h a s  b e e n  e x c e e d e d .  I t 5 i s  s e t  o n  a n  o v e r l o a d  o r  o v e r d i s c h a r g e c o n d i t i o n .  T h e  b i t  i s  n o t  l a t c h e d  a n d  m e r e l y  r e f l e c t s  t h e  p r e s e n t  f a u l t  s t a t u s . 0 N o  s e c o n d a r y  p r o t e c t i o n  l i m i t s  e x c e e d e d

1A secondary protection limit exceededV C E L L 4 - V C E L L 1  ( 0 x 3 c - 0 x 3 f ) T h e s e  f u n c t i o n s  r e t u r n  t h e  c a l c u l a t e d  i n d i v i d u a l  c e l l  v o l t a g e s  i n  m V . D a t a  F l a s h

GeneralThe bq208 5accesses the internal data flash during reset and when storing historical data. The data flash storesbasic configuration information for use by the bq208 . The data flash must be programmed correctly for proper

bq208 5operation.

M e m o r y  M a p Ta b l e  1 3 5 s h o w s  t h e  m e m o r y  m a p  f o r  t h e  d a t a  f l a s h .  I t 5 s h o w s  t h e  d e f a u l t  p r o g r a m m i n g  f o r  t h e  b q 2 0 8  .  T h e
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Table 13. Data Flash Memory Map

DATA FLASH ADDRESS
NAME LI ION EXAMPLE

DATA

HIGH BYTE LOW BYTE
NAME LI-ION EXAMPLE

MSB LSB

0x00 0x01 Remaining Time Alarm 10 minutes 00 0a

0x02 0x03 Remaining Capacity Alarm 360 mAh 01 68

0x04 0x05 Design Voltage 10800 mV 2a 30

0x06 0x07 Specification Information v1.1/PEC 00 31

0x08 0x09 Manufacture Date 2/15/02=11343 2c 4f

0x0a 0x0b Serial Number 1 00 01

0x0c 0x0d Cycle Count 0 00 00

0x0e Manufacturer Name Length 11 0b

0x0f Character 1 T 54

0x10 Character 2 e 45

0x11 Character 3 x 58

0x12 Character 4 a 41

0x13 Character 5 s 53

0x14 Character 6 20

0x15 Character 7 I 49

0x16 Character 8 n 4e

0x17 Character 9 s 53

0x18 Character 10 t 54

0x19 Character 11 . 2e

0x1a Device Name Length 6 06

0x1b Character 1 b 42

0x1c Character 2 q 51

0x1d Character 3 2 32

0x1e Character 4 0 30

0x1f Character 5 8 38

0x20 Character 6 3 33

0x21 Character 7 — 00

0x22 Device Chemistry Length 4 04

0x23 Character 1 L 4c

0x24 Character 2 I 49

0x25 Character 3 O 4f

0x26 Character 4 N 4e

0x27 Manufacturer Data Length 12 09

0x28 Pack Configuration DMODE, LED1, CC1 c2

0x29 Gauge Configuration CSYNC 40

0x2a Misc Configuration VOD 01

0x2b Digital Filter 9860 nV 22

0x2c Self-Discharge Rate 0.2% 14

0x2d Electronics Load 0 mA 00

0x2e Battery Low % 7.03% 12

0x2f 0x30 Near Full 200 mAh 00 c8

NOTE: Reserved locations must be set as shown. Locations marked with an * are typical calibration values that can be adjusted for
maximum accuracy. For these locations the table shows the appropriate default or initial setting.
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Table 13.  Data Flash Memory Map (Continued)

DATA FLASH ADDRESS

NAMELI ION EXAMPLEDATA

HIGH BYTELOW BYTE

NAMELI-ION EXAMPLE

MSB

LSB

0x310x32Design Capacity
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Table 13.  Data Flash Memory Map (Continued)

DATA FLASH ADDRESS
NAME LI ION EXAMPLE

DATA

HIGH BYTE LOW BYTE
NAME LI-ION EXAMPLE

MSB LSB

0xac 0xad TS Const 5 00 00

0xae 0xaf Reserved 0f ac

0xb0 Reserved 32

0xb1 AFE Brnout Shutdn Shutdown = 6.475, Brownout = 7.975 V 00

0xb2 AFE Over Curr Dsg 140 mV 12

0xb3 AFE Over Curr Chg 70 mV 04

0xb4 AFE Over Curr Delay Charge = 31 ms, Discharge = 31 ms ff

0xb5 Reserved 00

0xb6 AFE Short Circ Thrsh 275 mV 07

0xb7 AFE Short Circuit Delay 61 µs (charge and discharge) 11

0xb8 0xb9 AFE Vref* 9750 mV 26 16

0xba 0xbb Sense Resistor Gain* 0.02 Ω 3b d0

0xbc 0xbd CC Delta* 0.0001298 mAh 94 08

0xbe 0xbf CC Delta* b1 c0

0xc0 Reserved fa

0xc1 0xc2 CC Offset* 1528 05 f8

0xc3 DSC Offset* 15 10

0xc4 ADC Offset* 16 11

0xc5 Temperature Offset* 0 00

0xc6 Board Offset* 0 00

0xc7 0xc8 Reserved 00 40

0xc9 0xca Reserved 01 00

0xcb Reserved 05

0xcc 0xcd Version 1.0 01 00

0xce Reserved 00 32

0xcf 0xd0 Cell Over Voltage Reset 4150 mV 10 36

0xd1 0xd2 Cell Under Voltage Reset 3000 mV 0b b8

0xd3 0xd4 AFE Fail Limit 2 counts 00 02

0xd5 0xd6 Reserved ff ff

0xd7 0xd8 Cell Balance Thresh 3900 mV 0f 3c

0xd9 0xda Cell Balance Window 100 mV 00 64

0xdb Cell Balance Min 40 mV 28

0xdc Cell Balance Interval 20 seconds 14

0xdd 0xde Reserved a5 5a

0xdf 0xd0 Reserved 7a 43

0xe1 0xe2 Reserved 20 83

0xe3 Reserved 00

0xe4 AFE Check Time 0 seconds 00

0xe5 Sleep Current Thresh 2 mA 04

0xe6 Sleep Current Time 20 seconds 14

0xe7 Sleep Time 100 seconds 64

NOTE: Reserved locations must be set as shown. Locations marked with an * are typical calibration values that can be adjusted for
maximum accuracy. For these locations the table shows the appropriate default or initial setting.
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EDV Discharge Rate and Temperature Compensation

If EDV compensation is enabled, the bq2085 calculates battery voltage to determine EDV0, EDV1, and EDV2
thresholds as a function of battery capacity, temperature, and discharge load. The general equation for EDV0,
EDV1, and EDV2 calculation is

EDV0,1,2 = n (EMF •  FBL - | ILOAD | •  R0 •  FTZ)

EMF is a no-load cell voltage higher than the highest cell EDV threshold computed. EMF is programmed in
mV in EMF/EDV1 DF 0x84–0x85.

ILOAD is the current discharge load magnitude.

n = the number of series cells

FBL is the factor that adjusts the EDV voltage for battery capacity and temperature to match the no-load
characteristics of the battery.

FBL = f ( C0, C + C1, T )

C (either 0%, 3%, or Battery Low % for EDV0, EDV1, and EDV2, respectively) and C0 are the capacity-
related EDV adjustment factors. C0 is programmed in EDV C0 Factor/EDV1 DF 0x86–87. C1 is the desired
residual battery capacity remaining at EDV0 (RM = 0). The C1 factor is stored in EDV C1 Factor DF 0x8f.

T is the current temperature in °K.

R0 •  FTZ represents the resistance of a cell as a function of temperature and capacity.

FTZ = f ( R1 , T0, T, C + C1, TC)

R0 is the first order rate dependency factor stored in EDV R0 Factor/EDV2 DF 0x88–0x89.

T is the current temperature; C is the battery capacity relating to EDV0, EDV1, and EDV2.

R1 adjusts the variation of impedance with battery capacity. R1 is programmed in EDV R1 Rate Factor DF
0x8c-0x8d.

T0 adjusts the variation of impedance with battery temperature. T0 is programmed in EDV T0 Rate Factor DF
0x8a–0x8b.

TC adjusts the variation of impedance for cold temperatures (T < 23°C). TC is programmed in EDV TC DF 0x8e.

Typical values for the EDV compensation factors, based on overall pack voltages for a Li-lon 3s2p 18650 pack,
are

EMF = 11550/3
T0 = 4475
C0 = 235
C1 = 0
R0 = 5350/3
R1 = 250
TC = 3

The graphs in Figures 8 and 9 show the calculated EDV0, EDV1, and EDV2 thresholds versus capacity using
the typical compensation values for different temperatures and loads for a Li-Ion 3s2p 18650 pack. The
compensation values vary widely for different cell types and manufacturers and must be matched exactly to the
unique characteristics for optimal performance.

(5)

(6)

(7)
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Overload Current Threshold

T h e  o v e r l o a d  p r o t e c t i o n  d i s a b l e s  d i s c h a r g e  w h e n  t h e  1 6 - b i t  l i m i t  p r o g r a m m e d  i n  D F  0 x 5 8 – 0 x 5 9  i s  b r e a c h e d .

T h e  t h r e s h o l d  i s  s t o r e d  i n  m A .

M i d r a n g e  C a p a c i t y  C o r r e c t i o n s

T h r e e  v o l t a g e - b a s e d  t h r e s h o l d s ,  V O C 2 5  D F  0 x 7 8 – 0 x 7 9 ,  V O C 5 0  DF 0x73– 0 x 7 4 ,  a n d  V O C 7 5  D F  0 x 6 e – 0 x 6 f ,

a r e  u s e d  t o  t e s t  t h e  a c c u r a c y  o f  t h e  R M  b a s e d  o n  o p e n - c i r c u i t  p a c k  v o l t a g e s .  T h e s e  t h r e s h o l d s  a r e  s t o r e d  i n

t h e  d a t a  f l a s h  i n  m V.  T h e  v a l u e s  r e p r e s e n t  t h e  o p e n - c i r c u i t  b a t t e r y  v o l t a g e  a t  w h i c h  t h e  b a t t e r y  c a p a c i t y  s h o u l d

correspond to the associated state of charge for each threshold.

S e l f - D i s c h a r g e  R a t e

T h e  n o m i n a l  s e l f - d i s c h a r g e  r a t e ,  % P E R D A Y  ( %  p e r  d a y ) ,  i s  p r o g r a m m e d  i n  a n  8 - b i t  v a l u e  S e l f - D i s c h a r g e  R a t e

DF 0x2c by the following relation:Self-DischargeRate�%PERDAY

3071

C h a r g e  E f f i c i e n c y

T h e  b q 2 0 8 5  a p p l i e s  t h e  e f f i c i e n c y  f a c t o r ,  E F F % ,  t o  a l l  c h a r g e  a d d e d  t o  t h e  b a t t e r y .  E F F %  i s  e n c o d e d  i n  C h a r g e

E f f i c i e n c y  DF 0x512according to  equation 16:ChargeEfficiency�( E F F % �2006–1)Other Compensation

B a t t e r y  E l e c t r o n i c s  L o a d

T h e  a m o u n t  o f  i n t e r n a l  b a t t e r y  e l e c t r o n i c s  l o a d  e s t i m a t e  i n  µ A ,  B E L ,  i s  s t o r e d  i n  E l e c t r o n i c s  L o a d  D F  0 x 2 d  a s

f o l l o w s : ( 8 )

( 9 )
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E l e c t r o n i c s L o a d �BEL3

C h a n g e  C o n t r o l Charging VoltageThe 16-bit value, Charging Voltage DF 0x39–0x3a programs the ChargingVoltage( ) value broadcast to a smartcharger. It also sets the base value for determining overvoltage conditions during charging and voltagecompliance during a constant-voltage charging methodology. It is stored in mV.Over VoltageThe 16-bit value, Over Voltage Margin DF 0x5a–0x5b, sets the limit over ChargingVoltage( ) in mV that is to beconsidered as an overvoltage charge-suspension condition.Charging CurrentChargingCurrent( ) values are either broadcast to a Level 2 smart battery charger or read from the bq23851bya Level 3 smart battery charger. The bq23851sets the value of ChargingCurrent( ), depending on the chargerequirements and charge conditions of the pack.When fast charge is allowed, the bq23851sets ChargingCurrent( ) to the rate programmed in Fast-ChargingCurrent DF 0x3d–0x3e. Fast-Charging Current is stored in mA.

When fast charge terminates, the bq23851sets ChargingCurrent( ) to zero and then to the MaintenanceCharging Current DF 0x3f, 0x40 when the termination condition ceases. The desired maintenance current isstored in mA.When Voltage( ) is less than EDV0, the bq23851sets ChargingCurrent( ) to Precharge Current DF 0x41, 0x42.Typically this rate is larger than the maintenance rate to charge a deeply depleted pack up to the point where

it may be fast charged. The desired precharge rate is stored in mA.If temperature is between 0� and the precharge threshold PC (�C), the bq23851sets ChargingCurrent( ) toPreCharge Current. The threshold is programmed in the Precharge Temp DF 0x43.

Precharge Temp�

PC(�C)0.1

The bq23851also sets ChargingCurrent( ) to the precharge rate if Voltage( ) is less than the value programmedin Precharge Voltage DF 0x3b–0x3c. Precharge Voltage is programmed in mV.Charge SuspensionDuring charge, the bq23851compares the current to the ChargingCurrent( ) plus the value in OverCurrent MarginDF 0x5c–0x5d. If the pack is charged at a current above or equal to the ChargingCurrent( ) plus the programmedvalue, the bq23851sets ChargingCurrent( ) to zero to stop charging.The desired Overcurrent Margin is programmed in mA.The desired temperature threshold for charge suspension, MAXTEMP (�C), is programmed in MaxTemperature DF 0x53, 0x5l6and is stored as shown:

M a x T e m p e r a t u r e �
MAXTEMP0.1

The bq23851clears the maximum temperature condition when Temperature( ) drops by the amountp r o g r a m m e d  i n  Temperature Hysteresis DF 0x55 from MAXTEMP or when the temperature is less than or equalto 43.0°C. Temperature Hysteresis is stored in °C.The bq23851suspends fast charge when fast charge continues past full by the amount programmed in MaximumOvercharge DF 0x4e-0x4f. Maximum Overcharge is programmed in mAh.

(10)

(11)
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FULLY_CHARGED Bit Clear Threshold
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HPE

The hpe bit enables/disables PEC transmissions to the smart battery host for master mode alarm messages.

0 No PEC byte on alarm warning to host

1 PEC byte on alarm warning to host

CPE

The CPE bit enables/disables PEC transmissions to the smart battery charger for master mode messages.

0 No PEC byte on broadcasts to charger

1 PEC byte on broadcasts to charger

SM

The SM bit enables/disables master mode broadcasts by the bq2085.

0 Broadcasts to host and charger enabled

1 Broadcasts to host and charger disabled

If the SM bit is set, modifications to bits in BatteryMode( ) do not re-enable broadcasts.

CC1–CC0

The CC bits configure the bq2085 for the number of series cells in the battery pack.

1–1 Configures the bq2085 for four series cells

1–0 Configures the bq2085 for three series cells

Gauge Configuration

Gauge Configuration DF 0x29 contains bit-programmable features:

b7 b6 b5 b4 b3 b2 b1 b0

0 CSYNC SC CEDV EDVV OVSEL VCOR OTVC

CSYNC

In usual operation of the bq2085, the CSYNC bit is set so that the coulomb counter is adjusted when a fast
charge termination is detected. In some applications, especially those where an externally controlled charger
is used, it may be desirable not to adjust the coulomb counter. In these cases the CSYNC bit should be cleared.

0 The bq2085 does not alter RM at the time of a valid charge termination.

1 The bq2085 updates RM with a programmed percentage of FCC at a valid charger termination.

SC

The SC bit enables learning cycle optimization for a Smart Charger or independent charge.

1 Learning cycle optimized for independent charger

0 Learning cycle optimized for Smart Charger

CEDV

The CEDV bit determines whether the bq2085 implements automatic EDV compensation to calculate the EDV0,
EDV1, and EDV2 thresholds base on rate, temperature, and capacity. If the bit is cleared, the bq2085 uses the
fixed values programmed in data flash for EDV0, EDV1, and EDV2. If the bit is set, the bq2085 calculates EDV0,
EDV1, and EDV2.

0 EDV compensation disabled

1 EDV compensation enabled
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The EDVV bit selects whether EDV termination is to be done with regard to voltage or the lowest single-cell

voltage.0 EDV conditions determined on the basis of the lowest single-cell voltage

1 EDV conditions determined on the basis of Voltage()OVSELThe OVSEL bit determines if Safety Over Voltage is based on pack or highest cell voltages.0 Safety over voltage based on pack voltage

1 Safety over voltage based on highest cell voltage multiplied by the number of cells and then comparedt o  t h e  s a f e t y  v o l t a g e V C O R T h e  V C O R  b i t  e n a b l e s  t h e  m i d r a n g e  v o l t a g e  c o r r e c t i o n  a l g o r i t h m .  W h e n  i t  i s  s e t ,  t h e  b q 2 0 8 5  c o m p a r e s  t h e  p a c k

v o l t a g e  t o  R M  a n d  m a y  a d j u s t  R M  a c c o r d i n g  t o  t h e  v a l u e s  p r o g r a m m e d  i n  V O C 2 5 ,  V O C 5 0 ,  a n d  V O C 7 5 . 0 C o n t i n u o u s  m i d r a n g e  c o r r e c t i o n s  d i s a b l e d

1 C o n t i n u o u s  m i d r a n g e  c o r r e c t i o n s  e n a b l e d O T V C T h e  O T V C  b i t  p r o g r a m s  t h e  b q 2 0 8 5  t o  p e r f o r m  a  m i d r a n g e  v o l t a g e  o n e  t i m e  a f t e r  a  d e v i c e  r e s e t . 0 O n e - t i m e  m i d r a n g e  c o r r e c t i o n  d i s a b l e d

1 O n e - t i m e  m i d r a n g e  c o r r e c t i o n  e n a b l e d S a f e t y  C o n t r o l

S e c o n d a r y  P r o t e c t i o n  L i m i t s  f o r  L i - I o n T h e  c e l l  u n d e r v o l t a g e  ( V U V )  a n d  o v e r v o l t a g e  ( V O V )  l i m i t s  a r e  p r o g r a m m e d  i n  Ce l l  Unde r  and  Ce l l  Ove r  Vo l t age D F  0 x 6 2
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AFE Integrity Check

A F E  C h e c k  T i m e  DF 0xe4 sets the period in seconds for the AFE integrity check.

T h e  AFE Fail Limit (DF 0xd3,d4) is the number of AFE integrity check failures that occur before the AFE flag
i s  s e t .

S l e e p  M o d e The sleep current threshold, SLP (mA), is stored in Sleep Current Thresh  DF 0xe5 as:SleepCurrentThresh�

SLP(mA)
0.5

The wake-up period for current measurement, WAT(s), is set in Sleep Current Time  DF 0xe6 as:SleepCurrentTime�

WAT(s)
0.5Miscellaneous Configuration

Misc Configuration  DF 0x2a contains additional bit programmable features.

b7 b6 b5 b4b3 b2b1

b0

IT

0 AC

DS

OT ECLED PHGVOD

IT

The IT bit configures the bq2085 to use its internal temperature sensor.

0 bq2085 requires an external thermistor.

1 bq2085 uses its internal temperature sensor.

AC

The AC bit enables the SAFE

 output to function based on the AFE integrity check.

0 SAFE

 is not activated based on the AFE integrity check.

1 SAFE

 activated based on the AFE integrity check.

DS

The DS bit programs the bq2085 to enter sleep mode on SMBus inactivity.

0 bq2085 enters sleep mode when the SMBus is low for 2 s.

1 bq2085 does not enter sleep mode.

OT

The OT bit programs the bq2085 to turn off the discharge FET when the bq2085 detects an overtemperature

condition. Charge FET is always turned off in overtemperature conditions.

0 bq2085 does not turn off the discharge FET on overtemperature.

1 bq2085 turns off the discharge FET on overtemperature.

ECLED

The ECLED bit programs the LED activity during charging (DSG bit = 0).

0 The LEDs are not enabled during charging.

1 The LEDs are enabled during charging.

(13)

(14)
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APPLICATION INFORMATIONThe internal oscillator performance also depends on the tolerance of the 113k resistor connected betweenRSOC (pin 33) and VSSA (pin 34). It is recommended that this resistor be placed as close to the bq20.71aspossible and that it have a specification of �0.1% tolerance and �50 ppm temperature drift or better. The layoutof the PCBA is also an additional contributing factor to performance degradation.The average temperature drift error of the oscillator function over a learning charge or discharge cycleintroduces an equal capacity prediction error in a learned full charge capacity (FCC).Figure 102shows a typical bq20.7-based battery pack application. The circuit consists of the bq29311 analogfront end (AFE) IC, LED display, temperature measurement network, data flash connections, serial port, andthe sense resistor. The data flash stores basic battery pack configuration information and measurementcalibration values. The data flash must be programmed properly for bq20.71operation. Table 13 shows the data flash memory map and outlines the programmable functions available in the bq20.7.
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APPLICATION INFORMATION
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PACKAGING INFORMATION

Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(Requires Login)

BQ2085DBT NRND TSSOP DBT 38 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ2085DBTG4 NRND TSSOP DBT 38 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

 
(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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