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� Provides Accurate Measurement of
Available Charge in Li-Ion Batteries

� Supports the 2-Wire SMBus V1.1 Interface
With PEC or Single-Wire HDQ16

� Directly Interfaces the Seiko S-8243
Protection IC for Maximum Safety
Protection and Minimal Component Count

� Supports Internal or External Thermistor

� Reports Individual Cell Voltages

� Uses 15-Bit ADC for Accurate Voltage,
Temperature, and Current Measurements

� Measures Charge Flow Using A V-to-F
Converter With Offset of Less Than 16 µV
After Calibration

� Consumes Less Than 0.5 mW Operating

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

� 28-Pin 150-Mil SSOP
  

description

The bq2063 SBS-compliant gas gauge IC for battery-pack or in-system installation maintains an accurate
record of available charge in Li-Ion batteries. The bq2063 monitors capacity and other critical parameters in
Li-Ion battery packs. It also directly interfaces the Seiko S-8243 protection IC to minimize component count in
smart-battery circuits.

The bq2063 uses a V-to-F converter with automatic offset correction for charge and discharge counting. For
voltage, temperature, and current reporting, the bq2063 uses an A-to-D converter. In conjunction with the
S-8243, the onboard ADC also monitors individual cell voltages in a Li-Ion battery pack and allows the bq2063
to generate control signals to enhance pack safety.

The bq2063 supports the smart battery data (SBData) commands and charge-control functions. It
communicates data using the system management bus (SMBus) 2-wire protocol or the 1-wire HDQ16 protocol.
The data available include the battery’s remaining capacity, temperature, voltage, current, and remaining
run-time predictions. The bq2063 provides LED drivers and a push-button input to depict remaining battery
capacity from full to empty in 20% or 25% increments with a 4- or 5-segment display.

The bq2063 works with an external EEPROM. The EEPROM stores the configuration information for the
bq2063, such as the battery’s chemistry, self-discharge rate, rate-compensation factors, measurement
calibration, and design voltage and capacity. The bq2063 uses the programmable self-discharge rate and other
compensation factors stored in the EEPROM to accurately adjust remaining capacity for use and standby
conditions based on time, rate, and temperature. The bq2063 also automatically calibrates or learns the true
battery capacity in the course of a discharge cycle from programmable near full to near empty levels.

The S-8243 protection IC may be used to provide power to the bq2063 from a 3- or 4-series Li-Ion cell stack.
AVAILABLE OPTIONS

PACKAGE

TJ 28-LEAD SSOP
(DBQ)

−20°C to 70°C bq2063DBQ
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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HDQ16
ESCL
ESDA

RBI
REG

VOUT
VCC
VSS

CTL2
CTL3
CTL4
LED1
LED2
LED3

SMBC
SMBD
SAFETY
GND
GND
VCELL
SR1
SR2
SRC
TS
THON
DISP
LED5
LED4

SSOP (DBQ) PACKAGE
(TOP VIEW)
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P O S T  O F F I C E  B O X  6 6 6 3 9 1 
 €  D A L L A S ,  T E X A S  7 7 3 3 5 T e r m i n a l  F u n c t i o n s T E R M I N A L3 - s t a t e  o u t p u t s  t o  i n t e r f a c e  t h e  S - 8 2 4 5  p r o t e c t i o n  I CD I S PB i d i r e c t i o n a l  p i n  t h a t  t r a n s f e r s  a d d r e s s  a n d  d a t a  t o  a n d  f r o m  t h e  b q 2 0 6 3  a n d  t h e  e x t e r n a l  n o n v o l a t i l e c o n f i g u r a t i o n  m e m o r yG N DR e g i s t e r  b a c k u p  t h a t  p r o v i d e s  b a c k u p  p o t e n t i a l  t o  t h e  b q 2 0 6 3  r e g i s t e r s  d u r i n g  p e r i o d s  o f  l o w  o p e r a t i n g

v o l t a g e .  R B I  a c c e p t s  a  s t o r a g e  c a p a c i t o r  o r  a  b a t t e r y  i n p u t

R E GC o n t r o l  f o r  e x t e r n a l  F E T s  t o  c o n n e c t  t h e  t h e r m i s t o r  b i a s  r e s i s t o r  d u r i n g  a  t e m p e r a t u r e  m e a s u r e m e n tT Sa 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  ( V C C )  6  V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  I n p u t  v o l t a g e ,  V ( I N ) )  6  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 ° °S t o r a g e  t e m p e r a t u r e  r a n g e ,  T S T G  − 2 0
° °J u n c t i o n  t e m p e r a t u r e  r a n g e ,  T J  − 4 0 °

°

° b e y o n d  t h o s e  l i s t e d  u n d e r  “ a b s o l u t e  m a x i m u m  r a t i n g s ”  m a y  c a u s e  p e r m a n e n t  d a m a g e  t o  t h e  d e v i c e .  T h e s e  a r e  s t r e s s  r a t i n g s  o n l y ,  a n d f u n c t i o n a l  o p e r a t i o n  o f  t h e  d e v i c e  a t  t h e s e  o r  a n y  o t h e r  c o n d i t i o n s  b e y o n d  t h o s e  i n d i c a t e d  u n d e r  “ r e c o m m e n d e d  o p e r a t i n g  c o n d i t i i m p l i e d .  E x p o s u r e  t o  a b s o l u t e - m a x i m u m - r a t e d  c o n d i t i o n s  f o r  e x t e n d e d  p e r i o d s  m a y  a f f e c t  d e v i c e  r e l i a b i l i t y .



������
��� 	
�
�
�������� ������ ��������� �


���� �����
��� �������
�
SLUS468E− MAY 2001 − REVISED APRIL 2002

3

P O S T  O F F I C E  B O X  6 0  0 4 6 . €  D A L L A S ,  T E X A S  7 
 3 3 5 e l e c t r i c a l  c h a r a c t e r i s t i c s  f o r  V C C  =  9 3 0  V  t o  3 3 0  V ,  T A  =  − 2 0 ° C  t o  7 0 ° C  ( u n l e s s  o t h e r w i s e  n o t e d ) P A R A M E T E RT E S T  C O N D I T I O N SM I N

C C

S u p p l y  v o l t a g e9 3 0C CO p e r a t i n g  c u r r e n tV O U T  i n a c t i v e1 8 0( S L P )L o w - p o w e r  s t o r a g e  m o d e  c u r r e n t
 4 9  V  <  V C C  <  3 3 0  V5

O U T

 l e a k a g e  c u r r e n t

V O U T( V O U T )V

O U T

 s o u r c e  c u r r e n t

V O U T  a c t i v e , V

O U T

 =  VC C  − 0 0 2 6  V

− 5( O L S )O u t p u t  v o l t a g e  l o w :  ( L E D 1 − L E D 5 ,  C T L 2 − 4 )I ( O L S )  =  5  m A0 . 4

( I L )

I n p u t  v o l t a g e  l o w  D I S P− 0 . 3

I H

I n p u t  v o l t a g e  h i g h  D I S P2

C C  +  0 . 3

V

O L

O u t p u t  v o l t a g e  l o w  S M B C ,  S M B D ,  H D Q 1 6 ,  E S C L , E S D A ,  T H O NI O L  =  1  m A0 . 4

( I L S )

− 0 . 3

( I H S )

I n p u t  

v o l t a g e  h i g h  S M B C ,  S M B D ,  H D Q 1 6 ,  E S C L ,  E S D A

1 . 7

( A I )

I n p u t  v o l t a g e  r a n g e  V C E L L ,  T S ,  S R CV

S S  −  0 . 3

1 . 2 5( R B )R B I  d a t a - r e t e n t i o n  i n p u t  c u r r e n tV

( R B I )

  3  V ,  VC C  <  2  V

1 0

( R B I )

R B I  d a t a - r e t e n t i o n  v o l t a g e1 . 3( A I 1 )I n p u t  i m p e d a n c e  S R 1 ,  S R 20  V – 1 . 2 5  V1 0( A I 2 )I n p u t  i m p e d a n c e  V C E L L ,  T S ,  S R C0  V – 1 . 2 5  V5V F C  c h a r a c t e r i s t i c s ,  V C C  =  3 1 3  V  t o  3 1 5  V ,  T A =  0

° C  t o  7 0

° C  ( u n l e s s  o t h e r w i s e  n o t e d ) P A R A M E T E R

T E S T  C O N D I T I O N SM I N U N I TV

( S R )

I n p u t  v o l t a g e  r a n g e ,  V( S R 2 )  a n d  V( S R 1 )V

S R  =  V( S R 2 )  –  V( S R 1 )

– 0 2 2 5

( S R O S )

I n p u t  o f f s e tV

( S R 2 )  =  V( S R 1 ) ,  a u t o c o r r e c t i o n  d i s a b l e d

– 2 5 0

( S R C O S )

C a l i b r a t e d  o f f s e t– 1 6V C OS u p p l y  v o l t a g e  g a i n  c o e f f i c i e n tV

C C  =  3 1 1  V

0 2 8S l o p e  f o r  T A

 =  – 2 0

° C  t o  7 0 °

( T C O )T e m p e r a t u r e  g a i n  c o e f f i c i e n t  ( s e e  N o t e  1 )T o t a l  D e v i a t i o n  T A

 =  – 2 0

° C  t o  7 0 °

T e m p e r a t u r e  g a i n  c o e f f i c i e n t  ( s e e  N o t e  1 )

A

 =  – 2 0
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 6 • DALLAS, TEXAS 75265S M B u s  a c  s p e c i f i c a t i o n s ,  T A =  − 2 0°

C to270°

C ,  2 6 1  V  <  V C C  <  3 6 1  V  ( u n l e s s  o t h e r  n o t e d ) PARAMETER

T E S T  C O N D I T I O N SMINTYPMAXUNITF

S M B

S M B u s  o p e r a t i n g  f r e q u e n c yS l a v e  m o d e ,  S M B C 9 2 7 %  d u t y  c y c l e10100kHzF

M A S

S M B u s  m a s t e r  c l o c k  f r e q u e n c yM a s t e r  m o d e ,  n o  c l o c k  l o w  s l a v e  e x t e n d4512kHzT

B U F

B u s  f r e e  t i m e  b e t w e e n  s t a r t  a n d  s t o p4.7µsT

B u s  f n d

4.7µ4.74.74.7
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Figures 1−4 illustrate the diagrams for the bq2063.

THD:STA

TSU:STO

TSU:STA

SMBC

SMBD

TBUF

TLOW

TSU:DAT

THD:DAT

THIGH

Figure 1. SMBus Timing Data

tB

tBR

Figure 2. HDQ16 Break Timing

tCYCH

tSTRH

tDSU

tDH

tSSU

Write 0

Write 1

Figure 3. HDQ16 Host to bq2063

tCYCB

tSTRB

tDSUB

tDV

tSSUB

Read 0

Read 1

Figure 4. HDQ16 bq2063 to Host
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 6 • DALLAS, TEXAS 75265functional descriptiongeneral operationThe bq20637determines battery capacity by monitoring the amount of charge input or removed from arechargeable battery. In addition to measuring charge and discharge, the bq20637measures battery voltage,temperature,6 a n d  c u r r e n t ,  e s t i m a t e s  b a t t e r y  s e l f - d i s c h a r g e ,  a n d  m o n i t o r s  t h e  b a t t e r y  f o r  l o w - v o l t a g e  t h r e s h o l d s .

T h e  b q 2 0 6 3 7 m e a s u r e s  c h a r g e  a n d  d i s c h a r g e  a c t i v i t y  b y  m o n i t o r i n g  t h e  v o l t a g e  a c r o s s  a  s m a l l - v a l u e  s e r i e s

s e n s e  r e s i s t o r  b e t w e e n  t h e  b a t t e r y ’ s  n e g a t i v e  t e r m i n a l  a n d  t h e  n e g a t i v e  t e r m i n a l  o f  t h e  b a t t e r y  p a c k .  T h e

a v a i l a b l e  b a t t e r y  c h a r g e  i s 7 d e t e r m i n e d  b y  m o n i t o r i n g  t h i s 7 v o l t a g e  a n d  c o r r e c t i n g  t h e  m e a s u r e m e n t  f o r

environmental and operating conditions.T h e  b q 2 0 6 3 7 a c c e p t s  a n  N T C  t h e r m i s t o r  ( S e m i t e c  1 0 3 A T )  f o r  t e m p e r a t u r e  m e a s u r e m e n t  o r  c a n  b e  c o n f i g u r e d f o r  i n t e r n a l  I C  m e a s u r e m e n t .  T h e  b q 2 0 6 3 7 u s e s  t e m p e r a t u r e  t o  m o n i t o r  b a t t e r y  p a c k  a n d  t o  c o m p e n s a t e  t h e

self-discharge estimate.m e a s u r e m e n t s T h e  b q 2 0 6 3 7 u s e s  a  f u l l y  d i f f e r e n t i a l ,  d y n a m i c a l l y  b a l a n c e d  v o l t a g e - t o - f r e q u e n c y  c o n v e r t e r  ( V F C )  f o r  c h a r g e measurement a n d  a  s i g m a 7 d e l t a  a n a l o g - t o - d i g i t a l  c o n v e r t e r  ( A D C )  f o r  b a t t e r y  v o l t a g e ,  c u r r e n t ,  a n d  t e m p e r a t u r e

m e a s u r e m e n t . V o l t a g e ,  c u r r e n t ,  a n d  t e m p e r a t u r e  m e a s u r e m e n t s  a r e  m a d e  e v e r y  2 − 2 4 2  s e c o n d s ,  d e p e n d i n g  o n  t h e  b q 2 0 6 3
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functional description (continued)

current

The SRC input of the bq2063 measures battery charge and discharge current. The SRC ADC input converts
the current signal from the series sense resistor and stores the result in Current( ). The full-scale input range
to SBC is limited to ±250 mV.

temperature

The bq2063 can use its internal sensor or an external thermistor to develop the temperature reading, depending
on the programming of the EXTH bit in Pack Configuration, EE 0x3f.

The TS input of the bq2063 in conjunction with an NTC thermistor measures the battery temperature as shown
in Figure 13. The bq2063 reports temperature in Temperature( ). THON may be used to switch the bias current
through the external thermistor when the bq2063 samples the TS input. THON is low impedance for 60 ms when
the temperature is measured, and high impedance otherwise.

gas gauge operation

general

The operational overview in Figure 5 illustrates the gas gauge operation of the bq2063. Table 2 describes the
bq2063 registers.

Charge
Efficiency

Compensation

Charge
Current

+

Inputs

Remaining
Capacity

(RM)

Discharge
Current

Temperature
Compensation

Self-Discharge
Timer

− −

≤

+

Full
Charge

Capacity
(FCC)

Discharge
Count

Register
(DCR)

Qualified
Transfer

Temperature, Other Data

Main Counters and
Capacity Reference (FCC)

Outputs

Chip-Controlled
Available Charge

LED Display

Two-Wire
Serial Port

− ++

Battery Load and Light
Discharge Estimate

Figure 5. bq2063 Operational Overview
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 6 • DALLAS, TEXAS 7
835general (continued)The bq22691accumulates a measure of charge and discharge currents and estimates self-discharge of thebattery.6

The bq22691compensates the charge current measurement for temperature and state-of-charge of the

battery.6The bq22691also adjusts the self-discharge estimation based on temperature.The main charge counter RemainingCapacity( ) (RM) represents the available capacity or energy in the battery a t  a n y  g i v e n  t i m e . 6 T h e  b q 2 2 6 9 1 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  l e a k a g e  c o m p e n s a t i o n  f a c t o r s . 6 T h einformation in6the RM register is1accessible through the communications ports and is1also represented through
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 . • DALLAS, TEXAS 75265end-of-discharge thresholds and capacity correction (continued)T a b l e  1 .  S t a t e  o f  C h a r g e  B a s e d  o n  L o w  B a t t e r y  Vo l t a g e THRESHOLDR E L A T I V E  S T A T EOF CHARGEEDV00%EDV13%EDV2B a t t e r y  L o w  %The bq2063luses the EDV thresholds to apply voltage-based corrections to the RM.register according toT a b l e 1 .  T h e  b q 2 0 6 3 l p e r f o r m s  E D V - b a s e d  R M . a d j u s t m e n t s  w i t h  C u r r e n t ( ) . ≥ C / 3 2 9  N o  E D V s  a r e  s e t  i f  c u r r e n t< C/329 The bq2063ladjusts RM.as it detects each threshold. If the voltage threshold is.reached before thec o r r e s p o n d i n g  c a p a c i t y  o n  d i s c h a r g e ,  t h e  b q 2 0 6 3 l r e d u c e s  R M . t o  t h e  a p p r o p r i a t e  a m o u n t . a s  s h o w n  i n  T a b l e  1 .This.reduction occurs only if current. ≥ C/32 when the EDV threshold is.detected. If RM.reaches the capacity level before the voltage threshold is.reached on discharge, the bq2063lprevents RM.from.decreasing furtheru n t i l  t h e  b a t t e r y  v o l t a g e  r e a c h e s  t h e  c o r r e s p o n d i n g  t h r e s h o l d  o n l y  o n  a  f u l l  l e a r n i n g  c y c l e  d i s c h a r g e .  R M . i s . n o th e l d  a t  t h e  a s s o c i a t e d  E D V  p e r c e n t a g e  o n  a  n o n l e a r n i n g  d i s c h a r g e  c y c l e  ( V D Q = 0 )  o r  i f  c u r r e n t . < C / 3 2 9 Table 29 bq2063lRegister Functions
FUNCTIONC O M M A N D  C O D EACCESSUNITSFUNCTIONSMBusHDQ16ACCESS(SMBus)UNITSManufacturerAccess0x000x00read/writeNARemainingCapacityAlarm0x010x01read/writem A h , . 1 0  m W hRemainingTimeAlarm0x020x02read/writeminutesBatteryMode0x030x03read/writeNAAtRate0x040x04read/writem A , . 1 0 m WAtRateTimeToFull0x050x05readminutesAtRateTimeToEmpty0x060x06readminutes
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 0

• DALLAS, TEXAS 75285self-discharge (continued)The timer that keeps track of the self-discharge update time is halted whenever charge activity is detected. Thet i m e r  i s  r e s e t  t o  z e r o  i f  t h e  b q 2 2 6 3 5 r e a c h e s  t h e  R e m a i n i n g C a p a c i t y ( ) = F u l l C h a r g e C a p a c i t y ( )  c o n d i t i o n  w h i l ec h a r g i n g . Time − Days 0200400600800100012000 1 0 2 0 3 0 4 0 5 0 6 0 7 0T A  = 15 ° C C A PA C I T Y v sT I M ET A  = 35 ° CT A  = 25 ° CT A  = 45 ° C
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POST  OFFICE BOX 655303l•  D A L L A S ,  T E X A S  7 5 2 6 5 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 e  b q 2 0 6 3 l a p p l i e s  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  w h e n  t h e  V C O R  b i t  i s  s e t  i n l P a c k  C o n f i g u r a t i o n

.  T h e  b q 2 0 6 3 a d j u s t s  R M  t o  t h e  a s s o c i a t e d  p e r c e n t a g e  a t  t h r e e  d i f f e r e n t  v o l t a g e  l e v e l s :  V O C 2 5 ,  V O C 5 0 ,  a n d  V O C 7 5 .  T h e V O C  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  R M  c o r r e s p o n d s  t o  t h e  a s s o c i a t e d  f o r  e a c h t h r e s h o l d . F o r  t h e  m i d r a n g e  c o r r e c t i o n s  t o  o c c u r ,  t h e  t e m p e r a t u r e  m u s t  b e  i n  t h e  r a n g e  o f  1 9 ° C  t o  3 1 °C  i n c l u s i v e  a n d  t h e 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  − 6 4 3 m A  a n d  0 .  T h e  b q 2 0 6 3  m a k e s  m i d r a n g e c o r r e c t i o n s  a s l shown in T

able 4. For a correction to occur, the bq2063 must detect the need for correction twiceduring subsequent 20-s intervals. With the VCOR b it set, the bq2063 makes mid-range corrections whenever

conditionsl permit. If the OTVC bit in Pack Configuration

 is set and VCOR = 0, the bq2063 makes a single attempto f  mid-range correction immediately after device reset and does not require a second validation. The OTVC bit

read by command code 0x2f is cleared within 2 seconds after a device reset, when the midrange voltagecorrection attempt is made.Table 4. Midrange Corrections

C O N D I T I O N

 V O C 7 5  a n d  R e l a t i v e S t a t e O f C h a r g e ( )  ≤  63%RelativeStateOfCharge( )→ 75%< VOC75 and RelativeStateOfCharge( ) ≥  87%RelativeStateOfCharge( )→ 75% VOC50 and RelativeStateOfCharge( ) ≤  38%RelativeStateOfCharge( )→ 50%<VOC50 and RelativeStateOfCharge( ) ≥  62%RelativeStateOfCharge( )→ 50%
 VOC25 and RelativeStateOfCharge( ) ≤  13%RelativeStateOfCharge( )→ 25%

< VOC25 and RelativeStateOfCharge( ) ≥  37%RelativeStateOfCharge( )→ 25%charge control

charging voltage and current broadcasts

The bq2063 supports SBS charge control by broadcasting the ChargingCurrent() and ChargingVoltage( ) to

the Smart Charger address. The bq2063 broadcasts the requests every 10 seconds. The bq2063 updates thevalues used in the charging current and voltage broadcasts based on the battery’s state of charge, voltage, andtemperature. The charge voltage is programmed in Charging Voltage  EE 0x0a-0x0b. The charge current may
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P O S T  O F F I C E  B O X  6 5 5 3 0 1 9 •  D A L L A S ,  T E X A S  7 5 2 6 5 p r i m a r y  c h a r g e  t e r m i n a t i o n  ( c o n t i n u e d ) O n c e  t h e  b q 2 0 6 3 4 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 ,  t h e  b q 2 0 6 3 4 s e t s  t h e T E R M I N A T E _ C H A R G E _ A L A R M  a n d  F U L L Y _ C H A R G E D  b i t s  i n  B a t t e r y S t a t u s ( ) ,  a n d  s e t s  t h eChargingCurrent() to9 the maintenance charge rate as programmed in Maintenance Charging Current  EE

0 x 1 d .  O n  t e r m i n a t i o n ,  t h e  b q 2 0 6 3 4 a l s o  s e t s  R M  t o 9 a  p r o g r a m m e d  p e r c e n t a g e  o f  F C C ,  p r o v i d e d  t h a t

R e l a t i v e S t a t e O f C h a r g e ( )  i s 9below the desired percentage of FCC and the CSYNC bit in Pack Configuration EE 0x3f is set. The programmed percentage of FCC, Fast Charge Termination % ,  i s  s e t  i n  E E  0 x 4 b .  T h e

b q 2 0 6 3 4 c l e a r s  t h e  F U L L Y _ C H A R G E D  b i t  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

Fully Charged Clear % .  T h e  b q 2 0 6 3 4 b r o a d c a s t s  t h e  f a s t - c h a r g e  r a t e  w h e n  t h e  F U L L Y _ C H A R G E D  b i t  i s

c l e a r e d  a n d  v o l t a g e  a n d  t e m p e r a t u r e  p e r m i t .  T h e  b q 2 0 6 3 4 c l e a r s  t h e  T E R M I N A T E _ C H A R G E _ A L A R M

when it no longer4detects that the battery is being charged or it no longer4detects the termination condition.

See Table 5 for a summary of BatteryStatus() alarm and status bit operation. Table 5. Alarm and Status Bit SummaryB A T T E R Y  S T A T E

C O N D I T I O N SC C ( )  C U R R E N T  A N D

STATUS BITS SET

S T A T U S  C L E A R  C O N D I T I O NO v e r c u r r e n tC ( )  ≥  CC() + Overcurrent Margin CC() = 0,  TCA = 1C ( )  <  Overcurrent Margin P r o l o n g e d

o v e r c u r r e n t
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display port

general

The display port drives a 4 or 5 LED bar-graph display. The display is activated by a logic signal on the DISP
input. The bq2063 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 bq2063 uses FCC as the full-battery reference;
in absolute mode, it uses dc.

The DMODE bit in Pack Configuration programs the bq2063 for the absolute or relative display mode. The LED
bit in Control Mode programs the 4- or 5-LED option. A fifth LED can be used with the 4-LED display option to
show when the battery capacity is ≥100%.

activation

The display may be activated at any time by a high-to-low transition on the DISP input. This is usually
accomplished with a pullup resistor and a pushbutton switch. Detection of the transition activates the display
and starts a four second display timer. Reactivation of the display requires that the DISP input return to a
logic-high state and then transition low again. The second high-to-low transition must occur after the display
timer expires. The bq2063 requires the input to remain stable for a minimum of 250 ms to detect the logic state.
If unused, the DISP input must be pulled up to VCC.

If the EDV0 bit is set, the bq2063 disables the LED display. The display is also disabled during a VFC calibration
and should be turned off before entering low-power storage mode.

display modes

In relative mode, each LED output represents 20% or 25% of the RelativeStateOfCharge( ) value. In absolute
mode, each LED output represents 20% or 25% of the AbsoluteStateOfCharge( ) value. Table 6 shows the
display options for 5 LEDs and Table 7 for 4 LEDs.

In either mode, the bq2063 blinks the LED display if RemainingCapacity( ) is less than Remaining
CapacityAlarm( ). The display is disabled if EDV0 = 1.

Table 6. Display Mode for Five LEDs

CONDITION RELATIVE
OR ABSOLUTE 

FIVE LED DISPLAY OPTION
OR ABSOLUTE 
StateOfCharge( ) LED1 LED2 LED3 LED4 LED5

EDV0 = 1 OFF OFF OFF OFF OFF

<20% ON OFF OFF OFF OFF

≥20%, < 40% ON ON OFF OFF OFF

≥40%, < 60% ON ON ON OFF OFF

≥60%, < 80% ON ON ON ON OFF

≥80% ON ON ON ON ON

Table 7. Display Mode for Four LEDs

CONDITION RELATIVE
OR ABSOLUTE 

FOUR LED DISPLAY OPTION
OR ABSOLUTE 
StateOfCharge( ) LED1 LED2 LED3 LED4

EDV0 = 1 OFF OFF OFF OFF

<25% ON OFF OFF OFF

≥25%, < 50% ON ON OFF OFF

≥50%, < 75% ON ON ON OFF

≥75% ON ON ON ON
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SAFETY output (continued)

SAFETY

VCC

100 kΩ

1 MΩ

1 MΩ

BSS84

2N7002

BAT+

FUSE

Cell 4

0.1 µF

Figure 7. Example SAFETY  Circuit Implementation

low-power storage mode

The bq2063 enters low-power mode 5-8 seconds after receiving the Enable Low-Power command. In this mode
the bq2063 consumes less than 10 µA. A rising edge on SMBC, SMBD, or HDQ16 restores the bq2063 to the
full operating mode. The bq2063 does not perform any gas-gauge functions during low-power storage mode.

device reset

The bq2063 can be reset with commands over the HDQ16 or SMBus. Upon reset, the bq2063 initializes its
internal registers with the information contained in the configuration EEPROM. The following command
sequence initiates a full bq2063 reset:

1. Write 0x005a to address 0x4f

2. Write 0x0000 to address 0x7d

3. Write 0x0080 to address 0x7d

A partial reset of the bq2063 occurs if step one is omitted. All initial program values are read from EEPROM
for both full and partial resets. A full reset initializes MaxError( ) = 100%, sets RELEARN FLAG (bit 7) in
BatteryMode, and initializes RM from EEPROM 0x2c−2d . This initial RM value should be programmed to zero
for secondary (rechargeable) batteries. A partial reset leaves MaxError( ), RELEARN_FLAG, and RM
unchanged.

communication

The bq2063 includes two types of communication ports: SMBus and HDQ16. The SMBus interface is a 2-wire
bidirectional protocol using the SMBC (clock) and SMBD (data) pins. The HDQ16 interface is a 1-wire
bidirectional protocol using the HDQ16 pin. All three communication lines are isolated from VCC and may be
pulled-up higher than VCC. Also, the bq2063 does not pull these lines low if VCC to the part is zero . HDQ16
should be pulled down with a 100-kΩ resistor, or may be grounded,  if not used.

The communication ports allow a host controller, an SMBus compatible device, or other processor to access
the memory registers of the bq2063. 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 bq2063 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 bq2063 device address of
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PEC protocol (continued)
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S Battery Address
0001011 0 A Command Code A Data Byte Low A Data Byte High A P

11818181171

S Battery Address
0001011 0 A Command Code A Battery Address A1

117181171

S

1

A

1818

PData Byte Low Data Byte High

S 0 A Command Code

1
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0x0660 Stop VFC Calibration instructs the bq2063 to abort a VFC calibration procedure. If aborted, the bq2063
disables offset correction. The bq2063 stops calibration within 20 ms of acknowledging the command.

0x0606 Program EEPROM  instructs the unsealed bq2063 to connect the SMBus to the EEPROM I2C bus. The
bq2063 applies power to the EEPROM within 900 ms of acknowledging the command. After issuing the program
EEPROM command, the bq2063 monitoring functions are disabled until the I2C bus is disconnected. The
bq2063 disconnects the I2C bus when it detects that the Battery Address 0x16 is sent over the SMBus. The
Battery Address 0x16 to disconnect the I2C bus should not be sent until 10 ms after the last write to the
EEPROM.

0x07e6 Device Revision  instructs the bq2063 to return the device revision level to ManufactureAccess( ) so
it may be read.

Purpose:  The ManufacturerAccess( ) function provides the system host access to bq2063 functions that are
not defined by the SBD.

SMBus Protocol:  Read or Write Word

Input/Output:  Word

Example:

The following sequence of actions is an example of how to use the ManufacturerAccess( ) commands efficiently
to take a battery pack that has completed all testing and calibration except for VFC calibration and to make it
ready for shipment in the SEALED state and in low-power storage mode:

1. Complete testing, 
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RemainingCapacityAlarm( ) (0x01); [0x01]

Description:   Sets or gets the low-capacity threshold value. Whenever the RemainingCapacity( ) falls below
the low capacity value, the bq2063 sends AlarmWarning( ) messages to the SMBus Host with the
REMAINING_CAPACITY_ALARM bit set. A low-capacity value of 0 disables this alarm. The bq2063 initially
sets the low-capacity value to Remaining Capacity Alarm value programmed in EE 0x04−0x05. The
low-capacity value remains unchanged until altered by the RemainingCapacityAlarm( ) function. The
low-capacity value may be expressed in either current (mA) or power (10 mWh) depending on the setting of the
BatteryMode( ) CAPACITY_MODE bit.

Purpose:  The RemainingCapacityAlarm( ) function can be used by systems that know how much power they
require to save their operating state. It enables those systems to more finely control the point at which they
transition into suspend or hibernate state. The low-capacity value can be read to verify the value in use by the
bq2063’s low capacity alarm.

SMBus Protocol:  Read or Write Word

Input/Output:  Unsigned integer-value below which Low Capacity messages are sent.
BATTERY MODES

CAPACITY_MODE
BIT = 0

CAPACITY_MODE
BIT = 1

Units mAh at C/5 10 mWh at P/5

Range 0–65,535 mAh 0–65,535 10 mWh

Granularity Not applicable

Accuracy See RemainingCapacity( )

Description:   Sets or gets the remaining time alarm value. Whenever the AverageTimeToEmpty( ) falls below
the remaining time value, the bq2063 sends AlarmWarning( ) messages to the SMBus Host with the
REMAINING_TIME_ALARM bit set. A remaining time value of 0 effectively disables this alarm. The bq2063
initially sets the remaining time value to the Remaining Time Alarm value programmed in EE 0x02−0x03. The
remaining 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 remaining
time alarm warning is sent. The remaining time value can be read to verify the value in use by the bq2063
RemainingTimeAlarm( ).

SMBus Protocol:  Read or Write Word

Input/Output:  Unsigned integer—the point below which remaining time messages are sent.

Units:  minutes

Range:  0 to 65,535 minutes

Granularity:  Not applicable

Accuracy:  see AverageTimeToEmpty( )

BatteryMode( ) (0x03); [0x03]

Description:   Selects the various battery operational modes and reports the battery’s mode and requests.

Defined modes include

� Whether the battery’s capacity information is specified in mAh or 10 mWh (CAPACITY_MODE bit)

� Whether the ChargingCurrent( ) and ChargingVoltage( ) values are broadcast to the Smart Battery Charger
when the bq2063 detects the battery requires charging (CHARGER_MODE bit)

� Whether all broadcasts to the Smart Battery Charger and Host are disabled
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P O S T  O F F I C E  B O X  6 3 3 6 2 5 2 €  D A L L A S ,  T E X A S  7 6 2 5 5 c o m m a n d  c o d e s  ( c o n t i n u e d )  T h e  C A P A C I T Y _ M O D E  b i t  a l l o w s  p o w e r  m a n a g e m e n t  s y s t e m s  t o  b e s t  m a t c h  t h e i r  e l e c t r i c a l c h a r a c t e r i s t i c s 2 w i t h  t h o s e  r e p o r t e d  b y  t h e  b a t t e r y .  F o r  e x a m p l e ,  a  s w i t c h i n g  p o w e r  s u p p l y  r e p r e s e n t s  a  c o n s t a n t p o w e r  l o a d ,  w h e r e a s  a  l i n e a r  s u p p l y  i s  b e t t e r  r e p r e s e n t e d  b y  a  c o n s t a n t  c u r r e n t  m o d e l .  T h e  C H A R G E R _ M O D Eb y  d i s a b l i n g  t h e  b q 2 4 9 3 ’ s  b r o a d c a s t s .  T h e  R E L E A R N _ F L A G  b i t  a l l o w s  t h e  b q 2 4 9 3  t o  r e q u e s t  a  c o n d i t i o n i n gc y c l e .

S M B u s  P r o t o c o l :  R e a d  o r  W r i t e  W o r d  0-1Granularity:T h e  B a t t e r y M o d e ( )  w o r d  i s  d i v i d e d  i n t o  t w o  h a l v e s ,  t h e  M S B  ( b i t s  8 - 1 5 )  w h i c h  i s  r e a d / w r i t e  a n d  t h e  L S B  ( b i t s 0 - 7 )  w h i c h  i s  r e a d  o n l y .  T h e  b q 2 4 9 3  f o r c e s  b i t s  0 - 6  t o  z e r o  a n d  p r o h i b i t s  w r i t e s  t o  b i t  7 .T a b l e 8 9 
 s u m m a r i z e s  t h e  m e a n i n g s  o f  t h e  i n d i v i d u a l  b i t s  i n  t h e  B a t t e r y M o d e ( )  w o r d  a n d  s p e c i f i e s  t h e  d e f a u l t v a l u e s ,  w h e r e  a p p l i c a b l e ,  a r e  n o t e d .

P R I M A R Y _ B A T T E R Y _ S U P P O R T  b i t  i s  n o t  u s e d  b y  t h e  b q 2 4 9 3 .R E L E A R N _ F L A G  b i t  s e t  i n d i c a t e s  t h a t  t h e  b q 2 4 9 3  i s  r e q u e s t i n g  a  c a p a c i t y  r e l e a r n  c y c l e  f o r  t h e  b a t t e r y .  T h e b q 2 4 9 3  

P R I M A R Y _ B A T T E R Y  b i t  i s  n o t  u s e d  b y  t h e  b q 2 4 9 3 .  T h e  b q 2 4 9 3  f o r c e s  t h i s  b i t  t o  z e r o . T a b l e 8 9 .  B a t t e r y  M o d e  B i t s  a n d  V a l u e s B a t t e r y  M o d e ( )  B I T S

B I T S  U S E DA L L O W A B L E  V A L U E SI N T E R N A L _ C H A R G E _ C O N T R O L L E R
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command codes (continued)

ALARM_MODE bit is set to disable the bq2063’s ability to master the SMBus and send AlarmWarning( )
messages to the SMBus Host and the Smart Battery Charger. When set, the bq2063 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 65 seconds and no less than 45 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 bq2063 polls the ALARM_MODE bit at least every 150 ms. Whenever the ALARM_MODE bit is set,
the bq2063 resets the bit and starts or restarts a 55 seconds (nominal) timer. After the timer expires, the
bq2063 automatically enables alarm broadcasts to ensure that the accidental deactivation of broadcasts
does not persist. An SMBus host that does not want the bq2063 to be a master on the SMBus must therefore
continually set this bit at least once per 50 seconds to keep the bq2063 from broadcasting alarms.

� The ALARM_MODE bit defaults to a cleared state within 130 ms after the bq2063 detects the SMBus
Off-State.

� 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 bq2063’s transmission of ChargingCurrent( ) and
ChargingVoltage( ) messages to the Smart Battery Charger. When set, the bq2063 does not transmit
ChargingCurrent( ) and ChargingVoltage( ) values to the Smart Battery Charger. When cleared, the bq2063
transmits the ChargingCurrent( ) and ChargingVoltage( ) values to the Smart Battery Charger. The
CHARGER_MODE bit defaults to a cleared state within 130 ms after the bq2063 detects the SMBus Off-State.

CAPACITY_MODE bit indicates if capacity information is reported in mA/mAh or 10mW/10 mWh. When set,
the bq2063 reports capacity information in 10 mW/10 mWh as appropriate. When cleared, the bq2063 reports
capacity information in mA/mAh as appropriate. The CAPACITY_MODE bit defaults to a cleared state within
130 ms after the bq2063 detects the SMBus Off-State.

The following functions are changed to accept or return values in mA/mAh or 10 mW/10 mWh depending on
the CAPACITY_MODE bit:

� RemainingCapacityAlarm( )

� AtRate( )

� RemainingCapacity( )

� FullChargeCapacity( )

� DesignCapacity( )

The following functions are calculated on the basis of capacity and may be calculated differently depending on
the CAPACITY_MODE bit:

� AtRateOK( )

� AtRateTimeToEmpty( )

� AtRateTimeToFull( )

� RunTimeToEmpty( )

� AverageTimeToEmpty( )

� AverageTimeToFull( )

� Remaining Time Alarm( )

� BatteryStatus( )
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POST OFFICE BOX 6553032• DALLAS, TEXAS 75265command codes (continued)The bq20631updates the non-AtRate related register values within 3 seconds of changing the state of the
CAPACITY_MODE bit. The AtRate( ) values are1updated after the next AtRate value is written to the bq2063
(or after the next 20 seconds scheduled refresh calculation).AtRate() (0x04); [0x04]Description:  The AtRate( ) function is the first half of a two-function call-set used to set the AtRate value usedin calculations made by the AtRateTimeToFull( ), AtRateTimeToEmpty( ), and AtRateOK( ) functions. The
AtRate value may be expressed in either current (mA) or power (10 mW) depending on the setting of the
BatteryMode( ) CAPACITY_MODE bit.

Purpose:  Since the AtRate( ) function is the first half of a two-function call-set, it is followed by the secondfunction of the call-set that calculates and returns a value based on the AtRate value and the battery’s presentstate. A delay of up to 1.3 seconds is required after writing AtRate() before the bq2063 can acknowledge the

requested AtRate function.�When the AtRate( ) value is positive, the AtRateTimeToFull( ) function returns the predicted time to

full-charge at the AtRate value of charge.�When the AtRate( ) value is negative, the AtRateTimeToEmpty( ) function returns the predicted operating

time at the AtRate value of discharge.�When the AtRate( ) value is negative, the AtRateOK( ) function returns a Boolean value that predicts the

battery’s ability to supply the AtRate value of additional discharge energy (current or power) for 10 seconds.

The default value for AtRate() is zero. Writing AtRate() values over the HDQ161serial port does2not trigger are-calculation of AtRateTimeToFull(), AtRateTimeToEmpty(), and AtRateOK() functions.

It is recommended that AtRate( ) requests should be limited to one request every 4 seconds.

SMBus Protocol: Read or Write Word
Input/Output:  Signed integer-charge or discharge; the AtRate( ) value is positive for charge, negative fordischarge, and zero for neither (default).

BATTERY MODES

CAPACITY_MODEBIT = 0

CAPACITY_MODEBIT = 1

UnitsmA

10 mW

Charge Range

1 to 132,767 mA 1 to 32,767 10 mW

Discharge Range −1 to −32,768 mA −1 to −32,768 10 mW

Granularity

1 Unit

AccuracyNAAtRateTimeToFull() (0x05); [0x05]

Description:  Returns the predicted remaining time to fully charge the battery at the AtRate() value (mA).Purpose:  The AtRateTimeToFull( ) function is part of a two-function call-set used to determine the predicted remaining charge time at the AtRate value in mA. The bq2063 updates AtRateTimeToFull( ) within 1.3 seconds after the SMBus Host sets the AtRate value. If read before this delay, the command is No Acknowledged and the error code in BatteryStatus is set to not ready. The bq2063 automatically updates AtRateTimeToFull( )based on the AtRate() value every 20 seconds.SMBus Protocol: Read Word
Output:  Unsigned integer-predicted time in minutes to fully charge the battery.

Units: minutes
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P O S T  O F F I C E  B O X  6 2 8 0 0 8 .

•  D A L L A S ,  T E X A S  7 5 2 6 5 A t R a t e T i m e T o F u l l ( )  ( 0 x 0 5 ) ;  [ 0 x 0 5 ]  ( c o n t i n u e d ) R a n g e :

 5 1 t o l . 5 , 5 3 4 2 m i n

Granularity:

 2 2 m i n  o r  b e t t e r

Accuracy:

 ±  M a x E r r o r ( )  *

 F u l l C h a r g e C a p a c i t y ( ) / | A t R a t e ( ) |

Invalid Data Indication:

l . 5 , 5 3 5  i n d i c a t e s  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 . A t R a t e T i m e T o E m p t y ( )  ( 0 x 0 6 ) ;  [ 0 x 0 6 ] D e s c r i p t i o n : l  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  o p e r a t i n g  t i m e  i f  

t h e  b a t t e r y  i s  d i s c h a r g e d  a t  

t h e  A t R a t e ( )  v a l u e .
Purpose:  T h e  A t R a t e T i m e T o E m p t y ( )  f u n c t i o n  i s  p a r t  o f  a  t w o - f u n c t i o n  

c a l l - s e t  u s e d  t o l d e t e r m i n e  t h e  r e m a i n i n g

o p e r a t i n g  

t i m e  a t  t h e  A t R a t e ( )  v a l u e .  T h e  b q 2 0 6 3  u p d a t e s  A t R a t e T

i m e T o E m p t y ( )  

w i t h i n  8  3  s e c o n d s  a f t e r  t h e

S M B u s  

H o s t  s e t s  t h e  A t R a t e ( )  v a l u e .  I f  r e a d  b e f o r e  t h i s  d e l a y ,  t h e  c o m m a n d  i s  N o  A c k n o w l e d g e d ,  a n d  t h e  e r r o r

c o d e  i n  B a t t e r y S t a t u s  i s  s e t  t o ln o t  r e a d y .  T h e  b q 2 0 6 3  a u t o m a t i c a l l y  u p d a t e s  A t R a t e T i m e T

o E m p t y ( )  b a

s e d  o n

t h e  A t R a t e ( )  v a l u e  e v e r y  2 0  s e c o n d s .

S M B u s  P r o t o c o l :  R e a d  W o r d Output:  U n s i g n e d  i n t e g e r  −  e s t i m a t e d  o p e r a t i n g  t i m e  l e f t .

Units:2 m i n u t e sRange:  51tol.5,5342min

Granularity:

 22min or better

Accuracy:

 -0,+MaxError().×  FullChargeCapacity/|AtRate()|

Invalid Data Indication:

l.5,535 indicates the battery is not being discharged.AtRateOK() (0x07); [0x07]Description:  Returns a Boolean value that indicates whether or not the battery can 
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 9

• DALLAS, TEXAS 75265

command codes (continued)
Te m p e r a t u r e ( )  ( 0 x 0 8 ) ;  [ 0 x 0 8 ]

Description:

  R e t u r n s  t h e  t e m p e r a t u r e  ( K )  m e a s u r e d  b y  t h e  b q 2 0 6 3 .

Purpose:  The Temperature( ) function provides accurate cell temperatures for use by battery chargers andthermal 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  s y s t e m . S M B u s  P r o t o c o l :

 R e a d  W o r dO u t p u t :   

U n s i g n e d  i n t e g e r — c e l l  t e m p e r a t u r e  i n  t e n t h - d e g r e e  K e l v i n  i n c r e m e n t s .Units:

 0 
 1 °

KRange: 0  t o  + 6 5 5 3 . 5

°

K  { r e a l  r a n g e } Granularity:

 0 
 1 °

K

Accuracy:

±

1.5°

K  ( f r o m  i d e a l  S e m i t e c  1 0 3 A T  t h e r m i s t o r  p e r f o r m a n c e ,  a f t e r  c a l i b r a t i o n ) ±

315°

K  ( I n t e r n a l  t e m p e r a t u r e  s e n s o r  a f t e r  c a l i b r a t i o n )

V o l t a g e ( )  ( 0 x 0 9 ) ;  [ 0 x 0 9 ]

Description:

  R e t u r n s  t h e  c e l l - p a c k  v o l t a g e  ( m V ) .

Purpose:  The Voltage( ) function provides power management systems with an accurate battery terminalvoltage. Power management systems can use this voltage, along with battery current information, to

c h a r a c t e r i z e  d e v i c e s  t h e y  c o n t r o l .  T h i s  a b i l i t y  h e l p s  e n a b l e  i n t e l l i g e n t ,  a d a p t i v e  p o w e r - m a n a g e m e n t  s y s t e m s . S M B u s  P r o t o c o l :

  R e a d  W o r dOutput:  U n s i g n e d  i n t e g e r - b a t t e r y  t e r m i n a l  v o l t a g e  i n  m V. Units:

 m V

Range: 0  t o  2 0 , 0 0 0  m V Granularity:

 1  m V

Accuracy: 

±

0 . 6 5 %  ( a f t e r  c a l i b r a t i o n )

C u r r e n t ( )  ( 0 x 0 a ) ;  [ 0 x 0 a ]

Description:

  R e t u r n s  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 )  b y  t h e  b a t t e r y  ( m A ) .

Purpose:  T h e  C u r r e n t ( )  f u n c t i o n  p r o v i d e s  a  s n a p s h o t  f o r  t h e  p o w e r  m a n a g e m e n t  s y s t e m  o f  t h e  c u r r e n t  f l o w i n gi n t o  o r  o u t  o f  t h e  b a t t e r y .  T h i s  

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

c h a r a c t e r i z e  i n d i v i d u a l  d e v i c e s  a n d  t u n e  t h e i r  o p e r a t i o n  t o  a c t u a l  s y s t e m  p o w e r  b e h a v i o r. S M B u s  P r o t o c o l :

 R e a d  W o r d

Output:  

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 .

Units:

 m A

Range: (

±

 2 5 0 m V / R

S )  m A

Granularity:

 0 
 0 3 8 m V / R

S

 ( i n t e g e r  v a l u e )Accuracy: 

±

0 . 4  m V / R

S

 (after calibration)
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 3 •  D A L L A S ,  T E X A S  7 5 2 6 5 c o m m a n d  c o d e s  ( c o n t i n u e d ) AverageCurrent( ) (0x0b); [0x0b]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 ) 3

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  Av e r a g e C u r r e n t ( ) 3 f u n c t i o n  r e t u r n s  m e a n i n g f u l  v a l u e s  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 ( ) 3 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

p o w e r  m a n a g e m e n t  s y s t e m . S M B u s  P r o t o c o l :  R e a d  W o r d O 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 :  m A

R a n g e :  ( ±

 2 5 0  m V / R S

)3mA

Granularity: 9 038 mV/RS (integer value)Accuracy: ±

084 mV/RS (after calibration)MaxError() (0x0c); [0x0c]Description:   Returns the expected margin of error (%) in the state of charge calculation. For example, when

MaxError() returns 10% and RelativeStateOfCharge() returns 50%, the Relative StateOfCharge() is more

likely 

b e t w e e n  5 0 %  a n d  6 0 % .  T h e  b q 2 0 6 3 2 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 6 3 2 s e t s  M a x E r r o r ( )

to 2% on completion of a learning cycle, unless the bq20632limits the learning cycle to the +512/-2567mAh

maximum adjustment values. If the learning cycle is limited, the bq20632sets MaxError() to 8% unless

MaxError() was already below 8%. In this case MaxError() does not change. The bq20632increments

MaxError() by 1% after four2increments of CycleCount() without a learning cycle.If voltage-based corrections are applied to the coulomb counter, MaxError() is set to 25%.

Purpose:  The MaxError() function has real value in two ways: first, to give the user a confidence level aboutthe state of charge and second, to give the power management system information about how aggressive it

should be, particularly as the battery nears the end of its life.SMBus Protocol:  Read WordOutput:  Unsigned integer—percent uncertainty for selected information.Units:  %

Range: 2–100%Granularity:  1%

Accuracy: not applicable
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 4 • DALLAS, TEXAS 75275command codes (continued)RelativeStateOfCharge() (0x0d); [0x0d]

Description:

 Returns the predicted remaining battery capacity expressed as a percentage of

F u l l C h a r g e C a p a c i t y ( )  ( % ) .Purpose:  The RelativeStateOfCharge( ) function is used to estimate the amount of charge remaining in thebattery relative to the last learned capacity. SMBus Protocol: Read Word O u t p u t :   Unsigned integer-percent of remaining capacity. U n i t s :  % R a n g e :  0–100% G r a n u l a r i t y :  1%Accuracy: -0, +MaxError( )AbsoluteStateOfCharge()(0x0e); [0x0e]

Description:

  Returns the predicted remaining battery capacity expressed as a percentage of

DesignCapacity() (%). Note that AbsoluteStateOfCharge() can return values greater than 100%.Purpose:  The AbsoluteStateOfCharge() function is used to estimate the amount of charge remaining in thebattery relative to the nominal or DesignCapacity(). SMBus Protocol: Read Word Output:  Unsigned integer-percent of remaining capacity. U n i t s :  % R a n g e :    0–100+% G r a n u l a r i t y :  1%Accuracy: -0, +MaxError( )RemainingCapacity() (0x0f); [0x0f]

Description:

  Returns the predicted charge or energy remaining in the battery.4The RemainingCapacity(

) value
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command codes (continued)

BatteryStatus( )(0x16); [0x16]

Description:  Returns the bq2063’s status word (flags). Some of the BatteryStatus( ) flags
(REMAINING_CAPACITY_ALARM and REMAINING_TIME_ALARM) are calculated based on 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 bq2063. 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

Output:   Unsigned Integer-Status Register With Alarm Conditions Bit Mapped as follows:

ALARM BITS

0x8000 OVER_CHARGED_ALARM

0x4000 TERMINATE_CHARGE_ALARM

0x2000 Reserved

0x1000 OVER_TEMP_ALARM

0x0800 TERMINATE_DISCHARGE_ALARM

0x0400 Reserved

0x0200 REMAINING_CAPACITY_ALARM

0x0100 REMAINING_TIME_ALARM

STATUS BITS

0x0080 INITIALIZED

0x0040 DISCHARGING

0x0020 FULLY_CHARGED

0x0010 FULLY_DISCHARGED

ERROR CODES

0x0007
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alarm bits (continued)

OVER_TEMP_ALARM bit is set when the bq2063 detects that the internal battery temperature is greater than
or equal to the MaxT limit. This bit is cleared when the internal temperature falls back into the acceptable range.

TERMINATE_DISCHARGE_ALARM bit is set when RM = 0, Voltage( ) ≤ EDV0, 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 /Over Voltage.
The bit is cleared when Voltage( ) > EDV0, RM( ) > 0, and the CVUV bit is cleared.

REMAINING_CAPACITY_ALARM bit is set when the bq2063 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.

REMAINING_TIME_ALARM bit is set when the bq2063 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
AverageTimeToEmpty( ) is increased by charging.

status bits

INITIALIZED bit is set when the bq2063 is has detected a valid load of EEPROM. It is cleared when the bq2063
detects an improper EEPROM load.

DISCHARGING bit is set when the bq2063 determines that the battery is not being charged. This is determined
by the detection of discharge activity or by the absence of charge activity for 22500/DigitalFilter (µV) seconds.
This bit is cleared when the bq2063 detects that the battery is being charged.

FULLY_CHARGED bit is set when the bq2063 detects a primary charge termination or an overcharged
condition. It is cleared when RelativeStateOfCharge( ) is less than or equal to the programmed Fully Charged
Clear % in EE 0x4c.

FULLY_DISCHARGED bit is set when Voltage( ) or VCELL is less than the EDV2 threshold and Current( ) <
OverloadCurrent or when RelativeStateOfCharge( ) < Battery Low %. This bit is cleared when
RelativeStateOfCharge( ) is greater than or equal to 20%.

error codes
ERROR CODES DESCRIPTION

OK The bq2063 processed the function code without detecting any errors.

Busy The bq2063 is unable to process the function code at this time.

Reserved The bq2063 detected an attempt to read or write to a function code reserved by this version of the specification.
The 2063 detected an attempt to access an unsupported optional manufacturer function code.

Unsupported The bq2063 does not support this function code which is defined in this version of the specification.

AccessDenied The bq2063 detected an attempt to write to a read-only function code.

Over/Underflow The bq2063 detected a data overflow or underflow.

BadSize The bq2063 detected an attempt to write to a function code with an incorrect data block.

UnknownError The bq2063 detected an unidentifiable error.
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 8 • DALLAS, TEXAS 75245command codes (continued)SpecificationInfo() (0x1a); [0x1a]Description:  Returns the version number of the Smart Battery specification the battery pack supports, as wellas voltage and current scaling information in a packed unsigned integer. Power scaling is the product of thevoltage scaling times the current scaling. The SpecificationInfo is packed in the following fashion: (SpecID_H * 0x10 + SpecID_L) + (VScale + IPScale * 0x10) * 0x100.
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command codes (continued)

ManufacturerName( ) (0x20); [0x20-0x25]

Description:  This function returns a character array containing the battery’s manufacturer’s name. For
example, MyBattCo identifies the Smart Battery’s manufacturer as MyBattCo. The bq2063 sets
ManufacturerName( ) to the value programmed in Manufacturer Name EE 0x20-0x2b.

Purpose:  The ManufacturerName( ) function returns the name of the Smart Battery’s manufacturer. The
manufacturer’s name can be displayed by the SMBus Host’s power management system display as both an
identifier and as an advertisement for the manufacturer. The name is also useful as part of the information
required to uniquely identify a battery.

SMBus Protocol:  Read Block

Output:  String-character string with maximum length of 11 characters (11 + length byte).

DeviceName( ) (0x21); [0x28-0x2b]

Description:  This function returns a character string that contains the battery’s name. For example, a
DeviceName( ) of bq2063A indicates that the battery is a model bq2063A. The bq2063 sets DeviceName( ) to
the value programmed in Device Name EE 0x30-0x37.

Purpose:  The DeviceName( ) function returns the battery’s name for identification purposes.

SMBus Protocol:  Read Block

Output:  String-character string with maximum length of 7 characters (7 + length byte).

DeviceChemistry( ) (0x22); [0x30-0x32]

Description:  This function returns a character string that contains the battery’s chemistry. For example, if the
DeviceChemistry( ) function returns NiMH, the battery pack contains nickel metal hydride cells. The bq2063
sets DeviceChemistry( ) to the value programmed in Device Chemistry EE 0x40-0x44.

Purpose:  The DeviceChemistry( ) function gives cell chemistry information for use by charging systems. The
bq2063 does not use DeviceChemisty( ) values for internal charge control or fuel gauging.

SMBus Protocol:  Read Block

Output:   String-character string with maximum length of 4 characters (4 + length byte).

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
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 3 • DALLAS, TEXAS 75265command codes (continued)The ManufacturerData() (0x23);[0x38–0x3a]Description: This function allows access to the manufacturer data contained in the battery (data). The bq2063stores seven critical operating parameters in this data area.Purpose: The ManufacturerData() function may be used to access the manufacturer ’s data area. The datafields of this command reflect the programming of five critical EEPROM locations and can be used to facilitateevaluation bq2063 under various programming sets. The  ManufacturerData() function returns the following information in order:3C o n t r o l  M o d e ,  D i g i t a l  F i l t e r,  S e l f - D i s c h a r g e  R a t e ,  B a t t e r y  L o w  % ,  N e a r  F u l l ,  a n d  t h e pending EDV threshold voltage (low byte and high byte.)SMBus Protocol: Read BlockO u t p u t :   Block data-data that reflects EEPROM programming as assigned by the manufacturer with maximumlength of 7 characters (7 + length byte).Pack Status and Pack Configuration (0x2f); [0x2f]This function returns the Pack Status and Pack Configuration registers. The Pack Status register contains a number of status bits relating to bq2063 operation. The Pack Status register is the least significant byte of the w o r d . The Pack Configuration register reflects how the bq2063 is configured as defined by the value programmed inPack Configuration in EE 0x3f. The OTVC bit is cleared when the single midrange voltage correction attemptis made.The Pack Status register consists of the following bits:b7 b6b5b4b3b2

b1 b0

OCEEDV2EINTVDQ
—

SOVCVOVCVUVOCEThe OCE bit indicates that offset cancellation is enabled. The bq2063 sets this bit after VFC offset calibrationis complete.
0Offset calibration not enabled1Offset calibration enabledEDV2The EDV2 bit indicates that pack or cell voltage (program option) is less than the EDV2 threshold.

0Voltage > EDV2 threshold (discharging)1Voltage ≤ EDV2 thresholdEINTThe EINT bit indicates that the VFC has detected a charge or discharge pulse.
0No charge/discharge activity detected1Charge/discharge activity detectedVDQThe VDQ bit indicates if the present discharge cycle is valid for an FCC update.

0Discharge cycle not valid1Discharge cycle valid
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P O S T  O F F I C E  B O X  6 5 5 3 0 6 3

•

 D A L L A S ,  T E X A S  7 5 2 6 5 S O V

T h e  S O V  b i t  i n d i c a t e s  t h a t  t h e  s a f e t y  o u t p u t  l i m i t s  h a v e  b e e n  e x c e e d e d .  O n c e  s e t ,  t h e  F L A G  s t a y s  s e t  u n t i l  t h e
b q 2 0 9 3 9 i s  r e s e t .

0 S a f e t y  l i m i t s  n o t  e x c e e d e d
1 S a f e t y  l i m i t s  e x c e e d e d C V O V

T h e  C V O V  b i t  i n d i c a t e s  t h a t  a  s e c o n d a r y  L i - I o n  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 9 i s  s e t  o n  a  p r o l o n g e d
o v e r c u r r e n t ,  o v e r v o l t a g e ,  o r  o v e r t e m p e r a t u r 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
o v e r v o l t a g e  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
1 A  s e c o n d a r y  p r o t e c t i o n  l i m i t  e x c e e d e d C 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  s e c o n d a r y  L i - I o n  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 9 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  u n d e r v o l t a g e  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
1 A  s e c o n d a r y  p r o t e c t i o n  l i m i t  e x c e e d e d V C E L L 4 - V C E L L 1  ( 0 x 3 c - 0 x 3 f ) ;  [ 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 .
EEPROM
general

T h e  b q 2 0 9 3 9 a c c e s s e s  t h e  e x t e r n a l  E E P R O M  d u r i n g  r e s e t  a n d  w h e n  s t o r i n g  h i s t o r i c a l  d a t a .  D u r i n g  a n  E E P R O M
access, the VOUT pin becomes active and the bq20939uses the ESCL and ESDA pins to communicate with
t h e  E E P R O M .  T h e  E E P R O M  s t o r e s  b a s i c  c o n f i g u r a t i o n  i n f o r m a t i o n  f o r 9 u s e  b y  t h e  b q 2 0 9 3 .  T h e  E E P R O M  m u s t
b e  p r o g r a m m e d  c o r r e c t l y  f o r 9 p r o p e r  b q 2 0 9 3 9 o p e r a t i o n .

m e m o r y  m a p
T a b l e  1 2 3

s h o w s  t h e  m e m o r y  m a p  f o r 9 t h e  E E P R O M .  I t 9 c o n t a i n s  e x a m p l e  d a t a  f o r 9 a  3 s 3 p  L i - I o n  b a t t e r y  p a c k  w i t h

a  l  0 5 -

Ω

 s e n s e  r e s i s t o r .T a b l e  1 0 .  E E P R O M  M e m o r y  M a p

E E P R O M  A D D R E S S

N A M E

L i - I O N  E X A M P L E

D A T A

E E P R O M  A D D R E S S

L i - I O N  E X A M P L E

C h e c k  B y t e  1

1 5 4 8 7

R e m a i n i n g  T i m e  A l a r m

1 0  m i n u t e s

0 0

R e m a i n i n g  C a p a c i t y  A l a r m

4 0 0  m A h

0 1

E D V  C 1  F a c t o r

0

E D V  T C  F a c t o r

0

S a f e t y  O v e r t e m p e r a t u r e

7 5 °C

C h a r g i n g  V o l t a g e

3 2 6 0 0  m V

3 1

N O T E : R e s e r v e d  l o c a t i o n s  m u s t  b e  s e t  a s  s h o w n .  L o c a t i o n s  m a r k e d  w i t h  a n  *  a r e  c a l i b r a t i o n  v a l u e s  t h a t  c a n  b e

a d j u s t e d  f o r  m a x i m u m  a c c u r a c y .  F o r  t h e s e  l o c a t i o n s  t h e  t a b l e  s h o w s  t h e  a p p r o p r i a t e  d e f a u l t  o r  i n i t i a l  s e t t i n g .
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 7 • DALLAS, TEXAS 75275Table 10.  EEPROM Memory Map (Continued)

EEPROM ADDRESS NAMELi-ION EXAMPLE DATA EEPROM ADDRESS NAMELi-ION EXAMPLE MSB

LSB

0x0c

0x0dReserved1280080

0x0e

0x0f
Cycle Count 00000

0x10

0x11Reserved00000

0x12

0x13Design Voltage 10800 mV 2a30

0x14

0x15Specification Information v1.1/PEC0031

0x16

0x17Manufacture Date 2/25/99=98172659

0x18

0x19
Serial Number 10001

0x1a

0x1bFast-Charging Current 3000 mA 0bb8

0x1c

Pack Load Estimate0 mA 00

0x1d

Maintenance Charging Current 0 mA 0000

0x1e

Pre-Charge Current 96 mA 00
0C0x1f Safety Overvoltage130555mV 8C

0x20

Manufacturer Name Length9 09

0x21

Character 1B 42

0x22

Character 2E 45

0x23

Character 3 N4e

0x24

Character 4 C43

0x25

Character 5H 48

0x26

Character 6 M4d

0x27

Character 7 A41

0x28

Character 8 R52

0x29

Character 9 Q51

0x2a

Character 10 —00

0x2b

Character 11 —00

0x2c 0x2d

Reserved0 0000

0x2e 0x2f

Maximum Overcharge 350 mAh

fe

a2

0x30

Device Name Length 606

0x31

Character 1 B42

0x32

Character 2 Q51

0x33

Character 3 232

0x34

Character 4 030

0x35

Character 5 636

0x36

Character 6 333

0x37

Character 7 —00

0x38
0x39Last Measured Discharge 4500 mAh 11 94

0x3a
0x3bPack Capacity 4500 mAh 11 94

0x3c

0x3dCycle Count Threshold 3600 mAh 0e10

0x3e
Reserved000 0x3fPack Configuration DMODE, SEAL,CSYNC, OTVC e2

0x40

Device Chemistry Length 404

0x41
Character 1 L 4cNOTE: Reserved locations must be set as shown. Locations marked with an * are calibration values that can beadjusted for maximum accuracy. For these locations the table shows the appropriate default or initial setting.
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POST OFFICE BOX 6553033•  D A L L A S ,  T E X A S  7 5 2 6 5

T a b l e  1 0 .   E E P R O M  M e m o r y  M a p  ( C o n t i n u e d )

E E P R O M  A D D R E S S

N A M E

L i - I O N  E X A M P L E
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PROGRAMMING INFORMATION

EEPROM programming

The following sections describes the function of each EEPROM location and how the data is to be stored.

fundamental parameters

sense resistor value

Two factors are used to scale the current related measurements. The 16-bit ADC Sense Resistor Gain value
in EE 0x68-0x69 scales Current( ) to mA. Adjusting ADC Sense Resistor Gain from its nominal value provides
a method to calibrate the current readings for system errors and the sense resistor value (Rs) . The nominal
value is set by

ADC Sense Resistor Gain �
625
(Rs)

The 16-bit VFC Sense Resistor Gain in EE 0x6a-0x6b scales each VFC interrupt to mAh. VFC Sense Resistor
Gain is based on the resistance of the series sense resistor. The following formula computes a nominal or
starting value for VFC Sense Resistor Gain from the sense resistor value.

VFC Capital Sense Resistor Gain �
409.6
(Rs)

Sense resistor values are limited to the range of 0.00916 to 0.100Ω.

digital filter

The desired digital filter threshold, VDF (µV), is set by the value stored in Digital Filter
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PROGRAMMING INFORMATION

EDV thresholds and near full percentage (continued)

The bq2063 updates FCC if a qualified discharge occurs from a near-full threshold of FCC − NFW, until EDV2
condition is reached. The desired near-full threshold window, NFW (mAh), is programmed in Near Full in EE
0x55.

Near Full � NFW
2

EVD discharge rate and temperature compensation

If EDV compensation is enabled, the bq2063 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 = EMF • FBL - | ILOAD | • R0 • FTZ

Where:

EMF is a no-load battery voltage higher than the highest EDV threshold computed. EMF is programmed in
mV in EMF/EDV1 EE 0x74-0x75.

ILOAD is the current discharge load magnitude.

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 )

Where:

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/EDV2 EE 0x78−79. C1 is the desired
residual battery capacity remaining at EDV0 (RM = 0). The C1 factor is stored in EDV C1 Factor EE 0x06.

T is the current temperature in °K.

R0 • FTZ represents the resistance of the battery 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 EE 0x7a-0x7b.

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 EE
0x7c-0x7d.

T0 adjusts the variation of impedance with battery temperature). T0 is programmed in EDV T0 Rate Factor EE
0x76-0x77.

TC adjusts the variation of impedance for cold temperatures (T < 23°C). TC is programmed in EDV TC EE 0x07.

(8)

(9)

(10)

(11)
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 3 • DALLAS, TEXAS 75265P R O G R A M M I N G  I N F O R M A T I O N

EVD discharge rate and temperature compensation (continued)Typical3values for the EDV compensation factors, based on overall pack voltages for a Li-lon 3s3p 18650 pack,areEMF = 11550T0 = 4475C0 = 235 C1 = 0R0 = 5350R1 = 250TC = 3The graphs in Figures 11 and 123show3the calculated EDV0, EDV1, and EDV2 thresholds versus capacity using the typical3compensation values for different temperatures and loads for a Li-Ion 3s3p 18650 pack. Thecompensation3values vary widely for different cell types and manufacturers and must be matched exactly to theunique characteristics for optimal3performance.Capacity − %

76586086596096510601065116011650  2 3 4 5 6 7 8 9 1 0

Battery Low3% = 7%Load = 500 mAVOLTAGEvsCAPACITY V − Voltage − VEDV1EDV2 45°C20°CFigure 11. EDV Calculations vs Capacity forVarious Temperatures

Figure 12. EDV Calculations vs Capacity for

Various LoadsCapacity − %
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500 mA 1 AEDV0 2 A overload current threshold

The Overload Current

 threshold is a 16-bit value stored in EE 0x46-0x47 in mA units.midrange capacity corrections

Three 

voltage-based thresholds, VOC25 EE 0x6c-0x6d, VOC50 EE 0x6e-0x6f, and VOC75 EE 0x70-0x71, are

used to test the accuracy of the RM based on open-circuit pack voltages. These thresholds are stored in the

EEPROM in 2s complement of voltage in mV. The values represent the open-circuit battery voltage at which

the battery capacity should correspond to the associated state of charge for each threshold.
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 4•  DALLAS, TEXAS 75265PROGRAMMING INFORMATIONself-discharge rateThe nominal self-discharge rate, %PERDAY (% per day), is programmed in an 8-bit value Self-Discharge RateEE 0x534by the following relation:Self-DischargeRate�256–52873%PERDAY

light load estimateThe amount of light load current in mA, ILEAK, used for compensation is stored in Light Load Estimate in EE0x640as follows:LightDischargeCurrent�ILEAK•112445

ILEAK is between4030444and 1142 mA.charge efficiencyThe bq20635applies the efficiency factor,4EFF%, to all charge added to the battery.4EFF% is encoded in ChargeEfficiency EE 0x4d according to  equation 16:ChargeEfficiency�( E F F % •2856–1)battery electronics loadThe amount of internal battery electronics load estimate in µA, BEL, is stored in Pack Load Estimate EE 0x1cas follows;Pack Load Estimate = 0.3640• BELcharging voltageThe416-bit value, Charging Voltage EE 0x0a-0x0b programs the ChargingVoltage() value broadcast to a SmartCharger. It is also sets the base value for determining overvoltage conditions during charging and voltage
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PROGRAMMING INFORMATION

charging current (continued)

When fast charge terminates, the bq2063 sets ChargingCurrent( ) to zero and then to the Maintenance
Charging Current EE 0x1d when the termination condition ceases. MC is the desired rate in mA.

Maintenance Charging Current � MC
4

When Voltage( ) is less than EDV0, the bq2063 sets ChargingCurrent( ) to Precharge Current EE 0x1e.
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. PCC is the desired rate in mA.

Precharge Current � PCC
8

If temperature is between 0° and the LTF threshold, the bq2063 sets ChargingCurrent( ) to PreCharge Current.
LTF is programmed in the lower nibble (LSN) OF MaxTLowT EE0x45 as

LowT �
LTF(°C)

0.8

charge suspension

During charge, the bq2063 compares the current to the ChargingCurrent( ) plus the value IOIM. If the pack is
charged at a current above the ChargingCurrent( ) plus IOIM, the bq2063 sets ChargingCurrent( ) to zero to
stop charging. IOIM is programmed in the EE 0x49 value, Overcurrent Margin, encoded as

Overcurrent Margin �
IOIM
16

Overcurrent Margin EE 0x49 may be used to program IOIM values of 0 to 4080mA in 16mA steps.

The desired temperature threshold for charge suspension, MAXTEMP, may be programmed between 45°C and
69°C in 1.6°C steps. MaxT LowT EE 0x45 (MSN) is stored in a 4-bit value as shown:

MaxT �
69–MAXTEMP

1.6

The bq2063 suspends fast charge when fast charge continues past full by the amount programmed in Maximum
Overcharge EE 0x2e-0x2f.  Maximum Overcharge is programmed in 2s complement form of charge in mAh.

FULLY_CHARGED bit clear threshold

The bq2063 clears the FULLY_CHARGED bit in BatteryStatus( ) when RelativeStateOfCharge( ) reaches the
value, Fully Charged Clear % EE 0x4c. Fully Charged Clear % is an 8-bit value and is stored as a 2s complement
of percent.

fast charge termination percentage

The bq2063 sets RM to a percentage of FCC on charge termination if the CSYNC bit is set in the Pack
Configuration register. The percentage of FCC, FCT%, is stored in Fast Charge Termination % in EE 0x4b. The
value is stored as shown:

Fast Charge Termination% = (FCT% * 2.56−1)

cycle count threshold

Cycle Count Threshold 0x3c-0x3d sets the number of mAh that must be removed from the battery to increment
CycleCount( ). Cycle Count Threshold is a 16-bit value stored in 2s complement of charge in mAh.

(16)

(17)

(18)

(19)

(20)
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 . •  D A L L A S ,  T E X A S  7 5 2 6 5 P R O G R A M M I N G  I N F O R M AT I O N
c u r r e n t  t a p e r  t e r m i n a t i o n  c h a r a c t e r i s t i c s

T w o  f a c t o r s  i n  t h e  E E P R O M  s e t  t h e  c u r r e n t  t a p e r  t e r m i n a t i o n  f o r  L i - I o n  b a t t e r y  p a c k s .  T h e  t w o  c o d e d  l o c a t i o n s

are C u r r e n t  Ta p e r  Q u a l  Vo l t a g e  E E  0 x 4 f  a n d  C u r r e n t  Ta p e r  T h r e s h o l d  E E  0 x 4 e .  C u r r e n t  t a p e r  t e r m i n a t i o n  o c c u r s

d u r i n g  c h a r g i n g  w h e n  t h e  p a c k  v o l t a g e  i s  a b o v e  t h e  c h a r g i n g  v o l t a g e  m i n u s  C T Q V  ( m V )  a n d  t h e  c h a r g i n g

cu rre n t is b e lo w  C T T  (mA ) fo r a t le a s t 4 0  se c o n d s .

C u rre n tT a p e r Q u a l V o lta g e �C T Q V2

C u r r e n t T a p e r T h r e s h o l d �R s� CTT

where i = the desired current termination threshold in mA, and Rs = VFC sense resistor in ohms.

p a c k  o p t i o n s

p a c k  c o n f i g u r a t i o n

P a c k  C o n f i g u r a t i o n  EE 0x3f contains bit-programmable features.b 7

T h e  D M O D E  b i t  d e t e r m i n e s  w h e t h e r  t h e  L E D  o u t p u t s  i n d i c a t e  A b s o l u t e S t a t e O f C h a r g e ( )  o r

R e l a t i v e S t a t e O f C h a r g e ( )

0 LEDs.reflect AbsoluteStateOfCharge()

1 LEDs.reflect RelativeStateOfCharge()

S E A L

T h e  S E A L  b i t  d e t e r m i n e s  t h e  S M B u s  a c c e s s  s t a t e  o f  t h e  b q 2 0 6 3 3 o n  r e s e t

0 SMBus commands (0x00-0xff) accessible for both read and write

1 SM Bus r ead access l i m i t ed t o com m ands ( 0x05- 0x1c)  and ( 0x20- 0x23) .  SM Bus r ead/ w r i t e access

limited to commands (0x00-0x04), (0x2f), and (0x3c-0x3f).

C S Y N C

I n  u s u a l  o p e r a t i o n  o f  t h e  b q 2 0 6 3 ,  t h e  C S Y N C  b i t  i s  s e t  s o  t h a t  t h e  c o u l o m b  c o u n t e r  i s  a d j u s t e d  w h e n  a  f a s t

charge termination is detected. In some applications, especially those where an externally controlled charger

i s  u s e d ,  i t  m a y  b e  d e s i r a b l e  n o t

 t o  a d j u s t  t h e  c o u l o m b  c o u n t e r .  I n  t h e s e  c a s e s  t h e  C S Y N C  b i t  s h o u l d  b e  c l e a r e d .

0 T h e  b q 2 0 6 3 3 d o e s  n o t  a l t e r  R M  a t  t h e  t i m e  o f  a  v a l i d  c h a r g e  t e r m i n a t i o n

C E D V

T h e  C E D V  b i t  d e t e r m i n e s  w h e t h e r  t h e  b q 2 0 6 3 3 i m p l e m e n t s  a u t o m a t i c  E D V  c o m p e n s a t i o n  t o  c a l c u l a t e  t h e  E D V 0 ,

E D V 1 ,  and EDV2 thresholds base3on rate, temperature, and capacity. I f  t h e  b i t  i s  c l e a r e d ,  t h e  b q 2 0 6 3 3 u s e s  t h e

fixed v a l u e s  p r o g r a m m e d  i n  E E P R O M  f o r  E D V 0 ,  E D V 1 ,  a n d  E D V 2 .  I f  t h e  b i t  i s  s e t ,  t h e  b q 2 0 6 3 3 c a l c u l a t e s  E D V 0 ,
EDV1, and EDV2.

0 EDV compensation disabled

( 2 1 )

( 2 2 )
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PROGRAMMING INFORMATION

pack options (continued)

LLTF

The LLTF bit sets the temperature threshold used to disable the learning cycle (FCC update).

0 Sets the low temperature learning fault to 12C

1 Sets the low temperature learning fault to the value stored in MaxT_LowT

remaining time and capacity alarms

Remaining Time Alarm in EE 0x02-0x03 and Remaining Capacity Alarm in 0x04-0x05 set the alarm thresholds
used in the SMBus command codes 0x01 and 0x02, respectively. Remaining Time Alarm is stored in minutes
and Remaining Capacity Alarm in mAh or 10 mWh, depending on the Battery_Mode( ) setting.

secondary protection limits for Li-Ion

The cell undervoltage (VUV) and overvoltage (VOV) limits are programmed in Cell Undervoltage/Overvoltage
EE 0x4a according to the equations:

Cell Overvoltage (lower nibble) � VOV–4096
32

Cell Undervoltage (upper nibble) � VUV � 2048
64

CELL UNDER/OVER
VOLTAGE (UPPER NIBBLE)

VUV
(mV)

CELL UNDER/OVER
VOLTAGE (LOWER NIBBLE)

VOV
(mV)

0 2048 0 4096

1 2112 1 4128

2 2176 2 4160

3 2240 3 4192

4 2304 4 4224

5 2368 5 4256

6 2432 6 4288

7 2496 7 4320

8 2560 8 4352

9 2624 9 4384

a 2688 a 4416

b 2752 b 4448

c 2816 c 4480

d 2880 d 4512

e 2944 e 4544

f 3008 f 4576

SAFETY Threshold

The Safety Voltage threshold (SOV) in mV is programmed in Safety Overvoltage EE 0x1f. It is stored as

Safety Overvoltage �
SOV � 4096

64

The Safety Overtemperature (SOT) in °C is programmed in Safety Overtemperature EE 0x08. It is stored as

Safety Overtemperature � (94.5 � SOT) � 10

(23)

(24)

(25)

(26)
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PROGRAMMING INFORMATIONmeasurement calibration
ADC

To describe how the bq2083 calculates reported battery and three individual cell voltages, the following
abbreviations and designations are used:�VCELL = voltage at the input pin of the bq2083�VCELLN = reported single-cell voltages (N = 1–4)�Vn = single cell voltage (n = 1−4)�VnOffset= single-cell offset voltages (n = 1–4)�Voltage() = reported battery voltage

The bq2083 requests inputs to the VCELL pin. The S-8243 presents either a scaled single-cell voltage or the
offset
associated with the voltage, per Table 11. The voltage for each cell, Vn, may be determined by subtractingthe offset
measurement from the corresponding cell plus offset
measurement.
After subtracting the two ADC readings from each cell voltage, the reported VCELLN voltage is computed as
follows:

VCELLN � [ADC(VnOffset � 032Vn)–ADC(VnOffset) ]�ADCVoltageGain65536

�ADC(VCELL)� VCELL*327681250An ADC Voltage Gain  factor of 12500 in EE 0x66−0x67 is the nominal value to correct for the nominal 032 (5:1
reduction) gain of the S-8243.
The bq2083 computes the reported voltages as follows:V o l t a g e ( )  =  VCELL1 + VCELL2 + VCELL3 + VCELL4

The bq2083 reports VCELL4 as the most positive cell in the cell stack. Note that this is documented as V1 in
the S-8243 data sheet. The other cell voltages are also in inverse order.

Table 11. bq2083 to S-8243A/B Interface (Cell Voltage Input)

OUTPUT INPUT

CTL3CTL4VCELL (A series) VCELL (A series)HighHighV1 Offset V1 Offset HighOpenV1 Offset +032 ×  V1V1 Offset + 032 ×  V1HighLowDon’t care V2 Offset OpenHighDon’t care V2 Offset + 032 ×  V2OpenOpenV2 Offset V3 Offset OpenLow
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PROGRAMMING INFORMATION

measurement calibration (continued)

current

The bq2063 scales Current( ) to mA units by the 16-bit value ADC Sense Resistor Gain in EE 0x68-0x69.
Adjusting ADC Sense Resistor Gain from its nominal value provides a method to calibrate the current readings
for variances in the ADC gain, internal voltage reference, and sense resistor value. The bq2063 calculates
Current( ) by

Current( ) � �
(ADC Reading � ADC Offset) * ADC Sense Resistor Gain

16384
�

The nominal value for ADC Sense Resistor Gain is given by equation (4).

ADC Offset in EE 0x62 adjusts the ADC reading for bq2063 measurement offset. ADC Offset is a signed 8-bit
value that cancels offset present in the ADC measurement. ADC Offset is typically between –20 and 20.

vfc

To calibrate the coulomb counting measurement for VFC gain errors and sense resistor tolerance, the value
of VFC Sense Resistor Gain EE 0x6a-0x6b may be adjusted from its nominal value.

The nominal value of VFC Sense Resistor Gain is given by equation (6).

The bq2063 VFC circuit has the ability to introduce a signal opposite in sign to the inherent device and circuit
offset to cancel this error. The offset calibration routine is initiated with commands to ManufacturerAccess( ).

The bq2063 calculates the offset with the calibration routine and stores the calibration value using the least 21
bits of VFC Offset in EE 0x5e-0x60.

The least 20 bits store the offset calibration value (OCV). The sign of the offset calibration value is positive if
the 21st bit is 0.

OCV �
0.6 V

VFC Offset19–0

temperature

The bq2063 uses Temperature Offset in EE 0x61 to calibrate the Temperature( ) function for offset. The required
offset adjustment, TOFF (°C), sets Temperature Offset according to the equation

Temperature Offset � TOFF * 10

Where:

–12.8 ≤ TOFF ≤ 12.7

constants and string data

EEPROM constants

Check Byte 1 EE 0x00-0x01 and Check Byte 2 EE 0x7e-0x7f must be programmed to 0x3c7f and 0xa55a,
respectively.

specification information

Specification Information EE 0x14-0x15 stores the default value for the SpecificationInfo( ) function. It is stored
in EEPROM in the same format as the data returned by the SepcificationInfo( ).

(30)

(31)

(32)
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•  D A L L A S ,  T E X A S  7 5 2 6 5 P R O G R A M M I N G  I N F O R M A T I O N m e a s u r e m e n t  c a l i b r a t i o n  ( c o n t i n u e d )

m a n u f a c t u r e  d a t e

M a n u f a c t u r e  D a t e E E  0 x 1 6 - 0 x 1 7  s t o r e s  t h e  d e f a u l t  v a l u e  f o r  t h e  M a n u f a c t u r e D a t e ( )  f u n c t i o n .  I t  i s  s t o r e d  i n
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APPLICATION INFORMATION

bq2063

HDQ16VSS

SMBDRBI

SMBCTHON

ESDA

ESCL

VCELL

VOUT

CTL4

DISP

CTL2

LED4CTL3

LED5

LED3

VCC

LED2

LED1

TS

EEPROM

SDA

A0

SCL

VCC

VSS

A1

A2

WP

VCC

VCC

BAT+

SMBus

SR1SR2 SRC
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IMPORTANT NOTICE
Texas Instruments Incorporatedand itssubsidiaries(TI) reserve the righttomake corrections,modifications,enhancements, improvements,
and otherchanges toitsproductsand servicesat any time and todiscontinueany productorservicewithoutnotice.Customersshould
obtain the latest relevant informationbeforeplacing ordersand should verifythat such informationiscurrent and complete. All productsare
soldsubject toTI’sterms and conditionsofsale suppliedat the time oforderacknowledgment.
TI warrants performanceofitshardware productstothe specificationsapplicable at the time ofsale in accordancewith TI’sstandard
warranty.Testing and otherqualitycontroltechniques areused tothe extent TI deems necessarytosupportthiswarranty.Except where
mandated by government requirements, testing ofall parameters ofeach productisnot necessarilyperformed.
TI assumes no liabilityforapplicationsassistanceorcustomerproductdesign. Customersareresponsiblefortheirproductsand
applicationsusing TI components. Tominimize the risksassociatedwith customerproductsand applications,customersshould provide
adequate design and operatingsafeguards.
TI doesnot warrant orrepresent that any license, eitherexpressorimplied,isgranted under any TI patent right,copyright,mask work right,
orotherTI intellectual propertyrightrelatingtoany combination, machine, orprocessin which TI productsorservicesareused. Information
published by TI regardingthird-partyproductsorservicesdoesnot constitutea license fromTI touse such productsorservicesora
warrantyorendorsement thereof.Use ofsuch informationmay requirea license froma thirdpartyunder the patents orotherintellectual
propertyofthe thirdparty,ora license fromTI under the patents orotherintellectual propertyofTI.
ReproductionofTI informationin TI data books ordata sheets ispermissibleonlyifreproductioniswithoutalterationand isaccompanied
by all associatedwarranties,conditions,limitations,and notices.Reproductionofthisinformationwith alterationisan unfairand deceptive
business practice.TI isnot responsibleorliable forsuch altereddocumentation. Informationofthirdpartiesmay be subject toadditional
restrictions.
Resale ofTI productsorserviceswith statements differentfromorbeyond the parameters stated by TI forthat productorservicevoidsall
expressand any impliedwarrantiesforthe associatedTI productorserviceand isan unfairand deceptive business practice.TI isnot
responsibleorliable forany such statements.
TI productsare not authorizedforuse in safety-criticalapplications(such as lifesupport)where a failureofthe TI productwould reasonably
be expected tocause severe personalinjuryordeath, unless officersofthe partieshave executed an agreement specificallygoverning
such use. Buyersrepresent that they have all necessaryexpertisein the safetyand regulatoryramificationsoftheirapplications,and
acknowledge and agree that they aresolelyresponsibleforall legal, regulatoryand safety-relatedrequirements concerning theirproducts
and any use ofTI productsin such safety-criticalapplications,notwithstanding any applications-relatedinformationorsupportthat may be
providedby TI. Further, Buyersmust fullyindemnify TI and itsrepresentativesagainst any damages arisingoutofthe use ofTI productsin
such safety-criticalapplications.
TI productsare neither designed norintended foruse in military/aerospaceapplicationsorenvironments unless the TI productsare
specificallydesignated by TI as military-gradeor"enhanced plastic."Only productsdesignated by TI as military-grademeet military
specifications.Buyersacknowledge and agree that any such use ofTI productswhich TI has not designated as military-gradeissolelyat
the Buyer'srisk,and that they aresolelyresponsibleforcompliance with all legal and regulatoryrequirements in connection with such use.
TI productsare neither designed norintended foruse in automotiveapplicationsorenvironments unless the specificTI productsare
designated by TI as compliant with ISO/TS 16949 requirements. Buyersacknowledge and agree that, ifthey use any non-designated
productsin automotiveapplications,TI will not be responsibleforany failuretomeet such requirements.
FollowingareURLs where youcan obtain informationon otherTexas Instruments productsand applicationsolutions:
Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DLP® Products www.dlp.com Broadband www.ti.com/broadband
DSP dsp.ti.com DigitalControl www.ti.com/digitalcontrol
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Military www.ti.com/military
Logic logic.ti.com OpticalNetworking www.ti.com/opticalnetwork
PowerMgmt power.ti.com Security www.ti.com/security
Microcontrollers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www.ti-rfid.com Video& Imaging www.ti.com/video
RF/IF and ZigBee® Solutions www.ti.com/lprf Wireless www.ti.com/wireless

MailingAddress:Texas Instruments, PostOfficeBox655303, Dallas, Texas 75265
Copyright© 2009, Texas Instruments Incorporated
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