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FEATURES
� Multifunction Monitoring Integrated Circuit

Designed to Work With an Intelligent Host
Controller :
−  Provides State of Charge Information for

Rechargeable Batteries
−  Provides Accurate Battery Voltage and

Temperature Measurement

� High Accuracy Coulometric Charge and
Discharge Current Integration With
Automatic Offset Compensation

� 11-Bit Analog-to-Digital Converter Reports
Battery Voltage With Gain and Offset
Correction

� Differential Current Sense

� 32 Bytes of General Purpose RAM

� 96 Bytes of Flash (Including 32 Bytes of
Shadow Flash)

� 8 Bytes of ID ROM

� Internal Temperature Sensor Eliminates the
Need for an External Thermistor

� Programmable Digital Input/Output Port

� High-Accuracy Internal Timebase Eliminates
External Crystal Oscillator

� Low Power Consumption:
−  Operating : 30 µA
−  Sleep: 1 µA
−  Hibernate: 600 nA

� Single-Wire HDQ Serial Interface

� Packaging: 8-LEAD TSSOP
  

DESCRIPTION

The bq26220 is an advanced battery monitoring
device designed to accurately measure the
charge and discharge currents in rechargeable
battery packs. Intended for pack integration, the
bq26220 contains all the necessary functions to
form the basis of a comprehensive battery
capacity management system in portable
applications such as cellular phones, PDA’s, or
other portable products.

The bq26220 works with the host controller in the
portable system to implement the battery
management system. The host controller is
responsible for interpreting the bq26220 data and
communicating meaningful battery data to the
end-user or power management system.

This device provides 64 bytes of general-purpose
flash memory, 8 bytes of ID ROM and 32 bytes of
flash-backed RAM for data storage. The
nonvolatile memory can maintain formatted
battery monitor information, identification codes,
warranty information, or other critical battery
parameters during periods when the battery is
temporarily shorted or deeply discharged.
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d c  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  o v e r  r e c o m m e n d e d  o p e r a t i n g  t e m p e r a t u r e  a n d  s u p p l y  v o l t a g e  ( 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 NT Y PM A XU N I TI C C ( O P )S u p p l y  c u r r e n tV C C  = 463 V, flash programming not active 3 03 7II
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VFC characteristics over recommended operating temperature and supply voltage (unlessotherwise noted)PARAMETER( D W 1 )
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P A R A M E T E R  M E A S U R E M E N T  I N F O R M A T I O NT ( C Y C H )T ( H W 1 )T ( H W 0 )T ( C Y C B )T ( D W 1 )T ( D W 0 )T ( B )T ( B R ) F i g u r e  1 .  H D Q  T i m i n g  D i a g r a mBREAKCOMMAND BYTE

(Written by Host to bq26220)

0
(LSB)

1 2 3 4 56

7

(MSB)

REGISTER ADDRESS

DATA BYTE(Received by Host From bq26220)

0(LSB) t(RSPS) 2 3 4
5

6

7(MSB)

Figure 2. Typical Communication with the bq26220
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FUNCTIONAL BLOCK DIAGRAM
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TERMINAL FUNCTIONS

TERMINAL
I/O DESCRIPTION

NAME No.
I/O DESCRIPTION

BAT 5 I Battery voltage sense input. This pin is used for sensing and measuring the battery voltage.

RBI 1 I
Register backup input. The RBI input pin is used with a storage capacitor or external supply to
provide backup potential to the internal RAM and registers while VCC is < V(POR).

GPIO 8 I/O
General-purpose input/output pin. GPIO is a general-purpose programmable input or output port
whose state is controlled via the HDQ serial communications interface.

HDQ 4 I/O
Single-wire HDQ interface. HDQ is a single-wire serial communications interface port. This
bidirectional input/output communicates the register information to the host.

SRN 6 I

Current sense input 2. The bq26220 interprets charge and discharge activity by monitoring and
integrating the voltage drop, VSR, across pins SRP and SRN. The SRN input connects to the
sense resistor and the negative terminal of the pack. VSRP < VSRN indicates discharge, and
VSRP > VSRN indicates charge.

SRP 7 I

Current sense input 1. The bq26220 interprets charge and discharge activity by monitoring and
integrating the voltage drop, VSR, across pins SRP and SRN. The SRP input connects to the
sense resistor and the negative terminal of the battery. VSRP < VSRN indicates discharge, and
VSRP > VSRN indicates charge.

VCC 2 I Supply voltage

VSS 3 − Ground
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A P P L I C A T I O N  I N F O R M A T I O N U D G − 0 4 0 1 2 R 2

100 kΩ R 1

C 1

F

C 2

F R 3

R 4

R 5

C 3

F C 4

F

G P I O S R P S R N B A T

R B IV C CV S SH D Q b q 2 6 2 2 0 P W U 1

+

D 15.6 V

Additional ESDProtectionP r o t e c t i o n  C o n t r o l l e r

PACK+HDQPACK−

F i g u r e  3 .  T y p i c a l  A p p l i c a t i o n  C i r c u i t  f o r  a  S i n g l e - C e l l  L i - I o n  A p p l i c a t i o n

f u n c t i o n a l  d e s c r i p t i o n

T h e  b q 2 6 2 2 0  m e a s u r e s  t h e  v o l t a g e  d r o p  a c r o s s  a  l o w - v a l u e  s e r i e s  c u r r e n t - s e n s e  r e s i s t o r  b e t w e e n  t h e  S R P

a n d  S R N  p i n s  u s i n g  a  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 .  T h e  c e l l  v o l t a g e  i s  s e n s e d  b e t w e e n  t h e  B A T  a n d  V S S

pins. All data is placed into various internal counter and timer registers. Using information from the bq26220,

the system host can determine the battery state-of-charge, estimate self discharge, and calculate the average

charge and discharge currents. During pack storage periods, the use of an internal temperature sensor doubles

t h e  s e l f - d i s c h a r g e  c o u n t  r a t e  e v e r y  1 0 °C above 25°C. The VFC offset is automatically compensated for in the

c h a r g e  a n d  d i s c h a r g e  c o u n t e r  r e g i s t e r s .

A c c e s s  t o  t h e  r e g i s t e r s  a n d  c o n t r o l  o f  t h e  b q 2 6 2 2 0  i s  a c c o m p l i s h e d  t h r o u g h  a  s i n g l e - w i r e  i n t e r f a c e  t h r o u g h  a

register mapped command protocol. This protocol includes placing the device in the low-power mode,

hardware-register reset, programming flash from RAM, and transferring flash data to RAM.

T h e  b q 2 6 2 2 0  c a n  o p e r a t e  d i r e c t l y  f r o m  a  s i n g l e  L i - I o n  c e l l  a s  l o n g  a s  V C C  i s  b e t w e e n  2 7 8  V  a n d  4 . 5  V .
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APPLICATION INFORMATIONcharge and discharge count operation
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A P P L I C A T I O N  I N F O R M A T I O N

b a t t e r y  v o l t a g e  m e a s u r e m e n t The bq26220 senses the battery voltage on the BAT pin and reports it through register pair BATH−BATL. The
BATH (address = 0x726– bits 0 through 2) and the BATL low-byte register (address = 0x71) contain the result
of ADC conversion on the battery voltage. The voltage is expressed in an 11-bit binary format with an LSB step
s i z e  o f  2 . 4 4  m V.  B i t  2  o f  B AT H  r e g i s t e r  r e p r e s e n t s  t h e  M S B  a n d  b i t  0  o f  t h e  B AT L  r e p r e s e n t  t h e  L S B .  T h e
f u l l - s c a l e  v o l t a g e  f o r  t h i s  m e a s u r e m e n t  i s  5  V  a n d  i s  o p t i m i z e d  f o r  d i r e c t  s e n s i n g  i n  s i n g l e - c e l l  L i - I o n  o r  L i - p o l
applications (see Figure 3).

Note that Bits 3 through 7 of the BATH register s t o r e  t h e  o f f s e t  information for the voltage ADC. The mostsignificant bit is the sign-bit followed by 4 bits of offset data.

A l s o  n o t e  t h a t  L S B  g a i n  c o r r e c t i o n  f a c t o r ,  i n  

µ

V ,  i s  s t o r e d  i n  a d d r e s s  0 x 7 9  ( b y t e  1  o f  t h e  I D  R O M )  i n  2 ’ s c o m p l e m e n t .  T h e  h o s t  i s  r e s p o n s i b l e  f o r  a p p l y i n g  t h e  L S B  g a i n  c o r r e c t i o n  f a c t o r  a n d  o f f s e t  t o  t h e  A D C

m e a s u r e m e n t s .

Correct VB A T ×  (2.44 + LSB correction factor) − offsetexample 1: (If real LSB = + 2.45mV  and offset =  +80 mV)

in address 0x79 

 0 0 0 0 6 1 0 1 0  (in binary) 2’s complement

in BATH (0x72) ⇒

 0 1 0 1  0 X X X  (in binary) signed magnitude

LSB correction factor = +10 

Correct V

⇒
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APPLICATION INFORMATION

for the voltage analog to digital converter. The format for this register is described in Table 5.Table 5. ID ROM Command Code Summary

RAM LOCATION

INFORMATION

For additional information please contact Texas Instruments.

flash-shadowed RAM
The host system has direct access to3read and modify 32 bytes of RAM. These 32 bytes are shadowed by 32

to3flash, and the information stored in flash is transferred to3RAM by writing a single command into3the flash

In addition to3the flash-shadowed3RAM,3the bq26220 has 648bytes of user-flash. The user-flash can storespecific battery pack parameters, such as charge per VFC pulse, battery chemistry, and self-discharge rates.RAM can be programmed3one8page at a time or by writing the RAM-to-flash transfer code into3the flashcommand 
register, FCMD (address 0x62),3the host may transfer data between flash and RAM,3page erase the flash orplace the device into3the low power mode. For more details, refer to3the  section.Summaries of the flash command codes are shown in Table 6.Table 6. Flash Command Code Summary

Transfer page 0 RAM to3page 0 flash
Transfer page 0 flash to page 0 RAM
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APPLICATION INFORMATIONsingle-byte programming
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A P P L I C A T I O N  I N F O R M A T I O N

register descriptions

b a t t e r y  v o l t a g e  o f f s e t  r e g i s t e r s  ( B A T H )
Bits 3 

t h r o u g h  7  o f  t h e  B A s i g n i f i c a n t  b i t  

i s  t h e  s i g n  b i t  f o l l o w e d  b y  4  b i t s  o f  o f f s e t  d a t a .  E a c h  c o u n t  o f  o f f s e t  r e p r e s e n t s  4 . m V .  T h e  h o s t  i s

r e s p o n s i b l e  f o r  s u b t r a c t i n g  t h e  o f f s e t  f o r  t h e  m e a s u r e m e n t  f r o m  t h e  u n c o r r e c t e d  v a l u e  f o u n d  i n  B A T H  a n d  B A T Lr e g i s t e r s .  

T h i s  i s  a  s i g n e d  m a g n i t u d e  n u m b e r  w i t h  B i t  7  b e i n g  t h e  s i g n  b i t .   A  1  i n  B i t  7  m e a n s  t h a t  t h e  n u m b e r

b a t t e r y  v o l t a g e  r e g i s t e r s  ( B A T H / B A T L )

a n d  t h e  B A

The FPA byte register (address = 0x70) points to the flash address location that is programmed when thep r o g r a m  

f l a s h  p r o g r a m  d a t a  r e g i s t e r  ( F P D ) The FPD byte register (address = 0x6F) contains the data to be programmed into the flash address locationp o i n t e d  t o  b y  t h e  c o n t e n t s  o f  t h e  F P A register. When the program flash 

command is issued, the contents of the

d i s c h a r g e  c o u n t  r e g i s t e r s  ( D C R H / D C R L ) c o u n t  o f  t h e  d i s c h a r g e ,  a n d  a r e  i n c r e m e n t e d  w h e n e v e r  V

S R
<  V

S S F F F F H ,  s o  p r op e r  r e g i s t e r  m a i n t e n a n c e  b y  t h e  h o s t  s y s t e m  i s  n e c e s s a r y .  T h e  C L R  r e g i s t e r  f o r c e s  t h e  r e s e t  o fb o t h  t h e  D C R H  a n d  D C R L  t o  z e r o .

T h e  C C R H  h i g h - b y t e  r e g i s t e r  ( a d d r e s s  =  0 x 6 C )  a n d  t h e  C C R L  l o w - b y t e  r e g i s t e r  ( a d d r e s s  =  0 x 6 B )  c o n t a i n  t h ec o u n t  o f  t h e  c h a r g e ,  a n d  a r e  i n c r e m e n t e d  w h e n e v e r  V

S R >  VS S .  T h e s e  r e g i s t e r s  c o n t i n u e  t o  c o u n t  b e y o n d

F F F F H ,  

c o u n t .  T h i s  r e g i s t e r  i s  c o n t i n u a l l y  u p d a t e d  i n  b o t h  t h e  n o r m a l  o p e r a t i n g  a n d  s l e e p  m o d e s  o f  t h ea rate of one count per hour at 20

° C to 30 ° C. The count rate doubles every.40

° C up to a maximum of 16
c o u n t s / h o u r  

° °

°

and SCRL to zero. During device sleep the bq76220 periodically wake for a brief amount of time to maintaint h e  s e l f - d i s c h a r g e  r e g i s t e r s .
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APPLICATION INFORMATIONdischarge time count registers (DTCH/DTCL)
length of 

time the V

register, indicating a rollover. 
Once set, DTCH and DTCL increment at a rate of4.3lcounts per hour. length of 

time the V
, indicating a charge activity. The counts in these registers are incremented at a rate

register indicating a rollover. 
Once set, DTCH and DTCL increment at a rate of4.3lcounts per hour.

The MODE register (address 0x64) contains the GPIEN, STAT, STC, STD, POR and wake-up enable
information as described in Table 9.Table 9. MODE Register ValuesMODE BITS7GPIEN bit (bit 7) sets the state of4the GPIO pin. A4.5configures4the GPIO pin as input, while am
5configures4the
GPIO pin as open-drain output. This bit is set to 0 on power-on-reset.
turns off4the open drain output while am
5turns the output on. This bit is set to 1 on power-on-reset.STC & STD

SRN so that the bq23240 enters sleep mode after a power down command is issued. Whenever |V

SRP − V

SRN
< V

WOE
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APPLICATION INFORMATION

clear register (CLR)

The bits in the CLR register (address 0x63) clear the DCR, CCR, SCR, DTC, and CTC registers, reset the
bq26220 by forcing a power-on-reset and setting the state of the STAT pin as described in Table 11.

Table 11. CLR Register

CLR BITS

7

(MSB)

6 5 4 3 2 1 0

(LSB)

RSVD RSVD RSVD CTC DTC SCR CCR DCR

Table 12. CLR Register Definitions

RSVD RSVD bits (bits 5, 6 and 7) are reserved for future use and should be written to 0 by the host.

CTC
CTC bit (bit 4) clears the CTCH and CTCL registers and the STC bit. A 1 clears the corresponding registers and
bit. After the registers are cleared, the CTC bit is cleared. This bit is cleared on power-on-reset.

DTC
DTC bit (bit 3) clears the DTCH and DTCL registers and the STD bit. A 1 clears the corresponding registers and
bit. After the registers are cleared, the DTC bit is cleared. This bit is cleared on power-on-reset.

SCR
SCR bit (bit 2) clears both the SCRH and SCRL registers. Writing a 1 to this bit clears the SCRH and SCRL
register. After these registers are cleared, the SCR bit is cleared. This bit is cleared on power-on-reset.

CCR
CCR bit (bit 1) clears both the CCRH and CCRL registers. Writing a 1 to this bit clears the CCRH and CCRL
registers. After these registers are cleared, the CCR bit is cleared. This bit is cleared on power-on-reset.

DCR
DCR bit (bit 0) clears both the DCRH and DCRL registers. Writing a 1 to this bit clears the DCRH and DCRL
registers. After these registers are cleared, the DCR bit is cleared. This bit is cleared on power-on-reset.

flash command register (FCMD)

The FCMD register (address 0x62) is the flash command register and programs a single flash byte-location,
perform flash page erase, transfer RAM to flash and flash to RAM, enter sleep mode, and power-down. These
functions are performed by writing the desired command code to the FCMD register. After the bq26220 has
finished executing the issued command, the flash command register is cleared.

Table 13. FCMD Register Definitions

0x0F
Program byte command code. This code ANDs the contents of the FPD register with the contents of flash byte
location pointed to by the contents of the FPA register.

0x40 Erase page 0 command code. This code erases all the bytes of flash from address 0x00 to 0x1F.

0x41

0x41
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APPLICATION INFORMATION

temperature registers (TMPH, TMPL)

The TMPH (address 0x61) and the TMPL registers (address 0x60) reports die temperature in hex format in units
of 0.25�K.The temperature is reported as 11 bits of data, using all 8 bits of the TMPL low register and the 3 bits
of the TMPH register. The temperature should be read as the concatenation of TMPH [2:0] and TMPL [7:0],
0.25�K/LSB. The 5 MSBs of TMPH, TMPH [7:3], are cleared on POR and are reserved. The 5 bits should also
be masked off when reading the temperature, to ensure that incorrect data is not used when calculating the
temperature.
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

BQ26220PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 26-Jan-2013

Pack Materials-Page 1



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

BQ26220PWR TSSOP PW 8 2000 367.0 367.0 35.0

PACKAGE MATERIALS INFORMATION

www.ti.com 26-Jan-2013
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non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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