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FEATURES
� Multifunction High-Accuracy Coulometric

Charge and Discharge Counter

� Ideal for Portable Applications With
Nonremovable Rechargeable Battery Pack

� Resolves Signals Less Than 12.5 µV

� Internal Offset Calibration Improves Accuracy

� 128 Bytes of General-Purpose RAM

� Internal Temperature Sensor Eliminates the
Need for an External Thermistor

� High-Accuracy Internal Timebase Eliminates
External Crystal Oscillator

� Low Power Consumption:
–  Operating: < 80 µA
–  Sleep: < 10 µA

� Single-Wire HDQ Serial Interface

� Packaging: 8-Lead TSSOP
   

DESCRIPTION

The bq26231 is a low-cost charge/discharge counter
peripheral in an 8-pin TSSOP. It works with an intelligent
host controller, providing state-of-charge information
for rechargeable Li-Ion, Li-Pol, or NiMH batteries. The
bq26231 measures the voltage drop across a low-value
series sense resistor between the negative terminal of

the battery and the battery pack ground contact. By
using the accumulated counts in the charge, discharge,
and self-discharge registers, an intelligent host
controller can determine battery state-of-charge
information. To improve accuracy, an offset count
register is available. The system host controller is
responsible for the register maintenance by resetting
the charge in/out and self-discharge registers as
needed.

The bq26231 features 13 bytes of registers, which
contain the capacity monitoring and status information.
The RBI input operates from an external power storage
source such as a capacitor or a series cell in the battery
pack, providing register nonvolatility for periods when
the battery is shorted to ground or when the battery
charge state is not sufficient to operate the bq26231.
During this mode, the register backup current is less
than 100 nA. Packaged in an 8-pin TSSOP, the
bq26231 is small enough to fit in the crevice between
two A-size cells or within the width of a prismatic cell.
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PW PACKAGE
(TOP VIEW)

AVAILABLE OPTIONS

PACKAGE

TOPR 8-Lead TSSOP 
(PW)

–20°C to 70°C bq26231PW
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)†

Supply voltage (VC C  with respect to VS S )–

413 V to 6 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Input voltage:HDQ (all with respect to VS S )–

413 V to 6 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RBI, SR1, and SR2 (with respect to VS S ) V S S  –

 413 V to VC C  + 3 V

. . . . . . . . . . . . . . . . . . . . . . . . . Operating free-air temperature range, TA –

20°

Χ το 70°

Χ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Στοραγε τεµπερατυρε ρανγε, Τσ τ γ  �

65°

Χ το 150°

Χ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Λεαδ τεµπερατυρε (σολδερινγ,0100σ)300°

Χ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � Στρεσσεσ βεψονδ τηοσε λιστεδ υνδερ �

αβσολυτε µαξιµυµ ρατινγσ�

 µαψ χαυσε περµανεντ δαµαγε το τηε δεϖιχε. Τηεσε αρε στρεσσ ρατινγσ ονλψ, ανδφυνχτιοναλ οπερατιον οφ τηε δεϖιχε ατ τηεσε ορ ανψ οτηερ χονδιτιονσ βεψονδ τηοσε ινδιχατεδ υνδερ �

ρεχοµµενδεδ οπερατινγ χονδιτιονσ�

 ισ νοτιµπλιεδ. Εξποσυρε το αβσολυτε−µαξιµυµ−ρατεδ χονδιτιονσ φορ εξτενδεδ περιοδσ µαψ αφφεχτ δεϖιχε ρελιαβιλιτψ.ρ ε χ ο µ µ ε ν δ ε δ  ο π ε ρ α τ ι ν γ  χ ο ν δ ι τ ι ο ν σ

Μ Ι ΝΤ Ψ ΠΜ Α ΞΥ Ν Ι ΤΣυππλψ ϖολταγε, ςΧ Χ2 6 84 . 2 55 . 5ςΣυππλψ χυρρεντ Ις Χ Χ  = 3.1 ς, ς Ι ( Η ∆ Θ ) = 3.1 ς6 07 0ΑΣυππλψ χυρρεντ, ΙΙ(ΟΠ)ς Χ Χ  = 5.5 ς, ς Ι ( Η ∆ Θ ) = 5.5 ς7 08 0µ ΑΣλεεπ χυρρεντ, Ι Ι(ΣΛΕΕΠ)ς Χ Χ  = 5.5 ς1 0µ ΑΡΒΙ χυρρεντ, Ι Ι(ΡΒΙ)ς Χ Χ  < 2.4 ς1 0 0ν ΑΟπερατινγ αµβιεντ τεµπερατυρε, ΤΑ � 2 07 0° Χδ χ ελεχτριχαλ χηαραχτεριστιχσ οϖερ ρεχοµµενδεδ οπερατινγ τεµπερατυρε ανδ συππλψ ϖολταγε (υνλεσσ
ο τ η ε ρ ω ι σ ε  ν ο τ ε δ ) Π Α Ρ Α Μ Ε Τ Ε Ρ

ΤΕΣΤ ΧΟΝ∆ΙΤΙΟΝΣΜ Ι ΝΤ Ψ ΠΜ Α ΞΥ Ν Ι Τς Ιλ(Η∆Θ)∆ιγιταλ ινπυτ λοω Η∆Θ πιν 0 6 7ςς ΙΗ(Η∆Θ)∆ιγιταλ ινπυτ ηιγη Η∆Θ πιν 2 . 5ςΣΡ1 ανδ ΣΡ2 ινπυτ ιµπεδανχε � 200 µς < ς( Σ Ρ )  < 200 µς 1 0Μ Ωτ ι µ ε ρ  χ η α ρ α χ τ ε ρ ι σ τ ι χ σ  ο ϖ ε ρ  ρ ε χ ο µ µ ε ν δ ε δ  ο π ε ρ α τ ι ν γ  τ ε µ π ε ρ α τ υ ρ ε  α ν δ  σ υ π π λ ψ  ϖ ο λ τ α γ ε  ( υ ν λ ε σ σ
ο τ η ε ρ ω ι σ ε  ν ο τ ε δ ) Π Α Ρ Α Μ Ε Τ Ε Ρ

ΤΕΣΤ ΧΟΝ∆ΙΤΙΟΝΣΜ Ι ΝΤ Ψ ΠΜ Α ΞΥ Ν Ι ΤΕ (ΤΜΡ)Τιµερ αχχυραχψ ερρορ 3.5 ς 3.5 ς 
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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

f u n c t i o n a l  d e s c r i p t i o n  ( c o n t i n u e d ) c h a r g e  a n d  d i s c h a r g e  c o u n t  o p e r a t i o n Ta b l e  2  s h o w s  t h e  m a i n  c o u n t e r s  a n d  r e g i s t e r s  o f  t h e  b q 2 2 2 3 1 .  T h e  b q 2 2 2 3 1  a c c u m u l a t e s  c h a r g e  a n ddischarge counts into two main count registers the discharge count register (DCR) and the charge count register ( C C R ) .  T h e  b q 2 2 2 3 1  p r o d u c e s  charge and discharge counts by sensing the voltage difference across al o w - v a l u e  r e s i s t o r  b e t w e e n  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  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 .The DCR or CCR counts depending on the signal between SR1 and SR2.Table 2. bq22231 CountersN A M E



�������  

SLUS491 – JULY 2001

8 www.ti.com

APPLICATION INFORMATION

charge and discharge count operation (continued)

Figure 3 shows the bq26231 register address map. The bq26231 uses the upper 13 locations. The remaining
memory can store user-specific information such as chemistry, serial number, and manufacturing date.

7F  Discharge Count High Byte
7F

7E  Discharge Count Low Byte

7D  Charge Count High Byte

7C  Charge Count Low Byte

7B  Self-Discharge High Byte

7A  Self-Discharge Low Byte

79  Discharge Time High Byte

78  Discharge Time Low Byte

77  Charge Time High Byte

76  Charge Time Low Byte

75  Mode / WOE

74  Temperature / Clear

73  Offset Register

73

Figure 3. bq26231 Register Map

temperature

The bq26231 has an internal temperature sensor to set the value in the temperature register (TMP/CLR) and
to set the self-discharge count rate value. The register reports the temperature in 8 steps of 10°C from < 0°C
to > 60°C as Table 3 specifies. The bq26231 temperature sensor has typical accuracy of ±2°C at 25°C. See the

TMP/CLR register description for more details.

Table 3. Temperature Steps

TEMPERATURE VALUE (hex) SDR COUNT RATE

< 0°C 0h × 1/8

0–10°C 1h × 1/4

10–20°C 2h × 1/2

20–30°C 3h 1 count/hr

30–40°C 4h × 2

40–50°C 5h ×c4

50–60°C 6h × 8

>60°C 7h × 16
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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 CLEAR registerT h e  h o s t  s y s t e m  i s  r e s p o n s i b l e  f o r  r e g i s t e r  m a i n t e n a n c e .  T o  f a c i l i t a t e  t h i s  m a i n t e n a n c e ,  t h e  b q 2 6 2 6  9 h a s  a  c l e a r

r e g i s t e r  ( T M P / C L R )  d e s i g n e d  t o  r e s e t  t h e  s p e c i f i c  c o u n t e r  o r  r e g i s t e r  p a i r  t o  z e r o .  T h e  h o s t  s y s t e m  c l e a r s  a

r e g i s t e r  b y  w r i t i n g  t h e  c o r r e s p o n d i n g  r e g i s t e r  b i t  t o  1 .  W h e n  t h e  b q 2 6 2 6  9 c o m p l e t e s  t h e  r e s e t ,  t h e  c o r r e s p o n d i n g

b i t  i n  t h e  T M P / C L R  r e g i s t e r  i s  a u t o m a t i c a l l y  r e s e t  t o  0 ,  w h i c h  s a v e s  t h e  h o s t  a n  e x t r a  w r i t e / r e a d  c y c l e .  C l e a r i n g

t h e  D T C  r e g i s t e r  c l e a r s  t h e  S T D  b i t  a n d  s e t s  t h e  D T C  c o u n t  r a t e  t o  t h e  d e f a u l t  v a l u e  o f  1  c o u n t  p e r   3 0 0 8 9 4 s .

C l e a r i n g  t h e  C T C  r e g i s t e r  c l e a r s  t h e  S T C  b i t  a n d  s e t s  t h e  C T C  c o u n t  r a t e  t o  t h e  d e f a u l t  v a l u e  o f  1  c o u n t  p e r
 3 0 0 8 9 4 s .

c a l i b r a t i o n  m o d e
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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 c o m m u n i c a t i n g  w i t h  t h e  b q 2 6 2 3 1 l ( c o n t i n u e d ) T h e  r e t u r n - t o - o n e  d a t a  b i t  f r a m e  c o n s i s t s  o f  t h r e e  d i s t i n c t  s e c t i o n s .  T h e  f i r s t  s e c t i o n  i s  u s e d  t o  s t a r t  t h e t r a n s m i s s i o n  b y  e i t h e r  t h e  h o s t  o r  t h e  b q 2 6 2 3 1 l t a k i n g  t h e  H D Q  p i n  t o  a  l o g i c - l o w  s t a t e  f o r  a  p e r i o d  t ( S T R H , B ) . Then e x t  s e c t i o n  i s  t h e  a c t u a l  d a t a  t r a n s m i s s i o n ,  w h e r e  t h e  d a t a  s h o u l d  b e  v a l i d  b y  a  p e r i o d  t ( D S U , B )  a f t e r  t h e  n e g a t i v e a f H t h e  n e g a t i v e
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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 bq262430command and status registersT h e  b q 2 6 2 4 3 0 c o m m a n d  a n d  s t a t u s  r e g i s t e r s  a r e  l i s t e d  a n d  d e s c r i b e d  i n  T a b l e  4 .Command address
T h e  W / R

 b i t  o f  the command register is used to select whether the received command is for a read or a writef u n c t i o n .  T h e  W / R values are:CDMR BITS76543210W / R–––––––where W/R is
T a b l e  4 .  b q 2 6 2 4 3 0 C o m m a n d  a n d  S t a t u s  R e g i s t e r s S y m b o l

Register Name H D QR e a d /Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 C M D RW r i t eW / RA D 6A D 5A D 4A D 3A D 2A D 1A D 0D C R HR e a dD C R H 7D C R H 6D C R H 5D C R H 4D C R H 3D C R H 2D C R H 1D C R H 0D C R LR e a dD C R L 7D C R L 6D C R L 5D C R L 4D C R L 3D C R L 2D C R L 1D C R L 0C C R H
register high byte
R e a dC C R H 7C C R H 6C C R H 5C C R H 4C C R H 3C C R H 2C C R H 1C C R H 0C C R LR e a dC C R L 7C C R L 6C C R L 5C C R L 4C C R L 3C C R L 2C C R L 1C C R L 0S C R HR e a dS C R H 7S C R H 6S C R H 5S C R H 4S C R H 3S C R H 2S C R H 1S C R H 0S C R LR e a dS C R L 7S C R L 6S C R L 5S C R L 4S C R L 3S C R L 2S C R L 1S C R L 0D T C HR e a dD T C H 7D T C H 6D T C H 5D T C H 4D T C H 3D T C H 2D T C H 1D T C H 0D T C LD T C L
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APPLICATION INFORMATION

temperature and clear register (continued)

The clear bit locations are

TMP/CLR BITS

7 6 5 4 3 2 1 0

– – – CTC DTC SCR CCR DCR

Where:

The CTC bit (bit 4) resets both the CTCH and CTCL registers and the STC bit to 0.
The DTC bit (bit 3) resets both the DTCH and DTCL registers and the STD bit to 0.
The SCR bit (bit 2) resets both the SCRH and SCRL registers to 0.
The CCR bit (bit 1) resets both the CCRH and CCRL registers to 0.
The DCR bit (bit 0) resets both the DCRH and DCRL registers to 0.

offset register (OFR)

The OFR register (address = 73 hex) is used to store the calculated V(OS) of the bq26231. The OFR value can
be used to cancel the voltage offset between V(SR1) and V(SR2). The up/down offset counter is centered at zero.

The actual offset is an 8-bit 2s complement value located in OFR.

The OFR locations are

TMP/CLR BITS

7 6 5 4 3 2 1 0

OFR7 OFR6 OFR5 OFR4 OFR3 OFR2 OFR1 OFR0

where OFR7 is

0 Discharge

1 Charge
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M E C H A N I C A L  D A T A
0 , 6 5

0 , 1 00 , 1 00 , 2 50 , 5 00 , 7 50,15 NOM Gage Plane2 8

9 , 8 0

9 , 6 0

2 4 7 , 9 0

7 , 7 02 01 6 6 , 6 0

6 , 4 0

4040064/F 01/970 , 3 0 6 , 6 0

6 , 2 0

80 , 1 94 , 3 04 , 5 070 , 1 5



PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

http://www.ti.com/productcontent


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

BQ26231PWR 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 30-Jan-2009

Pack Materials-Page 1



*All dimensions are nominal

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

BQ26231PWR TSSOP PW 8 2000 346.0 346.0 29.0

PACKAGE MATERIALS INFORMATION

www.ti.com 30-Jan-2009

Pack Materials-Page 2
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