
�������
 

�

SLUS567A − JUNE, 2003 − REVISED OCTOBER 2003

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

1www.ti.com

FEATURES
� Reports Accurate State-of-Charge in Li-Ion

and Li-Pol Cells, No System Processor
Calculations Needed

� Reports Cell Temperature and Voltage

� High-Accuracy Coulometric Charge and
Discharge Current Integration with
Automatic Offset Cancellation

� Requires No Offset Calibration

� Programmable Input/Output Port

� Internal Time-Base Eliminates External
Crystal Oscillator

� Four Automatic Low-Power Operating Modes
−  Active: < 100 µA
−  Sleep: < 2.5 µA
−  Ship: < 1.7 µA
−  Hibernate: < 1.5 µA

� Small 8-Pin TSSOP Package
   

APPLICATIONS
� PDAs

� Smart Phones

� MP3 Players

� Digital Cameras

� Internet Appliances

� Handheld Devices

DESCRIPTION

The bq26500, the first in the bqJUNIOR� family
of advanced  gas gauge device for handhald
applications, is a highly accurate standalone
single-cell Li-Ion and Li-Pol battery capacity
monitoring and reporting device targeted at space
limited portable applications. The device monitors
a voltage drop across a small current sense
resistor connected in series with the battery to
determine charge and discharge activity of the
battery. Compensations for battery temperature,
self-discharge, and rate of discharge are applied
to the charge counter to provide available capacity
across a wide range of operating conditions.
Battery capacity is automatically recalibrated, or
learned, in the course of a discharge cycle from full
to empty. Internal registers include available
capacity, cell temperature and voltage,
state-of-charge, and status and control registers.

The bq26500 can operate directly from single-cell
Li-Ion and Li-Pol batteries and communicates to
the system over a simple one-wire bi-directional
serial interface. The 5-kbits/s HDQ bus interface
reduces communication overhead in the external
microcontroller.
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ABSOLUTE MAXIMUM RATINGSover operating free-air temperature range unless otherwise noted(1)
bq26500

UNITSupply voltage range, VC C

 (all with.respect.to VSS

)

−0.3.to 7.0 Input voltage range at SRP, SRN, RBI, and BAT  (all with.respect to.VSS

)

−0.3.to V

C C

 + 0.3.V

V
Input voltage
HDQ, GPIO  (with.respect to.VSS

)−0.3.to 7.0 V Input voltage
GPIO  (with.respect to VSS

) during EEPROM programming only

−0.3.to 22.0

Output sink current at GPIO,.HDQ5

mA Operating free-air temperature range, TA −20.to 70 Storage temperature range, T

s t g

65

°C.to 150° C

°C

Junction temperature range, TJ
−40

°C.to 125° C

°C Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 300(1)Stresses beyond those listed under ”absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only,

and functional operation of the device at these or any other conditions beyond those indicated under ”recommended operating con

ditions” is
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ELECTRICAL CHARACTERISTICS(continued)TJ = −20°C tol70°C, T
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UDG−03855(a)(b)(c) (d)

Break

7−Bit Address R / W8−Bit Data

t

(DW1)

t (DW0)

t

( C Y C H )

N A M E
N O .B AT5I

Battery voltage sense input

G P I O8 I / O

General-purpose input/output port

H D Q4I / O

Single-wire HDQ serial interface

R B I1I

Register back-up input

S R N6I

Current sense input (negative)

S R P7I

Current sense input (positive)

V C C2I

V

C C  supply input

V S S3I

Ground input

1
2
3
4

8
7
6
5 R B I

V C C
V S S

H D Q

G P I O
S R P
S R N
B A T PW PACKAGE (TOP VIEW)
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Autocalibration and
Autocompensating

VFC

UDG−03041
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+ HDQPACK−PACK+

Battery Pack

ESD Protection R 4 R 3P r o t e c t i o n C o n t r o l l e r

C 4 0.1 µF

C30.1 µFC20.1 µF

R2100 kΩR1100 kΩC10.1 µFR

S

6102Ω

Li-IonorLi-PolR51 MΩ100 Ω 100 ΩD15.6 V

F igure 2. Typical Application Circuit

TemperatureCompensated

Precision Oscillator

C l o c k

G e n e r a t o r

E E P R O MR A MS C P USystem I/Oand Control Te m p e r a t u r e S e n s o rA D C2 V C C7 S R P6 S R N5
B A T

4 H D Q8 G P I O1 R B I3 V S S
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APPLICATION INFORMATION

FUNCTIONAL DESCRIPTION

The bq26500 determines battery capacity by monitoring the amount of charge input to or removed from a Li-Ion
or Li-Pol battery. The bq26500 measures discharge and charge currents, monitors the battery for low voltage
thresholds, and compensates for temperature and self-discharge rate. Current is measured across a small
value series resistor between the negative terminal of the battery and the pack ground (see RS in Figure 2).
Available capacity is reported with a resolution of 0.003/RS(mAh). Time-to-empty (TTE) reporting in minutes
at host-provided at-rate currents allow the requirements for host based calculations to be greatly reduced or
eliminated; reading a single register pair provides useful and meaningful information to the application’s end
user.

Figure 2 shows a typical application circuit. Differential sense of the voltage across the current sense resistor,
RS, improves device performance, leading to an improvement in reported time-to-empty accuracy. In the typical
application, the GPIO pin can be used as a general-purpose programmable I/O port. An internal pull-down on
the HDQ line ensures that the device detects a logic “0” on the HDQ line and automatically enters the low power
sleep mode when the system power is switched off or the pack is removed. A 100-kΩ pull-up to VCC can be
added to the HDQ line to disable this feature. The bq26500 can operate directly from a single Li-Ion or Li-Pol
cell.

Measurements

As shown in the Figure 3, the bq26500 uses a fully differential, dynamically balanced voltage-to-frequency
converter (VFC) for charge and discharge counting and an analog-to-digital converter (ADC) for battery voltage
and temperature measurement. Both VFC and ADC are automatically compensated for offset. No user
calibration or compensation is required.

Charge and Discharge Counting

The bq26500 uses a voltage-to-frequency converter (VFC) to perform a continuous integration of the voltage
waveform across a small value sense resistor in the negative lead of the battery, as shown in Figure 2. The
integration of the voltage across the sense resistor is the charge added or removed from the battery. Since the
VFC directly integrates the waveform, the shape of the current waveform through the sense resistor has no
effect on the measurement accuracy. The low-pass filter that feeds the sense resistor voltage to the bq26500
SRP and SRN inputs serves to filter out system noise and does not affect the measurement accuracy, since
the low-pass filter does not change the integrated value of the waveform.

Offset Calibration

The offset voltage of the VFC measurement must be very low to be able to measure small signal levels
accurately. The bq26500 provides an auto-compensation feature to cancel the internal voltage offset error
across SRP and SRN for maximum charge measurement accuracy.

NOTE:NO CALIBRATION IS REQUIRED . See the Layout Considerations section for details on
minimizing PCB induced offset across the SRP and SRN pins.
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A P P L I C AT I O N  I N F O R M AT I O N D i g i t a l  M a g n i t u d e  F i l t e rT h e  d i g i t a l  m a g n i t u d e  f i l t e r  ( D M F )  t h r e s h o l d  c a n  b e  s e t  i n  E E P R O M  t o  i n d i c a t e  a  t h r e s h o l d  b e l o w  w h i c h  a n y charge or discharge accumulation is ignored. This allows setting a threshold above the maximum VFC offsete x p e c t e d  f r o m  t h e  d e v i c e  a n d  P C B  c o m b i n a t i o n .  T h i s  e n s u r e s  t h a t  w h e n  n o  c h a r g e  o r  discharge current ispresent, setting the threshold above the largest offset expected, the DMFshould be set below the minimum signal level to be measured. Since the measured signal can only be measuredas accurately as the VFC offset induced from the PCB, the sense resistor value should be large enough to allowt h e  m i n i m u m  c u r r e n t  l e v e l  t o  p r o v i d e  a  s i g n a l  l e v e l  s u b s t a n t i a l l y  h i g h e r  t h a n  t h e  m a x i m u m  o f f s e t  v o l t a g e . C o n v e r s e l y,  a s  k e e p  t h e  m a x i m u m  v o l t a g e  a c r o s s  t h e  s e n s e  r e s i s t o r  b e l o w  t h e  ± 1 0 0 - m V  m a x i m u m  t h a t  t h e  V F C  c a n a c c u r a t e l y  m e a s u r e . The DMF threshold is programmed in EEPROM in increments of 6 µd i s a b l e s  t h e  D M F  f u n c t i o n  a n d  n o  V F C  c o u n t s  a r e  i g n o r e d .V o l t a g e The bq92 00 monitors the battery voltage through the BAT pin and reports an offset corrected value throughthe internal registers. The bq92 00 also monitors the voltage for the end-of-discharge voltage (EDV) thresholds.T h e  b q 9 2  0 0  u s e s  a n  i n t e g r a t e d  t e m p e r a t u r e  s e n s o r  t o  m o n i t o r  t h e  p a c k  t e m p e r a t u r e .  T h e  t e m p e r a t u r e m e a s u r e m e n t s  r e p o r t e d  t h r o u g h  t h e  i n t e r n a l  r e g i s t e r s  a r e  u s e d  t o  a d j u s t  c h a r g e  a n d  d i s c h a r g e  r a t ecompensations, and self-discharge capacity loss estimation.R B I  I n p u tThe register back-up input pin, RBI, is used with an external capacitor to provide backup potential to the internal

, charging the capacitor.  

Figure 2 shows an optional 1-M

device to maintain RAM register data when the battery voltage is below V

 and above 440 V. The bq92 00c h e c k s  f o r  R A M  c o r r u p t i o n  b y  s t o r i n g  r e d u n d a n t  c o p i e s  o f  t h e  h i g h  b y t e s  o f  N A C  a n d  L M D .  A f t e r  a  r e s e t ,  t h ebq92 00 

redundant copies match and the checkbytes are correct, NAC and LMD are retained and the CI bit in FLAGS i s  l e f t  u n c h a n g e d .  I f  t h e s e  c h e c k s  a r e  n o t  c o r r e c t ,  N A C  i s  c l e a r e d ,  L M D  i s  i n i t i a l i z e d  f r o m  E E P R O M ,  a n d  t h eCI bit in FLAGS is set to “1”.  All other RAM is initialized on all resets.

L a y o u t  C o n s i d e r a t i o n s

T h e  a u t o - c o m p e n s a t i n g  V F C  a p p r o a c h  e f f e c t i v e l y  c a n c e l s  t h e  i n t e r n a l  o f f s e t  v o l t a g e  w i t h i n  t h e  b q 9 2  0 0 ,  b u t any external offset caused by PCB layout is not cancelled. This makes it critical to pay special attention to the

PCB layout. To obtain optimal performance, the decoupling capacitor from V

should be a trace connection to the edge or inside of the sense resistor connection, so that no part of the V sense resistor (i.e. K e l v i n
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APPLICATION INFORMATION

Gas Gauge Operation

Figure 4 illustrates an operational overview of the gas gauge function.

Temperature
Compensation

Last Measured
Discharge (LMD)

Nominal Available
Charge (NAC)

Qualified
Transfer

Learning Count
Register (LCR)

Temperature,  Voltage,
Average Current,

Other Data

HDQ Interface

Compensated
Available Charge

+++ _ _ _

INPUTS

COMPUTATIONS

OUTPUTS

Rate and
Temperature

Compensation

Charge Current
Discharge Current Self-Discharge Timer

UDG−03042

Figure 4. Operational Overview

The bq26500 measures the capacity of the battery during actual use conditions and updates the last measured
discharge (LMD) register with the latest measured value. The bq26500 retains the learned LMD value unless
a full reset occurs. By measuring the capacity that the battery delivers as it is discharged from full to the EDV1
threshold without any disqualifying events, the bq26500 learns the capacity of the battery.  During normal use
conditions, the bq26500 should learn a new capacity only after a full discharge. Learning cycles are disqualified
by several abnormal conditions (see list at end of section). In the event that a learning cycle occurs with a
significant reduction in learned capacity, the new LMD value is restricted to a maximum LMD reduction during
any single learning discharge of LMD/8. The capacity inaccurate (CI) bit in FLAGS is cleared after the first
learning cycle. This bit remains cleared unless a full reset occurs.

The battery-full condition is defined as nominal available capacity (NAC) = LMD. The valid discharge flag (VDQ)
in the FLAGS register is set when this condition occurs and remains set until the learning discharge cycle
completes or an event occurs that disqualifies the learning cycle.

The learning discharge cycle completes when the battery is discharged to the condition where VOLT ≤ EDV1
threshold. The EDV1 threshold should be set at a voltage that guarantees at least 6.25% of battery capacity
below that threshold. The EDVF threshold should be set at a voltage that the system sees as the zero capacity
battery voltage.

The bq26500 does not learn the capacity between EDV1 and EDVF thresholds, but assumes that the capacity
is 6.25% of LMD, so care should be taken to set EDV1 based on the characteristics of the battery. The measured
LMD value is determined by measuring the capacity delivered from the battery from NAC=LMD until
VOLT ≤ EDV1, plus LMD/16 to account for the 6.25% capacity remaining below the EDV1 threshold.
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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 R e g i s t e r  I n t e r f a c e  f o r  b q 2 6 5 0 0 T h e  b q 2 6 5 0 0  s t o r e s  a l l  c a l c u l a t e d  i n f o r m a t i o n  i n  R A M ,  w h i c h  i s  b a c k e d  u p  b y  t h e  v o l t a g e  p r e s e n t  o n  t h e  R B I

p i n .  E E P R O M  r e g i s t e r s  s t o r e  p e r m a n e n t  u s e r  d a t a .  T h e  m e m o r y  m a p   f o r  b q 2 6 5 0 0  i s  s h o w n  i n  T a b l e  1 .

T a b l e  1 .  b q 2 6 5 0 0  M e m o r y  M a p H D Q  A D D R E S S

N A M EL S B  V A L U EE E P R O M  R e g i s t e r sT C O M P
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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 DESCRIPTIONScommand set in the MODE register performs when the host writes data 0xA9 to the control register.  Thewriting any value other Mode Register (MODE) − Address 0x01

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 G P I E NG P S TA TW R T N A CD O N EP R S TP O RF R S TS H I PM O D E R E G I S T E RD E S C R I P T I O NG P I E N

put while a “0” turns the output on. This bit is set to 1 on POR. When the GPIO pin is an input (GPIEN=1), this bit

monitor to detect the taper current. The host system could use this command when the charging is complete toforce update of internal registers to a full battery condition. This bit is cleared on all resets. 1997 e as a2.834638 2et. Dyate of9 This  mancaful ia a full ree.
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APPLICATION INFORMATIONAt Rate Registers (ARH/ARL) − Address 0x02/0x03device uses this value to predict the time-to-empty at any desired current. The current value written into thisregister pair is always assumed to be a discharge current. The value written to AR should be the predictedv o l t a g e  a c r o s s  t h e  s e n s e  r e s i s t o r  e x p r e s s e d  i n  u n i t s  o f  3  register is also used during pack manufacturing to input a nominal available charge (NAC) value to set theAt Rate Time to Empty Registers (ARTTEL/ARTTEH) − Address 0x04/0x05Predicted time-to-empty, in minutes, at user entered discharge rate. The discharge current used in thecalculation 

used may be larger or smaller than CACT. It is computed using the same formulas as CACT, except the

discharge compensation is computed using AR, instead of average discharge current (AI), for the discharge

r a t e .  T h e  e q u a t i o n  u s e d  t o  p r e d i c t  a t  r a t e  t i m e - t o - e m p t y  i s :

The TEMPH and the TEMPL registers contain the reported die temperature. The temperature is expressed inunits of 02.5K per count and updated every 2 seconds. The equation to calculate reported pack temperatureis:

T

Reported Battery Voltage Registers (VOLTL/VOLTH) − Address 0x08/0x09The VOLTH and the VOLTL low-byte registers contain the reported battery voltage measured on the BAT pin.Voltage is expressed in mV and is updated every two seconds. Reported voltage cannot exceed 5000 mV. The
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APPLICATION INFORMATION

Reserved Registers

The addresses 0x14 – 0x6D and addresses 0x6F – 0x75 are reserved and cannot be written by the host.

EEPROM Enable Register (EE_EN) – Address 0x6E

Register used to enable host writes to EEPROM data locations (addresses 0x76 – 0x7F). Host must write data
0xDD to this register to enable EEPROM programming. See the Programming the EEPROM section for further
information on programming the EEPROM bytes.

EEPROM Data Registers (EE_DATA) – Address 0x76 – 0x7F

The EEPROM data registers contain information vital to the performance of the device. These registers are to
be programmed during pack manufacturing to allow flexibility in the design values of the battery to be monitored.
The EEPROM data registers are listed in Table 2. Detailed descriptions of what should be programmed follows.
See Programming the EEPROM for detailed information on writing the values to EEPROM.

Table 2. bq26500 EEPROM Memory Map

ADDRESS NAME FUNCTION

0x7F TCOMP Temperature compensation constants, OR, ID#1

0x7E DCOMP Discharge rate compensation constants, OR, ID#2

0x7D ID3 ID#3

0x7C PKCFG Pack configuration values

0x7B TAPER Charge termination taper current

0x7A DMFSD Digital magnitude filter and self-discharge rate constants

0x79 ISLC Initial standby load current

0x78 SEDV1 Scaled EDV1 threshold

0x77 SEDVF Scaled EDVF threshold

0x76 ILMD Initial last measured discharge high byte



�������
 
�

 

SLUS567A − JUNE, 2003 − REVISED OCTOBER 2003

16 www.ti.com

APPLICATION INFORMATIONInitial Last Measured Discharge High Byte (ILMD) – Address 0x76

This register contains the scaled design capacity of the battery to be monitored. The equation to calculate the

initial LMD is:

ILMD�
Design Capaci ty (mAh)�RS(m�)

(256�3�Vh)

where RS is the value of the sense resistor used in the system. 

This value is used as the high byte for 
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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 Digital Magnitude Filter and Self-Discharge Values (DMFSD) – Address 0x7A

BIT 7

BIT 6

BIT 5 BIT 4 BIT 3

BIT 2 BIT 1 BIT 0 D M F [ 3 ]D M F [ 2 ]D M F [ 1 ]D M F [ 0 ]S D [ 3 ]S D [ 2 ]S D [ 1 ]S D [ 0 ]M O D ER E G I S T E RD E S C R I P T I O ND M F [ 3 ]D M F [ 2 ]function of the DMF. The value to be programmed is: function of the DMF. The value to be programmed is:D M F [ 0 ],
�

V

S D [ 3 ]

C

≤

TEMP < 30

°

C − 3 0

°

C

S D [ 2 ]≤TEMP < 30°°°C − 3 0°C

C

C − 3 0

°

°

C − 3 0

°

Taper Current (TAPER) − Address.0x7B

This.register contains the scaled end equipment design charge taper current. This.value, in addition to battery voltage, is used to determine when the battery has.reached a full charge state. The equation for programming

I

R S

)
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APPLICATION INFORMATION

Pack Configuration (PKCFG) − Address 0x7C

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

NAME GPIEN QV1 QV0 RSVD RSVD RSVD DCFIX TCFIX

PKCFG

REGISTER
DESCRIPTION

GPIEN

Allows the pack manufacturer to set the state of the GPIO pin on initial power up. If the bit is “0”, the GPIEN bit is
cleared on reset and the GPIO pin acts as a high impedance output. If the bit is “1”, the GPIEN bit is set on reset
and the GPIO pin acts as an input. The state of the GPIO pin can then be read through the GPSTAT bit in the
MODE register.

QV1
These bits set the end voltage for charge termination. The terminating voltage is set as shown in Table 3.

QV2
These bits set the end voltage for charge termination. The terminating voltage is set as shown in Table 3.

RSVD
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APPLICATION INFORMATIONTemperature Compensation Constants (TCOMP) or ID1 – Address 0x7FThis register is used to set the compensation coefficients for temperature. These coef ficients are applied to thedischarge rate compensated available charge (CACD) to more accurately predict capacity available at coldtemperature. BIT 7
BIT 6BIT 5
BIT 4

BIT 3
BIT 2 BIT 1

BIT 0NAMETCGN[3]TCGN[2]TCGN[1]TCGN[0]TOFF[3]TOFF[2]TOFF[1]TOFF[0]MODE

REGISTER

DESCRIPTIONTCGN[3]Temperature compensation gain. Used to set the slope of the compensation as a percentage of design capacityTCGN[2]Temperature compensation gain. Used to set the slope of the compensation as a percentage of design capacity

(DC) decrease per 

°C. The equation for programming the value is:
TCGN[1](DC) decrease per C. The equation for programming the value is:TCGN[3:0] = 16.24  design temp compensation gain % DC/°CTCGN[0]

TCGN[3:0] = 16.24 × design temp compensation gain % DC/°C

TOFF[3]Temperature compensation offset. Used to set the offset of the compensation. The temperature threshold is alsoTOFF[2]Temperature compensation offset. Used to set the offset of the compensation. The temperature threshold is alsoused as the cold temperature disqualification for learning cycle even if TCGN=0. The equation for programming the value is:TOFF[1] the value is:TOFF[0] TOFF[3:0] = design temp compensation offset ( °K) − 273Temperature compensation, TCMP, is computed from these coefficients as follows:TCMP � TCGN � ILMD � (273 � TOFF � T)4
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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

POWER MODESThe bq26500 has four power modes: active, sleep, ship, and hibernate. Figure 5 shows the flow that moves the

device between the active, sleep, and ship modes. Hibernate is a special mode not included in the flow. Detailed

explanations of each mode follow the diagram.

YESNONONOYESNONO
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APPLICATION INFORMATION

Active Mode

During normal operation, the device is in active mode, which corresponds to the highest power consumption.
Normal gas gauging is performed in this mode. If system requirements mandate that bq26500 should not enter
sleep or ship modes then an external pull-up resistor between VCC and HDQ is required on the bq26500 side
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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 Hibernate ModeThe device enters hibernate mode when V drops below V(POR)the RBI pin. VCC must be raised above V(POR) in order to exit the hibernate mode. This mode retains RAMintegrity and allows retention of remaining capacity, learned LMD, and the CI flag.PROGRAMMING THE EEPROMThe bql
300 has810 bytes of EEPROM that are used for firmware control and application data (see the Descriptionsduring pack manufacturing, as a 21-V pulse is needed on the GPIO pin. The programming mode must be

e n a b l e d  
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A P P L I C A T I O N  I N F O R M AT 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 5 0 0 T h e  b q 2 6 5 0 0  i n c l u d e s  a  s i n g l e - w i r e  H D Q  s e r i a l  d a t a  i n t e r f a c e .  H o s t  p r o c e s s o r s ,  c o n f i g u r e d  f o r  e i t h e r  p o l l e d  o rh o s t  p r o c e s s o r  s e n d s  a  c o m m a n d  b y t e  t o  t h e  b q 2 6 5 0 0 .  T h e  c o m m a n d  d i r e c t s  t h e  b q 2 6 5 0 0  t o  e i t h e r  s t o r e  t h eT h e  c o m m u n i c a t i o n  p r o t o c o l  i s  a s y n c h r o n o u s  r e t u r n - t o - o n e  a n d  i s  r e f e r e n c e d  t o  Vc o n s i s t  o f  a  s t r e a m  o f  e i g h t  b i t s  t h a t  h a v e  a  m a x i m u m  t r a n s m i s s i o n  r a t e  o f  5  K b i t s / s .  T h e  l e a s t - s i g n i f i c a n t  b i to f  a  c o m m a n d  o r  d a t a  b y t e  i s  t r a n s m i t t e d  f i r s t .  D a t a  i n p u t  f r o m  t h e  b q 2 6 5 0 0  m a y  b e  s a m p l e d  u s i n g  t h ep u l s e - w i d t h  

w i t h  t h e  b q 2 6 5 0 0 .I f  a  c o m m u n i c a t i o n  t i m e - o u t  o c c u r s  ( f o r  e x a m p l e ,  i f  t h e  h o s t  w a i t s  l o n g e r  t h a n  t ( R S P S )  f o r  t h e  b q 2 6 5 0 0  t o

r e s p o n d )  o r  i f  t h i s  i s  

t h e  f i r s t  a c c e s s  c o m m a n d ,  t h e n  a  B R E A K  s h o u l d  b e  s e n t  b y  t h e  h o s t .  T h e  h o s t  m a y  t h e n

 o r  g r e a t e r  w h e n  t h e  b u s  i s  f r e e .  I f  t h e  h o s t  s e n d s  a  B R E A K  w h e n  t h e  b q 2 6 5 0 0  i s  t r a n s m i t t i n g  a  b i t ,  i t  i s

p o s s i b l e  t h a t  t h e  B R E A K  w o u l d  b e  i g n o r e d .  B e s t  p r a c t i c e  i s  t o  h o l d  a l l  B R E A K  t r a n s m i s s i o n s  f o r  t w i c e  t h e

m i n i m u m  t i m e  l i s t e d  i n  t h e  H D Q  s p e c i f i c a t i o n  t a b l e .  T h e  H D Q  p i n  t h e n  r e t u r n s  t o  i t s  n o r m a l  r e a d y - h i g h  l o g i c  s t a t e

f o r  a  t i m e  t ( B R )

b y  e i t h e r  t h e  h o s t  o r  t h e  b q 2 6 5 0 0  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 ws t a t e  f o r  a  p e r i o d  e q u a l  t o  t  o r  t ( D W 1 )

3.The final section stops the transmission by returning the HDQ pin to a logic-high state and holding it high

u n t i l  t h e  t i m e  f r o m  b i t  s t a r t  t o  b i t  e n d  i s  e q u a l  t o  t  o r  t ( C Y C D )T h e  H D Q  l i n e  m a y  r e m a i n  h i g h  f o r  a n  i n d e f i n i t e  p e r i o d  o f  t i m e  b e t w e e n  e a c h  b i t  o f  a d d r e s s  o r  b e t w e e n  e a c h

b i t  o f  d a t a  o n  a  w r i t e  c y c l e .  A f t e r  t h e  l a s t  b i t  o f  a d d r e s s  i s  s e n t  o n  a  r e a d  c y c l e ,  t h e  b q 2 6 5 0 0  s t a r t s  o u t p u t t i n g

t h e  d a t a  a f t e r  t ( R S P S )  w i t h  t i m i n g  a s  s p e c i f i e d .  T h e  s e r i a l  c o m m u n i c a t i o n  t i m i n g  s p e c i f i c a t i o n  a n d  i l l u s t r a t i o ns e c t i o n s  

P l u g g i n g  i n  t h e  b a t t e r y  p a c k  m a y  b e  s e e n  a s  t h e  s t a r t  o f  a  c o m m u n i c a t i o n  d u e  t o  c o n t a c t  b o u n c e .  I t  i sr e c o m m e n d e d  
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APPLICATION INFORMATIONCommand ByteThe command byte of the bq26 00 consists of eight contiguous valid command bits. The command bytecontains two fields: W/R command and address. The command byte values are shown in the following table:B I T  7B I T  6B I T  5B I T  4B I T  3B I T  2B I T  1B I T  0W / RA D 6A D 5A D 4A D 3A D 2A D 1A D 0M O D E R E G I S T E RD E S C R I P T I O NW / RA D [ 5 ]A D [ 4 ]A D [ 3 ]A D [ 1 ]A D [ 0 ]R e a d i n g  1  4 b i t  R e g i s t e r s S i n c e  the HDQ interface, it is possible that the device may updatethe register value between the time the host2reads the first2and second bytes. To prevent2any system issues, 1.Read high byte (H0) 2.Read low byte (L0) 3.Read high byte (H1)



PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

BQ26500PW ACTIVE TSSOP PW 8 100 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ26500PWG4 ACTIVE TSSOP PW 8 100 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ26500PWR ACTIVE TSSOP PW 8 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ26500PWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

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

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

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

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

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

PACKAGE OPTION ADDENDUM

www.ti.com 22-Apr-2009

Addendum-Page 1

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

BQ26500PWR 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 14-Jul-2012

Pack Materials-Page 1



*All dimensions are nominal

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

BQ26500PWR TSSOP PW 8 2000 367.0 367.0 35.0

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 2





IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale supplied at the time
of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and TI will not be responsible for any failure of such
components to meet such requirements.

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 Mobile Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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