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SBS v1.1-COMPLIANT GAS GAUGE FOR
USE WITH THE bq29312
Check for Samples: bq2084-V133

1FEATURES
DESCRIPTION• Provides Accurate Measurement of Available

Charge in Li-Ion and Li-Polymer Batteries The bq2084-V133 SBS-compliant gas gauge IC for
battery pack or in-system installation maintains an• Supports the Smart Battery Specification
accurate record of available charge in Li-ion or(SBS) V1.1
Li-polymer batteries. The bq2084-V133 monitors• Integrated Time Base Eliminates Need for
capacity and other critical parameters of the battery

External Crystal pack and reports the information to the system host
– Optional Crystal input controller over a serial communication bus. It is

designed to work with the bq29312 AFE protection IC• Works With the TI bq29312 Analog Front-End
to maximize functionality and safety and minimize(AFE) Protection IC to Provide Complete Pack
component count and cost in smart battery circuits.Electronics for 7.2-V, 10.8-V or 14.4-V Battery
Using information from the bq2084-V133, the hostPacks With Few External Components
controller can manage remaining battery power to

• Based on a Powerful Low-Power RISC CPU extend the system run time as much as possible.
Core With High-Performance Peripherals

The bq2084-V133 uses an integrating converter with
• Integrated Flash Memory Eliminates the Need continuous sampling for the measurement of battery

for External Configuration EEPROM charge and discharge currents. Optimized for
coulomb counting in portable applications, the• Uses 16-Bit Delta Sigma Converter for
self-calibrating integrating converter has a resolutionAccurate Voltage and Temperature
better than 0.65-nVh and an offset measurementMeasurements
error of less than 1-µV (typical). For voltage and• Measures Charge Flow Using a High temperature reporting, the bq2084-V133 uses a 16-bit

Resolution 16-Bit Integrating Converter A-to-D converter. With the bq29312, the onboard
– Better Than 0.65-nVh of Resolution ADC also monitors the pack and individual cell

voltages in a battery pack and allows the– Self-Calibrating
bq2084-V133 to generate the control signals– Offset Error Less Than 1-µV necessary to implement the cell balancing and the

• Programmable Cell Modeling for Maximum required safety protection for Li-ion and Li-polymer
Battery Fuel Gauge Accuracy battery chemistries.

• Drives 3-, 4-, or 5-Segment LED Display for The bq2084-V133 supports the Smart Battery Data
Remaining Capacity Indication (SBData) commands and charge-control functions. It

communicates data using the System Management• Available in a 38-Pin TSSOP (DBT) Package
Bus (SMBus) 2-wire protocol. The data available
include the battery's remaining capacity, temperature,APPLICATIONS
voltage, current, and remaining run-time predictions.• Notebook PCs
The bq2084-V133 provides LED drivers and a• Medical and Test Equipment
pushbutton input to indicate remaining battery• Portable Instrumentation
capacity from full to empty in 20%, 25%, or 33%
increments with a 3-, 4-, or 5-segment display.
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

DESCRIPTION (CONTINUED)
The bq2084-V133 contains 1k bytes of internal data flash memory, which store configuration information. The
information includes nominal capacity and voltage, self-discharge rate, rate compensation factors, and other
programmable cell-modeling factors used to accurately adjust remaining capacity for use-conditions based on
time, rate, and temperature. The bq2084-V133 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 bq29312 analog front-end (AFE) protection IC is used to maximize functionality and safety and minimize
component count and cost in smart battery circuits. The bq29312 AFE protection IC provides power to the
bq2084-V133 from a 2-, 3-, or 4-series Li-ion cell stack, eliminating the need for an external regulator circuit.

ORDERING INFORMATION
PACKAGE

TA
38-PIN TSSOP (DBT)

–20°C to 85°C bq2084DBT-V133 (1)

(1) The bq2084-V133 is available taped and reeled. Add an R suffix to the device type (e.g.,
bq2084DBTR-V133) to order tape and reel version.

ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range unless otherwise noted (1)

UNIT

Supply voltage range, VDD relative to VSS
(2) –0.3 V to 4.1 V

Open-drain I/O pins, V(IOD) relative to VSS
(2) –0.3 V to 6 V

Input voltage range to all other pins, VI relative to VSs
(2) –0.3 V to VDD + 0.3 V

TA Operating free-air temperature range –20°C to 85°C

Tstg Storage temperature range –65°C to 150°C

(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
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) VSS refers to the common node of V(SSA), V(SSD), and V(SSP).

2 Submit Documentation Feedback Copyright © 2005–2010, Texas Instruments Incorporated

Product Folder Link(s): bq2084-V133

http://focus.ti.com/docs/prod/folders/print/bq2084-v133.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS640BB&partnum=bq2084-V133
http://focus.ti.com/docs/prod/folders/print/bq2084-v133.html


2.10

2.15

2.20

2.25

2.30

2.35

2.40

2.45

2.50

-20 -10 0 10 20 30 40 50 60 70 80
100

105

110

115

120

125

130

135

140

TA - Free-Air Temperature - °C

- 
N

eg
at

iv
e 

G
o

in
g

 In
p

u
t 

T
h

re
sh

o
ld

 V
o

lt
ag

e 
- 

V

POWER ON RESET BEHAVIOR
vs

FREE-AIR TEMPERATURE

V
IT

VIT-

Vhys

V
h

ys
- 

H
ys

te
ri

si
s 

Vo
lt

ag
e 

- 
m

V

www.ti.comSLUS640B–JUNE2005–REVISED FEBRUARY 2010ELECTRICAL CHARACTERISTICS VDD= 3.0 Vto e
0 V, TA=–20° Cto 85° Cunlessotherwise noted

PARAMETER

TEST CONDITIONSMINTYPMAX

UNIT

VDDSupplyvoltageVDDAand VDDD3.03.33.6VNoflash programming

IDDOperating mode current380µA

orLEDs active

I(SLP)Low-powerstoragemode currentSleep mode8µAOutputvoltagelowSMBC,SMBD,SDATA, SCLK,SAFE,PUIOL= 0.5mA

e0 

VOLV

LED1-LED5IOL= 10 mA

e0 InputvoltagelowSMBC,SMBD,SDATA, SCLK,EVENT,–0.3 0.8PU,PRES,PFIN

VILV

DISP–0.30.8

InputvoltagehighSMBC,SMBD,SDATA, SCLK,EVENT,26PU,PRES,PFINVIHV

PU,SMBD,ILV VAI1
41.5g
f3Td
(storage)Tj
2
f082.3Td
(mode)T42131O31SMBC,SMBD,SDrang06310 0T8voltag.212z42131O31.5 .32Td
(V)Tj
/F2 6 Tf
f
3SS
ET BT
/Fg
8 Tf
1e0 Tz4.3 3Td
(j
12Tj
ET BT
/Fg
8 Tf
1e0 Tz4.3 504 1.86
0 5560 0Td
(In2131O311/Fg
8 Tf
1e0 Tz4.3 504 1.5f
89.666f
3g
f3T F2131O31.5 .38 Tf
1e0 Tz4.3 504 1.86
0 5560 0Tz4g Tf
1e0 .5 .32Td
(V)Tj
/F2 6 Tf
f
3(AI2
41.5g
f3Td
(storage)Tj
2
f082.3Td
(mode)T4g Tf
1e0 SMBC,)Tj
e
0 
f
0Td
(SMBD,)Tj
e
0 
f
0Td
(SDrang06310 0T8)Tj
ET BSR1,)Tj
e
0 8Tj
ET BSRET BT
/FglInputV j
12Tj
ET BT2.7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f6509.2 re Tf
1e0 BT2.7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f65
f3T Fg Tf
1e0 .5 .38 Tf
1e0 Tz4.3 504 1.86
0 5560 0Tz49
8 Tf
1eZ5 .32Td
(V)Tj 0 r 6 Tf
f
3(AI1
41.5g
f3Td
(storage)Tj
2
f082.3Td
(mode)T49
8 Tf
1eSMBC,impedanc8.3Td
(P 504 1.06SR1,)Tj
e
0 8Tj
ET BSRET BT
/FglInput3.49
8 Tf
1e2..7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f6536PU,49
8 Tf
1eM5 .32T4L VAI2
41.5g
f3Td
(storage)Tj
2
f082.3Td
(mode)T4860 128TdSMBC,impedanc8.3Td
(P 504 1.06VIN,)Tj
31.volta3Td
(=4860 128Td0Td
(j
15f
89.60V 504512.f
89.603Td
(0..f
89.601/Fg
8 (e0 )Tj
ET BV 5048 Tf
1e0 Tz4.3 504 1.060 666f
3T-1f634860 128Tdd
(A)Tj
ET BT
/Fg
8 Tf
1e0 Tz4.3 504 16PU,4860 128TdM5 .32T4L)Tj
/6ut)Tj
76f�Ÿ5 .38 Tf
1e0Tz4.3 504 1.5 0666f
3Td
Tz46/F2 6 TfPOWER-O
3 -1
8 2
f
0Td
(.32E
3 -1f63Td
(DD)Tj
ET BT
/Fg
8 Tf
1e0 Tz45504 1.54
54 545.32Td
(V)Tj
ET BT
/T+1.5g
f3Td
(storage)Tj
2
f082.3Td
(mode)T45504 1.Negaf
.7-go
1e0 Tz5(–)Tj
4102SMBD,)Tj
e
0 
f
0Td
(SDiMBC,)Tj
8 Tf
1e0 Tz4.3 504 1.060 666f
3Td
(3.45504 1.2.1)Tj
8 Tf
1e0 Tz4.3 504 1.060 666f
3T63.45504 1.2.
/Fg
8 Tf
1e0 Tz4.3 504 1.86
0 5560 0Td
(I45504 1.2..7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f65
f3T 45504 1.54
54f63Td
(DD)Tj
ET BT
/Fg
8 Tf
1e0 Tz441Tf
1e0 .5 .32Td
(V)Tj
/F2 6 Tf
f
3hys1.5g
f3Td
(storage)Tj
2
f082.3Td
(mode)T441Tf
1e0 Purre-on Tz4.6ut504 1.06rese,)Tj
e
0 8Tj
ET Bhysteresis1.5g
f3Td
(storage)Tj
2
f082.3Td
(m441T2T441Tf
1e0 5Fg
8 Tf
1e0 Tz4.3 504 1.5f
89.666f
3TdTd
(441Tf
1e0 12.7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f65ED5)T441Tf
1e0 20d
(A)Tj
ET BT
/Fg
8 Tf
1e0 Tz4.3 504 1de)T441Tf
1e0 mV5 .38 Tf
1e0TzRACTERISTICS)Tj
ET BT
/Fg230Tj
7.002NTEGRATING 504 .3 504 1.31ADCVto e
0 V, TA=–20° Cto 85°unlessotherwise noted

PARAMETER

CONDITIONS
502 Tf
1e0.4
f
5468.3Td
(MIN)Tj
ET BT
/F1 8 Tf
1e0 Tz4.3 504 1.46
f
868.3Td
(3 r4502 Tf
1e0
/F1 8 Tf
1e0 Tz4.3 504 1.507f2468.3Td
70.3 502 Tf
1e0./F1 8 Tf
1e0 Tz4.3 504 1.53e
0 68.3Td
(6ut)502 Tf
1e0

/Fg
8 Tf
1e0 Tz4.3 504 1.5 0666f
3Td
(V)
5502 Tf
1e0f
f
3 -1f63Td
(DD)Tj
ET BT
/Fg
8 Tf
1e0 Tz1890o31O31.5 .32Td
(V)Tj
/F2 6 Tf
f
3BSR
41.5g
f3Td
(storage)Tj
2
f082.3Td
(m920600 90o31O31SMBC,)Tj
e
0 
f
0Td
(SMBD,)Tj
e
0 
f
0Td
(SDrang0 01.93Td 504 1.31.5 .32Td
(V)Tj
/F42 6 Tf
f
3BSR2
41.5g(storage)T8e0 Tz4.3 666f
3Td
(3.0)Tj
ET 5 .32Td
(V)Tj
/262 6 Tf
f
3BSR1
41.5g
f3Td
(storage)Tj
2
f082.3Td
(m3063.2 r90o31O31.5 .32Td
(V)Tj
/F2 6 Tf
f
3SR
ET BT
/Fg
8 Tf
7e0 Tz4.3 504 1.5f
89.6053.5 .32Td
(V)Tj
/F32 6 Tf
f
3BSR2
41.5g(storage)T8e0 Tz4.3 3Td
(j
12Tj
ET .5 .32Td
(V)Tj
/F2 6 Tf
f
3BSR1
41.5g
f3Td
(storage)Tj
2
f082.3Td
(m430.3 re90o31O313Td
(0.8)Tj
ET BT2.7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f650e
0 0e90o31O31BT2.7 5-1f63Td
(OL)Tj
/F2 8 Tf
1e0 0 f65
f2 r90o31O31.5 .3f63Td
(DD)Tj
ET BT
/Fg
8 Tf
1e0 Tz17504 1.54
54 61 f63Td
(V)Tj
ET BT
BSROS
41.5g
f3Td
(storage)Tj
2
f082.3Td
(m9206007 Tf
1eSMBC,)Tj
e
0 
f
0Td
(offse,)Tj

f3Td
(storage)Tj
2
f082.3Td
(m48 0 0 7 Tf
1e1)Tj
8 Tf
1e0 Tz4.3 504 1.060 666f
3 1de6007 Tf
1em.5 .3f63Td
(DD)Tj
ET BT
/Fg
8 Tf
1e0 Tz168 Tf
1e0INFg
8 Tf
1e0 Tz4.3 504 1.86
0 569f63T92060068 Tf
1e0Integral)Tj
e.3 504 1.31nonlinearit0666f43j
/F2 6 Terr0 Tz4.
f3Td
(storage)Tj
2
f082.3Td
(m3063.2 68 Tf
1e0FA
f
5468.3Td
(MIN)T3 504 1.5f
89.60 ,3Td
(T9504 1.313Td
(0..f
89.600.1)Tj
(e0 )Tj
ET BV 504 1BT
/Fg
8 nless)91.5f
89.60 18)Tj
(e0 )Tj
ET BxTd
(j
.0)Tj
ET 5 .32Td
(V)Tj
/25)Tj
ET BT
refg
8 Tf
1e0 Tz4.3 504 1.5f
89.666f
3Td1060068 Tf
1e00.004%g
8 Tf
1e0 Tz4.3 504 1.5f
89.666f
3T9)Tj
068 Tf
1e00.018%g
8 Tf
1e0 TTzRACTERISTICS)Tj
ET BT
/Fg1
(–)T
1e0 LFg
8 243 504 1.31SWITCHING 504dTd2.0)Tj
ETDDunlessotherwise noted

PARAMETER

CONDITIONS
MIN

– storage
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OSCILLATOR
VDD = 3.0 V to 3.6 V, TA = –20°C to 85°C (unless otherwise noted) (TYP: VDD = 3.3 V, TA = 25°C)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ROSC = 100k –2% 0.5% 2%
f(eio) Frequency error from 32.768 kHz

XCK1 = 12 pF XTAL –0.25% 0.25%

f(dio) Frequency drift (1) ROSC = 100k, TA = 0°C to 50°C –1% 1%

f(sio) ROSC = 100k 200 µs
Start-up time (2)

f(sxo) XCK1 = 12 pF XTAL 250 ms

(1) The frequency drift is measured from the trimmed frequency at VDD = 3.3 V, TA = 25°C.
(2) The start-up time is defined as the time it takes for the oscillator output frequency to be ±1%

DATA FLASH MEMORY CHARACTERISTICS
VDD = 3.0 V to 3.6 V, TA = –20°C to 85°C unless otherwise noted

PARAMETER 13.2 re
0 0 0 rg
f
114.4 507.6 191.5 0.3 re
0 0 0 rg
f
54 507.6 0.3f
100
8.18 0 Td
(defined)Tj
28.64 0 Td
(as)Tj
30.86 0 Td
(time)Tj
/F2 6j
3.6 0 Td
(C)Tj
9.2 0400 Tz0–

MAX

defined33.4 680 Td
(UNIT)Tj
ET
BT
/F2 8 Tf
1001z
0Td
(define
303.9 666.8 Td
(ROSC)Tj
25.51 0 Td
(=)T10Td
(define(100k)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg50 0 4
BT
/F2j
25.51 0 Td
(Tj
7.07 0 Td
DRk)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg 0 0 rg 4
BT
/F2Datanoted9BT
/F2 8 retention11.3 0 Td
(pF)Tj
11.74 0 Td
(XTAL)Tj
9rg 4
BT
/F2SeTf
2.2 -1.6 Td
7.337.07 0 Td
(100k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.8455BT
g 4
BT
/F21597.4 Td
((1))Tj
17.88 0 Td
(The)Tjj
4.7g 4
BT
/F2Yearrequency)Tj
37.53 0 Td
(drift)Tj
15. 0 0 rgTd
(0 0 rglash
4.43 0  Tf
100 programming
/F1 he)Tj
13.52write-cyclerequency)Tj
37.53 0 Td
(drift)Tj
15.j
9rgTd
(0 0 rSeTf
2.2 -1.6 Td
7.37.07 0 Td
(100k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.84521 0gTd
(0 0 r2
538.5 627.2 Td
(µ)Tj
4.6 0 Td
(s)Tj
Ed
( 0gTd
(0 0 rCyclerequency)Tj
37.53 0 Td
(drift)Tj
15.
52298T
/F2j
25.51 0 Td
(Tj
7.07 0 Td
(WORDPROG00k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.8 0 0 r298T
/F2Word24.64 0 1Tf
100 programming
/F1 he)Tj
13.52 Td
(oscncy)Tj
37.53 0 Td
(drift)Tj
15.j
9r298T
/F2SeTf
2.2 -1.6 Td
7.37.07 0 Td
(100k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.85.9 1r298T
/F2297.4 Td
((1))Tj
17.88 0 Td
(The)Tj
5r298T
/F2frequency)Tj
37.53 0 Td
(drift)Tj
15.7g
f
41 0 Td
I
25.51 0 Td
(Tj
7.07 0 Td
(DDPROG00k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.8 0 0 r2
41 0 Td
glash-write
/F1 8  1Tf
100 supply)Tj
ET
BTj
13.52current(oscncy)Tj
37.53 0 Td
(drift)Tj
15.j
9r2
41 0 Td
SeTf
2.2 -1.6 Td
7.37.07 0 Td
(100k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.84
419r2
41 0 Td
8k,T (1) The time for.4 Td
(RONo0 Td
(4Tj
11.74 0production11.38 T7
11.74 0 es 0 tart-up)Tj
29.8 0 Td
(CHARACTERISTICS)Tj4397.2 Td
(EG Tf0.3 re59 0 0 rg
54BACKU3.4 680 Td
(UNIT)Tj
ET
BT
/F2 8 Tf
115
(is42 507.6 191.5 0.3 re
0 0 0 rg
f
54 507.6 0.3f
100
8.40.g
f2defined)Tj
28.64 0 Td
(as)Tj
30.86 0 Td
(time)Tj
/F2 6j
3.6 0 Td
(C)Tj
9.8 0 0 z0–)Tj506.9 680 Td
(MAX)Tj
ET
BT
/F1 8 Tf
100 807 f2defined33.4 680 Td
(UNIT)Tj
ET
BT
/F2 8 Tf
1001z5 0 z0–)Tj5303.9 666.8 Td
(ROSC)Tj
25.51 0 Td
(=)T0.g
f2define(100k)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg50 4121 0 Td
I
25.51 0 Td
(Tj
7.07 0 Td
(RBI00k,)Tj
21.97 0 Td
(T)Tj
/F2 6 Tf
4.890 rg
121 0 Td
RBI Td
(trimmed)Tj
data-retention11.35217 Tf
100 inTd
(1%)d9Bimmedoscncydrift 37.07 0 Td
RBI Td

37.53 0 T2 0 rg
54 58>85253 AasJUNEtrimmed time is =
(2�T4frequ
(to)Tj
9.07 0 Td
(cumulative
28.40.6T
/F2 8  Td
(oscillator)Tj
3a°)Tj6.8
11.74 0slave
28.61Td
(DATA)Tdevice
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The Discharge Count Register (DCR) is a non-accessible register that tracks discharge of the battery. The
bq2084-V133 uses the DCR register to update the FCC register if the battery undergoes a qualified discharge
from nearly full to a low battery level. In this way, the bq2084-V133 learns the true discharge capacity of the
battery under system-use conditions.

Main Gas-Gauge Registers

RemainingCapacity() (RM)

RM represents the remaining capacity in the battery. The bq2084-V133 computes RM in units of either mAh or
10 mWh depending on the selected mode. See Battery Mode() (0x03) for units configuration. RM counts up
during charge to a maximum value of FullChargeCapacity() (FCC) and down during discharge and self-discharge
to a minimum of 0. In addition to charge and self-discharge compensation, the bq2084-V133 calibrates RM at
three low-battery-voltage thresholds, EDV2, EDV1, and EDV0 and three programmable midrange thresholds
VOC25, VOC50, and VOC75. This
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Table 3. bq2084-V133 Register Functions

FUNCTION COMMAND CODE ACCESS UNITS

ManufacturerAccess 0x00 Read/write NA

RemainingCapacityAlarm 0x01 Read/write mAh, 10 mWh

RemainingTimeAlarm 0x02 Read/write minutes

BatteryMode 0x03 Read/write NA

AtRate 0x04 Read/write mA, 10 mW

AtRateTimeToFull 0x05 Read minutes

AtRateTimeToEmpty 0x06 Read minutes

AtRateOK 0x07 Read Boolean

Temperature 0x08 Read 0.1°K

Voltage 0x09 Read mV

Current 0x0a Read mA

AverageCurrent 0x0b Read mA

MaxError 0x0c Read percent

RelativeStateOfCharge 0x0d Read percent

AbsoluteStateOfCharge 0x0e Read percent

RemainingCapacity 0x0f Read mAh, 10 mWh

FullChargeCapacity 0x10 Read mAh, 10 mWh

RunTimeToEmpty 0x11 Read minutes

AverageTimeToEmpty 0x12 Read minutes

AverageTimeToFull 0x13 Read minutes

ChargingCurrent 0x14 Read mA

ChargingVoltage 0x15 Read mV

Battery Status 0x16 Read NA

CycleCount 0x17 Read cycles

DesignCapacity 0x18 Read mAh, 10 mWh

DesignVoltage 0x19 Read mV

SpecificationInfo 0x1a Read NA

ManufactureDate 0x1b Read NA

SerialNumber 0x1c Read integer

Reserved 0x1d-0x1f 0 0

ManufacturerName 0x20 Read string

DeviceName 0x21 Read string

DeviceChemistry 0x22 Read string

ManufacturerData 0x23 Read string

Pack status 0x2f (LSB) Read NA

Pack configuration 0x2f (MSB) Read NA

VCELL4 0x3c Read mV

VCELL3 0x3d Read mV

VCELL2 0x3e Read mV

VCELL1 0x3f Read mV

VPACK 0x45 Read mV

AFEData 0x46 Read hex
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Alarm Broadcasts to Smart Charger and Host

If any of the bits 8-15 in BatteryStatus() are set, the bq2084-V133 broadcasts an AlarmWarning() message to the
Host address. If any of the bits 12-15 in BatteryStatus() are set, the bq2084-V133 also sends an AlarmWarning()
message to the Smart Charger address. The bq2084-V133 repeats the AlarmWarning() messages every 10
seconds until the alarm bits are cleared. All broadcasts can be disabled by setting SM (bit 2) in Pack
Configuration (DF 0x28).

Precharge Qualification

The bq2084-V133 sets ChargingCurrent() to the precharge rate as programmed in Precharge Current (DF
0x42-0x43) under the following conditions:
• Voltage: The bq2084-V133 requests the precharge charge rate when any cell voltage drops below the

precharge threshold or when the EDV0 threshold is detected. Once requested, a precharge rate remains until
all cell voltages increase above the precharge threshold and the EDV0 condition does not exist. The
precharge threshold is programmed in Precharge Voltage (DF 0x3c-0x3d).

• Temperature: The bq2084-V133 requests the precharge rate when Temperature() is between Charge Inhibit
Temp Low (DF 0x46) and the precharge threshold programmed in Precharge Temp (DF 0x44). Temperature()
must be equal to or greater than the precharge threshold + 3°C to allow the fast-charge rate.

Charge Suspension

The bq2084-V133 may temporarily suspend charge if it detects a charging fault. A charging fault includes the
following conditions.
• Overcurrent: An overcurrent condition exists when the bq2084-V133 measures the charge current to be

greater than Charge OC Threshold (DF 0x12a-0x12b) for a time greater than Charge OC Time (DF 0x12c).
On detecting an overcurrent condition, the bq2084-V133 turns off the Charge FET. If the Nonremovable
Battery bit is not set in Misc Configuration (DF 0x2a), then the Discharge FET is turned off also. This
condition is cleared when the pack is removed or if the Nonremovable Battery bit is set in Misc Configuration
(DF 0x2a) and when a discharge current is detected or when SBS AverageCurrent() is less than the
ClearFailCurrent (DF 0x61-0x62) for FaultResetTime (DF 0x130).

• Overtemperature: During charging, an overtemperature condition exists when Temperature() is greater than
the Charge Suspend Temp High value programmed in DF 0x6d, 0x6e. On detecting an overtemperature
condition, if enabled by the OT bit in Misc Configuration (DF 0x2a), the bq2084-V133 turns off the Charge
and Discharge FETs. The overtemperature condition is cleared when Temperature() is equal to or below
Charge Suspend Temp High Reset (DF 0x6f-0x70). The condition is also cleared if the pack is removed.

• Undertemperature: During charging, an undertemperature condition exists when Temperature() is less than
the Charge Suspend Temp Low (DF 0x79) or Charge Inhibit Temp Low (DF 0x46). On detecting an
undertemperature condition the bq2084-V133 turns off the Charge FET. The undertemperature condition is
cleared when Temperature() is greater than Charge Suspend Temp Low DF 0x79. The condition is also
cleared if the pack is removed. The maximal value of Charge Suspend Temp Low setting is 12.7°C.

• Charging exceeds Maximum Charging Time (DF 0x10f-0x110). If charging time reaches Maximum Charge
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The bq2084-V133 detects a current taper termination when the pack voltage is greater than Charging
Voltage (DF 0x3a-0x3b) minus Current Taper Qualification Voltage (DF 0x4d-0x4e) and the
AverageCurrent() is below the Current Taper Threshold (DF 0x4b-0x4c), but greater than the Charge
Detection Current (DF 0x113-0x114), for a period of Current Taper Window (DF 0x4f).
Once the bq2084-V133 detects a Primary Charge Termination, the bq2084-V133 sets the
TERMINATE_CHARGE_ ALARM and FULLY_CHARGED bits in BatteryStatus(), and turns off the charge
FET via the bq29312. The charge FET is turned on when discharge current is detected and is greater than
Discharge Detection Current (DF 0x115-0x116), to minimize IR losses. The TERMINATE_CHARGE_
ALARM charge current is no longer detected or the pack is removed, but returns if charging is attempted
while the FULLY_CHARGED bit is set.
The bq2084-V133 clears the FULLY_CHARGED and TERMINATE_CHARGE_ALARM bit when
RelativeStateOfCharge() is less than the programmed Fully Charged Clear %. See Table 13 for a summary
of BatteryStatus() alarm and status bit operation.

Cell Balancing

The bq2084-V133 balances the cells during charge by discharging those cells above the threshold set in Cell
Balance Threshold (DF 0xe8-0xe9), if the maximum difference in cell voltages exceeds the value programmed in
Cell Balance Min (DF 0xec). For cell balancing, the bq2084-V133 measures the cell voltages at an interval set in
Cell Balance Interval (DF 0xed). On the basis of the cell voltages, the bq2084-V133 either selects the appropriate
cell to discharge or adjusts the cell balance threshold up by the value programmed in Cell Balance Window (DF
0xea-0xeb) when all cells exceed the cell balance threshold or the highest cell exceeds the cell balance
threshold by the cell balance window.

Cell balancing only occurs when charging current is detected and the cell balance threshold is reset to the value
in Cell Balance Threshold at the start of every charge cycle. The threshold is only adjusted once during any
balance interval.

If the cells are severely imbalanced during charging, where VCELL(MAX) - VCELL(MIN) > Cell Imbalance Threshold
AND SBS. Current()> Balance IMAX for a period of Cell Imbalance time then the CIM bit in PF Status is set.

Table 6. Cell Balancing and Cell Imbalance Programming

NAME DF ADDRESS DESCRIPTION

Cell Balance Threshold 0xe8-0xe9 Sets the maximum voltage
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The SOTC bit indicates a safety overtemperature in charge occurred which if enabled by PF Config would
cause the SAFE output to activate.

0 SOTC fault not detected (default)

1 SOTC fault detected

SOTD

The SOTD bit indicates a safety overtemperature in discharge occurred which if enabled by PF Config would
cause the SAFE output to activate.

0 SOTD fault not detected (default)

1 SOTD fault detected

AFE

The AFE bit indicates an AFE integrity fault state occurred which if enabled by PF Config would cause the
SAFE output to activate.

0 AFE is operating correctly (default)

1 AFE Integrity
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1 Activation enabled

XSOTC

The XSOTC bit enables or disables the activation of SAFE and the setting of the PF Flag when PF Status
SOTC is set.

0 Activation disabled (default)

1 Activation enabled

XSOTD

The XSOTD bit enables or disables the activation of SAFE and the setting of the PF Flag when PF Status
SOTD is set.

0 Activation disabled (default)

1 Activation enabled

XAFE

The XAFE bit enables or disables the activation of SAFE and the setting of the PF Flag when PF Status AFE is
set. Bit 13 of Miscellaneous Config DF 0x2a also needs to be set for activation.

0 Activation disabled (default)

1 Activation enabled

XCIM

The XCIM bit enables or disables the activation of SAFE and the setting of the PF Flag when PF Status CIM is
set.

0 Activation disabled (default)

1 Activation enabled

XFETF

The XFETF bit enables or disables the activation of SAFE and the setting of the PF Flag when PF Status FETF
is set.

0 Activation disabled (default)

1 Activation enabled

XPFIN

The XPFIN bit enables or disables the activation of SAFE and the setting of the PF Flag when PF Status PFIN
is set.

0 Activation disabled (default)

1 Activation enabled

Permanent Failure Flag (PF Flag)

PF Flag DF 0x11e contains the flag indicating if the /SAFE output has been activated.

STATE b7 b6 b5 b4 b3 b2 b1 b0

Clear 0 0 0 0 0 0 0 0

Set 0 1 1 0 0 1 1 0

PF FLAG

The PF Flag indicates that the SAFE output of the bq2084-V133 has been activated.

0x00 SAFE output high (default)

0x66 SAFE output activated

An example circuit using the SAFE output to blow a fuse is shown in Figure 2.
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Figure 2. Example SAFE Circuit Implementation

Low-Power Modes

The bq2084-V133 enters sleep mode when the charge and discharge current is less than the threshold
programmed in Sleep Current Threshold (DF 0xfc), the SMBus lines are low for at least 2s, and bit 12 of Misc.
Configuration DF 0x2a is set to zero. Additionally, PRES must be pulled high if the NR bit in Misc Config is set to
0. The bq2084-V133 wakes up periodically to monitor voltage and temperature and to apply self-discharge
adjustment. The sleep period is set in Sleep Timer DF 0xfe. The bq2084-V133 wakes up at a period set by Sleep
Current Multiplier DF 0xfd multiplied by Sleep Time to measure current. The bq2084-V133 comes out of sleep
when either of the SMBus lines go high or when the current is measured ge
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After exiting shutdown mode, the bq2084-V133 does not enter the shutdown mode again until the Shutdown
Timer (DF 0x133, units are seconds) has expired even if the correct conditions are present. After the Shutdown
Timer has expired, Shutd. 0 Td
3 10 Tf6o1Tj
1917.3F3 10 TfMBus.18 0 T33 0 Td
(armmand95 0 T 0 Td
(o(has)12.9
(if)Tj
voltage.18 0 T3 Td
(conand95 0.677T 0 Td
(cutions)Tj
4578.37 0 Tdare)Tj
17.95 0 9.1.37 0 Td
nabl8.4 0 39.1.37 0 TdTj
1917.3F3 10 T(does)Tj
26.18 0 T18.37 0 Tdohas)12.4d
(the)Tj
18.4 0  0 rg
54 707.8 Td
(After)Tj
25.62 067429.65 0e)Tj
29.51 0 
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Figure 4. Shutdown Flow Chart in SBS MAC

Reset Conditions

On power up, the entire IC is reset and data is loaded from Data Flash to configure the SBS Data and the battery
management solution. On a partial reset (loss of VCC but RBI holds RAM valid), a limited number of locations
are taken. These actions are the following:
• The AFE registers are rewritten.
• PackStatus() EDV2 flag is cleared.
• BatteryStatus() DISCHARGING flag is cleared.
• The charger and alarm broadcast period is set to 10 seconds between broadcasts.

COMMUNICATION

The bq2084-V133 includes an SMBus communication port. The SMBus interface is a 2-wire bidirectional protocol
using the SMBC (clock) and SMBD port.bidirn.
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SMBus

The SMBus interface is a command-based protocol. A processor acting as the bus master initiates
communication to the bq2084-V133 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 bq2084-V133 device address
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Figure 5. SMBus Communication Protocol Without PEC
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Figure 6. SMBus Communication Protocol With PEC

PEC Calculation

The basis of the PEC calculation iso
BT
/F1 10 24.66 0 Td
h
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Command Codes

The SMBus command codes are in (). Temperature(), Voltage(), Current(), and AverageCurrent(), performance
specifications are at bq29312 regulated VCC (V(REG)) and a temperature of -20°C to 85°C.

Manufacturer Access() (0x00)

Description: This function provides writable command codes to control the bq2084-V133 during normal
operation and pack manufacture. Writing the command code to SMB command 0x00 causes the following reads
with the SMB command 0x00 to return the word indicated in the table. The following commands are available:

COMMAND CODE NAME DESCRIPTION

0x0001 Device Type Returns IC part number so it can be read, i.e., 2084 (0x0824)

0x0002 Firmware Rev Returns firmware version so it can be read

0x0003 EDV Level Returns the pending end-of-discharge voltage level so it can be read

0x0004 Manufacturer Status Returns the battery system status so it can read

0x0005 SHIP Command Instructs the bq2084-V133 to instruct the bq29312 to enter ship mode

Instructs the bq2084-V133 to restrict access to those functions listed in Table 3. The0x062b Seal bq2084-V133 completes the seal function and clears ManufacturerAccess().

The Manufacture Status word is defined as:

b15 b14 b13 b12 b11 b10 b9 b8

FET1 FET0 PF1 PF0 STATE3 STATE2 STATE1 STATE0

b7 b6 b5 b4 b3 b2 b1 b0

0 0 0 0 1 0 1 0

FET1, FET0

Indicated the state of the charge and discharge FETs

0,0 Both charge and discharge FETs are on.

0,1 Charge FET is off, discharge FET is on.

1,0 Both charge and discharge FETs are off.

1,1 Charge FET is on, discharge FET is off.

PF1, PF0

Indicates permanent failure cause when permanent failure indicated by STATE3-STATE0

0,0 Fuse is blown

0,1 Cell imbalance failure

1,0 Safety voltage failure

1,1 FET failure

STATE3, STATE2, STATE1, STATE0

Indicates battery state as defined in the State and Status bit Summary.

Purpose: The ManufacturerAccess() function provides the system host access to bq2084-V133 functions that
are not defined by the SBD.

SMBus protocol: Read or write word

Input/Output: Word
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BATTERY MODES

CAPACITY_MODE CAPACITY_MODE
BIT = 0 BIT = 1

Accuracy See RemainingCapacity()

RemainingTimeAlarm() (0x02)

Description: Sets or gets the Remaining Time Alarm value. Whenever the AverageTimeToEmpty() falls below
the remaining time value, the bq2084-V133 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 bq2084-V133
initially sets the remaining time value to the Remaining Time Alarm (DF 0x00-0x01) value. 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 bq2084-V133
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)

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

Defined modes include
• Whether the battery capacity information is specified in units of mAh or 10 mWh (CAPACITY_MODE bit)
• Whether the ChargingCurrent() and ChargingVoltage() values are broadcast to the smart battery charger

when the CHARGER_MODE bit is set.
• Whether all broadcasts to the smart battery charger and host are disabled

The value.is r
(t
0 0 0 0 0 rg
540 Td
(time)Tj
2iopt2h1ondispecifie41002
/F2 10 Tf
100 Tz
0 0 0 rd
(capacity)Tj
39.68 0 Td
(information)Tj540 Td
value,)Tj
ChargingCa5Tj
/F2 10 Tf
83geris sm)4 427.2 Td
(BatteryMode())Tj
70.22 0 T30 Td
(tTj
/F3 10 Tf
20.76 0 T509.9 0 Td
(TimeAlarm())Tj
/4.0.58 0 TdT
BT
/F2 10 Tf
10
20.76 0 T92hargingVoet.)Tj
Ee

powst 
/F3 10citybazerosmart baet.• tsum
(cize)Tj
1987.2 0 Td
(in)Tj
1182ofturrent()unitsINTERNAL_itin174..58 0 Tdet.RemainingTimeAlacity

) RemainingTimeAlacity
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RELEARN_FLAG bit set indicates that the bq2084-V133 is requesting a capacity relearn cycle for the battery.
The bq2084-V133 sets the RELEARN_FLAG on a full reset and if it detects 20-cycle counts without an FCC
update. The bq2084-V133 clears this flag after a learning cycle has been completed.

CHARGE_CONTROLLER_ENABLED bit is not used by the bq2084-V133. The bq2084-V133 forces this bit to
zero.

PRIMARY_BATTERY bit is not used by the bq2084-V133. The bq2084-V133 forces this bit to zero.

Table 14. Battery Mode Bits and Values

Battery Mode() BITS BITS USED FORMAT ALLOWABLE VALUES

INTERNAL_CHARGE_CONTROLLER 0 Read only bit flag 1 - always one

PRIMARY_BATTERY_SUPPORT 1 7 0 Td
(bit)Tj
10.85 0 Td
(flag)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
384.6 590 Td
(1)Tj
6.85 0 Td
(-)Tj
5.06 Tf
100 Tz
0 0 0 rg
263.4Tz
0 0 0 rg
263.4Tz
0 0(-)Tj
5.06 Tf
100 Tz
0 9d
(Mode(Tf
100 Tz0 0(r4T)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
263.4 576.8 Td
(1)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
303.9 576.8 Td
(7 0 Td
(bit)Tj
10.85 0 Td
(flag)Tj
ET
BT
/F2 8 Tf
i2uTj
10.85 0 Td
(flag)Tj
ET
BT
/F2 8 Tf
163UARY)TjRj
Ervd
(to)85 0 Td
(-)Tj
5.06 Tf
100 Tz
0 059g
f
53UARY)Tj2-6Td
(1)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
3053UARY
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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()

The bq2084-V133 updates the non-AtRate related register values immediately after changing the state of the
CAPACITY_MODE bit. The AtRate() values are updated after the next AtRate() value is written to the
bq2084-V133 (or after the next 1-s scheduled refresh calculation).

AtRate() (0x04)

Description: The AtRate() function is the first half of a two-function call-set used to set the AtRate value used in
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: Because the AtRate() function is the first half of a two-function call-set, it is followed by the second
function of the call-set that calculates and returns a value based on the AtRate value and the battery's present
state.
• 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.

SMBus protocol: Read or write word

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

BATTERY MODES

CAPACITY_MODE CAPACITY_MODE
BIT = 0 BIT = 1

Units mA 10 mW

Charge range 1 to 32,767 mA 1 to 32,767 10 mW

Discharge range –1 to –32,768 mA –1 to –32,768 10 mW

Granularity 1 Unit

Accuracy NA

AtRateTimeToFull() (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 bq2084-V133 updates AtRateTimeToFull() within 5 ms
after the SMBus host sets the AtRate value. The bq2084-V133 automatically updates AtRateTimeToFull() based
on the AtRate() value every 1 s.

SMBus protocol: Read word

Output: Unsigned integer—predicted time in minutes to fully charge the battery.
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Units: Minutes

Range: 0 to 65,534 min

Granularity: 2 min or better

Accuracy: ± MaxError() × FullChargeCapacity() ÷ |AtRate()|

Invalid Data Indication: 65,535 indicates the AtRate = 0.

AtRateTimeToEmpty() (0x06)

Description: Returns the predicted remaining operating time if the battery is discharged at the AtRate() value.

Purpose: The AtRateTimeToEmpty() function is part of a two-function call-set used to determine the remaining
operating time at the AtRate() value. The bq2084-V133 updates AtRateTimeToEmpty() within 5 ms after the
SMBus host sets the AtRate() value. The bq2084-V133 automatically updates AtRateTimeToEmpty() based on
the AtRate() value every 1 s.

SMBus protocol: Read word

Output: Unsigned integer—estimated operating time left.

Units: Minutes

Range: 0 to 65,534 min

Granularity: 2 min or better

Accuracy: -0, +MaxError() × FullChargeCapacity ÷ |AtRate()|

Invalid Data Indication: 65,535 indicates AtRate = 0.

AtRateOK() (0x07)

Description: Returns a Boolean value that indicates whether or not the battery can deliver the AtRate() value of
additional energy for 10 s. If the AtRate value is zero or positive, the AtRateOK() function ALWAYS returns OK
(logic 1).

Purpose: The AtRateOK() function is part of a two-function call-set used by power management systems to
determine if the battery can safely supply enough energy for an additional load. The bq2084-V133 updates
AtRateOK() within 5 ms after the SMBus host sets the AtRate() value. The bq2084-V133 automatically updates
AtRateOK() based on the At Rate() value every 1 second.

SMBus protocol: Read word

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

Units: Boolean

Range: 1, 0

Granularity: Not applicable

Accuracy: Not applicable

Temperature() (0x08)

Description: Returns the temperature (K) measured by the bq2084-V133.

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

SMBus protocol: Read word

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

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

Granularity: 0.1°K

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

Voltage() (0x09)

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

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

SMBus protocol: Read word

Output: Unsigned integer—battery terminal voltage in mV.

Units: mV

Range: 0 to 20,000 mV

Granularity: 1 mV

Accuracy: ±0.25% (after calibration)

Current() (0x0a)

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

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

SMBus protocol: Read word

Output: Signed integer—charge/discharge rate in mA increments: positive for charge, negative for discharge.

Units: mA

Range: -32,768 to 32,767 mA

Granularity: 1 mA

Accuracy: 0.25% or 5 mA, whichever is greater

AverageCurrent() (0x0b)

Description: Returns a value that approximates a one-minute rolling average of the current being supplied (or
accepted) through the battery terminals (mA). AverageCurrent() is implemented as a single pole IIR filter with a
14.5-s time constant.

Purpose: The AverageCurrent() function provides the average current flowing into or out of the battery for the
power management system.

SMBus protocol: Read word

Output: Signed integer—charge/discharge rate in mA increments: positive for charge, negative for discharge.

Units: mA

Range: -32,768 to 32,767 mA

Granularity: 1 mA

Accuracy: 0.25% or 5 mA, whichever is greater
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AverageTimeToEmpty() (0x12)

Description: Returns a predicted remaining battery life (minutes), based on AverageCurrent. The
AverageTimeToEmpty() value is calculated based on either current or power depending on the setting of the
BatteryMode() CAPACITY_MODE bit.

Purpose: The AverageTimeToEmpty() displays state-of-charge information in a more useful way. It averages the
instantaneous estimations so that the remaining time does not appear to jump around.

SMBus protocol: Read word

Output: Unsigned integer—minutes of operation left.

Units: Minutes

Range: 0 to 65,534 min

Granularity: 2 min or better

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

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

AverageTimeToFull() (0x13)

Description: Returns a predicted remaining time until the battery reaches full charge (minutes), based on
AverageCurrent.

Purpose: The AverageTimeToFull() function can be used by the SMBus host's power management system to
aid in its policy. It may also be used to find out how long the system must be left on to achieve full charge.

SMBus protocol: Read word

Output: Unsigned integer—remaining time in minutes.

Units: Minutes

Range: 0 to 65,534 minutes

Granularity: 2 minutes or better

Accuracy: -0, +MaxError() * FullChargeCapacity() ÷AverageCurrent()

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

ChargingCurrent() (0x14)

Description: Returns the desired charging rate in mA.

Purpose: The ChargingCurrent() function A9ou3Bd(charged/F1-rent())Tj
/F2 10 Tf
83.5 0 Td
(function)Tj
3j

16.9.-um 10 Tf

/F2 10 TTj
ET
BT
/Fd.

arge.
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ChargingVoltage() (0x15)

Description: Returns the desired charging voltage in mV.

Purpose: The ChargingVoltage() function sets the maximum charge voltage of the battery. The
ChargingVoltage() value should be used in combination with the ChargingCurrent() value to set the charger's
operating point. Together, these functions permit the bq2084-V133 to dynamically control the charging profile
(current/voltage) of the battery. The charger may be operated as a constant-current source above its maximum
regulated voltage range by returning a ChargingVoltage() value of 65,535.

SMBus protocol: Read word

Output: Unsigned integer—charger output voltage in mV.

Units: mV

Range: 0 to 65,535 mV

Granularity: 1 mV

Accuracy: Not applicable

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

BatteryStatus() (0x16)

Description: Returns the bq2084-V133 status word (flags). Some of the BatteryStatus() flags (and
REMAINING_TIME_ALARM) are calculated on the basis of either current or power depending on the setting of
the BatteryMode() CAPACITY_MODE bit. This is important because use of the wrong calculation mode may
result in an inaccurate alarm.

Purpose: The BatteryStatus() function is used o4 0 T18.4
/F1 s())
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ALARM BITS

0x0002 ReservedCommand

0x0001 Busy

0x0000 OK

ALARM BITS

OVER_CHARGED_ALARM bit is set whenever the bq2084-V133 detects that the battery is being charged
beyond the maximum overcharge limit, which is full capacity plus Maximum Overcharge (DF 0x51-0x52). This bit
is cleared when the bq2084-V133 detects that the battery is no longer being charged and there are 2 mAh of
continuous discharge (i.e., the bq2084-V133 detects discharge activity or no activity above the digital filter).

TERMINATE_CHARGE_ALARM bit is set when the bq2084-V133 detects a primary charge termination. This bit
is cleared when the bq2084-V133 detects that the battery is no longer being charged.

OVER_TEMP_ALARM bit is set when the bq2084-V133 detects that the internal battery temperature is greater
than or equal to the OverTemperature Charge threshold while charging or OverTemperature Discharge threshold
while discharging. This bit is cleared when the internal temperature falls back below the OverTemperature
Charge Reset or OverTemperature Discharge Reset as appropiate..

TERMINATE_DISCHARGE_ALARM bit is set when RM = 0, Voltage() = Terminate Voltage (DF 0x67-0x68), the
battery temperature is less than or equal to the Charge Suspend Temp Low (DF 0x79) or the CVUV bit in pack
status is set indicating that a Li-ion cell voltage has dropped below the limit programmed in Cell Under. The bit is
cleared when Voltage() > Terminate Voltage, RM() > 0, and the CVUV bit is cleared.

REMAINING_CAPACITY_ALARM bit is set when the bq2084-V133 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 bq2084-V133 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

The initialized bit is set when the bq2084-V133 has detected a valid load of data flash at full or partial reset. It is
cleared when the bq2084-V133 detects an improper data flash load.

DISCHARGING bit is set when the bq2084-V133 determines that the battery is not being charged. This bit is
cleared when the bq2084-V133 detects that the battery is being charged.

FULLY_CHARGED bit is set when the bq2084-V133 detects a primary charge termination or an Overcharge
condition. It is 84-V133being ch2.46 0 ng
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SpecificationInfo() (0x1a)

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

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

The bq2084-V133 VScale (voltage scaling) and IPScale (current scaling) should always be set to zero. The
bq2084-V133 sets SpecificationInfo() to the value programmed in Specification Information (DF 0x06-0x07).

Purpose: The SpecificationInfo() function is is
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Purpose: The ManufacturerName() function returns the name of the smart battery 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)

Description: This function returns a character string that contains the battery name. For example, a
DeviceName() of bq2084-V133 indicates that the battery is a model bq2084-V133. The bq2084-V133 sets
DeviceName() to the value programmed in Device Name (DF 0x1a-0x21).

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

SMBus protocol: Read block

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

DeviceChemistry() (0x22)

Description: This function returns a character string that contains the battery chemistry. For example, if the
DeviceChemistry() function returns NiMH, the battery pack contains nickel metal hydride cells. The bq2084-V133
sets DeviceChemistry() to the value programmed in Device Chemistry (DF 0x22-0x26).

Purpose: The DeviceChemistry() function gives cell chemistry information for use by charging systems. The
bq2084-V133 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.

CHEMISTRY ABBREVIATIONS

Lead acid PbAc

Lithium ion LION

Nickel C100 Tz
0 0 0 rg
356.5 343 Td
(PbAc)T9 0 Tdz
0 0 0 rg
356.5 343 Td
(PbAc)T
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Pack Status and Pack Configuration (0x2f)

This function returns the pack status and pack configuration registers. The pack status register contains a
number of status bits relating to bq2084-V133 operation. The pack status register is the least significant byte of
the word. The pack configuration register reflects how the bq2084-V133 is configured as defined by the value
programmed in Pack Configuration in DF 0x28.

The pack status register consists of the following bits:

b7 b6 b5 b4 b3 b2 b1 b0

PRES EDV2 SS VDQ AFEFAIL PF CVOV CVUV

PRES

The PRES bit indicates that the bq2084-V133 has been inserted into the system.

0 bq2084-V133 is out of the system

1 bq2084-V133 is inserted into a system
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EDV2

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

0 Voltage > EDV2 threshold (discharging)

1 Voltage = EDV2 threshold

SS

The SS bit indicates the seal state of the bq2084-V133.

0 The bq2084-V133 is in the unsealed state.

1 The bq2084-V133 is in the sealed state.

AFEFAIL

The AFEFAIL bit indicates that AFE communications has failed.

0 AFE communications are okay.

1 AFE communications have failed.

VDQ

The VDQ bit indicates if the present discharge cycle is valid for an FCC update.

0 Discharge cycle not valid

1 Discharge cycle valid

PF

The PF bit indicates that the bq2084-V133 PF Flag has been set. It is cleared only when the PF Flag has been
cleared.

0 bq2084-V133 PF Flag = 0x00

1 bq2084-V133 PF Flag = 0x66

CVOV

The CVOV bit indicates that a protection limit has been exceeded including Prolonged Overcurrent,
Overvoltage, or Overtemperature conditions. The bit is not latched and merely reflects the present fault status.

0 No secondary protection limits exceeded

1 A secondary protection limit exceeded

CVUV

The CVUV bit indicates that a protection limit has been exceeded including overload or overdischarge
conditions. The bit is not latched and merely reflects the present fault status.

0 No secondary protection limits exceeded

1 A secondary protection limit exceeded

VCELL4-VCELL1 (0x3c-0x3f)

These functions return the calculated individual cell voltages in mV.

DATA FLASH

General

The bq2084-V133 accesses the internal data flash during reset and when storing historical data. The data flash
stores basic configuration information for use by the bq2084-V133. The data flash must be programmed correctly
for proper bq2084-V133 operation.
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DATA FLASH ADDRESS DATA
NAME LI-ION EXAMPLE

HIGH BYTE LOW BYTE MSB LSB

0x36 0x37 Full Charge Capacity 7200 mAh 1c 20

0x38 0x39 Cycle Count Threshold 5200 mAh 14 50

0x3a 0x3b Charging Voltage 16800 mV 41 a0

0x3c 0x3d Precharge Voltage 2500 mV 09 c4

0x3e 0x3f Fast-Charging Current 2500 mA 09 c4

0x40 0x41 Maintenance Charging Current 0 mA 00 00

0x42 0x43 Precharge Current 100 mA 00 64

0x44 Precharge Temperature 9.6°C 60

0x45 Precharge Temperature Hysteresis 3.0°C 1e

0x46 Charge Inhibit Temp Low 0.0°C 00

0x47 0x48 Charge Inhibit Temp High 50.0°C 01 f4

0x49 Fast Charge Termination % 100% ff

0x4a Fully Charged Clear % 95% 5f

0x4b 0x4c Current Taper Threshold 240 mA 00 f0

0x4d 0x4e Current Taper Qual Voltage 300 mV 01 2c

0x4f Current Taper Window 40s 28

0x50 Reserved 40

0x51 0x52 Maximum Overcharge 300 mAh 01 2c

0x53 Reserved 02

0x54 Charge Efficiency 100% ff

0x55 Reserved 64

0x56 0x57 Reserved 02 22

0x58 Reserved 32

0x59 0x5a Reserved 01 ae

0x5b 0x5c Overload Current 5000 mA 13 88

0x5d 0x5e Over Voltage Margin 700 mV 02 bc

0x5f 0x60 Reserved 01 f4

0x61 0x62 Clear Fail Current 256 mA 01 00

0x63 0x64 Cell Over Voltage 4350 mV 10 fe

0x65 0x66 Cell Under Voltage 2300 mV 08 fc

0x67 0x68 Terminate Voltage 11300 mV 2c 24

0x69 0x6a Reserved 00 00

0x6b 0x6c Safety Over Voltage 20000 mV 3a 98

0x6d 0x6e Charge Suspend Temp High 60°C 02 58

0x6f 0x70 Charge Suspend Temp High Reset 55°C 02 26

0x71 0x72 Over Temperature Discharge 70°C 02 bc

0x73 0x74 Over Temperature Discharge Reset 60°C 02 58

0x75 0x76 Safety OverTemperature Charge 75°C 02 ee

0x77 0x78 Safety OverTemperature Discharge 75°C 02 ee

0x79 Charge Suspend Temp Low 0°C 00

0x7a Reserved ef

0x7b Current Deadband 3 mA 03

0x7c 0x7d Shutdown Voltage 8800 mV 22 60

0x7e 0x7f VOC75 15848 mV 3d e8

0x80 Reserved bf

0x81 Reserved 56

0x82 Reserved 40
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DATA FLASH ADDRESS DATA
NAME LI-ION EXAMPLE

HIGH BYTE LOW BYTE MSB LSB

0x83 0x84 VOC50 15240 mV 3b 88

0x85 Reserved 7f

0x86 Reserved 3d

0x87 Reserved 27

0x88 0x89 VOC25 15024 mV 3a b0

0x8a Reserved 3f

0x8b Reserved 24

0x8c Reserved 0e

0x8d Reserved 14

0x8e Voltage Average Time 1 s 01

0x8f Correction Current Limit 64 mA 40

0x90 0x91 Reserved 0b e1

0x92 0x93 Reserved 0b 68

0x94 Reserved 19

0x95 0x96 EMF/EDV0 3000 mV 0b b8

0x97 0x98 EDV C0 Factor/EDV1 3250 mV 0c b2

0x99 0x9a EDV R0 Factor/EDV2 3400 mV 0d 48

0x9b 0x9c EDV T0 Factor 0 00 00

0x9d 0x9e

00

Factor

FactorFacT1
BT
/F2 8 Tf
100 Tz
0 0 0 rg
75S0.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0  0 rg
75S0.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 rg43 rg
75.8 Td
(64)Tj
11.3 0 Td
(mA)Tj
ET
BT
/F2 rg
8g43 rg
75ET
BT
/F2 8 Tf
100 TCBT
/F35.8 682.8 75.8 445.2 4 0 Td
(Factor)Tj
ET
BTET
BT
/F2 8 Tf30 Tz
0 0 0 rg4 0 Td
(FacT1
BT
/F2 8 Tf
100
0 0 0 3rg
75S0.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 0 rg884.8 Td
(a045.2 4 0 Td
(Factor)Tj
ET
BT
/F2 f
100 Tz
g884.8 Td rg
497.7 484.8 Td
(3c)Tj
ET
BT
/F3 n75.8 445.2 4 0 Td
(Factor)Tj
ET
BTET
BT
/F2 8 Tfg884.8 Td
0 0 rg4 0 Td
(FacT1
BT
/F2 8 Tf
100
0 0 0 g884.8 Td
.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 0 r0571.6 Td
(a537.6 Td
(e1)Tj
ET
BT
/F2 8 Tf
100 Tz
0 r0571.6 Td8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
r0571.6 Td
.4 Td
(EDV)Tj
18.85 0 Td
(T0)Tj
11.74 0 T3re
0 6 Td
(a
0 0 0 rg
535.6 471.6 Td
(48)Tj
ET
Bz
0 3re
0 6 Td8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
3re
0 6 Td
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
415.7 0 0 rg90 rg
75.8a524.4 Td
(68)Tj
ET
BT
/F2 8 Tf
100 Tz
0 rg90 rg
758 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 r0 rg90 rg
75c(VOC25)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
361.6 Td
(a98 Td
(0x95)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0361.6 Td8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
361.6 Td6)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
412.5 352 8 Tf
100a56.4 Td
(0x86)Tj
ET
BT
/F2 8 Tf
100 Tz
0352 8 Tf
18 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
352 8 Tf
1e)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
412.5 330 rg
75.8 a43.2 Td
(0x87)Tj
ET
BT
/F2 8 Tf
100 0 Tz
0330 rg
75.8 a30 Td
(0x88)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0330 rg
75.8 511.2 Td
(0x94)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 r330 rg
75.8
0 0 0 rg
535.6 471.6 Td
(48)Tj
ET
B 0 rg
330 rg
75.8.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 0 320 rg
75.8 ad
(15024)Tj
24.64 0 Td
(mV)Tj
ET
BT
/F2 8 320 rg
75.8 aDV2)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 r
0 032 0 rg
248 643.2 Td
(Reserved)Tj
ET
BT
/F2 8 Tf
100  0 0 r320 rg
75.8537.6 Td
(e1)Tj
ET
BT
/F2 8 Tf
100 T 0 rg
320 rg
75.8.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 0 310 rg
75.8 a03.6 Td
(0x8b)Tj
ET
BT
/F2 8 Tf
100 Tz
0310 rg
75.8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
310 rg
75.8.4 Td
(EDV)Tj
18.85 0 Td
(T0)Tj
11.74 0 T300g
75.8 a.4 Td
(0x8c)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0300g
75.8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
300g
75.871.6 Td
(EDV)Tj
18.85 0 Td
(R0)Tj
12. 0.30 rg
75.8 aT
BT
/F2 8 Tf
100 Tz
0 0 0 rg
497.5 420 rg.30 rg
75.Learning6 550301)Tj
ET
BLowc)Tj
78 Tf
100 TTemp0 0 0 rg
535.6 471.6 Td
(48)Tj
ET
BT
5 rg.30 rg
75. 0 DV2)T2 884.8 Td
°6 550
306.15 0C
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
.30 rg
75.7(VOC25)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
270 rg
76 59a64 Td
(0x8e)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0270 rg
76 8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
270 rg
76 503.6 Td
(0x8b)Tj
ET
BT
/F2 8 Tf
100 0 rg
260 rg
75.8 a
76.9 550.8 Td
(0x8f)Tj
ET
BT
/F3 8  45 rg260 rg
75.8 a 603.6 Td
(24)Tj
ET
BT
/F2 8 Tf
100 
0 026 0 rg
248 577.2 Td
(Reserved)Tj
ET
BT
/F2 8 Tf
100  0 0 r260 rg
75.8537.6 Td
(e1)Tj
ET
BT
/F2 8 Tf
100 T 0 rg
260 rg
75.8.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 0 240 rg
75.8 7 616.8 Td
(3f)Tj
ET
BT
/F2 8 Tf
100 /F2 8 240 rg
75.8 7537.6 Td
(e1)Tj
ET
BT
/F2 8 Tf
100 Tz
0 240 rg
75.8 577.2 Td
(Reserved)Tj
ET
BT
/F2 8 Tf
100  0 0 r240 rg
75.8537.6 Td
(e1)Tj
ET
BT
/F2 8 Tf
100 T 0 rg
240 rg
75.8.2 Td
(0x9e)Tj
ET
BT
/F3 8 Tf
100 Tz 0 0 23rg
75.8 471.6 Td
(EDV)Tj
18.85 0 Td
(R0)Tj
12z
0 230 6 Td8 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
23rg
75.8.4 Td
(EDV)Tj
18.85 0 Td
(T0)Tj
11.74 0 T2206.2 550.8b524.4 Td
(68)Tj
ET
BT
/F2 8 Tf
100 Tz
0 2206.2 5508 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
2206.2 5501.4 Td
(EDV)Tj
18.85 0 Td
(T0)Tj
11.74 0 T200 rg
535.6b98 Td
(0x95)Tj
ET
BT
/F2 8 Tf
100 Tz
0 0200 rg
5358 498 Td
(0x96)Tj
ET
BT
/F3 8 Tf
100 Tz
0 0 0 rg
200 rg
535e3000 mV0x87

b2

15240 mVEDV T0

48

0x9e0x8b15240 mV

48

bET
BT
/F2 8 Tf
100 Tz
0 0 0 rg
415.7 45815484.8 Td
(b77.2 Td
(0x8d)Tj
ET
BT
/F2 8 Tf
100 Tz5815484.8 TdTSc)Tj
ET
BT
/F3 nConsBT
/F23
136.8 53

240x8d

http://focus.ti.com/docs/prod/folders/print/bq2084-v133.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS640BB&partnum=bq2084-V133
http://focus.ti.com/docs/prod/folders/print/bq2084-v133.html


http://focus.ti.com/docs/prod/folders/print/bq2084-v133.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS640BB&partnum=bq2084-V133
http://focus.ti.com/docs/prod/folders/print/bq2084-v133.html


bq2084-V133

SLUS640B –JUNE 2005–REVISED FEBRUARY 2010 www.ti.com

DATA FLASH ADDRESS DATA
NAME LI-ION EXAMPLE

HIGH BYTE LOW BYTE MSB LSB

0x10f 0x110 Max Charge Time 7200 s 1c 20

0x111 0x112 Precharge Detection Current 10 mA 00 0a

0x113 0x114 Charge Detection Current 100 mA 00 64

0x115 0x116 Discharge Detection Current -150 mA ff 6a

0x117 0x118 Reserved 10 68

0x119 0x11a Reserved 10 36

0x11b 0x11c Reserved 00

0x11d Permanent Fail Status 0 00

0x11e Permanent Fail Flag 0 00

0x11f Permanent Fail Config 0 00

0x120 Permanent Fail Input Time 0 00

0x121 0x122 Reserved 17 12

0x123 0x124 Reserved 26 73

0x125 0x126 FET Fail Charge Current 20 mA 00 20

0x127 0x128 FET Fail Discharge Current -20 mA ff ec

0x129 FET Fail Time 20 s 14

0x12a 0x12b Charge OC Threshold 4000 mA 0f a0

0x12c Charge OC Time 6 s 06

0x12d 0x12e Discharge OC Threshold 10970 mA 2a da

0x12f Discharge OC Time 10 s 00

1c

1c
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CC offset

CC offset (DF 0xd2-0xd3), contains the offset for the coulomb counter. It is automatically updated when the
pack has met the conditions for sleep, before it enters sleep mode.

DSC offset

DSC offset (DF 0xd4), contains the offset for the pack ground reference. It is automatically updated when the
pack has met the conditions for sleep, before it enters sleep mode.

ADC offset

ADC offset (DF 0xd5), contains the offset for the a/d converter. It is automatically updated when the pack has
met the conditions for sleep, before it enters sleep mode.

Digital Filter

The desired digital filter threshold, VDF (V), is set by the value stored in Digital Filter (DF 0x2c).

Digital Filter = VDF ÷ 290 nV

CELL AND PACK CHARACTERISTICS

Battery Pack Capacity and Voltage

Pack capacity in mAh units is stored in Design Capacity (DF 0x32-0x33). In mAh mode, the bq2084-V133 copies
Design Capacity to DesignCapacity(). In mWh mode, the bq2084-V133 multiplies Design Capacity by Design
Voltage (DF 0x04-0x05) to calculate DesignCapacity() scaled to 10 mWh. Design Voltage is stored in mV.

The initial value for Full Charge Capacity, in mAh, is stored in DF 0x36-0x37. Full Charge Capacity is modified
over the course of pack usage to reflect cell aging under the particular use conditions. The bq2084-V133 updates
Full Charge Capacity in mAh after a capacity learning cycle.

Remaining Time Alarm and Capacity Alarm

Remaining Time Alarm (DF 0x02-0x03) sets 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 units of mAh or
10 mWh, depending on the BatteryMode() setting.

Cycle Count Initialization

Cycle Count (DF 0x0c-0x0d) stores the initial value for the CycleCount() function. It should be programmed to
0x0000.

Cycle Count Threshold

Cycle Count Threshold (DF 0x37-0x38) 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 mAh.

Charge Efficiency

The bq2084-V133 applies the efficiency factor, EFF%, to all charge added to the battery. EFF% is encoded in
Charge Efficiency (DF 0x54) according to the following equation:

Charge Efficiency = (EFF% w 2.56-1)

PACK OPTIONS

Pack Configuration

Pack Configuration (DF 0x28) contains bit-programmable features.

b7 b6 b5 b4 b3 b2 b1 b0

DMODE LED1 LED0 HPE CPE SM CC1 CC0
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DMODE

The DMODE bit determines whether the LED outputs indicate AbsoluteStateOfCharge() or
RelativeStateOfCharge().

0 LEDs reflect AbsoluteStateOfCharge()

1 LEDs reflect RelativeStateOfCharge()

LED1–LED0

The LED bits set the number of LEDs for Remaining Capacity () indication.

0-0 Configures the bq2084-V133 for five LEDs

0-1 Configures the bq2084-V133 for three LEDs

1-0 Configures the bq2084-V133 for four LEDs

1-1 Configures the bq2084-V133 for five LEDs

HPE

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

0 No PEC byte on alarm warning to host

1 PEC byte on alarm warning to host

CPE

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

0 No PEC byte on broadcasts to charger

1 PEC byte on broadcasts to charger

SM

The SM bit enables/disables master mode broadcasts by the bq2084-V133.

0 Broadcasts to host and charger enabled

1 Broadcasts to host and charger disabled

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

CC1–CC0

The CC bits configure the bq2084-V133 for the number of series cells in the battery pack.

1-1 Configures the bq2084-V133 for four series cells

1-0 Configures the bq2084-V133 for three series cells

0-1 Configures the bq2084-V133 for two series cells

Gauge Configuration

Gauge Configuration (DF 0x29) contains bit-programmable features:

b7 b6 b5 b4 b3 b2 b1 b0

0 CSYNC SC CEDV EDVV OVSEL VCOR OTVC

CSYNC

In usual operation of the bq2084-V133, the CSYNC bit is set so that the coulomb counter is adjusted when a
fast charge termination is detected. In some applications, especially those where an externally controlled
charger is used, it may be desirable not to adjust the coulomb counter. In these cases the CSYNC bit should be
cleared.

0 The bq2084-V133 does not alter RM at the time of a valid charge termination.

1 The bq2084-V133 updates RM with a programmed percentage of FCC at a valid charger termination.
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AFEDET

The AFEDET bit programs the bq2084-V133 to look for errors with I2C communications and the AFE and
enables the detection of the AFE permanent failure if bit 3 of PF Config 0x11f is set.

0 Does not verify AFE communications.

1 Does verify AFE communications.

DS

The DS bit programs the bq2084-V133 to enter sleep mode on SMBus inactivity.

0 bq2084-V133 enters sleep mode when the SMBus is low for 2 s.

1 bq2084-V133 does not enter sleep mode.

OT

The OT bit programs the bq2084-V133 to turn off the discharge FET when the bq2084-V133 detects an
overtemperature condition. Charge FET is always turned off in overtemperature conditions.

0 bq2084-V133 does not turn off the discharge FET on overtemperature.

1 bq2084-V133 turns off the discharge FET on overtemperature.

ECLED

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

0 The LEDs are not enabled during charging.

1 The LEDs are enabled during charging.

VOD

The VOD bit enables a 1-s time delay in the setting of the CVOV and CVUV bits in PackStatus.

0 No delay

1 1-s delay

Misc Configuration (DF 0x2b, low)

b7 b6 b5 b4 b3 b2 b1 b0

LEDRCA PFET1 PFET0 NR CHGFET 0 0 0

LEDRCA

The LEDRCA bit programs the LED to blink when there is a RemainingCapacityAlarm.

0 The LEDs blink when there is a RemainingCapacityAlarm.

1 The LEDs are off when there is a RemainingCapacityAlarm.

PFET1, PFET0

The PFETx bits define the precharge FET operation. detects
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NR

The NR bit defines whether the bq2084-V133 is to be used with a nonremovable system battery. If set to
indicate a nonremovable system battery there are additional clear conditions for a battery failure due to
overcharge, overcurrent, and overload. The additional conditions besides battery removal (defined as the loss
system present pin going high) are either detection of an opposite current of that that caused the failure or
when AverageCurrent() is less than Clear Fail Current DF 0x61, 0x62 for a time defined by Fault Reset Time
DF 0x130. Also, for a nonremovable battery the charge FET is left on for discharge current failures and the
discharge FET is left on for charge current failures.

0 Removable battery, battery fail conditions cleared by battery removal only.

1 Nonremovable system battery.

CHGFET

The CHGFET bit programs the charge FET to remain on even after a charge terminate condition.

0 The charge FET is turned off after a charge termination condition.

1 The charge FET is turned on after a charge termination condition.

Constants and String Data

Specification Information

Specification Information (DF 0x06-0x07) stores the default value for the SpecificationInfo() function. It is stored
in data flash in the same format as the data returned by the SpecificationInfo().

Manufacture Date

Manufacture Date (DF 0x08-0x09) stores the default value for the ManufactureDate() function. It is stored in data
flash in the same format as the data returned by the ManufactureDate().

Serial Number

Serial Number (DF 0x0a-0x0b) stores the default value for the SerialNumber() function. It is stored in data flash
in the same format as the data returned by the SerialNumber().

Manufacturer Name Data

Manufacturer Name Length (DF 0x0e) stores the length of the desired string that is returned by the
ManufacturerName() function. Locations DF 0x0f-0x19 store the characters for ManufacturerName() in ASCII
code.

Device Name Data

Device Name Length (DF 0x1a) stores the length of the desired string that is returned by the DeviceName()
function. Locations DF 0x1b-0x21 store the characters for DeviceName() in ASCII code.

Device Chemistry Data

Device Chemistry Length (DF 0x22) stores the length of the desired string that is returned by the
DeviceChemistry() function. Locations DF 0x23-0x26 store the characters for DeviceChemistry() in ASCII code.

Manufactuters Data Length

Manufacturers Data Length (DF 0x27) stores the length of the desired number of bytes that is returned by the
ManufacturersData() function. It should be set to 9.

Temperature Limits

The limits described below are extensions to those limits detailed in the safety and charging sections of this data
sheet.
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Discharge Detection Current

Discharge Detection Current (DF 0x115-0x116) sets the threshold in milliamperes for detecting discharge
current. This is a signed value and is negative. This threshold is used for detecting cross-conduction and
determining that the charge FET should be turned on during discharge to reduce IR losses.

FET Fail Charge Current

FET Fail Charge Current (DF 0x125-0x126) sets the threshold in milliamperes for detecting current in a charge
FET which is turned off. This is a signed value and is positive.

FET Fail Discharge Current

FET Fail Discharge Current (DF 0x127-0x128) sets the threshold in milliamperes for detecting current in a
discharge FET which is turned off. This is a signed value and is negative.

FET Fail Time

FET Fail Time (DF 0x129) sets the time in seconds that current must be detected in a FET which is turned off, in
order to determine that the FET has failed.

Terminate Voltage

Terminate Voltage (DF 0x67-0x68) sets the threshold below which the Terminate Discharge Alarm bit is set. The
alarm is cleared when the voltage rises above this threshold, if the CVUV bit in Pack Status is not set.

Offsets and Limits

Temperature offset

Temperature offset (DF 0xd6) contains a signed offset for the pack's temperature measurements, in degrees
C/10. It is set at board test during pack calibration.

Board offset

Board offset (DF 0xd7), contains a signed offset for the pack's coulomb counter measurements. If used, it is set
at board design time.

Current Deadband

Current Deadband (DF 0x7b), sets the threshold in mA below which a current measurement is not detected.

Shutdown Voltage

Shutdown Voltage (DF 0x7c-0x7d) sets the pack voltage below which the pack's electronics, including the
bq2084-V133, is shut down to conserve power. All FETs are turned off by the AFE.

APPLICATION INFORMATION

Figure 7 shows a typical bq2084-V133-based battery pack application. The circuit consists of the bq29312 AFE
IC, bq29400 second-level protection IC, LED, temperature measurement network, data flash connections, serial
port, and the sense resistor. The data flash stores basic battery pack configuration information and measurement
calibration values. The data flash must be programmed properly for bq2084-V133 operation.
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Figure 7. bq2084-V133 Based Battery Pack Schematic
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Op Temp (°C) Top-Side Markings
(4)

Samples

BQ2084DBT-V133 NRND TSSOP DBT 38 50 Green (RoHS
& no Sb/Br)

Call TI Level-2-260C-1 YEAR -20 to 85 2084DBT

BQ2084DBT-V133G4 NRND TSSOP DBT 38 50 Green (RoHS
& no Sb/Br)

Call TI Level-2-260C-1 YEAR -20 to 85 2084DBT

BQ2084DBTR-V133 NRND TSSOP DBT 38 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -20 to 85 2084DBT

BQ2084DBTR-V133G4 NRND TSSOP DBT 38 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -20 to 85 2084DBT

 
(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:
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