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Features

» Provides conservative and
repeatable measurement of
available charge in NiCd,
NiMH, and Lithium Ion
rechargeable batteries

» Designed for battery pack
integration
= 120pA typical operating
current

= Small size enables
implementations in as little as
Y square inch of PCB

» Two-wire SMBus-like interface

» Measurements compensated for
current and temperature

» Contains self-discharge
compensation using internal
temperature sensor

» 16-pin narrow SOIC

bq2090

General Description

The bq2090 Gas Gauge IC With
SMBus-like Interface is intended for
battery-pack or in-system installation
to maintain an accurate record of
available battery charge. The bq2090
directly supports capacity monitoring
for NiCd, NiMH, and Lithium Ion bat-
tery chemistries.

The bq2090 uses the SMBus protocol
that supports many of the Smart Bat-
tery Data (SBData) commands. Bat-
tery state-of-charge, capacity
remaining, remaining time and chem-
istry are available over the serial link.
Battery-charge state can be directly in-
dicated using a four-segment LED dis-
play to graphically depict battery
full-to-empty in 25% increments.

Gas Gauge IC With SMBus-Like Interface

The bq2090 estimates battery self-dis-
charge based on an internal timer and
temperature sensor. The bq2090 also
automatically recalibrates, or “learns”
battery capacity in the full course of a
discharge cycle from full to empty.

The bq2090 may operate directly
from three or four nickel chemistry
cells. With the REF output and an
external transistor, a simple, inex-
pensive regulator can be built to pro-
vide Vgc for other battery cell
configurations.

An external E’PROM is used to
program initial values into the
bq2090 and is necessary for proper
operation.

Pin Connections Pin Names
Vour E’PROM supply output SB Battery sense input
’ DI i 1i
Vee [j 16 0 Vour SEG; LED segment 1 Sp Display control input
SCLO2 15[] REF SEG2 LED segment 2 SR Sense resistor input
SDA3 141 SCC
SEG: LED segment 3 SCC Serial communication
SEG, (14 13[1 sCD ? o clock
SEG,(05 120 NC SEG4 LED segment 4
‘ SCD Serial communication
SEG, 06 1npse SCL Serial memory clock data input/output
SEG, 17 10J DISP
Vs q 8 9] SR ShA Serial memory data Vee 3.0-55v
) REF Voltage reference output Vss Systemn ground
16-Pin Narrow SOIC
PN-110
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Pin Descriptions

SEG1-
SEG4

Scc

SCD

SCL

SDA

NC

Vour

LED display segment outputs

Each output may activate an external LED
to sink the current sourced from Veg.

Serial communication clock

This open-drain bidirectional pin is used to
clock the data transfer to and from the
bq2090.

Serial communication data

- This open-drain bidirectional pin is

used to transfer address and data to
and from the bq2090.

Serial memory clock

This output is used to clock the data trans-
fer between the bq2090 and the external
non-volatile configuration memory.

Serial memory data and address

This bi-directional pin is used to trans-
fer address and data to and from the
bq2090 and the external configuration
memory.

No connect
Supply output

This output supplies power to the exter-
nal EPROM configuration memory.

SR

DISP

SB

Vee
Vss

Sense resistor input

The voltage drop (Vsr) across pins SR and
Vss is monitored and integrated over time
to interpret charge and discharge activity.
The SR input is connected to the sense re-
sistor and the negative terminal of the bat-
tery. Vsr < Vss indicates discharge, and Vsr
> Vss indicates charge. The effective volt-
age drop, Vsro, as seen by the bq2090 is
Vsr + Vos (see Table 3).

Display control input

DISP high disables the LED display. DISP
floating allows the LED display to be active
during charge or during discharge if the rate
is greater than a user-programmable thresh-
old. DISP low activates the display.

Secondary battery input

This input monitors the single-cell voltage
potential through a high-impedance resistor
divider network for end-of-discharge voltage
(EDV) thresholds and maximum charge volt-
age (MCV),

Reference output for regulator

REF provides a reference output for an
optional micro-regulator.

Supply voltage input

Ground
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Functional Description
General Operation

The bq2090 determines battery capacity by monitoring
the amount of charge input to or removed from a
rechargeable battery. The bq2090 measures discharge
and charge currents, estimates self-discharge and
monitors the battery for low-battery voltage thresholds.
The charge measurement is made by monitoring the
voltage across a small-value series sense resistor
between the negative battery terminal and ground.
The available battery charge is determined by
monitoring this voltage over time and correcting the
measurement for the environmental and operating
conditions.

Figure 1 shows a typical battery pack application of the
bq2090 using the LED capacity display, the serial port,
and an external E2PROM for battery pack
programming information. The bq2090 must be
configured and calibrated for the battery-specific infor-
mation to ensure proper operation. Table 1 outlines the
externally programmable functions available in the
bq2090. Refer to the Programming the bq2090 section
for further details.

An internal temperature sensor eliminates the need for
an external thermistor—reducing cost and components.
An internal, temperature-compensated time-base elimi-
nates the need for an external resonator, further reduc-
ing cost and components. The entire circuit in Figure 1
can occupy less than ¥ square inch of board space.
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Figure 1. Battery Pack Application Diagram—LED Display
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Table 1. Configuration Memory Programming Values

Parameter Name Address Length Units
Design capacity 0x00/0x01 16 bits: low byte, high byte mAh
Lrljﬁal battery voltage 0x02/0x03 8 bits N/A
Reserved 0x04/0x05 - -
Besewed 0x06/0x07 - -
Remaining Capacity Alarm 0x08/0x09 16 bits: low byte, high byte mAh
FLAGS1 0x0a 8 bits N/A
FLAGS2 0x0b 8 bits N/A
Current measurement gain 0x0¢/0x0d 16 bits: low byte, high byte N/A
EDVy 0x0e/0x0f 16 bits: low byte, high byte mV
.EDVF 0x10/0x11 16 bits: low byte, high byte mV
gTemperature offset 0x12/0x13 16 bits: low byte, high byte 0.1°K
Self-discharge rate 0x14 16 bits: low byte, high byte N/A
Digital filter 0x15 8 bits mV
Current integration gain 0x16/0x17 16 bits: low byte, high byte N/A
Discharge display threshold 0x18 8 bits N/A
Battery voltage offset 0x19 8 bits mV
Battery voltage gain 0x1a/0x1b 16 bits N/A
Reserved 0x1c/0x31 - -
Design voltage 0x32/0x33 16 bits: low byte, high byte mV
Specification Information 0x34/0x35 16 bits: low byte, high byte N/A
Manufacturer Date 0x36/0x37 16 bits: low byte, high byte N/A
Serial number 0x38/0x39 16 bits: low byte, high byte N/A
Reserved ) 0x3a/0x3f - -
Manufacturer name 0x40/0x4f “ 8 + 120 bits N/A
| Device name 0x50/0x5¢ 8 + 120 bits N/A
Chemistry 0x60/0x6f 8 + 120 bits N/A
Manufacturer data 0x70/0x7f 8 +120 bits N/A
N/A=Not applicable; data packed or coded. See Programming the bq2090 section for details.
May 1996
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Voltage Thresholds

In conjunction with monitoring Vsr for charge/discharge
currents, the bq2090 monitors the battery potential
through the SB pin. The voltage potential is deter-
mined through a resistor divider network per the fol-
lowing equation:

Rs _MBV _,
Ry ~ 225

where MBYV is the maximum battery voltage, Rs is con-
nected to the positive battery terminal, and Rz is con-
nected to the negative battery terminal. Rs/Rg should be
rounded to the next highest integer. The battery voltage
is monitored for the end-of-discharge voltage (EDV) and
for maximum cell voltage (MCV) and for alarm warning
conditions. EDV threshold levels are used to determine
when the battery has reached an “empty” state, and the
MCYV threshold is used for fault detection during charging.
The battery voltage gain and two EDV thresholds are
programmed via EZPROM. See the Programming the
bq2090 section for further details.

If Vsp is below either of the two EDV thresholds, the associ-
ated flag is latched and remains latched, independent of Vg,
until the next valid charge.

EDV monitoring may be disabled under certain
conditions. If the discharge current is greater than 3A,
EDV monitoring is disabled and resumes after the cur-
rent falls below 1.5A.

Reset

The bq2090 is reset when first connected to the battery
pack. The bq2090 can also be reset with a command over

the serial port, as deseribed in the Software Reset sec-
tion.

Temperature

The bq2090 monitors temperature using an internal sen-
sor. The temperature is used to adapt charge/discharge
and self-discharge compensations. Temperature may also
be accessed over the serial port. See the Programming the
bq2090 section for further details.

Layout Considerations

The bq2090 measures the voltage differential between
the SR and Vgs pins. Vos (the offset voltage at the SR
pin) is greatly affected by PC board layout. For optimal
results, the PC board layout should follow the strict rule
of a single-point ground return. Sharing high-current
ground with small signal ground causes undesirable
noise on the small signal nodes. Additionally, in refer-
ence to Figure 1:
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» The capacitors (C1, C3, and C4) should be placed as
close as possible to the SB and Ve pins, and their paths
to Vss should be as short as possible. A high-quality
ceramic capacitor of 0.1uf is recommended for Vcc.

m The sense resistor capacitor (C2) should be placed as
close as possible to the SR pin.

a The sense resistor (R11) should be as close as possible
to the bq2090.

a The IC should be close to the cells for the best
temperature measurement.

Gas Gauge Operation

The operational overview diagram in Figure 2 illustrates
the operation of the bq2090. The bq2090 accumulates a
measure of charge and discharge currents, as well as an
estimation of self-discharge. Charge and discharge
currents are temperature-compensated, and charge is
rate-compensated. Self-discharge is only temperature-
compensated.

The main counter, Remaining Capacity (RM), represents
the available battery capacity at any given time. Battery
charging increments the RM register, whereas battery
discharging and self-discharge decrement the RM register
and increment the DCR (Discharge Count Register).

The Discharge-Count Register (DCR) is used to update
the Full-Charge Capacity (FCC) register only if a
complete battery discharge from full to empty occurs
without any partial battery charges. Therefore, the
bq2090 adapts its capacity determination based on the
actual conditions of discharge.

The battery’s initial capacity is equal to the Design Capacity
(DC). Until FCC is updated, RM counts up to, but not be-
yond, this threshold during subsequent charges.

1. Full-Charge Capacity or learned-battery
capacity:

FCC is the last measured discharge capacity of the
battery. On initialization (application of V¢g or reset),
FCC = DC. During subsequent discharges, the FCC
is updated with the latest measured capacity in the
Discharge Count Register (DCR), representing a dis-
charge from full to below EDV1. A qualified dis-
charge is necessary for a capacity transfer from the
DCR to the FCC register. The FCC also serves as the
100% reference threshold used by the relative state-
of-charge calculation and display.

2. Design Capacity (DC):

The DC is the user specified battery capacity and is
programmed by using an external E°PROM. The
DC also provides the 100% reference for the abso-
lute display mode.
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Figure 2. Operational Overview

Remaining Capacity (RM):

RM counts up during charge to a maximum value of
FCC and down during discharge and self-discharge
to 0. RM is reset to 0 on initialization and when a
valid charge is detected and EDVy=1. To prevent
overstatement of charge during periods of over-
charge, RM stops incrementing when RM = FCC.

Discharge Count Register (DCR):

The DCR counts up during discharge independent
of RM and can continue increasing after RM has
decremented to 0. Prior to RM = 0 (empty battery),
both discharge and self-discharge increment the
DCR. After RM =0, only discharge increments the
DCR. The DCR resets to 0 when RM = FCC. The
DCR does not roll over but stops counting when it
reaches FFFFh.

The DCR value becomes the new FCC value on the
first charge after a valid discharge to VEpvi if:

® No valid charge initiations (charges greater than
10mAh, where Vsgo > VsrQ) occurred during the
period between RM = FCC and EDV1 detected.

m The self-discharge count is not more than
256mAh.

w The temperature is > 273°K when the EDV1 level
is reached during discharge.

The valid discharge flag (VDQ) indicates whether
the present discharge is valid for FCC update.

Charge Counting

Charge activity is detected based on a positive voltage on
the Vsg input. If charge activity is detected, the bq2090
increments RM at a rate proportional to Vsro and, if
enabled, activates an LED display. Charge actions
increment the RM after compensation for charge rate
and temperature.

The bq2090 determines charge activity sustained at a
continuous rate equivalent to Vsgo > Vsrq. A valid
charge equates to sustained charge activity
greater than 10 mAh. Once a valid charge is detected,
charge counting continues until Vsro falls below VSsRq.
Vsrq is a programmable threshold as described in the
Digital Magnitude Filter section.

Discharge Counting

All discharge counts where Vsro < Vsgp cause the RM
register to decrement and the DCR to increment.
Exceeding the user-programmable discharge display
threshold, stored in external EZPROM, activates the dis-
play, if enabled. Vsrp is a programmable threshold as
described in the Digital Magnitude Filter section.

Self-Discharge Estimation

The bq2090 continuously decrements RM and
increments DCR for self-discharge based on time and
temperature. The self-discharge rate is dependent on
the battery chemistry. The bq2090 self-discharge
estimation rate is externally programmed in E?PROM
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and can be programmed from 0 to 25% per day at 20°C.
This rate doubles every 10°C from 0°C to 70°C.

Count Compensations

The bq2090 determines fast discharge when the dis-
charge rate exceeds the programmed fast discharge rate.
Charge activity is compensated for temperature and rate
before updating the RM and/or DCR. Discharge rate is
compensated for temperature before updating the RM
register. Self-discharge estimation is compensated for
temperature before updating RM or DCR.

Charge Compensation
Charge efficiency is compensated for rate, temperature,
and battery chemistry. For Li-ion chemistry cells, the
charge efficiency is unity for all cases. However, the
charge efficiency for nickel chemistry cells is adjusted
using the following equation:

_ AverageCurrent()
Qerr = Qes + 0.125 + FullCapacity()
where Qg = 0.80 if T < 30°C

QeB = 0.75if 30°C < T < 40°C

Qes = 0.60if T > 40°C
and AverageCurrent() < FullCapacity()
Qerr = Qep + 0.125 if AverageCurrent() > FullCapacity ()
Remaining Capacity Compensation
The bq2090 adjusts the RM as a function of temperature.
This adjustment accounts for the reduced capacity of the

battery at colder temperatures. The following equation is
used to adjust RM:

T > 5°C
RemainingCapacity() = NominalAvailableCapaciiy

IfT < 5°C

RC() = NAC() (1+TCC * (T -5°C))
where T = temperature °C

TCC = 0.016 for Li-Ion cells

TCC = 0.0004 for Ni chemistry cells

May 1996

Digital Magnitude Filter

The bq2090 has a programmable digital filter to
eliminate charge and discharge counting below a set
threshold. Table 2 shows typical digital filter settings.
The proper digital filter setting can be calculated using
the following equation.

Vsrp (mV) = -45 / DMF
Vsrq (mV) = -1.25 % Vsrp

Table 2. Typical Digital Filter Settings

DMF Vsap Vsra

DMF Hex. (mV) {(mV)

75 4B -0.60 0.75

100 64 -0.45 0.56

150 (default) 96 -0.30 0.38
175 AF -0.26 0.32

200 C8 -0.23 0.28

Error Summary

Capacity Inaccurate

The FCC is susceptible to error on initialization or if no
updates occur. On initialization, the FCC value includes
the error between the design capacity and the actual ca-
pacity. This error is present until a valid discharge oe-
curs and FCC is updated (see the DCR description). The
other cause of FCC error is battery wear-out. As the
battery ages, the measured capacity must be adjusted to
account for changes in actual battery capacity. Periodic
discharges from full to empty will minimize errors in
FCC.

Current-Sensing Error

Table 3 illustrates the current-sensing error as a fune-
tion of Vsr. A digital filter eliminates charge and dis-
charge counts to the RM register when Vgro is between
Vsrgq and Vsro.
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Display

The bq2090 can directly display capacity information
using low-power LEDs. The bq2090 displays the battery
charge state in either absolute or relative mode. In
relative mode, the battery charge is represented as a per-
centage of the FCC. Each LED segment represents 25%
of the FCC.,

In absolute mode, each segment represents a fixed
amount of charge, based on the initial design capacity.
In absolute mode, each segment represents 25% of the
design capacity. As the battery wears out over time, it is
possible for the FCC to be below the initial design capac-
ity. In this case, all of the LEDs may not turn on in
absolute mode, representing the reduction in the actual
battery capacity.

The displayed capacity is compensated for the present
battery temperature. The displayed capacity varies as
temperature varies, indicating the available charge at
the present conditions.

When DISP is tied to Vcc, the SEGi4 outputs are inac-
tive. When DISP is left floating, the display becomes
active whenever the bq2090 recognizes a valid charge or
if the discharge rate exceeds the programmed fast dis-
charge display threshold. When pulled low, the segment
outputs become active immediately for a period of
approximately 4 seconds.

The segment outputs are modulated as two banks of
three, with segments 1 and 3 alternating with segments
2 and 4. The segment outputs are modulated at approxi-
mately 100Hz with each segment bank active for 30% of
the period.

SEG blinks at a 4Hz rate whenever Vg has been
detected to be below Vepy1 (EDV; = 1), indicating a low-
battery condition. Vsp below Vepvr (EDVp = 1) disables
the display output.

Microregulator

The bq2090 can operate directly from three or four nickel
chemistry cells. To facilitate the power supply
requirements of the bq2090, an REF output is provided
to regulate an external low-threshold n-FET. A micro-
power source for the bq2090 can be inexpensively built
using the FET and an external resistor; see Figure 1.

Communicating With the bq2090

The bq2090 includes a simple two-pin (SCC and SCD)
bidirectional serial data interface. A host processor uses
the interface to access various bq2090 registers; see Ta-
ble 4. This allows battery characteristics to be easily
monitored. The open-drain SCD and SCC pins on the
bq2090 are pulled up by the host system, or may be con-
nected to Vss, if the serial interface is not used.

The interface uses a command-based protocol, where the
host processor sends the battery address and an eight-bit
command byte to the bq2090. The command directs the
bq2090 to either store the next data received to a register
specified by the command byte or output the data speci-
fied by the command byte.

bq2090 Data Protocols

The host system, acting in the role of a Bus master, uses
the read word and write word protocols to communicate
integer data with the bq2090 (see Figure 3).

Host-to-bq2090 Message Protocol

The Bus Host communicates with the bq2090 using one
of three protocols:

m Read word
m Write word
m Read block

The particular protocol used is a function of the com-
mand. The protocols used are shown in Figure 3.

Table 3. bq2090 Current-Sensing Errors

Symbol ‘ Parameter Typical Maximum ’ Units Notes
Vos Offset referred to Vsg + 50 £150  wv  |DISP= Ve
Integrated non-linearity Add 0.1% per °C above or below 25°C
EL error 2 | t4 % and 1% per volt above or below 4.25V.
Integrated non- Measurement repeatability given
INR repeatability error ; t1 12 % similar operating conditions. !
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Figure 3. Host Communication Protocols

Host-to-bq2090 Messages (see Table 4)
Temperature() (0x08)

This read-only word returns the cell-pack’s internal
temperature (0.1°K).

Output: unsigned integer. Returns cell tempera-
ture in tenths of degrees Kelvin increments

Units: 0.1°K

Range: 0to +500.0°K
Granularity: 0.5°K or better
Accuracy: +3°K after calibration

Voltage() (0x09)

This read-only word returns the cell-pack voltage (mV).

Output: unsigned integer. Returns battery termi-
nal voltage in mV

May 1996

Units: mV

Range: 0 to 65,535 mV

Granularity: 0.2% of design voltage

Accuracy: +1% of design voltage after calibration

Current() (Ox0a)

This read-only word returns the current through the bat-
tery’s terminals (mA).

Output: signed integer. Returns the charge/dis-
charge rate in mA, where positive is for
charge and negative is for discharge

Units: mA

Range: 0 to 32,767 mA for charge or 0 to
—32,768 mA for discharge

Granularity: 0.2% of the DesignCapacity() or better
Accuracy: +1% of the Design Capacity after calibration
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Table 4. bq2090 Register Functions

Function Code Access Units Defaults'
Temperature 0x08 read 0.1°K -
Voltage 0x09 read mV | -
Current 0x0a read mA E 0000h
AverageCurrent 0x0b read mA 0000h
MaxError 0x0c read percent 2
RelativeStateOfCharge 0x0d read percent 0000h
AbsoluteStateOfCharge 0x0e read percent 0000h
RemainingCapacity 0x0f read mAh 0000h
FullChargeCapacity 0x10 read mAh EZ
RunTimeToEmpty 0x11 read minutes -
AverageTimeToEmpty 0x12 read minutes -
AverageTimeToFull 0x13 read minutes -
Error Codes 0x16 read number 0000h
CycleCount 0x17 read count 0000h
DesignCapacity 0x18 read mAh E?
DesignVoltage 0x19 read mV ' E?
ManufactureDate 0x1b read unsigned int E?
SerialNumber Oxle read number E?
Reserved 0x1d - 0x1f - - -
ManufacturerName 0x20 read string E?
DeviceName 0x21 read string E?
: DeviceChemistry 0x22 read string E?
‘ManufacturerData 0x23 read string E?
'FLAGS1 and FLAGS?2 0x2¢ read unsigned int. E2
Notes: 1. Defaults after reset or power-up.
May 1996
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AverageCurrent() (0x0b)

This read-only word returns a rolling average of the cur-
rent through the battery’s terminals. The AverageCur-
rent(} function returns meaningful values after the bat-
tery’s first minute of operation.

Output: signed integer. Returns the charge/dis-
charge rate in mA, where positive is for
charge and negative is for discharge

Units: mA

Range: 0 to 32,767 mA for charge or 0 to
32,768 mA for discharge

Granularity: 0.2% of the DesignCapacity() or
better

Accuracy: +1% of the Design Capacity after cali-
bration

RelativeStateOfCharge() (0x0d)

This read-only word returns the predicted remaining battery
capacity expressed as a percentage of FullChargeCapacity()
(%). RelativeStateOfCharge() is only valid for bat-
tery capacities less than 5,000mAh.

Output: unsngned inte.zger. Returns the percent of
remaining capacity

Units: %

Range: 0to 100%

Granularity: 1% or better

AbsoluteStateOfCharge() (0x0e)

This read-only word returns the predicted remaining bat-
tery capacity expressed as a percentage of
DesignCapacity() (%). Note that AbsoluteStateOfCharge
can return values greater than 100%. Absolute
StateOfCharge is only valid for battery capacities
less than 5,000mAh.

Output: unsigned integer. Returns the percent
of remaining capacity

Units: %

Range: 0to 65,535 %
Granularity: 1% or better
Accuracy: tMaxError()

RemainingCapacity() (0x0f)

This read-only word returns the predicted remaining bat-
tery capacity. The RemainingCapacity() value is
expressed in mAh.
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Output: unsigned integer. Returns the estimated
remaining capacity in mAh

Units: mAh

Range: 0 to 65,535 mAh

Granularity: 0.2% of DesignCapacity() or better

FullChargeCapacity() (0x10)

This read-only word returns the predicted pack capacity
when it is fully charged. FullChargeCapacity() defaults
to the value programmed in the external E?PROM until
a new pack capacity is learned.

Output: unsigned integer. Returns the estimated
full charge capacity in mAh

Units: mAh
Range: 0 to 65,535 mAh
Granularity: 0.2% of design capacity or better

RunTimeToEmpty() (0x11)

This read-only word returns the predicted remaining bat-
tery life at the present rate of discharge (minutes). The
RunTimeToEmpty(} value is calculated based on Cur-
rent().

Output: unsigned integer. Returns the minutes of
operation left

Units: minutes
Range: 0 to 65,534 minutes
Granularity: 2 minutes or better

Invalid data indication: 65,535 indicates battery
is being charged

AverageTimeToEmpty() (0x12)

This read-only word returns the predicted remaining bat-
tery life at the present average discharge rate (minutes).
The AverageTimeToEmpty is calculated based on Aver-
ageCurrent().

Output: unsigned integer. Returns the minutes
of operation left

Units: minutes
Range: 0 to 65,534 minutes
Granularity: 2 minutes or better

Invalid data indication: 65,535 indicates battery
is being charged
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AverageTimeToFuli() (0x1 3)

This read-only word returns the predicted time until the
Smart Battery reaches full charge at the present average
charge rate (minutes). The AverageTimeToFull() is cal-
culated based on AverageCurrent().

Output: unsigned integer. Returns the remaining
time in minutes

Units: minutes

Range: 0 to 65,534 minutes

Granularity: 2 minutes or better

Invalid data indication: 65535 indicates battery
is not being charged

Battery Status() (0x16)

This read-only word returns the battery status word.

Output: unsigned integer. Returns the status
register with alarm conditions bitmapped
as shown in Table 5.

CycleCount() (0x17)

This read-only word returns the number of charge/dis-
charge cycles the battery has experienced. A charge/dis-
charge cycle starts from a base value equivalent to the
battery’s state-of-charge, upon completion of a charge cycle.
The bq2090 increments the cycle counter during the cur-
rent charge cycle, if the battery has been discharged to
below 85% of the state-of-charge at the end of the last
charge cycle. A discharge > 0.5% is needed, preventing
false reporting of small charge/discharge cycles.

Output: unsigned integer. Retums the count of
i cycles the battery has experienced

Units: cycles

Range: 0 to 65,535 cycles; 65,535 indicates battery
has experienced 65,535 or more cycles

Granularity: 1 cycle
DesignCapacity() (0x18)

This read-only word returns the theoretical capacity of a
new pack. The DesignCapacity() value is expressed in

Some of the Battery Status() flags (Remaining Capac- mAh at the nominal discharge rate.
ity Alarm and Remaining Time_Alarm) are calculated . .
based on current. See Table 8 for definitions, Output: unsigned integer. Returns the battery
capacity in mAh
Table 5. Status Register Units: mAh
Alarm Blts Range: 0 to0 65,535 mAh
0x8000 | Not Meaningful DesignVoltage() (0x19)
0x4000 | Not Meaningful This read-only word returns the theoretical voltage of a
0x2000 Not Meaningful new pack (mV).
0x1000 Over—TemP—Mf Output: unsigned integer. Returns the battery’s
0x0800 Terminate Discharge_Alarm normal terminal voltage in mV
0x0400 Reserved Units: mV
L 0x0200 ining Capacity Alarm_| Range: 0 to 65,535 mV
0x0100 Remaining Time_Alarm
T Status Bits | ManufactureDate() (0x1 b)
0x0080 Initialized This read-only word returns the date the cell was
. . manufactured in a packed integer word. The date is
L 0x0040 . Discharging packed as follows: (year - 1980), month, day.
0x0020 Not Meaningful
0x0010 Fully Discharged X
Error Code
0x0000- Reserved for
0x000f error codes
May 1996
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Bits
Field Used Format Allowable Value
| 5-bit binary |1-31 (corresponds to
Day 0-4 value date)
4-bit binary |1-12 (corresponds to
Month | 5-8 value month number)
s 0 % 127 (corresponds
Year @ 9-15 | T-bitbinary |i, year biased by
’ value 1980)
SerialNumber() (Ox1c)

This read-only word returns a serial number. This num-
ber, when combined with the ManufacturerName(), the
DeviceName(), and the ManufactureDate(), uniquely
identifies the battery.

Output: unsigned integer
ManufacturerName() (0x20)

This read-only string returns a character string where the
first byte is the number of characters available. The
maximum number of characters is 15. The character string
contains the battery manufacturer’s name. For example,
“Benchmarq” identifies the battery pack manufacturer as
Benchmarq.

Output: string or ASCII character string

DeviceName() (0x21)

This read-only string returns a character string where the first
byte is the number of characters available. The maximum
number of characters is 15. The 15-byte character string con-
tains the battery’s name. For example, a DeviceName() of
“bq2090” indicates that the battery is a model bq2090.

Output: string or ASCII character string

DeviceChemistry() (0x22)

This read-only string returns a character string where
the first byte is the number of characters available. The
maximum number of characters is 15. The 15-byte
character string contains the battery’s chemistry. For
example, if the DeviceChemistry() function returns
“NiMH,” the battery pack contains nickel-metal hydride
cells.

Output: string or ASCII character string
FLAGS1&2() (0x2c)

This read-only register returns an unsigned integer rep-
resenting the internal status registers of the bq2090.
The MSB represents FLAGS2, and the LSB represents
FLAGS1. See Table 6 for the bit description for
FLAGS1&2.

FLAGS2

The Display Mode flag (DMODE), Bit 7, determines
whether the bq2090 displays Relative or Absolute capac-
ity.

The DMODE values are:
FLAGS2 Bits
7 6 5 4 3 2 1 0
DMODE| - - - - - - .
Where DMODE is:

0  Selects Absolute display
1  Selects Relative display

The Fast Discharge flag (FDQ), Bit 6, is set when the
discharge rate exceeds the programmed level and is
cleared when the rate drops below this level.

The FDQ values are:

FLAGS2 Bits
7 6 | 5 a3l 2117
- FDQ | - B . i i .

Table 6. Bit Description for FLAGS1 and FLAGS2

(MSB) 7 6 5 4 3 2 1 0(LSB)
FLAGS2 | DMODE FDQ CHM - - - LTF -
FLAGS1 - - vQ WRINH vDQ SEDV EDV1 EDVF
- = Reserved
May 1996
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Where FDQ is:
0
1  AverageCurrent > Discharge display threshold

The Chemistry flag (CHM), Bit 5, selects Li-Ion or Nickel
compensation factors.

AverageCurrent < Discharge display threshold

The CHM values are:
FLAGS?2 Bits
7 6 5 4 3 2 1 0
- - CHM - - - - -
Where CHM is:
0  Selects Nickel
1 Selects Li-Ion

Bit 4 is reserved and should be initialized to zero for
proper bq2090 operation.

Bit 3 is reserved.
Bit 2 is reserved.

The Low-Temperature Fault flag (LTF), Bit 1, is set when
temperature<0°C and cleared when temperature>5°C.

The LTF values are;

The VQ values are:
FLAGS1 Bits

7 | 6 5 8 | 3| 21110

-1 vQ - . . . .
Where VQ is:

0 Vsro<Vsrq

1 VSRO 2 VSRQ and 10mAh of charge has

accumulated

The Write Inhibit flag (WRINH), Bit 4, allows or inhibits
writes to all registers.

The WRINH values are:
FLAGS1 Bits
7.6 | 5 4 3. .2 1o
- - - |WRINH| - -1 - -
Where WRINH is:
0  Allows writes to all registers

1  Inhibits all writes and secures the bq2090 from

invalid/undesired writes.

Where LTF is: WRINH may be cleared by writing Manufacturer Ac-
ere 8 cess()=0xXX37 and forcing the SB pin to ground.
FLAGS2 Bits ) ) . .
7 6 5 | 4 3 2 1 "o The Valid Discharge flag (VDQ), Bit 3, is set when a
' - : valid discharge is occurring (discharge cycle valid for
- - - - - - LTF | - learning new full charge capacity) and cleared if a partial
charge is detected, EDV1 is asserted when T<0°C, or
self-discharge accounts for more than 256mAh of the dis-
charge.
0 Temperature >5°C The VDQ values are:
1 Temperature <0°C
FLAGS1 Bits
Bit 0 is reserved. 7 6 5 4 3 2 1 0
FLAGS1 - - - - vDQ - - -
Bit 7 is reserved.
Bit 6 is reserved. Where VDQ is:
The Valid Charge flag (VQ), Bit 5, is set when 0  Self-discharge is greater than 256mAh,
Vsro2Vsrg and 10mAh of charge has accumulated. This EDV1=1when T<0°CorVQ =11
bit is cleared during a discharge and when VSRO<VsRq. 1  On first discharge after RM<FCC
May 1996
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The Stop EDV flag (SEDV), Bit 2, is set when the dis-
charge current>3A and cleared when the discharge cur-
rent falls below 1.5A.

The SEDV values are:
FLAGS1 Bits
7 6 5 4 3 2 1 0
- - - - - SEDV - -
Where SEDV is:
0 Current < 1.5A
1 Current > 3A

The First End-of-Discharge Voltage flag (EDV1), Bit 1, is
set when Voltage()<EDV1=1 if SEDV=0 and cleared
when VQ=1 and Voltage()>EDV1.

The EDV1 values are:
FLAGS1 Bits
7 __ 6 [ 5 4l 3 2 1 0
- - - - - EDV1 -
Where EDV1 is;

0  VQ-=1and Voltage 0> EDV1
1  Voltage() < EDV1 and SEDV = 0

The Final End-of-Discharge Voltage flag (EDVF), Bit 0,
is set when Voltage()<EDVF=1 if SEDV=0 and cleared
when VQ=1 and Voltage()>EDVF.

ManufacturerData() (0x23)

This read-only string allows access to an up to 15-byte
manufacturer data string.

Output: block data—data whose meaning is as-
signed by the Smart Battery’s manufacturer

Software Reset

The bq2090 can be reset over the serial port by confirm-
ing that the WRINH bit is set to zero in FLAGS1, writing
MaxError() (0x0c) to any value other than 2, and writing
the reset register (0x44) to 8000, causing the bq2090 to
reinitialize and read the default values from the external
E°PROM. See the WRINH bit description if WRINH is
set to 1,

Error Codes and Status Bits

Error codes and status bits are listed in Table 7 and
Table 8, respectively.

bq2090 Critical Messages

Whenever the bq2090 detects a critical condition, it be-
comes a bus master and sends Alarm Warning() mes-
sages to the Bus Host, as appropriate, notifying it of the
critical condition(s). The message sent by the Alarm
Warning() function is similar to the message returned by
the BatteryStatus() function. The bq2090 continues
broadcasting the AlarmWarning() messages at 8-second
intervals until the critical condition(s) has been cor-
rected.

AlarmWarning() (0x16)

The EDVF values are:
FLAGS1 Bits The bq2090, acting as a bus master device to the Bus
7 6 5 4 3 2 1 0 Host, sends this message to notify it that one or more
alarm conditions exist. Alarm Warning() is repeated at
- - - - - - - EDVF 8-second intervals until the condition(s) causing the
alarm has been corrected.
Where EDVF is:
0 VQ=1 and Voltage > EDVF
1 Voltage < EDVF and SEDV = 0
May 1996
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Table 7. Error Codes (BatteryStatus() (0x16))

; ]
Error Code | Access | Description
OK 0x0000 | read/write bq2090 processed the function code without detecting any errors
Busy 0x0001 | read/write |bq2090 is unable to process the function code at this time
2 t read ite the data at this tim i
NotReady 0%0002 | readAwrite ?:te(l)‘% cannot read or wri e data at this time—try again
UnsupportedCommand 0x0003 | read/write |bq2090 does not support the requested function code
AccessDenied 0x0004 write bq2090 detected an attempt to write to a read-only function code
Overflow/Underflow 0x0005 | read/write |bq2090 detected a data overflow or underflow
. . bq2090 detected an attempt to write to a function code with an
BadSize 0x0006 Write  |incorrect size data block
UnknownError 0x0007 | read/write |bq2090 detected an unidentifiable error

Note: Reading the bq2090 after an error clears the error code.

May 1996

16

B 1378419 0004014 971 W



bq2090

TERMINATE_DISCHARGE_ALARM

Table 8. Status Bits
B Alarm Bits
Bit Name Set When: Reset When:
bq2090 detects that its internal Internal temperature falls back into
OVER_TEMP_ALARM temperature is greater than 60°C the acceptable range
bq2090 determines that it has

supplied all the charge that it can
without being damaged (that is,
continued use will result in
permanent capacity loss to the
battery)

Battery reaches a state of charge
sufficient for it to once again safely
supply power

REMAINING_CAPACITY_ALARM

bq2090 detects that the
RemainingCapacity() is less than
that set by the RemainingCapacity()
function

Either the value set by the
RemainingCapacityAlarm() function
is lower than the Remaining
Capacity() or the
RemainingCapacity() is increased by
charging

REMAINING_TIME_ALARM

bg2090 detects that the estimated
remaining time at the present
discharge rate is less than that set by
the RemainingTimeAlarm() function

Either the value set by the
RemainingTimeAlarm() function is
lower than the
AverageTimeToEmpty() or the

FULLY_DISCHARGED

AverageTimeToEmpty() is
increased by charging
Status Bits
Bit Name 1 Set When: Reset When:
bq2090 is set when the bq2090 has | Battery detects that power-on or
INITIALIZED reached a full or empty state user-initiated reset has occurred
bq2090 determines that it is not Battery detects that it is being
 DISCHARGING being charged charged

bq2090 determines that it has
supplied all the charge that it can
without being damaged (that is,
continued use will result in
permanent capacity loss to the
battery)

RelativeStateOfCharge() is greater
than or equal to 20%

May 1996
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Programming the bq2090

The bq2090 requires the proper programming of an ex-
ternal E°PROM for proper device operation. Each mod-
ule can be calibrated for the greatest accuracy, or general
"default" values can be used. A programming kit (inter-
face board, software, and cable) for an IBM-compatible
PC is available from Benchmarq. Please contact Bench-
marq for further detail

The bq2090 uses a 24C01 or equivalent serial E2PROM
for storing the various initial values, calibration data,
and string information. Table 1 outlines the parameters
and addresses for this information. Tables 9 and 10 de-
tail the various register contents and show an example
program value for an 1800mAh NiMH battery pack, us-
ing a 50mQ sense resistor.

Table 9. Example Register Contents

E2PROM | E’PROM |
Address | Hex Contents |
Low | High | Low | High Example
Description | Byte | Byte | Byte | Byte Values Notes
This sets the initial full charge battery capacity
Design 0x00 | 0x01 | 08 07 1800mAh |stored in FCC. FCC is updated with the actual full to
Capacity empty discharge capacity after a valid discharge from
| RM = FCC to Voltage() = EDV1.
This register is used to adjust the battery voltage.
Comparing the values read from the bq2090 to two
Initial known input voltages allows the bq2090 to calibrate the
Battery 0x02 | 0x03 30 2a 10800mV  |battery voltage to within 1%. This action adjusts for
Voltage errors in the resistor-dividers used for the SB input and
bq2090 offset errors.
Reserved 0x04 | 0x05 ff ff This register function is reserved.
06
Reserved Ox 0x07 ff ff This register function is reserved.
Remaining
Capacity 0x08 | 0x09 | b4 00 180mAh  |This value represents the low capacity alarm value.
Alarm :
This enables writes to all registers and should be set to
FLAGS1 0x0a 10 10h prior to pack shipment to inhibit undesirable
writes to the bq2090.
See FLAGS?2 register for the bit description and the
FLAGS2 0x0b 80 Li-Ion = a0h |proper value for programming FLAGS2. Selects
NiMH = 80h Irelative display mode and Lithium Ion compensation
: “factors.
! ‘The current gain measurement and current integration
Current gain are related and defined for the bq2090 current
Measurement | 0x0c | 0x0d 7 01 18.75/.05 measurement. 0x0c = 18.75/sense resistor value in
Gain® ohms.
EDV1 0x0e | OxOf | 16 db 9450mV | The value programmed is the two's complement of the
(1.05V/cell) |threshold voltage in mV.
EDVF 0x10 | 0x11 | d8 de 9000mV  |The value programmed is the two’s complement of the
: (1.0V/cell) |threshold voltage in mV.
Note: 1. Can be adjusted to calibrate the battery pack.
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Table 9 Continued
F E°PROM E°PROM
; Address Hex Contents
Low | High | Low | High Example
Description | Byte | Byte | Byte | Byte Values Notes
Temperature | 0x12 | 0x13 28 15 541.6 The default value is 540.1K.
Offset!
Self- This packed field is the 2’s complement of
Discharge 0x14 0 .15C ((RM/4)/(RM/x)) where RM/x is the desired self-
Rate i discharge rate per day at room temperature.
Digital 0x15 fa .18mV This field is used to set the digital magnitude filter
Filter ! as described in Table 2. o
z This field represents the following: 3.2/zense i
Current ; resistor in ohms. It is used by the bq2090 to scale |
Integration | 0x16 | 0x17 | 40 00 3.2/.05 the measured voltage values on the SR pin in mA !
Gain and mAh. This register also compensates for f
variations in the reported sense resistor value,
i This packed field is the 2's complement of the
Discharge Ifd =C/10=180mA | desired voltage on SR which activates the LED
Display 0x18 fb 45/180* 05)=5 |display. fdqthr = 2's(-45/(Ifd*Rs)) where Ifd is the
Threshold 2s(B)=hb desired fast discharge current and Rs is the sense
resistor value in ohms. This is only valid when
DISP = Z.
Batte
Voaltarg 0x19 00 OmV This value is used to adjust the voltage offset measured
Offset at the SB input. |
‘ Voltage gain is packed as two units. For example,
Voltage . 0xla | Ox1b 09 05 9.02 R5/R2 = 9.09 would be stored as: whole number
Gain stored in Ox1a (=09h) and the decimal component !
i stored in 0x1b ag 256 * 0.02 = 05. ;
Oxle | Oxld | ff i
Reserved Oxlz %};IH 00 (f)f) This register is reserved. :
Design : .. .
Voltage 0x32 | 0x33 30 ' 2a 10800mV This is nominal battery pack voltage.
|5 .|
ﬁ?&%ﬁ‘;ﬁ? 0x34 | 0x35 | 00 00 This is the default value for this register.
Manufacturer | 0x36 | 0x37 al 20 Mayl,1996= | Packed per the ManufactureDate() description,
| Date 8353 which represents May 1, 1996 in this example.
Number 0x38 | 0x39 12 27 10002 'This contains the pack serial number, if desired.
Note: 1. Can be adjusted to calibrate the battery pack.
May 1996
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Table 10. Example Program Values

0x 0x 0x 0x ox | ox | ox | ox 0x | Ox
String Description : Address | 70 " 72 73 ?4 ?5 ?6 27 78 ?9-?1

Reserved 0x3a- 00 00 00 00 00 00 00 00 00 00
0x3f

Manufacturer’s Name | 0x40- 09 42 45 4e 43 48 4d 41 52 51
Ox4f B E N C H M A R Q

Device Name 0x50- 08 42 51 32 30 39 30 41 33 00-
0x5f B Q 2 0 9 0 A 3 00

Chemistry 0x60- 04 de 69 4d 48 00 00 00 00 00-
Ox6f N I M H 00

Manufacturer’s Data | 0x70- 04 44 52 31 35 00 00 00 00 00-
0x7f D R 1 5 00

Absolute Maximum Ratings

Symbol Parameter Minimum | Maximum Unit Notes

Vee Relative to Vgg -0.3 +7.0 v

All other pins | Relative to Vsg -0.3 +7.0 \'4

REF Relative to Vss -0.3 +8.5 \'A Current limited by R1 (see Figure 1) ]

Minimum 100Q series resistor should
l . be used to protect SR in case of a
1 Vsr : Relative to Vgg -0.3 +7.0 v shorted battery (see the bq2090
application note for details).
Torr Operating 0 +70 °C | Commercial
temperature
Note: Permanent device dam

age may occur if Absolute Maximum Ratings are exceeded. Functional operation

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to
conditions beyond the operational limits for extended periods of time may affect device reliability.

DC Voltage Thresholds (ta = Topr; v =3.0 to 5.5v)

‘ Symbol

Parameter

Minimum

Typical

Maximum] Unit I Notes

'Evsg Battery voltage error relative to SB

-50mV

50mV v 1 See note

Note: The accuracy of the volta%e measurement may be improved by adjusting the battery voltage offset and
gain, stored in external E°PROM. For proper operation, Vcc should be 1.5V greater than Vsg.
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DC Electrical Characteristics (ta = Topr)

Symbol Parameter | Minimum Typical | Maximum | Unit Notes
Vee Supply voltage } 3.0 425 5.5 \' X%%iiﬁgﬂgﬁﬁﬁ?:ﬁfw to2
VaEr Reference at 25°C 5.7 6.0 6.3 V  |Irer = 5pA
Reference at -40°C to +85°C 45 - 7.5 V  |Irer =5pA
RREF Reference input impedance 2.0 5.0 - MQ |Vrer=3V
- 90 135 HA  |Vce=3.0V
Icc Normal operation - 120 180 MA  |Veo =425V
- 170 250 PA  |\Vcec=5.5V
VsB Battery input 0 - Vce v
RSBmax | SB input impedance 10 - - MQ |0<Vsp<Vce
Ipisp DISP input leakage - - 5 pA | Vpisp = Vs
Ivour  |Vour output leakage 0.2 - 0.2 pA  |E?PROM off
EVSR Sense resistor input -0.3 - 2.0 V | VsR < Vss = discharge;
X VSR > Vss = charge
Rsr SR input impedance 10 - - MQ |-200mV < Vsr < Vce
?VIH Logic input high 14 - 5.5 V |SCL, SDA, SCC, SCD
3VIL Logic input low -0.5 - 0.6V V [SCL, SDA, SCC, SCD
‘VOL Data, clock output low - - 04 V  |IoL=350uA, SDA, SCD
IoL Sink current 100 - 350 A  |Vor<0.4V, SDA, SCD
VoisL  |SEGx output low, low Ve - 01 - v chcjjs‘éé?s < 1.76mA
Voisn  |SEGx output low, high V¢c - 0.4 - v gg%?jég\é:om <11.0mA
VonvL  |Vour output, low Vec Vee-0.3 - - V | Vee =3V, Ivour = -5.25mA
Vouva | Vour output, high Vee Vee-0.6 - - V | Vce =55V, Ivour = -33.0mA
Ivour Vour source current -33 - - mA At Vonvu = Vee - 0.6V
IoLs SEGx sink current - - 11.0 mA |At VoLsy = 0.4V
Note: All voltages relative to Vss.
May 1996
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AC Specifications

Symbol Parameter Min Max Units l Notes {
Fsms SMBus operating frequency 10 100 KHz |
Bus free time between stop and f
Taur start condition 4.7 us
TepsTA g(r)llgi g(:::le after (repeated) start 40 ps |
TSU:STA Repeated start condition setup 250 s |SCD
time 4.7 JIE; External Memory
Tsusro Stop condition setup time 4.0 us
THD:DAT Data hold time 0 ns
Tsu:pDAT Data setup time 250 40 ns
Data buffering time addresses
Texr1 0x%00-0x18 per character 40 ms
TexT2 gxt?g_ %:;g ::: fht;rm;it:idresses 15 ms |40 ms for first character
TprD Data output delay time 300 3500 ns External memory only. See Note.
Trow Clock low period 47 us
THiGH Clock high period 4.0 us
Tr Clock/Data fall time 300 ns
Tr Clock/data rise time 1000 ns
Note:

Bus Timing Data

The external memory must provide this internal minimum delay time to bridge the undefined region
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.

tHpoaT

A

tep

(receiver)
(transmitter)

BD-202
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16-Pin SOIC Narrow (SN)
16-Pin SN (0.150" SOIC)
Inches Millimeters
B Dimension| Min. Max. Min. Max.
A 0.060 0.070 1.52 1.78
Al 0.004 | 0.010 0.10 0.25

0.013 | 0.020 0.33 0.51
0.007 | 0.010 0.18 0.25
0.385 | 0.400 9.78 10.16
0.150 | 0.160 3.81 4.06
0.045 | 0.055 114 1.40
0.225 | 0.245 5.72 6.22

C Al i L 0015 | 0035 | 038 | 089

=300 |w

o

>
et

Ordering Information

bq2090

L

Temperature Range:
blank = Commercial (-20 to +70°C)

Package Option:
SN = 16-pin narrow SOIC

— Device:
bq2090 Gas Gauge IC With SMBus-Like Interface
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