


Pin Descriptions
TM Time-out programming input

This input sets the maximum charge time.
The resistor and capacitor values are deter-
mined using Equation 5. Figure 7 shows the
resistor/capacitor connection.

ICTL Inrush current control output

ICTL is driven low during the fault or
charge-complete states of the chip. It is used
to disconnect the capacitor across the battery
pack terminals, preventing inrush currents
from tripping overcurrent protection fea-
tures in the pack when a new battery is in-
serted.

BAT Battery voltage input

BAT is the battery voltage sense input. This
potential is generally developed using a
high-impedance resistor divider network
connected between the positive and the
negative terminals of the battery. See Fig-
ure 4 and Equation 1.

VCOMP Voltage loop compensation input

This input uses an external R-C network for
voltage loop stability.

ITERM Minimum current termination select

This three-state input is used to set IMIN for
fast charge termination. See Table 2.

ICOMP Current loop compensation input

This input uses an external R-C network for
current loop stability.



Charge Algorithm
The bq2054 uses a two-phase fast charge algorithm. In
phase 1, the bq2054 regulates constant current (ISNS =
IMAX) until VCELL (= VBAT - VSNS) rises to VREG. The
bq2054 then transitions to phase 2 and regulates con-
stant voltage (VCELL = VREG) until the charging current
falls below the programmed IMIN threshold. The charg-
ing current must remain below IMIN for 120 ± 40ms bef-
ore a valid fast charge termination is detected. Fast
charge then terminates, and the bq2054 enters the
Charge Complete state. See Figures 1 and 2.

Charge Qualification
The bq2054 starts a charge cycle when power is applied
while a battery is present or when a battery is inserted.
Figure 2 shows the state diagram for pre-charge qualifi-
cation and temperature monitoring. The bq2054 first
checks that the battery temperature is within the al-
lowed, user-configurable range. If the temperature is out
of range, the bq2054 enters the Charge Pending state
and waits until the battery temperature is within the al-
lowed range. Charge Pending is enunciated by LED3
flashing.

Thermal monitoring continues throughout the charge
cycle, and the bq2054 enters the Charge Pending state
when the temperature out of range. (There is one excep-
tion; if the bq2054 is in the Fault state—see below—the
out-of-range temperature is not recognized until the
bq2054 leaves the Fault state.) All timers are sus-
pended (but not reset) while the bq2054 is in Charge
Pending. When the temperature comes back into range,
the bq2054 returns to the point in the charge cycle
where the out-of-range temperature was detected.

When the temperature is valid, the bq2054 then regu-
lates current to ICOND (=IMAX/5). After an initial holdoff
period tHO (which prevents the chip from reacting to
transient voltage spikes that may occur when charge
current is first applied), the chip begins monitoring
VCELL. If VCELL does not rise to at least VMIN before the
expiration of time-out limit tMTO (e.g. the cell has failed
short), the bq2054 enters the Fault state. If VMIN
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Charge Status Display
Charge status is enunciated by the LED driver outputs
LED1–LED3. Three display modes are available in the
bq2054; the user selects a display mode by configuring
pin DSEL. Table 1 shows the three display modes.

The bq2054 does not distinguish between an over-
voltage fault and a “battery absent” condition. The
bq2054 enters the Fault state, enunciated by turning on
LED3, whenever the battery is absent. The bq2054,
therefore, gives an indication that the charger is on even
when no battery is in place to be charged.

Configuring the Display Mode and IMIN

DSEL/LED2 is a bi-directional pin with two functions; it
is an LED driver pin as an output and a programming
pin as an input. The selection of pull-up, pull-down, or
no pull resistor programs the display mode on DSEL per
Table 1. The bq2054 latches the programming data
sensed on the DSEL input when any one of the following
three events occurs:

1. VCC rises to a valid level.

2. The bq2054 leaves the Fault state.

3. The bq2054 detects battery insertion.

The LEDs go blank for approximately 750ms (typical)
while new programming data is latched.
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bq2054

Mode Charge Action State LED1 LED2 LED3

DSEL = 0
(Mode 1)

Battery absent or over-voltage fault Low Low High

Pre-charge qualification Flash Low Low

Fast charging High Low Low

Charge complete Low High Low

Charge pending (temperature out of range) X X Flash

Charging fault X X High

DSEL = 1
(Mode 2)

Battery absent or over-voltage fault Low Low High

Pre-charge qualification High High Low

Fast charge Low High Low

Charge complete High Low Low

Charge pending (temperature out of range) X X Flash

Charging fault X X High

DSEL = Float
(Mode 3)

Battery absent or over-voltage fault Low Low High

Pre-charge qualification Flash Flash Low

Fast charge: current regulation Low High Low

Fast charge: voltage regulation High High Low

Charge complete High Low Low

Charge pending (temperature out of range) X X Flash

Charging fault X X High

Note: 1 = VCC; 0 = VSS; X = LED state when fault occurred; Flash = 1
6 sec. low, 1

6 sec high.

Table 1. bq2054 Display Output Summary



Fast charge terminates when the charging current drops
below a minimum current threshold programmed by the
value of ITERM (see Table 2) and remains below that
level for 120 ± 40ms.

Figure 3 shows the bq2054 configured for display mode 2
and IMIN = IMAX
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Absolute Maximum Ratings

Symbol Parameter Minimum Maximum Unit Notes

VCC VCC relative to VSS -0.3 +7.0 V

VT
DC voltage applied on any pin ex-
cluding VCC relative to VSS

-0.3 +7.0 V

TOPR Operating ambient temperature -20 +70 °C Commercial

TSTG Storage temperature -55 +125 °C

TSOLDER Soldering temperature - +260 °C 10 sec. max.

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera-
tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo-
sure to conditions beyond the operational limits for extended periods of time may affect device reliability.

bq2054
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DC Thresholds (TA = TOPR; VCC = 5V ±10%)

Symbol Parameter Rating Unit Tolerance Notes

VREF

Internal reference voltage 2.05 V 1% TA = 25°C

Temperature coefficient -0.5 mV/°C 10%

VLTF TS maximum threshold 0.6 * VCC V ±0.03V Low-temperature fault

VHTF TS hysteresis threshold 0.44 * VCC V ±0.03V High-temperature fault

VTCO TS minimum threshold 0.4 * VCC V ±0.03V Temperature cutoff

VHCO High cutoff voltage 2.3V V 1%

VMIN Under-voltage threshold at BAT 0.2 * VCC V ±0.03V

VLCO Low cutoff voltage 0.8 V ±0.03V

VSNS Current sense at SNS
0.250 V 10% IMAX

0.050 V 10% ICOND

bq2054
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Impedance

Symbol Parameter Minimum Typical Maximum Unit Notes

RBATZ BAT pin input impedance 50 - - MΩ

RSNSZ SNS pin input impedance 50 - - MΩ

RTSZ TS pin input impedance 50 - - MΩ

RPROG1
Soft-programmed pull-up or pull-down
resistor value (for programming) - - 10 kΩ DSEL

RPROG2 Pull-up or pull-down resistor value - - 3 kΩ ITERM

RMTO Charge timer resistor 20 - 480 kΩ

Timing (TA = TOPR; VCC = 5V ±10%)

Symbol Parameter Minimum Typical Maximum Unit Notes

tMTO Charge time-out range 1 - 24 hours See Figure 7

tQT Pre-charge qual test time-out period - tMTO - -

tHO Termination hold-off period 1.14 - 1.52 sec.

tIMIN Min. current detect filter period 80 160 msec.

FPWM PWM regulator frequency range - 100 kHz CPWM = 0.001µF
(equation 7)

Capacitance

Symbol Parameter Minimum Typical Maximum Unit

CMTO Charge timer capacitor - - 0.1 µF

CPWM PWM R-C capacitance - 0.001 - µF

bq2054
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bq2054

16-Pin PN (0.300" DIP)

Dimension

Inches Millimeters

Min. Max. Min. Max.

A 0.160 0.180 4.06 4.57

A1 0.015 0.040 0.38 1.02

B 0.015 0.022 0.38 0.56

B1 0.055 0.065 1.40 1.65

C 0.008 0.013 0.20 0.33

D 0.740 0.770 18.80 19.56

E 0.300 0.325 7.62 8.26

E1 0.230 0.280 5.84 7.11

e 0.300 0.370 7.62 9.40

G 0.090 0.110 2.29 2.79

L 0.115 0.150 2.92 3.81

S 0.020 0.040 0.51 1.02

16-Pin DIP Narrow  (PN)

16-Pin SOIC Narrow (SN)

A
A1

.004

C

B
e

D

E

H

L

16-Pin SN (0.150" SOIC)

Dimension

Inches Millimeters

Min. Max. Min. Max.
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bq2054

Data Sheet Revision History
Change No. Page No. Description Nature of Change

1 5, 7, 8, 10 Value Change Changed VSNS and IMAX

2 5, 10 Value Change Changed VREF

3 10 Coefficient Addition Temperature coefficient added

4 5 New state diagram Diagram inserted

4 1, 2, 8, 12 NC pin replaced with ICTL

4 3, 5, 13 Termination hold-off period added
IMIN detect filtering added

5 11 VHCO Rating changed to 2.3V
VHCO Tolerance changed to 1%

Changed values for VHCO

6 13 tQT in Timing Specifications tQT changed from (0.16 ∗ tMTO) to tMTO

7 5 ITERM in Table 2 Z changes to Float

7 8 Figure 6 RB1 and RB2 changed to RT1 and RT2

8 10 TOPR Deleted industrial temperature range.

Notes: Change 3 = April 1996 C changes from Dec. 1995 B.
Change 4 = Sept. 1996 D changes from April 1996 C.
Change 5 = Nov. 1996 E changes from Sept. 1996 D.
Change 6 = Oct. 1997 F changes from Nov. 1996 E.
Change 7 = Oct. 1997 G changes from Oct. 1997 F.
Change 8 = June 1999 H changes from Oct. 1997 G.

Ordering Information

bq2054

Package Option:
PN = 16-pin plastic DIP
SN = 16-pin narrow SOIC

Device:
bq2054 Li-Ion Fast-Charge IC



PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

http://www.ti.com/productcontent


TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0 (mm) B0 (mm) K0 (mm) P1
(mm)

W
(mm)

Pin1
Quadrant

BQ2054SNTR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 29-Jul-2008

Pack Materials-Page 1
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