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Features

* Sequential fast charge and condi
tioning of two NiCd or NiMH nickel
cadmium or nickel-metal hydride
batterypacks

* Hysteretic PWM switch-mode cur-
rent regulation or gated control of
anexternalregulator

* Easily integrated into systems or
used as a stand-alone charger

* Pre-charge qualificationoftempera
tureandvoltage

* Direct LED outputs display battery
and charge sta tus

* Fast-chargeterminationby

D temperatureD time, -DV, maximum
voltage, maximumtem perature, and

maximumtime

* Optional top-off and pulse-trickle
charging

Fast-Charge IC for Dual-

General Description

The bg2005 Fast-Charge IC provides
comprehensive fast charge control
functions together with high-speed
switching power control circuitry on a
monolithic CMOS device for sequential
charge managementin dual battery
packapplications.

In te gra tion of closed-loop cur rent con-
trol circuitry allows the bg2005 to be
the basis of a cost-effective solution
for stand-alone and sys tem-integrated
charg ers for bat ter ies of one or more
cells.

Switch-activated
dis-charge-before-charge allows
bg2005-based chargers to support bat-

tery corditioning and capacity determt
nation.

High-efficiency power con ver sion is ac-
complished using the bg2005 as a
hysteretic PWM controller for
switch-mode regulation of the charging
current. The bg2005 may alternatively

Battery Packs

be used to gate an externally regu
lated charging current.

Fast charge may beginonapplication
of the charg ing sup ply, replace mentof
the battery, or switch depression. For
safety, fast charge is inhibitedun-
less/untilthe batterytemperatureand
voltage arewithinconfiguredlimits.

Temperature, voltage, and time are
monitored throughout fast charge.

Fast charge is terminatedby any of
thefollowing:

m Rate of temperature rise
(or/Dx)

® Negative delta voltage (-DV)
= Maximumvoltage

= Maximumtemperature

B Maximumtime

Af ter fast charge, op tional top-off and
pulsed current maintenance phases
areavailable.

Pin Connections

_ L ___

DCMD O 4 20 [FCCE
ovEND 2 19 [ CHR
Ty 3 18 [ MODR
Thia O] 4 17 A MODa
Teod 5 16 [veo
Tsad s 15 [veg
Tsed 7 14 O FCCa
BaTa & 13 [0 CH,

BaTed 3 12 D DISa
sMsad 10 11 [0 SNSE

20-Pin DIP er SOIC
RUZ005H ps

SLUSO79A - AU GUST 2000 G

Pin Names

DCMD, Dischargecommandinput,

battery A
DVEN Dvenable
TM1 Timer modeselect 1
TM2 Timer mode select 2
TCO Temperaturecut- off
TSa, Temperaturesenseinput,
TS battery A/B
BATA, Batteryvoltageinput,
BATg battery A/B
SNSA,  Senseresistorinput,
SNSB battery A/B

DIS, Dischargecontrol out put,
battery A

THa, Charge statusout put,

mg batteryA/ B

FCCh, Fast charge com plete out put,

FCCq battery A/B

Vss Systemground

Vee 5.0V £10% power

MOD,, Chargecurrentcontrol

MODgs  output, battery A/B
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Pin Descriptions

DCMDa

DVEN

TM1—
TM2

TCO

TSa,

TSs

BATA,
BATs

SNSa,
SNSg

Dischar ge-before-charge control input,
battery A

DCMDa controls the discharge-before-charge
function of the bg2005. A negative-going
pulse on DCMDa initiates a discharge to
EDV followed by a charge if conditions allow.
By tying DCMDa to ground, automatic
discharge-before-charge is enabled on every
new charge cyclestart.

AV enableinput

This input enables/disables AV charge termi-
nation. If DVEN is high, the AV test is en-
abled. If DVEN is low, AV test is disabled.
The state of DVEN may be changed at any
time.

Timer modeinputs

TM; and TM2 are three-state inputs that con-
figure the fast charge safety timer, -AV hold-
off time, and that enhance/disable top-off.
SeeTable 2.

Temper atur e cutoff threshold input

Input to set maximum allowable battery
temperature. If the potential between TSa
and SNSa or TSB and SNSg is less than the
voltage at the TCO input, then fast charge or
top-off charge is terminated for the corre-
sponding battery pack.

Temperatur e senseinputs

Input, referenced to SNSa or SNSg, respec-
tively, for an external thermistor monitoring
battery temperature.

Voltageinputs

The battery voltage sense input, referenced to
SNSa B, respectively. This is created by a
high-impedance resistor divider network con-
nected between the positive and the negative
terminals of the battery.

Charging current senseinputs,

SNSa,s controls the switching of MODa g
based on the voltage across an external
sense resistor in the current path of the bat-
tery. SNSis the reference potential for the
TS and BAT pins. If SNS is connected to
Vss, MOD switches high at the beginning of
charge and low at the end of charge.

DI Sa

CHa,
CHp

FCCa,
FCCgs

MODa,
MODg

Vcc

Dischar ge contr ol output

Push-pull output used to control an external
transistor to discharge battery A before
charging.

Chargestatusoutputs

Push-pull outputs indicating charging status
for batteries A and B, respectively. See Fig-
ureland Table2.

Fast char ge complete outputs

Open-drain outputs indicating fast charge
complete for batteries A and B, respectively.
SeeFigureland Table 2.

Chargecurrent control outputs

MODa g is a push-pull output that is used to
control the charging current to the battery.
MODag switches high to enable charging
current to flow and low to inhibit charging
current flow to batteries A and B,
respectively.

Vcc supply input
5.0V, £10%power input.

Ground
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Functional Description

Figure 3 shows a block diagram and Figure 4 shows a
state diagram of the bg2005.

Battery Voltage and Temperature
Measurements

Battery voltage and temperature are monitored for maxi-
mum allowable values. The voltage presented on the bat-
tery sense input, BATag, must be divided down to be-
tween 0.95 [Wcc and 0.475 [CWcc for proper operation. A
resistor-divider ratio of:

RBL N 1
RB2  2.375

is recommended to maintain the battery voltage within
the valid range, where N is the number of cells, RB1 is
the resistor connected to the positive battery terminal,
and RB2 is the resistor connected to the negative bat-
tery terminal. SeeFigurel.

Note: This resistor-divider network input impedance to
end-to-end should be at | east 200kQ and lessthan IMQ.

A ground-referenced negative temperature coefficient ther-
mistor placed in proximity to the battery may be used as a
low-cogt temperature-to-voltage transducer. The tempera-
ture sense voltage input at TSap is developed using a
resistor-thermistor network between Vcc and Vss. See
Figure 1. Both the BATag and TSapg inputs are refer-
enced to SNSa g, sothe signalsused insidethe IC are:

VBAT(AB) - VSNs(AB) = VCELL(AB)
and

VTs(AB) - VSNS(AB) = VTEMP(A B)

Discharge-Before-Charge

The DCMDa input is used to command discharge-
before-charge via the DISa output. Once activated,
DI1Sa becomes active (high) until VceL. falls below Vepy
where:

Vepv = 0.475 [N cc + 30mV

at which time DISa goeslow and a new fast charge cycle
begins.

The DCMDa input is internally pulled up to Vcc (itsin-
active state). Leaving the input unconnected, therefore,
results in disabling discharge-before-charge. A negative
going pulse on DCMDa initiates discharge-before-charge
at any time regardless of the current state of the
bg2005. If DCMDa is tied to Vss, discharge-before-
charge will be the first step in all newly started charge
cycles.

Starting A Charge Cycle
Anew charge cycleis started by (seeFigure 2):
1. Vccrising above4.5vV

2. VceLL faling through the maximum cell voltage,
Vmev where:

Vmev = 0.95 [(Wcce = 30mV

If DCMDa is tied low, a discharge-before-charge will be
executed as the first step of the new charge cycle. Oth-
erwise, pre-charge qualification testing will be the first
step.

The battery must be within the configured temperature
and voltage limits beforefast charging begins.

PACK+
bq2005
BATAg
SNSpg PACK-

Negative Temperature
Coefficient Thermister

VCC

TSap
bq2005

I PACK +
=
1
L

O PACK -

SNSpg

Fg2005-1.eps

Figure 1. Voltage and Temperature Monitoring
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The valid battery voltage range is Vepv < Veat < VMcv.
The valid temperature range is VHTE < VTeEMP < VLTF,
where:

ViTE = 0.4 [N cc = 30mV
VH1E = [(1/4 DY 1F) + (3/4 D¥1CO0)] £ 30MV

VTco isthe voltage presented at the TCO input pin, and is
configured by the user with a resistor divider between Vcc
and ground. Thealowedrangeis0.2t00.4 [Ncc.

If the temperature of the battery is out of range, or the
voltage is too low, the chip enters the charge pending
state and waits for both conditionsto fall within their al-
lowed limits. The MODAa g output is modulated to pro-
vide the configured trickle charge rate in the charge

pending state; the charger remains in this state as long
as the voltage or temperature conditions are outside of
the allowed limits. If the voltage is too high, the chip
goes to the battery absent state and waits until a new
charge cycleisstarted.

Fast charge continues until termination by one or more
of the five possible termination conditions:

Deltatemperature/deltatime (AT/At)
Negative deltavoltage (A V)
Maximum voltage

Maximum temperature

Maximum time

pending state. There is no time limit on the charge
Dis- Charge Fast Charging Top-Off Pulse-Trickle
charge ' Pending* (Optional)
(Optional  (Pulse-Trickle)
Battery A)
DISp

Switch-mode
MODa g Configuration

[

CHa g Status Output

L

FCCp g Status Output

or
External

MODa g Regulation

I— Battery within temperature/voltage limits.

Battery discharged to 0.475 % Vcc. Battery outside
temperature/voltage limits.

Discharge-Before-Charge started

*See Table 3 for pulse-trickle period.

_,l |<_ 4s —>| |<— 260;15_

[¢— 34s —¥| [+— Note* —»|
—» le— 4s —»| l«— 260us
[¢— 34s —>| [«— Note* —»|

T200501.eps

Figure 2. Charge Cycle Phases
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Table 1. Fast Charge Safety Time/Hold-Off/Top-Off Table

Typical Fast-Charge Typical -AV/MCV
Corresponding and Top-Off Hold-Off Top-Off
Fast-Charge Rate TM1 TM2 Time Limits Time (seconds) Rate
Cl4 Low Low 360 137 Disabled
C/2 Float Low 180 820 Disabled
1C High Low 90 410 Disabled
2C Low Float 45 200 Disabled
4C Float Float 23 100 Disabled
C/2 High Float 180 820 C/16
ic Low High 90 410 C/8
2C Float High 45 200 Cl4
4C High High 23 100 Cl2

Note: Typical conditions = 25°C, Vcc = 5.0V.

- V Termination

If the DVEN input is high, the bq2005 samples the volt-
age at the BAT pin once every 34s. If VceLL is lower
than any previously measured value by 12mV +4mV,
fast charge is terminated. The -AV test is valid in the
range Vmev - (0.2 ™M cc) <VceLL <Vmev-

Voltage Sampling

Each sample is an average of 16 voltage measurements
taken 57us apart. The resulting sample period
(18.18ms) filters out harmonics around 55Hz. This tech-
nique minimizes the effect of any AC line ripple that
may feed through the power supply from either 50Hz or
60Hz AC sources. Toleranceon all timing is+16%.

Voltage Termination Hold-off

A hold-off period occurs at the start of fast charging.
During the hold-off period, -AV termination is disabled.
This avoids premature termination on the voltage spikes
sometimes produced by older batteries when fast-charge
current is first applied. AT/At, maximum voltage and
maximum temperature terminations are not affected by
the hold-off period.

T/ t Termination

The bg2005 samples at the voltage at the TS pin every
34s, and compares it to the value measured two samples
earlier. If Vremp has fallen 16mV +4mV or more, fast
charge is terminated. The AT/At termination test is
valid only when Vtco <VTeEmMp < VLTF.

Temperature Sampling

Each sample is an average of 16 voltage measurements
taken 57us apart. The resulting sample period
(18.18ms) filters out harmonics around 55Hz. Thistech-
nique minimizes the effect of any AC line ripple that
may feed through the power supply from either 50Hz or
60Hz AC sources. Toleranceon all timing is+16%.

Maximum Voltage, Temperature, and Time

Anytime VgL rises above Vvev, CHG goes high (the LED
goes off) immediately. If the bg2005 is not in the voltage
hold-off period, fast charging aso ceases immediately. If
VceLL then falls back below Vmcy before tmev = 1s
(maximum), the chip transitions to the Charge Complete
state (maximum voltage termination). If VceLL remains
above Vmcv at the expiration of tmeov, the bg2005 transi-
tions to the Battery Absent state (battery removal). See
Figure 4.

Maximum temperature termination occurs anytime the
voltage on the TS pin falls below the temperature cut-off
threshold Vrco. Charge will aso be terminated if Vtemp
rises above the minimum temperature fault threshold,
V_1F, after fast charge begins.

Maximum charge time is configured using the TM pin.
Time settings are available for corresponding charge
rates of C/4, C/2, 1C, and 2C. Maximum time-out termi-
nation is enforced on the fast-charge phase, then reset,
and enforced again on the top-off phase, if selected.
Thereisnotimelimit on the trickle-charge phase.

Top-off Charge

An optional top-off charge phase may be selected to
follow fast charge termination for the C/2 through 4C
rates. This phase may be necessary on NiMH or other
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battery chemistries that have a tendency to terminate
charge prior to reaching full capacity. With top-off en-
abled, charging continues at a reduced rate after
fast-charge termination for a period of time selected
by the TM1 and TMz input pins. (See Table 2.) During
top-off, the CC pin is modulated at a duty cycle of 4s
active for every 30s inactive. This modulation results
in an average rate 1/8th that of the fast charge rate.
Maximum voltage, time, and temperature are the only
termination methods enabled during top-off.

Pulse-Trickle Charge

Pulse-trickle charging follows the fast charge and op-
tional top-off charge phases to compensate for self-
discharge of the battery while it is idle in the charger.
The configured pulse-trickle rate is also applied in the
charge pending state to raise the voltage of an over-
discharged battery up to the minimum required before
fast charge can begin.

In the pulse-trickle mode, MOD is active for 260us of a
period specified by the settings of TM1 and TM2. See Ta-
ble 1. The resulting trickle-charge rate is C/64 when
top-off is enabled and C/32 when top-off is disabled.
Both pulse trickle and top-off may be disabled by tying
TM1land TM2to Vss.

Charge Status Indication

Charge status is indicated by the CHG output. The
state of the CHG output in the various charge cycle
phasesisshownin Figure4andillustrated in Figure 2.

Temperature status is indicated by the TEMP output.
TEMPisin the high state whenever Vtemp is within the
temperature window defined by the V_tr and VHTF tem-
perature limits, and is low when the battery tempera-
tureisoutsidethese limits.

In all cases, if VceLL exceeds the voltage at the MCV
pin, both CHG and TEMP outputs are held high regard-
less of other conditions. CHG and TEMP may both be used
todirectly drivean LED.

Pack Sequencing

If both batteries A and B are present when a new charge
cycleis started, the charge cycle starts on battery B and
B remains the active channel until fast charge termina-
tion. Then battery A will be fast charged, followed by a
top-off phase on B (if selected), a top-off phase on A (if

selected), and then maintenance charging on both. If
only battery A is present, the charge cycle begins on A
and continues until fast charge termination even if a
battery is inserted in channel B in the meantime. A
new battery insertion in channel B while A is in the
top-off phase terminates top-off on A and begins a new
charge cycleon B. If A is configured for or commanded
to discharge-before-charge, the discharge may take
place while channel B is the active charging channel.
When the discharge is complete, if B is still the active
channel battery A enters the Charge Pending state until
A becomesthe active channel.

Charge Current Control

The bg2005 controls charge current through the MODAa g out-
put pin. The current control circuitry is designed to sup-
port implementation of a constant-current switching regu-
lator or to gate an externally regulated current source.

When used in switch mode configuration, the nominal
regulated current is:

IreG = 0.225V/Rsns

Charge current is monitored at the SNSag input by the
voltage drop across a sense resistor, Rsns, between the
low side of the battery pack and ground. Rsns is sized
to providethe desired fast charge current.

If the voltage at the SNSag pin is less than VsnsLo, the
MODa g output is switched high to pass charge current to
the battery.

When the SNSag voltage is greater than Vsnshi, the
MODa g output is switched low—shutting off charging
current to the battery.

VsnsLo = 0.04 [Wcc + 25mV
VsnsHi = 0.05 KW ce + 25mV

When used to gate an externally regulated current
source, the SNSa g pin is connected to Vss, and no sense
resistor isrequired.
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DCMD,
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Figure 3. Block Diagram
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New Charge Cycle
Started by either one of:

Vccrising to valid level

Rising edge
on DCMD

DCMD, tied to

Yes

Battery replacement
(Veew falling through V,.,)

ground?
(channel A only)

channel B

No or

Maximum Time Out

v y y xcm < / Discharge
< < _
EDV CELL MCV Battery Voltage? CHﬁa_Sr::/SS
A FCC, = high
ger?;?r? lVCELL < VEDV xCELL 2
g Mcv CELL 2 VMCV
A Vremp 2 Vige OF Trickle
Battery Vremp < Vire CHG = 1/8s
Temperature? flash V.. >V
FCC=high / "
< VTEMP < VLTF
Veov < Ve <V Battery
and Absent
VHTF < VTEMP < VLTF
\< Trickle Trickle
CHG = high CHG = high
high/ Veew = View FCC = high FCC = high
-AV or AT/ At or
V. <V VCELL =
TEMP = Vrco OF \Y Charge

Top-off Top-off Trickle
sele?:ted’7 » CHG = high CHG = high
‘| Yes FCC =low / Vremr £ Vrco \ FCC = low
No or Maximum

Time Out

SD2005

Figure 4. State Diagram

Complete
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Absolute Maximum Ratings

Symbol Parameter Minimum Maximum Unit Notes

Vcc Vccrelativeto Vss -0.3 +7.0 \Y

RRE v vt kv B I Y

Torr Operating ambient temperature -20 +70 °C Commercial
Tste Storage temperature -55 +125 °C

TsoLper | Soldering temperature - +260 °C 10s max.

Teias Temperature under bias -40 +85 °C

Note: Permanent device damage may occur if Absolute M aximum Ratings are exceeded. Functional opera-

DC Thresholds (ta =Topr; Vcc£10%)

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 devicereliability.

Symbol Parameter Rating Tolerance | Unit Notes

Voust | redliing in MODAs = Low 005+ Ves w0025 | v

Vsns.o Is_uol\{[\:rggrlerwshl\jl) Igtit,ss fﬁ’?ghre 0.04« Vec +0.010 v

ViTF L ow-temperature fault 0.4 x Vcc +0.030 \% XeTrlrEm Fr’;t\e/;TCFhiar;giebitS/

VHTE High-temperature fault (M4 Vite) + (3/4% VTco)|  +0.030 \Y; E:/t:aEr'\gpes VT inhibits

VEDV End-of-discharge voltage 0.475 x Vce +0.030 Vv Yaﬁ%h:\r \g/:DV inhibits

Vmev Maximum cell voltage 0.95x Vee +0.030 Vv ;/e?rETI]_iLn;\ééAa\]/;gg bits/
VTHERM ggézﬁg; change for AT/At 16 4 iy

AV BAT input change for -AV 12 4 iy

detection
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Recommended DC Operating Conditions (ta =0to +70°C)

Symbol Parameter Minimum | Typical | Maximum | Unit Notes
Vce Supply voltage 4.5 50 55 Vv
VCELL BAT voltage potential 0 - Vcc \Y VBAT - Vsns
VBaT Battery input 0 - Vce \Y%
Vtemp | TSvoltage potential 0] - Vcc \% VTs-Vsns
VTs Thermistor input 0 - Vcc \
VTco Temperature cutoff 0.2x Vcc - 0.4 x Vce \Y%
Logicinput high 2.0 - - V | DCMDa, DVEN
Vi Logicinput high Vcc-0.3 - - \Y% TM1, TM2
Logic input low - - 0.8 V | DCMDa, DVEN
Vie Logic input low - - 0.3 \4 TM1, TM2
VoH Logic output high Vce - 0.5 - - \Y% DISa, MODag, loH<-5mA
VoL Logic output low - - 05 \Y; l\l/jl IOSSAE’CI%‘L‘E’S%_K'B’
lcc Supply current - 1.0 3.0 mA | Outputs unloaded
loH DISa, MODag source -5.0 - - mA @VoH =Vcc - 05V
loL %SAA‘E Z%(I:(AYB’ MODag, 5.0 - - mA | @VoL =Vss+ 05V
- - +1 HA DVEN, V =Vggto Vcc
IL Input leakage —
- - -400 PHA | DCMDa,V =Vss
hi Logic input low source - - 70.0 HA ;r/,\il\’/-ls-thg’Vss 403V
A Logic input high source -70.0 - - A \T/'\il\/ 12/'-2(’).3V 0 Ve
iz My, 1Ms tri-state open 20 ; 2.0 WA Ic')\flw;e-ltgt'\gé z‘l? gé'tlﬂgf o tZdIIoséic
input state.
IBaT \II\TI’F]) ;r: g;trtreerr;/t itso rzr/%-cl;cgd - - -20 HA \s/}g:c():ul_dsl‘:)%\{i ;ﬁ;dzt?) t%i Isngrlrt-
rent when input exceeds Vcc.
Note: All voltagesrelative to Vss, except as noted.

10
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Impedance
Symbol Parameter Minimum Typical Maximum Unit
RBATAB Battery A/B input impedance 50 - - MQ
RrsaB TSa,B input impedance 50 - - MQ
Rrco TCO input impedance 50 - - MQ
RsnsaB SNSa g input impedance 50 - - MQ
Timing (Ta =0to +70°C; Vcc £10%)
Symbol Parameter Minimum | Typical | Maximum | Unit Notes
t Pulse width for DCMDa, Pulse start for discharge-before-
PW 1 - - us
pulse command charge
drcv Time base variation -16 - 16 % Vcc = 4.5V to 5.5V
trec ][\/IOD output regulation ) ) 300 KHz
requency
t Maximum voltage _ _ 1 s Time limit to distinguish battery
Mev termination time limit removed from charge complete
Note: Typical isat Ta=25°C, Vcc =5.0V.

11
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Data Sheet Revision History

Change No. Page No. Description Nature of Change
; Was VsnsHi - (0.01 * Vcc);
3 9 VsnsLo rati ng is0.04 * Ve
. Was: 32s,

4 5 Corrected sample period Is: 34s
Was: 13mV

4 59 Corrected -AV threshold Is 12mV

4 All Revised and expanded format of this Clarification

data sheet

5 9 Torr Deleted industrial temperature range
Removed DIP from pinout drawing and Order-

6 1,13 Deleted DI P package option ing Information; deleted DIP package specifica-
tions

Notes: Change 3 = Sept. 1996 D changes from Nov. 1993 C.

Change 4 = Nov. 1997 E changes from Sept. 1996 D.
Change 5 = June 1999 F changes from Nov. 1997 E.
Change 6 = Aug. 2000 G changes from June 1999 F

Ordering Information

bq2005

Package Option:
S =20-pinSOIC

—Device:

bg2005 Dual-Battery Fast-Charge IC

12
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S: 20-Pin SOIC

INIRIRIR R
INRNIRNRRE
L

—-————  ————=]

O 004

I —

13

20-Pin S (SOIC)

Dimension Minimum Maximum
A 0.095 0.105
Al 0.004 0.012
B 0.013 0.020
C 0.008 0.013
D 0.500 0.515
E 0.290 0.305
e 0.045 0.055
H 0.395 0.415
L 0.020 0.040

All dimensions are in inches.




i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 14-Oct-2022

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
BQ2005S ACTIVE SOIC DW 20 25 RoOHS & Green NIPDAU Level-1-260C-UNLIM -20to 70 2005S
-D
BQ2005STR ACTIVE SoIC DW 20 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -20to 70 2005S
-D

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

BQ2005STR SOIC DW

20

2000 330.0 24.4 10.8 | 13.3 2.7 12.0 | 24.0

Q1
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Jan-2022
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\‘ /}#\
. 7
\\ /
T
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ2005STR SoIC DW 20 2000 367.0 367.0 45.0
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PACKAGE MATERIALS INFORMATION
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INSTRUMENTS
www.ti.com 5-Jan-2022
TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
BQ2005S DW SOoIC 20 25 507 12.83 5080 6.6
BQ2005S DW SoIC 20 25 506.98 12.7 4826 6.6
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DWO0020A

PACKAGE OUTLINE
SOIC - 2.65 mm max height

SOIC

10.63
9.97

W

TYP

@ PIN 11D

AREA

J
)
(=]

_ 18x[1.27]
() — ==
— ==-—
—] —
— —
130 [ — 2%
12.6 [11.43]
NOTES —
— —
— —
— —
it
10 ] i
- o 1112(»(0.51 —L
7.6 0.31 .65 MAX
8] 74 (@ [0.250) [c|A[B]
NOTE 4

\

1

/'\ :

)

T

<\ SEE DETAIL A

E,

o
1

GAGE PLANE

0‘7-8"T+

1.27 L 92

" 040

DETAIL A
TYPICAL

4220724/A 05/2016

NOTES:

-

per ASME Y14.5M.

exceed 0.15 mm per side.

s W N

. Reference JEDEC registration MS-013.

. This drawing is subject to change without notice.
. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm per side.
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EXAMPLE BOARD LAYOUT
DWO0020A SOIC - 2.65 mm max height

SOIC

20X (2)

A

N
o

20X (0.6)

-

:
il

18X (1.27)

JUoty

in0uD

(R0.05)
TYP

-
o

11

gl

|
|

LAND PATTERN EXAMPLE
SCALE:6X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING / METAL SOLDER MASK\\ / OPENING

(r L N ‘r- -\‘
| *| |:
)) — —y
*I‘* 0.07 MAX JL 0.07 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
4220724/A 05/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DWO0020A SOIC - 2.65 mm max height

SOIC

20X (0.6) L [j:

1

20X (2)

SYMM

11 ¢

|

|

18X (1.27) |

27 |

T—-E==3 |

|

) !

|

|

|

|

|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:6X

4220724/A 05/2016

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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INSTRUMENTS
www.ti.com




IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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