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1A SINGLE-CHIP Li-lon/Li-Pol CHARGE MANAGEMENT IC
WITH THERMAL REGULATION

FEATURES

e Ideal for Low-Dropout Designs for Single-Cell
Li-lon or Li-Pol Packs in Space Limited
Applications

e Integrated Power FET and Current Sensor for
up to 1-A Charge Applications

¢ Reverse Leakage Protection Prevents Battery
Drainage

« +0.5% Voltage Regulation Accuracy

e Thermal Regulation Maximizes Charge Rate

e Charge Termination by Minimum Current and
Time

¢ Precharge Conditioning With Safety Timer

e Status Outputs for LED or System Interface
Indicate Charge, Fault, and Power Good
Outputs

¢ Short-Circuit and Thermal Protection
¢ Automatic Sleep Mode for Low Power

DESCRIPTION

The bg2406x series are highly integrated Li-lon and
Li-Pol linear chargers, targeted at space-limited
portable applications. The bg2406x series offers a
variety of safety features and functional options,
while still implementing a complete charging system
in a small package. The battery is charged in three
phases: conditioning, constant or thermally regulated
current, and constant voltage. Charge is terminated
based on minimum current. An internal
programmable charge timer provides a backup
safety feature for charge termination and is
dynamically adjusted during the thermal regulation
phase. The bqg2406x automatically re-starts the
charge if the battery voltage falls below an internal
threshold; sleep mode is set when the external input
supply is removed. Multiple versions of this device
family enable easy design of the bq2406x in cradle
chargers or in the end equipment, while using low
cost or high-end AC adapters.

; Pin Out
Consumption (Top View)
e Small 3x3 mm MLP Package bq24061
¢ Selectable Battery Insertion and Battery ry
Absent Detection IN[ |1 10 Jourt
¢ Input Overvoltage Protection TMR[ |2 9| ] BAT
— 6.5V and 10.5 V Options STAT1[ |3 8| |CE
STAT2[ |4 [ ]pG
APPLICATIONS N Ves[ |5 6| JISET
« PDA, MP3 Players, Digital Cameras
¢ Internet Appliances and Handheld Devices
TYPICAL APPLICATION CIRCUIT
Li-lon or Li-Pol
bq24061 Battery Pack
Inputjiower i . 1| out 10 - Packt
Rivr 5 1 J:
™R 9 4.7 yF
a7 pFILS kQ 1.5 kO w "93 BAT l TPack-
— ——pt—————{ STAT1 =B
N ,
4 —
STAT2 PG -
NN i Vss iseT |4
Typical Application for Charging Between 350 mA and 1 A. 4% Charge Enable and

Input Power Status

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

UNLESS OTHERWISE NOTED this document contains
PRODUCTION DATA information current as of publication date.
Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2006, Texas Instruments Incorporated
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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.

AVAILABLE OPTIONS

R Safety Power Pack Voltage
Sgli‘;gz In\p/)gltt;)veer Te:gg]balttelon Timer Good Enle?ble r:n(;k Detection Devices WQ)©) Marking
9 9 Enable Status P (Absent)
42V 6.5V TMR pin | TMR pin | PG pin No | TSpin With timer bq24060 BPG
enabled
42V 6.5V TMRpin | TMRpin | PGpin | CEpin | No With timer bq24061 BPH
enabled
42V 6.5V TE pin TMR pin No CEpin | No | With termination bq24063 Preview
enabled
. . _— . With timer
4.2V 105V TMR pin TMR pin PG pin No TS pin enabled bg24064 BSA

(1) The bg2406x are only available taped and reeled. Add suffix R to the part number for quantities of 3,000 devices per reel (e.g.,
bq24060BPGR). Add suffix T to the part number for quantities of 250 devices per reel (e.g., bq24060DRCT).
(2) This product is RoHS compatible, including a lead concentration that does not exceed 0.1% of total product weight, and is suitable for
use in specified lead-free soldering processes. In addition, this product uses package materials that do not contain halogens, including
bromine (Br) or antimony (Sb) above 0.1% of total product weight.
(3) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
Web site at [yww.tr.com.

ABSOLUTE MAXIMUM RATINGS®

bg2406x
Supply voltage (IN with respect to Vss) -0.3Vto18V®
Input voltage on IN, STATx, PG, TS, CE, TE, TMR (all with respect to Vss) —0.3 V to V(IN)
Input voltage on OUT, BAT, ISET (all with respect to Vss) -03Vto7V
Output sink current (STATX) + PG 15 mA
Output current (OUT pin) 15A

Ta Operating free-air temperature range —40°C to 155°C
Tstg Storage temperature range —65°C to 150°C
T, Junction temperature range —40°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) The bg2406x device can withstand up to 26 V for a maximum of 87 hours.

RECOMMENDED OPERATING CONDITIONS

bubmit Documentation Feedback

MIN TYP MAX| UNIT
Viny Supply voltage range Battery absent detection not functional 3.5 4.35 \%
Viny Supply voltage range Battery absent detection functional 4.35 16.5 \%
T, Junction temperature 0 125 °C
DISSIPATION RATINGS™
PACKAGE 03¢ (°CIW) 034 (°CIW)
10-pin DRC 321 46.87
(1) This data is based on using the JEDEC High-K board and the exposed die pad is connected to a Cu
pad on the board. This is connected to the ground plane by a 2x3 via matrix.
2
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ELECTRICAL CHARACTERISTICS

over recommended operating, T; = 0 —125°C range, See the Application Circuits section, typical values at T; = 25°C (unless
otherwise noted)

PARAMETER

TEST CONDITIONS

MIN  TYP MAX‘ UNIT

POWER DOWN THRESHOLD — UNDERVOLTAGE LOCKOUT

V(IN) =0V, increase V(OUT): 0 - 3V OR

VuvLo) Power down threshold V(OUT) =0V, increase V(IN): 0 - 3V, 15 3.0 \Y
CE=LO®
INPUT POWER DETECTION, CE = Hl or LOW, V(IN) > 3.5V
VinoT) Input power detection threshold V() detected at [V(IN) — V(OUT)] > Viypr) 130 mVv
Vhys(noT) Input power detection hysteresis ;C/ZE:_p\O/\('Z)irT:]‘T [d\z Le(;:i?f \{Z'-:WS(INDT)] 30 mV
ToeLNDTY Deglitch time, input power detected PG:HI_H LO, Thermal re_gulation loop not active, 15 35 ms
status Rrmr = 50 KQ or V(ryr) = OPEN
TosLmom) sthltii time, input power not detected BG: LO _ HI after ToeLmom) 10 us
Charger turned off after Tp_ycHcorr), Measured
ToLy(cHeorr) —Charger off delay from PG: LO - HI; Timer reset after 28 32 ms
ToLy(cHGOFF)
INPUT OVERVOLTAGE PROTECTION
) ) ) b24060/61/63 6.2 65 7.0
Vove) Input overvoltage detection threshold V(IN) increasing \%
bq24064 10.2 105 117
. . bq24060/61/63 0.1 0.2
Viys(ovp) Input overvoltage hysteresis V(IN) decreasing bq24064 03 05 \Y
ToeLovpery  Input overvoltage detection delay %::Lgl Sr bl(;)’\/'\l/ll\??;;reesgfrr:;m V(IN) > V(ovp) to 10 100 ps
ToeLovnper  Input overvoltage not detected delay E(:)E%w-i?ZL(B(’)';\A\E/ESE;@SJ:Q;;XSN) <Viovr) 10 100| us
QUIESCENT CURRENT
lec(cHaorR) IN pin quiescent current, charger off :_r|1|pUt power detected, CE = zz::; ; 6156\/5 v ;gg 200 pA
lcccHaon) IN pin gquiescent current, charger on Input power detected, CE = LO, Vgar = 4.5V 4 6 mA
IsATOONE) :?sct)ule(r:y leakage current after termination I(?_Euzt E(()Dwer detected, charge terminated, 1 5 LA
IAT(CHGORP) Battery leakage current into IC, charger !nput power detected, CE =_HI_OR 1 5 LA
off input power not detected, CE = LO
TS PIN COMPARATOR
V(rsy Lower voltage temperature threshold Hot detected at V(TS) < V(1g3); NTC thermistor 29 30 31| %V(IN)
V(rs2) Upper voltage temperature threshold Cold detected at V(TS) > V(rgp); NTC thermistor 60 61 62| %V(IN)
Vhys(Ts) Hysteresis 5‘;’;‘3(0[f/(i;;/)(_Tsz:S([TZ)(Tsm + Vuys(rs) ] OR 2 %V(IN)
CE INPUT
VL Input (low) voltage V(CE) increasing 1 \%
ViH Input (high) voltage V(CE) decreasing 2.0 \%
STAT1, STAT2 AND PG OUTPUTS , V(IN) = Vorea) * V(po-max)
VoL Output (low) saturation voltage ‘ loutput = 5 mA (sink) 0.5 \%
THERMAL SHUTDOWN
T(sHUT) Temperature trip Junction temperature, temp rising 155 °C
T(SHUTHYS) Thermal hysteresis Junction temperature 20 °C

(1) Specified by design, not production tested.
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ELECTRICAL CHARACTERISTICS (Continued)
over recommended operating, T; = 0-125°C range, See the Application Circuits section, typical values at T, = 25°C (unless

otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
VOLTAGE REGULATION, V(IN) = Vores) + V(po-max) [rerm) < lour) < lout), CHARGER ENABLED, NO FAULT CONDITIONS
DETECTED
Vo(rRea) Output voltage bq24060/61/63/64 4.20 \Y
v Volt lati Tp=25°C -0.5% 0.5%
oltage regulation accurac
o(ToL) ge reg Yy -1% 1%
V(o) Dropout voltage, V(IN) = V(OUT) |loury=1A 750 mV
CURRENT REGULATION,, V(IN) > V(OUT) > V(po.maxy, CHARGER ENABLED, NO FAULT CONDITIONS DETECTED
loouT) Output current range Vea > Vicowy): lojoun = koun = Kisem* 100 1000| mA
V(seryRser
V(seT) Output current set voltage V(ISET) = V(set), ViLowyy < V(BAT) < Vo(reg) 245 250 255 \Y
K(seT) Output current set factor Volis
10 mA < IO(OUT) <100 mA 315 372 430
RiseT External resistor range Resistor connected to ISET pin 0.7 10 kQ

VOLTAGE AND CURRENT REGULATION TIMING, V(IN) > V(OUT) + V(po.max)y, CHARGER ENABLED, NO FAULT CONDITIONS
DETECTED, Ryyr = 50K or V(TMR) = OPEN; Thermal regulation loop not active

Input power detection to full

Measured from PG:HI - LO to I(OUT) > 100 mA,

no battery or load connected

V(rmr) = OPEN, LDO mode set, no battery and no
load at OUT pin, CE = LO

TewrUP(CHE) charge current time delay CE = LO, lgoury = 1 A, V(BAT) =35V 25 35 ms
Measured from CE:HI - LO to I(OUT) >100 mA
Charge enable to full charge ’
TPWRUP(EN) CUrregr]lt delay 9 IO(OUT) =1A,V, BAT): 35V, V(IN) =45V, Input 25 35 ms
power detecte
— S
Input power detection to voltage (li/lhia;s:rsgltf;oz r'DeGﬁll-:altign!_o to V(OUT) > 90% of
TewrupLDo) egulation delay, LDO mode set, 9 ge reg ' 25 35 ms

, RTMR = 50K or V(TMR)=0OPEN; Thermal regulat

PRECHARGE AND OUTPUT SHORT-CIRCUIT CURRENT REGULATION, V(IN)-V(OUT) > V(DO-MAX) , V(IN) = 4.5V, CHARGER

ENABLED, NO FAULT CONDITIONS DETECTED ion loop not active

Precharge to fast-charge transition

V(LOWV) threshold V(BAT) inCreaSing 2.8 2.95 3.15 \Y
Precharge to short-circuit .

Visc) transition threshold V(gam decreasing 12 L4 16 v
V(sciND) Short-circuit indication V(gaT) decreasing 1.6 1.8 2.0

V <V <V t<T
| Precharge current range (SC) = TIBAT) = ¥(LOWV): (PRECHG) 10 100 mA
O(PRECHG) g g loprecHs) = Ksen* VprecHa)/RseT)
V(PRECHG) Precharge set voltage Vasem = Vierecte) V(sc) < Viean) < Viowv), 225 250 280| mV

t < T(prRECHG)

Vpor < VN < 6.0
_ Vss< Vgans Visci): Y 15 22 30

losHoRT) Output shorted regulation current | loishorT) = louT), Vigan)= mA

VSS, Internal pullup resistor |60V <Viy < o5

Vovp
TEMPERATURE REGULATION (Thermal regulation™), CHARGER ENABLED, NO FAULT CONDITIONS DETECTED
L V(IN) =5.5V, V(BAT) = 3.2 V, Fast charge o
Ti(rReG) Temperature regulation limit current set to 1A 101 112 125 C
| Minimum current in thermal V(LOWV) < V(BAT) < VO(REG), 0.7kQ < RISET 200 250 mA
(MIN_TI(REG))  regulation < 3.5kQ
4
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ELECTRICAL CHARACTERISTICS (Continued)
over recommended operating, T; = 0-125°C range, See the Application Circuits section, typical values at T, = 25°C (unless

otherwise noted)

PARAMETER

| TEST CONDITIONS

MIN

TYP

MAX| UNIT

CHARGE TERMINATION DETECTION, Voreg) = 4.2 V, CHARGER ENABLED, NO FAULT CONDITIONS DETECTED, Thermal
regulation LOOP NOT ACTIVE, Ryyr = 50K or TMR pin OPEN

Termination detection current

I(TERM) range V@eat) > Vreny lrerm) = Ksen* Vrermy/RiseT 10 100 mA
Charge termination detection
V(Term) set voltage ™ Vgat) > V(reH) 225 250 275| mv
Deglitch time, termination .
TDGL(TERM) detgected V(lSET) decreaSIng 15 25 35 ms
BATTERY RECHARGE THRESHOLD
V(rcH) Recharge threshold detection | [Voreg)—V(BAT) | > Virch) 75 100 135| mv
Deglitch time, recharge )
TDGL(RCH) det?ection 9 V(BAT) deCI’eaSIng 15 25 35 ms
TIMERS, CE = LO, CHARGER ENABLED, NO FAULT CONDITIONS DETECTED, V(TMR) < 3 V, TIMERS ENABLED
T(cHa) Charge safety timer range T(cHe) = Kchey* Rrmr ; thermal loop not active 3 10| hours
K(cHa) Charge safety timer constant Vat) > Vowy) 0.08 0.1 0.12| hr/kQ
. T =K x T ; Thermal regulation
- (PCHG) PCHG)* ! (CHG) »
TpcHa) Pre-charge safety timer range loop not act(lve 1080 3600 sec
Pre-charge safety timer
Kpcro) ore-charge safely Vean < Viow) 0.08 0.1 0.12
. - Charge timer AND
Charge timer and termination [ B )
termination disabled] at V, bq24060/61/64
enable threshold (TMR)
VIMR(OFF) > VIMR(OFF) 25 3.0 35| VvV
Charge timer enable threshold [Charge timer disabled] at bq24063
V(TMR) > VTMR(OFF)
ltvr TMR pin source current Vimr) =35V, Vgny =4.5V 1 6 HA
BATTERY DETECTION THRESHOLDS
IpeTown)  Battery detection current (sink) |2 V < V(gar) < Vo(reg) 1 2 32| mA
Battery detection current
IpET(UP) (sourc)(le) 2V < V(gaT) < Vo(reG) lo(PRECHG)
A 2V <V <V, , Thermal regulation loop not
T Battery detection time .~ 1 (BAT) = TO(REG) 85 120 150| ms
(DETECT) y active; Ryvr = 50 KQ, IpeT(down) OF IpeT (uP)
TIMER FAULT RECOVERY
l(FauLT) Fault Current (source) | Vour) < V(rcH) -12 -10 -8 mA
CHARGE OVERCURRENT DETECTION, V(IN) = 4.5 V, CHARGER ENABLED
Charge overcurrent detection _
leron threshold Viser) = VSS 2 A
Overcurrent detection dela:
TDGL(OI) time Yy Measured from V(ISET) =VSSto IO(OUT) =0 100 us

(1) The voltage on the ISET pin is compared to the V(tgry) voltage to determine when the termination should occur.
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DEVICE INFORMATION
PIN ASSIGNMENT
VSS STAT2 STAT1 TMR IN VSS STAT2 STAT1 TMR IN VSS STAT 2 STAT1 TMR IN
fs1 14l lol l2l 1] Tsl Tel sy P2] 111 st lel Tal 20 7]
[ N A Y A Y B [ N A Y A N A [ N A N R U R
] ® \d
bq24060/64 DRC bq24061 DRC bg24063 DRC
(TOP VIEW) (TOP VIEW) (TOP VIEW)
Y Y Ty (VY Ty Ty Y Y Y
(64 174 {81 tor 10y 164 174 18 19y 10 160 P p8Y to 10
ISET PG TS BAT  OUT ISET PG CE  BAT  OUT ISET  CE TE BAT  OUT
TERMINAL FUNCTIONS, REQUIRED COMPONENTS
TERMINAL NO.
110 DESCRIPTION AND REQUIRED COMPONENTS
NAME bq24060/64 | bq24061 | bg24063
IN 1 1 1 | Charge Input Voltage and internal supply. Connect a 1- uF (minimum)
capacitor from IN to VSS. C\\2 Cout
TMR 2 2 2 | Safety Timer Program Input, timer disabled if floating. Connect a resistor to
VSS pin to program safety timer timeout value
STAT1 3 3 3 O | Charge Status Output 1 (open-collector, see[lable J)
STAT2 O | Charge Status Output 2 (open-collector, see [Fable J)
VSS 5 5 I | Ground
ISET 6 6 6 o Charge current set point, resistor connected from ISET to VSS sets charge
current value. Connect a 0.47-pF capaciator from BAT to ISET.
PG 7 — O | Power Good status output (open-collector), active low
CE — 8 7 I | Charge enable Input. CE = LO enables charger. CE = HI disables charger.
_ Termination enable Input. TE = LO enables termination detection and battery
TE — — 8 | absent detection. TE = HI disables termination detection and battery absent
detection.
Ts 8 - . | Temperature Sense Input, connect to battery pack thermistor. Connect an
external resistive divider to program temperature thresholds.
BAT 9 9 9 | Battery Voltage Sense Input. Connect to the battery positive terminal. Connect
a 200-Q resistor from BAT to OUT.
Charge current output. Connect to the battery positive terminal. Connect a 1-
out 10 10 10 o WF (minimum) capacitor from OUT to VSS.
There is an internal electrical connection between the exposed thermal pad
Exposed and Vss pin of the IC. The exposed thermal pad must be connected to the
Thermal Pad Pad Pad same potential as the VSS pin on the printed circuit board. Do not use the
Pad thermal pad as the primary ground input for the IC. VSS pin must be
connected to ground at all times.
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Voltage -V

Battery Voltage - V

TYPICAL OPERATING CHARACTERISTICS
Measured using the typical application circuit shown previously.

THERMAL LOOP OPERATION
WITH POWERPAD ATTACHED

THERMAL LOOP AND DTC OPERATION

7 ‘ 1.75 16 12
VIN
6 1.50 14
Safety Timer 10 ”
< | =
) | m— 1.25 < 12 \‘ W"l z
- c 8 =
\ g ’ £
‘ S A : X -
" BAT 208 . 6 %
3 i, f 0.75 g % M it &
i i = m 06 IBAT 4
2 V, —] 0.50 I
ISET 04 b
. -
2
= 0.25 02
0 0 0 0
0 05 1 150 2 250 3 0 05 1 150 2 250 3
t-Time-s t-Time-s
Figure 1. Figure 2.
PACK REMOVAL TRANSIENT INPUT OVP RECOVERY TRANSIENTS
5 1 8 2
475 . 0.8 iy - 1.80
v 1.60
4.50 BAT —] 6 VIN
m 06 < IN" 1140 «
T . = o -
4.25 iy i 04 § > 5 W 1.20 5
4 3 % 4y ’ ey 1 3
IBAT 02 & 3 | ! 080 &
3.75 — = >3 BAT g
250 sy o @ , ‘ 0.60 §
’ v, 0.40
-0.2 \ITG\
3.25 1 “ ‘ 0.20
3 -0.4 0 biw e p t 0
0.5 1 1.5 2 2.5 0 5 10 15 20 25 30 35 40 45 50
t-Time -mS t-Time -mS
Figure 3. Figure 4.
PG DEGLITCH TIME
9
8
7
ViN
> 6
& 5
£
>O 4 Aer
v,
3 PG
2
1
OJ AL
0 2 3 5
t-Time -m$S
Figure 5.
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Charge Current - mA

KSET - A/A

TYPICAL OPERATING CHARACTERISTICS (continued)

Measured using the typical application circuit shown previously.

PRE-CHARGE CURRENT

BATTERYV%OLTAGE

105
104.5

104
103.5

103 85°C
102.5 - i

25°C

102 f—— ‘
101.5 —"_’—T—

101
100.5

100

2 2.20 240 2.60 2.80 3
Battery Voltage - V
Figure 6. HIGH CHARGE RATE
KSET LINEARITY
CHARGEVCSIURRENT
400
390
380
370
360 o
350 & i o
N

340 —_—
330 25°C
320
310
300 L

25 35 45 55 65 75 85 95 105 115 125
Battery Charge Current -

Figure 9. 2.0 <V@gam) <3.0V

FAST-CHARGE CURRENT

VS
BATTERY VOLTAGE
1000
995
990
<
£ 985
E 98— goc — 25°C
5 975
s —
g 970 85°C
S 965
960
955
950
3 3.20 3.40 3.60 3.80 4
Battery Voltage - V
Figure 7. HIGH CHARGE RATE
KSET LINEARITY
VS
CHARGE CURRENT
350
345
o \\ 85°C
« \\\< \
3 N 0°C
335 NI\
[ \\
2 25°C
330
325
320 Lo e b b
0 100 200 300 400 500 600 700 800 900 1000
Battery Charge Current - mA
Figure 10. 3.0 < V@a7) <4.0V
DROPOUT VOLTAGE
VS
TEMPERATURE
0.400
0.375 /’
> 0350
)
& 0325
S
5 0.300
s
& 0275
8 0.250
2
0.225
0.200

-15 5 25 45 65 85 105 125

Tp - Temperature - °C

Figure 12.

Charge Current - mA

Battery Voltage - V

FAST-CHARGE CURRENT
Vs
BATTERY VOLTAGE

52.5
52
51.5
° /

51 0°C 1

50.5

50 85°C
49.5
49
48.5

48
47.5

3 3.20 3.40 3.60

Battery Voltage - V

3.80 4

Figure 8. LOW CHARGE RATE

BATTERY REGULATION VOLTAGE

Vs
INPUT VOLTAGE

4.202
0°C

4.200

4.198 250

4196

4.194

4192

4.190

4.188 85°C

4.186

45 65 85 105 125 145 165

Input Voltage - V

Figure 11.
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FUNCTIONAL DESCRIPTION

The charge current is programmable using external components (Risgr resistor). The charge process starts
when an external input power is connected to the system, the charger is enabled by CE = LO and the battery
voltage is below the recharge threshold, V(BAT) < V(g When the charge cycle starts a safety timer is
activated, if the safety timer function is enabled. The safety timer timeout value is set by an external resistor
connected to TMR pin.

When the charger is enabled two control loops modulate the battery switch drain to source impedance to limit
the BAT pin current to the programmed charge current value (charge current loop) or to regulate the BAT pin
voltage to the programmed charge voltage value (charge voltage loop). If V(BAT) < V(LOWV) (3 V typical) the
BAT pin current is internally set to 10% of the programmed charge current value.

A typical charge profile is shown below, for an operation condition that does not cause the IC junction
temperature to exceed Tjreg), (112°C typical).

Pre- Current Voltage Regulation and
Conditioning Regulation Charge Termination DONE
Vo(REG) Phase Phase Phase
looury| I A
% 9
FAST-CHARGE
CURRENT Battelry Current,
(BAT)
Battery Voltage, cCharge
s V, omplete
' (BAT) Status,
Viowv) | Charger

Off

lo(PRECHG), (TERM) \

T

PRE-CHARGE
CURRENT AND
TERMINATION
THRESHOLD
«—r < >
T(PRECHG) T(cHe) DONE

Figure 13. Charging Profile With T;reg)

If the operating conditions cause the IC junction temperature to exceed T;gec) the charge cycle is modified,
with the activation of the integrated thermal control loop. The thermal controﬁ loop is activated when an internal
voltage reference, which is inversely proportional to the IC junction temperature, is lower than a fixed,
temperature stable internal voltage. The thermal loop overrides the other charger control loops and reduces the
charge current until the IC junction temperature returns to T;greg), effectively regulating the IC junction
temperature.
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Figure 14. Thermal Regulation Circuit
A modified charge cycle, with the thermal loop active, is shown in Eigure 15,
Pre- Thermal Current Voltage Regulation and
Conditioning | Regulation | Regulation Charge Termination DONE
Phase Phase Phase Phase
VoReg) - ——— —+————————:
lojout) ————— e e _
e A d Battery Current,
FAST-CHARGE y I(BAT)
CURRENT
Battery o /
Voltage, '," ch
Vv N arge
(BAT) K Complete
PRE-CHARGE Status
CURRENTAND v I _ ¢
TERMINATION \  O(LOWV) Chg;‘;"er
THRESHOLD \ \
lo(PRECHG),{(TERM) (== e e r———-
T(THREG) —————
temperature , Tj
< 2 >
T T(cHe) DONE
(PRECHG)

Figure 15. Charge Profile, Thermal Loop Active
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FUNCTIONAL BLOCK DIAGRAM
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APPLICATION CIRCUITS

The typical application diagrams shown here are configured for 750 mA fast charge current, 75 mA pre-charge
current, 5 hour safety timer and 30 min pre-charge timer.

bq24060/64 Li-lon or Li-Pol
Battery Pack
e 1IN out 10 . Pack+
Rrwr R8> | R
2 200 O €2 L
S~ Rz R [ 0o |™R BAT |2 Ja2ur
4T T 5 k0S5 kg% —— 49.9kQ 1z Pack.
= _RED 3 |STATY 5|8 T
o == C1 RT1 —
—|7 0.47 uF 10 kQ
CREEN ,, 4 |sTAT2 PG : TEMP |
\‘\‘ji Vss ISET |8 RT2
— 33.2kQ
RIsSET< 1
113kq | Power
= Good
Li-lon or Li-Pol
i il Battery Pack
Input Power
L out |10 - o Pack+
2000 § “c2 *
Q
™R BAT S 1 uF
— s — Pack-
STATA1 CE
/T~ C1
— |7 0.47 uF
STAT2 PG L
Vss iIseT | ®
RSET
1.13 kQ
— Charge Enable
and Power Good
Li-lon or Li-Pol
bq24063 Battery Pack
, Input Power . 1| N out |10 . o Pack+
ReS 1 .
200 O c2
Ci=, M BaT |2 /|\1 uF
47uF | 15kQ is TPaCk_
— _ls =
n TE o
4 —— |7 0.47 pF
CE L
Ny 5 6
g Vss ISET|—¢—
RseT
1.13 kQ
— Charge and

Termination Enable

NOTE: Temp window set between 0°C and 45°C for application w/TS pin.
Figure 16. Application Circuits

OPERATING MODES

Power Down

The bg2406x family is in a power-down mode when the input power voltage (IN) is below the power-down
threshold Vppwy). During the power down mode all IC functions are off, and the host commands at the control
pins are not interpreted. The integrated power mosfet connected between IN and OUT pins is off, the status
output pins STAT1 and STAT2 are set to high impedance mode and PG output is set to the high impedance

State.
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Sleep Mode

The bg2406x enters the sleep mode when the input power voltage (IN) is above the power down threshold
V(PDWN) but still lower than the input power detection threshold, V(IN) < V(OUT) + V ypr)-

During the sleep mode the charger is off, and the host commands at the control pins are not interpreted. The
integrated power mosfet connected between IN and OUT pins is off, the status output pins STAT1 and STAT2
are set to the high impedance state and the PG output indicates input power not detected.

The sleep mode is entered from any other state, if the input power (IN) is not detected.

Overvoltage Lockout

The input power is detected when the input voltage V(IN) > V(OUT) + V|yp)- When the input power is detected
the bg2460x transitions from the sleep mode to the power-on-reset mode. In this mode of operation an internal
timer Tpog) is started and internal blocks are reset (power-on-reset). Until the timer expires the STAT1 and
STAT2 outputs indicate charger OFF, and the PG output indicates the input power status as not detected.

At the end of the power-on-reset delay the internal comparators are enabled, and the STAT1, STAT2 and PG
pins are active.

Stand-By Mode

In the bg24061/63 the stand-by mode is started at the end of the power-on-reset phase, if the input power is
detected and CE = HI. In the stand-by mode selected blocks in the IC are operational, and the control logic
monitors system status and control pins to define if the charger will set to on or off mode. The quiescent current
required in stand-by mode is 100 pA typical.

If the CE pin is not available the bg2406x enters the begin charge mode at the end of the power-on-reset phase.

Begin Charge Mode

All blocks in the IC are powered up, and the bq2406x is ready to start charging the battery pack. A new charge
cycle is started when the control logic decides that all conditions required to enable a new charge cycle are met.
During the begin charge phase all timers are reset, after that the IC enters the charging mode.

Charging Mode
When the charging mode is active the bq2406x executes the charging algorithm, as described in the operational

flow chart, Figure 17.

Suspend Mode

The suspend mode is entered when the pack temperature is not within the valid temperature range. During the
suspend mode the charger is set to off, but the timers are not reset.

The normal charging mode resumes when the pack temperature is within range.

LDO Mode Operation

The LDO Mode (TMR pin open circuit) disables the charging termination circuit, disables the battery detect
routine and holds the safety timer clock in reset. This is often used for operation without a battery or in
production testing. This mode is different than a typical LDO since it has different modes of operation, and
delivers less current at lower output voltages. See for the output current versus the output voltage.
Note that a load on the output prior to powering the device may keep the part in short-circuit mode. Also, during
normal operation, exceeding the programmed fast charge level causes the output to drop, further restricting the
output power, and soon ends up in short-circuit mode. Operation with a battery or keeping the average load
current below the programmed current level prevents this type of latch up. The out pin current can be monitored
via the ISET pin. If in LDO mode without a battery present, It is recommended that a 200-Q feedback resistor,
R8, be used, see Figure 14.
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Figure 17. Operational Flow Chart
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CONTROL LOGIC OVERVIEW

An external host can enable or disable the charging process using a dedicated control pin, CE. A low-level
signal on this pin enables the charge, and a high-level signal disables the charge. The bg2460x is in stand-by
mode with CE = HI. When the charger function is enabled (CE = LO) a new charge is initiated.

describes the charger control logic operation, in bgq2460x versions without the TS pin the pack temp
status is internally set to OK.

Table 1. Control Logic Functionality

bq2460X CE INPUT TIMER OUTPUT | TERMINATION PACK THERMAL POWER CHARGER
OPERATION POWER FAULT SHORT (latched) TEMP SHUTDOWN DOWN POWER
MODE (latched) | CIRCUIT STAGE
POWER LO Low X X X X X Yes OFF
DOWN
SLEEP X Not X X X X X No OFF
Detected
STANDBY HI Detected X X X X X No OFF
SEE STATE LO | Detected X Yes X X X No
DIAGRAM 11 5 | Detected No No Yes X X No OFF
LO Detected Yes No No X X No IFAULT
LO | Detected No No Yes Absent Ty < Tshut No IDETECT
LO | Detected No No No Hot or Ty < Tshut No OFF
Cold
LO | Detected No No No Ok Ty < Tshut No OFF
LO Over No No No Ok TJ < TSHUT No OFF
Voltage
CHARGING LO | Detected No No No Ok Ty < Tshut No ON

In both STANDBY and SUSPEND modes the charge process is disabled. In the STANDBY mode all timers are
reset; in SUSPEND mode the timers are held at the count stored when the suspend mode was set.

The timer fault, termination and output short circuit variables shown in the control logic table are latched in the
detection circuits, outside the control logic. Refer to the timers, termination and short circuit protection sections
for additional details on how those latched variables are reset.

TEMPERATURE QUALIFICATION (Applies only to versions with TS pin option)

The bq2406x devices continuously monitor the battery temperature by measuring the voltage between the TS
and VSS pins. The IC compares the voltage on the TS pin against the internal V(rs;) and V(s thresholds to
determine if charging is allowed. Once a temperature outside the V(rs;) and V 1y thresholds IS cfetected the IC
immediately suspends the charge. The IC suspends charge by turning off the power FET and holding the timer
value (i.e., timers are NOT reset). Charge is resumed when the temperature returns to the normal range.
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VIN
Charge Suspend
Ve(rsz)
0.6* V|
Normal Temperature
Charge Range
Vers)
0.3*V|y

Charge Suspend

Figure 18. Battery Temperature Qualification With NTC Thermistor

The external resistors Rt and Ry, (see application diagram) enable selecting a temperature window. If Ry and
Ry are the thermistor impedances for the Cold and Hot thresholds the values for Ry; and Ry, can be calculated
as follows, for a NTC (negative temperature coefficient) thermistor. Solve for Ry, first and substitute into Ry
equation.

25 RtcR1y
2" R - a5 Ry 0
TH T2 )

Applying a fixed voltage, 1/2 Vin (50% resistor divider from Vin to ground), to the TS pin to disable the
temperature sensing feature.

INPUT OVERVOLTAGE DETECTION, POWER GOOD STATUS OUTPUT

The input power detection status for pin IN is shown at the open collector output pin PG.

Table 2. Input Power Detection Status

INPUT POWER DETECTION (IN) PG STATE
NOT DETECTED High impedance
DETECTED, NO OVERVOLTAGE LO
DETECTED, OVERVOLTAGE High impedance

The bg2406x detects an input overvoltage when V(IN) > Vqyp). When an overvoltage protection is detected the
charger function is turned off and the bq2460x is set to standby mode of operation. The OVP detection is not
latched, and the IC returns to normal operation when the fault condition is removed.

CHARGE STATUS OUTPUTS

The open-collector STAT1 and STAT2 outputs indicate various charger operations as shown in [[able 3. These
status pins can be used to drive LEDs or communicate to the host processor. Note that OFF indicates the
open-collector transistor is turned off. When termination is disabled (TMR pin floating or TE = Hi, bq24063) the
Done state is not available; the status LEDs indicate fast charge if Vgar > V| owyv @nd precharge if Vgat < Viowy-
The available output current is a function of the OUT pin voltage, See Figure 24.
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Table 3. Charge Status®
Charge State STAT1 STAT2

Precharge in progress ON ON
Fast charge in progress ON OFF
Done (termination enabled only) OFF ON
Charge Suspend (temperature)

Timer Fault

Charger off

OFF OFF
Selected Input power overvoltage detected

Battery absent

Batteryshort

(1) Pulse loading on the OUT pin may cause the IC to cycle between Done and charging states (LEDs
Flashing)

BATTERY CHARGING: CONSTANT CURRENT PHASE

The bg2406x family offers on-chip current regulation. The current regulation is defined by the value of the
resistor connected to ISET pin.

During a charge cycle the fast charge current ooy is applied to the battery if the battery voltage is above the
V(Lowv) threshold (2.95 V typical):

\% x K
SET SET
I(OUT) = loun = — g
ISET 3
Where K(sgr) is the output current set factor and V(ser) is the output current set voltage.

During a charge cycle if the battery voltage is below the V(owy, threshold a pre-charge current lprechg) IS
applied to the battery. This feature revives deeply discharged cells.

(OUT) — | _ Vierecro) X Ksemy  looum
(OUT) = l(precHs) = Rieer ~ 10

4
Where K(sgr) is the output current set factor and V precre) is the precharge set voltage.

At low constant current charge currents, less than 350 mA, it is recommended that a 0.47-uF capacitor be
placed between the ISET and BAT pins to insure stability, see Figure 1.

CHARGE CURRENT TRANSLATOR

When the charge function is enabled internal circuits generate a current proportional to the charge current at the
ISET pin. This current, when applied to the external charge current programming resistor Riggt generates an
analog voltage that can be monitored by an external host to calculate the current sourced from the OUT pin.

R
V(ISET) = I(OUT) x —SET
K(SET) (5)

BATTERY VOLTAGE REGULATION

The battery pack voltage is sensed through the BAT pin, which is tied directly to the positive side of the battery
pack. The bg2406x monitors the battery pack voltage between the BAT and VSS pins. When the battery voltage
rises to Voreg) threshold the voltage regulation phase begins and the charging current begins to taper down.
The voltage regulation threshold Vo reg,) is fixed by an internal IC voltage reference.
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PRE-CHARGE TIMER

The bg2406x family activates an internal safety timer during the battery pre-conditioning phase. The charge
safety timer time-out value is set by the external resistor connected to TMR pin, Rryr @and the timeout constants

Kpche) and Tcwe)
Techo) = Kpche)* Tche)

The pre-charge timer operation is detailed in [Table 4.

Table 4. Pre-Charge Timer Operational Modes

bq2460X MODE V(OUT) > V(i owv) PRE-CHARGE TIMER MODE
STANDBY (CE = Hi) X RESET
CHARGING Yes RESET
SUSPEND (TS out of range) Yes RESET
SUSPEND (TS out of range) No Hold
CHARGING, TMR PIN NOT OPEN No COUNTING, EXTERNAL PROGRAMMED RATE
CHARGING, TMR PIN OPEN X RESET

In SUSPEND mode the pre-charge timer is put on hold (i.e., pre-charge timer is not reset), normal operation
resumes when the timer returns to the normal operating mode (COUNTING). If V(BAT) does not reach the
internal voltage threshold V oy, Within the pre-charge timer period a fault condition is detected, the charger is
turned off and the pre-charge safety timer fault condition is latched.

When the pre-charge timer fault latch is set the charger is turned off. Under those conditions a small current
leauct IS applied to the OUT pin, as long as input power (IN) is detected AND V(OUT) < V( owy), as part of a
timer fault recovery protocol. This current allows the output voltage to rise above the pre-charge threshold
Vowy). resetting the pre-charge timer fault latch when the pack is removed. further details the
pre-charge timer fault latch operation.

Table 5. Pre-Charge Timer Latch Functionality

PRE-CHARGE TIMER FAULT ENTERED WHEN PRE-CHARGE TIMER FAULT LATCH RESET AT
CE rising edge or OVP detected
Pre-charge timer timeout AND V(OUT) > V(_ow v) Input power removed (not detected)

Timer function disabled

THERMAL PROTECTION LOOP

An internal control loop monitors the bg2406x junction termperature (T;) to ensure safe operation during high
power dissipations and or increased ambient temperatures. This loop monitors the bg2406x junction
temperature and reduces the charge current as necessary to keep the junction temperature from exceeding,
Tires) (112°C, typical).

The bg2406x’s thermal loop control can reduce the charging current down to ~200mA if needed. If the junction
temperature continues to rise, the IC will enter thermal shutdown.

THERMAL SHUTDOWN AND PROTECTION

Internal circuits monitor the junction temperature, T, of the die and suspends charging if T; exceeds an internal
threshold Tgpyr (155°C typical). Charging resumes when T, falls below the internal threshold Tsyyr by
approximately 20°C.
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Figure 19. Thermal Regulation Loop Performance and Thermal Shutdown

DYNAMIC TIMER FUNCTION

The charge and pre-charge safety timers are programmed by the user to detect a fault condition if the charge
cycle duration exceeds the total time expected under normal conditions. The expected charge time is usually
calculated based on the fast charge current rate.

When the thermal loop is activated the charge current is reduced, and bq2406x activates the dynamic timer
control, an internal circuit that slows down the safety timer's clock frequnency. The dynamic timer control circuit
effectively extends the safety time duration for either the precharge or fast charge timer modes. This minimizes
the chance of a safety timer fault due to thermal regulation.

The bg2406x dynamic timer control (DTC) monitors the voltage at pin ISET during pre-charge and fast charge,
and if in thermal regulation slows the clock frequency proportionately to the change in charge current. The time
duration is based on a 2% ripple counter, so slowing the clock frequency is a real time correction. The DTC
circuit changes the safety timers clock period based on the V(ser)/Vser) ratio (fast charge) or Vierechg)/Viser
ratio (pre-charge). Typical safety timer multiplier values relative to the V ger)/V(ser ratio is shown in

and Figure 21
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Figure 20. Safety Timer Linearity
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Figure 21. bq2406x Safety Timer Linearity for Ryyg Values
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Figure 22. bq2406x Oscillator Linearity vs lyyr
Rtvr 30 KQ — 100 KQ

CHARGE TERMINATION DETECTION AND RECHARGE

The charging current is monitored the during the voltage regulation phase. Charge termination is indicated at the
STATX pins (STAT1 = Hi-Z; STAT2 = Low ) once the charge current falls below the termination current threshold
lrerm)- A deglitch period Tpg) (rerv) IS @dded to avoid false termination indication during transient events.

Charge termination is not detected if the charge current falls below the termination threshold as a result of the
thermal loop activation. Termination is also not detected when charger enters the suspend mode, due to
detection of invalid pack temperature or internal thermal shutdown.

describes the termination latch functionality.

Table 6. Termination Latch Functionality

TERMINATION DETECTED LATCHED WHEN TERMINATION LATCH RESET AT
CE rising edge or OVP detected

I(OUT) < Irermy AND t > Tpgytermy) AND V(OUT) > V(gcn) New charging cycle started; see state diagram
Termination disabled

The termination function is DISABLED:
1. In bg24060/61/64 the termination is disabled when the TMR pin is left open (floating).

2. In bg24063 leaving TMR pin open (floating) does NOT disable the termination. The only way to disable
termination in the bq24063 is to set TE = HIGH.

BATTERY ABSENT DETECTION — VOLTAGE MODE ALGORITHM

The bg2406x provides a battery absent detection scheme to reliably detect insertion and/or removal of battery
packs. The detection circuit applies an internal current to the battery terminal, and detects battery presence
based on the terminal voltage behavior. has a typical waveform of the output voltage when the battery
absent detection is enabled and no battery is connected:
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Figure 23. Battery-Absent Detection Waveforms

The battery absent detection function is disabled if the voltage at the BAT pin is held above the battery recharge
threshold, V(gcn), after termination detection. When the voltage at the BAT pin falls to the recharge threshold,
either by connection of a load to the battery or due to battery removal, the bq2406x begins a battery absent
detection test. This test involves enabling a detection current, Iperpown), for a period of Tperecr) and checking
to see if the battery voltage is below the pre-charge threshold, V(_owy). Following this, the precharge current,

loeTup) IS applied for a period of Tperecr) and the battery voltage checked again to be above the recharge
threshold.

Passing both of the discharge and charging tests (battery terminal voltage being below the pre-charge and
above the recharge thresholds on the battery detection test) indicates a battery absent fault at the STAT1 and
STAT?2 pins. Failure of either test starts a new charge cycle. For the absent battery condition the voltage on the
BAT pin rises and falls between the V( owy) and Vogreg) thresholds indefinitely. See the operation flowchart for
more details on this algorithm. If it is desired to power a system load without a battery, it is recommended to
float the TMR pin which puts the charger in LDD mode (disables termination).

The battery absent detection function is disabled when the termination is disabled.

The bg2406x provides a small battery leakage current, IBAT(DONE) (1 YA typical), after termination to pull down
the BAT pin voltage in the event of battery removal. If the leakage on the OUT pin is higher than this pulldown
current, then the voltage at the pin remains above termination and a battery-absent state will not be detected.
This problem is fixed with the addition of a pulldown resistor of 2 MQ to 4 MQ from the OUT pin to VSS. A
resistor too large (< 2 MQ) can cause the OUT pin voltage to drop below the V(LOWYV) threshold before the
recharge deglitch (typical 25 ms) expires, causing a fault condition. In this case the bg2406x provides a fault
current (typical 750 pA) to pull the pin above the termination threshold.

CHARGE SAFETY TIMER

As a safety mechanism the bg2406x has a user-programmable timer that monitors the total fast charge time.
This timer (charge safety timer) is started at the beginning of the fast charge period. The safety charge timeout
value is set by the value of an external resistor connected to the TMR pin (Ryg); if pin TMR is left open
(floating) the charge safety timer is disabled.

The charge safety timer time-out value is calculated as follows:
Ticho) = [KereyX Ravr)l
The safety timer operation modes are shown in
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Table 7. Charge Safety Timer Operational Modes
bq2460X V(OUT) > Vi owy) CHARGE SAFETY TIMER MODE
STANDBY X RESET
CHARGING No RESET
SUSPEND No RESET
SUSPEND Yes SUSPEND
CHARGING, TMR PIN NOT OPEN Yes COUNTING
CHARGING, TMR PIN OPEN X RESET

In SUSPEND mode the charge safety timer is put on hold (i.e., charge safety timer is not reset), normal
operation resumes when the TS fault is removed and the timer returns to the normal operating mode
(COUNTING). If charge termination is not reached within the timer period a fault condition is detected. Under
those circumstances the LED status is updated to indicate a fault condition and the charger is turned off.

When the charge safety timer fault latch is set and the charger is turned off a small current IFAULT is applied to
the OUT pin, as long as input power (IN) is detected AND V(OUT) < V(gchg), as part of a timer fault recovery
protocol. This current allows the output voltage to rise above the recharge threshold Vgcyg) if the pack is
removed, and assures that the charge safety timer fault latch is reset if the pack is removed and re-inserted.
further details the charge safety timer fault latch operation.

Table 8. Charge Safety Timer Latch Functionality

CHARGE SAFETY TIMER FAULT ENTERED CHARGE SAFETY TIMER FAULT LATCH RESET AT
CE rising edge, or OVP detected
V(OUT) >V ow v) Input power removed (not detected)
New charging cycle started; see state diagram

SHORT CIRCUIT PROTECTION

The internal comparators monitor the battery voltage and detect when a short circuit is applied to the battery
terminal. If the voltage at the BAT pin is less than the internal threshold V(scind) (1.8 V typical), the STAT pins
indicate a fault condition (STAT1 = STAT2 = Hi-Z). When the voltage at the BAT pin falls below a second
internal threshold V(sc) (1.4 V typical), the charger power stage is turned off. A recovery current, I(short) (22 mA
typical), is applied to the BAT pin, enabling detection of the short circuit removal. The battery output current
versus battery voltage is shown in the graph,

1200 I I
Ry at 840 O

1000

800

600

Battery Current - mA

400

200

oLl vl b b by | e
4 35 3 25 2 1.5 1 0.5 0

Battery Voltage - V
Figure 24. bq2406x Short Circuit Behavior
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See the application section for additional details on start-up operation with V(BAT) < V(g¢).

STARTUP WITH DEEPLY DEPLETED BATTERY CONNECTED

The bg2406x charger furnishes the programmed charge current if a battery is detected. If no battery is
connected the bg2406x operates as follows:

e The output current is limited to 22 mA (typical), if the voltage at BAT pin is below the short circuit detection
threshold V(sc), 1.8 V typical.

* The output current is regulated to the programmed pre-charge current if V(sc) < V(BAT) <V owv)-
« The output current is regulated to the programmed fast charge current If V(BAT) > V( oy, AND voltage
regulation is not reached.

The output voltage collapses if no battery is present and the end equipment requires a bias current larger that
the available charge current.
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APPLICATION INFORMATION

SELECTING INPUT AND OUTPUT CAPACITOR

In most applications, all that is needed is a high-frequency decoupling capacitor on the input power pin. A 1-uF
ceramic capacitor, placed in close proximity to the IN pin and GND pad, works fine. In some applications,
depending on the power supply characteristics and cable length, it may be necessary to increase the input filter
capacitor to avoid exceeding the IN pin maximum voltage rating during adapter hot plug events.

The bg2406x only requires a small output capacitor for loop stability. A 0.47 pF ceramic capacitor placed
between the BAT and ISET pad is typically sufficient.

bgq2406x CHARGER DESIGN EXAMPLE

Requirements

e Supply voltage =5V

e Safety timer duration of 5 hours for fast charge
« Fast charge current of approximately 750 mA
e Battery temp sense is not used

Calculations
Program the charge current for 750 mA:

Riser = [V(SET)>< K(SET) / I(OUT)]

from electrical characteristics table. . . V(ggry = 2.5V

from electrical characteristics table. . . Kggr) = 335

Riser = [2.5V x335/0.75 A] = 1.12 kQ

Selecting the closest standard value, use a 1.13 kQ resistor connected between ISET (pin 6) and ground.
Program 5-hour safety timer timeout:

Remry = [Tiehe) / Kcho)l

from the electrical characteristics table. . . Kcygy = 0.1 hr/ kQ

Kirmry = [5 hrs /(0.1 hr / kQ)] = 50 kQ

Selecting the closest standard value, use a 49.9 kQ resistor connected between TMR (pin 2) and ground.

Disable the temp sense function:
A constant voltage between V¢4, and Vg, on the TS input disables the temp sense function.
from electrical characteristics table. . . V(rg3) = 30% X V)
from electrical characteristics table. . . V(rgp) = 61% X V)

A constant voltage of 50% x Vin disables the temp sense function, so a divide-by-2 resistor divider
connected between Vin and ground can be used. Two 1-mQ resistors keeps the power dissipated in this
divider to a minimum.

For a 0—45°C range with a Semitee 103AT thermistor, the thermistor values are 4912 at 450°C and 2728k at
0°C. RT1 (top resisotr) and RT2 (bottom resistor) are calculated as follows:
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APPLICATION INFORMATION (continued)

25RrcRyy 2.5 (27.28k) (4.912k)
T2 Ryc —35Ryy 27.28k — 3.5(4.912K)

= 33.2k;

TRyyRy  7(4.921k) (33.2k)

= = 10k
3[4.921k + 33.2K
3 [RTH + RTZ] [ ] ©

Ryq

PIN COMPONENTS

IN In most applications, the minimum input capacitance needed is a 0.1 puF ceramic decoupling
capacitor near the input pin connected to ground (preferably to a grond plane through vias).
The recommended amount of input capacitance is 1 yF or at least as much as on the
output pin. This added capacitance helps with hot plug transients, input inductance and
initial charge transients.

ouT There is no minimum value for capacitance for this output, but it is recommended to connect
a 1 pF ceramic capacitor between OUT and ground. This capacitance helps with
termination, and cycling frequency between charge done and refresh charge when no
battery is present. It also helps cancel out any battery lead inductance for long leaded
battery packs. It is recommended to put as much ceramic capacitance on the input as the
output so as not to cause a drop out of the input when charging is initiated.

ISET/BAT For stability reasons, it may be necessary to put a 0.47-uF capacitor between the ISET and
BAT pin..

STAT1/2 and PG Optional (LED STATUS — See below, Processor Monitored; or no status)

STAT1 Connect the cathode of a red LED to the open-collector STAT1 output, and connect the
anode of the red LED to the input supply through a 1.5 kQ resistor that limits the current.

STAT2 Connect the cathode of a green LED to the open-collector STAT2 output, and connect the
anode of the green LED to the input supply through a 1.5 kQ resistor that limits the current.

PG Connect the cathode of an LED to the open-collector PG output, and connect the anode of
the LED to the input supply through a 1.5 kQ resistor to limit the current.

THERMAL CONSIDERATIONS

The bg2406x family is packaged in a thermally enhanced MLP package. The package includes a thermal pad to
provide an effective thermal contact between the IC and the printed circuit board (PCB). Full PCB design
guidelines for this package are provided in the application note entitled: QFN/SON PCB Attachment Application

Note (ELUAZTT).

The most common measure of package thermal performance is thermal impedance (8;, ) measured (or
modeled) from the chip junction to the air surrounding the package surface (ambient). The mathematical
expression for 6, is:
T,-T
0(A) = LA
P O
Where:
T, = chip junction temperature
T, = ambient temperature

P = device power dissipation

Factors that can greatly influence the measurement and calculation of 8,, include:
¢ Whether or not the device is board mounted

« Trace size, composition, thickness, and geometry

« Orientation of the device (horizontal or vertical)

¢ Volume of the ambient air surrounding the device under test and airflow
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APPLICATION INFORMATION (continued)
¢ Whether other surfaces are in close proximity to the device being tested

The device power dissipation, P, is a function of the charge rate and the voltage drop across the internal
PowerFET. It can be calculated from the following equation when a battery pack is being charged :

P = [V(IN) — V(OUT)] x I(OUT)

Due to the charge profile of Li-lon batteries the maximum power dissipation is typically seen at the beginning of
the charge cycle when the battery voltage is at its lowest. See the charging profile, .

If the board thermal design is not adequate the programmed fast charge rate current may not be achieved under
maximum input voltage and minimum battery voltage, as the thermal loop can be active effectively reducing the
charge current to avoid excessive IC junction temperature.

USING ADAPTERS WITH LARGE OUTPUT VOLTAGE RIPPLE

Some low cost adapters implement a half rectifier topology, which causes the adapter output voltage to fall
below the battery voltage during part of the cycle. To enable operation with low cost adapters under those
conditions the bg2406x family keeps the charger on for at least 30 msec (typical) after the input power puts the
part in sleep mode. This feature enables use of external low cost adapters using 50 Hz networks.

The backgate control circuit prevents any reverse current flowing from the battery to the adapter terminal during
the charger off delay time.

Note that the PG pin is not deglitched, and it indicates input power loss immediately after the input voltage falls
below the output voltage. If the input source frequently drops below the output voltage and recovers, a small
capacitor can be used from PG to VSS to prevent /PG flashing events.

PCB LAYOUT CONSIDERATIONS

It is important to pay special attention to the PCB layout. The following provides some guidelines:

« To obtain optimal performance, the decoupling capacitor from IN to GND (thermal pad) and the output filter
capacitors from OUT to GND (thermal pad) should be placed as close as possible to the bg2406x, with short
trace runs to both IN, OUT and GND (thermal pad).

¢ All low-current GND connections should be kept separate from the high-current charge or discharge paths
from the battery. Use a single-point ground technique incorporating both the small signal ground path and
the power ground path.

e« The high current charge paths into IN pin and from the OUT pin must be sized appropriately for the
maximum charge current in order to avoid voltage drops in these traces.

* The bq2406x family are packaged in a thermally enhanced MLP package. The package includes a thermal
pad to provide an effective thermal contact between the IC and the printed circuit board (PCB); this thermal
pad is also the main ground connection for the device. Connect the thermal pad to the PCB ground
connection. Full PCB design guidelines for this package are provided in the application note entitled:
QFN/SON PCB Attachment Application Note (SLUAZ77)).
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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 ®3) (4/5)
(6)

BQ24060DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BPG Samples
BQ24060DRCT ACTIVE VSON DRC 10 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BPG Samples
BQ24061DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BPH
BQ24061DRCT ACTIVE VSON DRC 10 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BPH
BQ24064DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BSA Samples
BQ24064DRCT ACTIVE VSON DRC 10 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BSA Samples

® 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. TI 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.

® | ead 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.
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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 Tl 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 [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
BQ24060DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
BQ24060DRCT VSON DRC 10 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
BQ24061DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
BQ24061DRCT VSON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
BQ24064DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
BQ24064DRCT VSON DRC 10 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

BQ24060DRCR VSON DRC 10 3000 367.0 367.0 35.0
BQ24060DRCT VSON DRC 10 250 210.0 185.0 35.0
BQ24061DRCR VSON DRC 10 3000 367.0 367.0 35.0
BQ24061DRCT VSON DRC 10 250 210.0 185.0 35.0
BQ24064DRCR VSON DRC 10 3000 367.0 367.0 35.0
BQ24064DRCT VSON DRC 10 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DRC 10 VSON - 1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

f

1.0
0.8

.

|

0.05J‘

SEATING PLANE

0.00
la— 1.65+0.1 —»]
2X (0.5) 02)
— 0.2) TYP
EXPOSED |
THERMAL PAD | ﬂ | 4% (0.25) r
T |
; [
TAS N |
D) i ]
2X 11 SYMM
=T - — 13- 2.4+0.1
— > ‘ ]
. = | et
8X HE 0.30
- { — 10X g
PIN1ID YMM
(OPTIONAL) ¢ 05 & —H—Lrug';% CCA B
10X o3 :

4218878/B 07/2018

NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SCALE:20X
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' ALL AROUND
ALL AROUND I“ EXPOSED METAL
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\‘\‘ ‘
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SBENIN MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOIISEIEIFIe\l II\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4218878/B 07/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:
80% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218878/B 07/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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
Tl 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 © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	FEATURES
	APPLICATIONS
	DESCRIPTION
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	DISSIPATION RATINGS
	ELECTRICAL CHARACTERISTICS
	ELECTRICAL CHARACTERISTICS (Continued)
	ELECTRICAL CHARACTERISTICS (Continued)
	DEVICE INFORMATION
	PIN ASSIGNMENT

	TYPICAL OPERATING CHARACTERISTICS
	FUNCTIONAL DESCRIPTION
	FUNCTIONAL BLOCK DIAGRAM
	APPLICATION CIRCUITS
	OPERATING MODES
	Power Down
	Sleep Mode
	Overvoltage Lockout
	Stand-By Mode
	Begin Charge Mode
	Charging Mode
	Suspend Mode
	LDO Mode Operation

	STATE MACHINE DIAGRAM
	CONTROL LOGIC OVERVIEW
	TEMPERATURE QUALIFICATION (Applies only to versions with TS pin option)
	INPUT OVERVOLTAGE DETECTION, POWER GOOD STATUS OUTPUT
	CHARGE STATUS OUTPUTS
	BATTERY CHARGING: CONSTANT CURRENT PHASE
	CHARGE CURRENT TRANSLATOR
	BATTERY VOLTAGE REGULATION
	PRE-CHARGE TIMER
	THERMAL PROTECTION LOOP
	THERMAL SHUTDOWN AND PROTECTION
	DYNAMIC TIMER FUNCTION
	CHARGE TERMINATION DETECTION AND RECHARGE
	BATTERY ABSENT DETECTION – VOLTAGE MODE ALGORITHM
	CHARGE SAFETY TIMER
	SHORT CIRCUIT PROTECTION
	STARTUP WITH DEEPLY DEPLETED BATTERY CONNECTED

	APPLICATION INFORMATION
	SELECTING INPUT AND OUTPUT CAPACITOR
	bq2406x CHARGER DESIGN EXAMPLE
	Requirements
	Calculations

	THERMAL CONSIDERATIONS
	USING ADAPTERS WITH LARGE OUTPUT VOLTAGE RIPPLE
	PCB LAYOUT CONSIDERATIONS




