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bg241xx Synchronous Switched-Mode, Li-lon and Li-Polymer Charge-Management
IC With Integrated Power FETs (bqSWITCHER™)

1 Features

Ideal For Highly Efficient Charger Designs For
Single-, Two-, or Three-Cell Li-lon and Li-Polymer
Battery Packs

bg24105 Also for LiFePO, Battery (see Using
bg24105 to Charge the LiFePO, Battery)
Integrated Synchronous Fixed-Frequency PWM
Controller Operating at 1.1 MHz With 0% to 100%
Duty Cycle

Integrated Power FETs for Up To 2-A Charge
Rate

High-Accuracy Voltage and Current Regulation
Available in Both Stand-Alone (Built-In Charge
Management and Control) and System-Controlled
(Under System Command) Versions

Status Outputs for LED or Host Processor
Interface Indicates Charge-In-Progress, Charge
Completion, Fault, and AC-Adapter Present
Conditions

20-V Maximum Voltage Rating on IN and OUT
Pins

High-Side Battery Current Sensing

Battery Temperature Monitoring

Automatic Sleep Mode for Low Power
Consumption

System-Controlled Version Can Be Used in NiMH
and NiCd Applications

Reverse Leakage Protection Prevents Battery
Drainage

Thermal Shutdown and Protection

Built-In Battery Detection

Available in 20-Pin, 3.50 mm x 4.50 mm VQFN
Package

2 Applications

» Handheld Products

* Portable Media Players

» Industrial and Medical Equipment
» Portable Equipment

3 Description

The bgSWITCHER™ series are highly integrated Li-
ion and Li-polymer switch-mode charge management
devices targeted at a wide range of portable
applications. The bgSWITCHER™ series offers
integrated synchronous PWM controller and power
FETs, high-accuracy current and voltage regulation,
charge preconditioning, charge status, and charge
termination, in a small, thermally enhanced VQFN
package. The system-controlled version provides
additional inputs for full charge management under
system control.

The bgSWITCHER™ charges the battery in three
phases: conditioning, constant current, and constant
voltage. Charge is terminated based on user-
selectable minimum current level. A programmable
charge timer provides a safety backup for charge
termination. The bqSWITCHER™ automatically
restarts the charge cycle if the battery voltage falls
below an internal threshold. The bqSWITCHER™
automatically enters sleep mode when V¢ supply is
removed.

Device Information @
PACKAGE BODY SIZE (NOM)
VQFN (20) 3.50 mm x 4.50 mm

PART NUMBER
bg241xx

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical 1-Cell Application

V\N
1.5KQ
10 WF

15KQ

CTTC 0.1 uF

BQ24100

Lour Battery

Rsns

10 pH

c
D1 R RT
MMBZ18VALT1

VTS
9.31KQZ RT1

4a2ka < RT2
A~ 0.1 uF

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Options

CHARGE REGULATION VOLTAGE (V)

INTENDED APPLICATION

PART NUMBER @ @ ()

42V Stand-alone bg24100
1 or 2 cells selectable (CELLS pin, 4.2 V or 8.4 V) Stand-alone bg24103
1 or 2 cells selectable (CELLS pin, 4.2 V or 8.4 V) Stand-alone bg24103A
1or2cells selzzézlti?]iliﬁg(CStEaI;tsS ;?ilr?s’)zl'z Vor8.4YV) Stand-alone bg24104
Externally programmable (2.1 V to 15.5 V) Stand-alone bg24105
o . bg24108

4.2 V (Blinking status pins) Stand-alone
bg24109
1 or 2 cells selectable (CELLS pin, 4.2 V or 8.4 V) System-controlled bg24113
1 or 2 cells selectable (CELLS pin, 4.2 V or 8.4 V) System-controlled bg24113A
Externally programmable (2.1 V to 15.5 V) System-controlled bg24115

(1) The RHL package is available in the following options:
T — taped and reeled in quantities of 250 devices per reel

R — taped and reeled in quantities of 3000 devices per reel

(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.
(3) T;=-40°Cto 125°C

4 Submit Documentation Feedback
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6 Pin Configuration and Functions

bg24100, 03, 03A, 04, 05, 08, 09, 13, 13A, 15

STAT1
IN

IN
PG
VCC

TTC or CMODE

ISET1
ISET2

RHL Package

20-Pin VQFN
Top View
= =
2 2
O (@)
L
D20 20 19:.. | STAT2 or NC
::?3| 18:..| PGND
IZ?4| [17:--} PGND
5 |15:: CE
6] 15| SNs
vl 1477 | BAT
8 3| CELLS or FB or NC
w9 100 (1,? 1222 TS
e
() m
g B
>

Pin Functions

PIN

NAME

bg24100,
b24108,
bq24109

bg24103,
bg24103A
bq24104

b24105

bg24113,
bg24113A

bg24115

lfe}

DESCRIPTION

BAT

14

14

14

14

14

Battery voltage sense input. Bypass it with a 0.1 pF capacitor to PGND if
there are long inductive leads to battery.

16

16

16

16

16

Charger enable input. This active low input, if set high, suspends charge
and places the device in the low-power sleep mode. Do not pull up this
input to VTSB.

CELLS

13

13

Available on parts with fixed output voltage. Ground or float for single-cell
operation (4.2 V). For two-cell operation (8.4 V) pull up this pin with a
resistor to Vec.

CMODE

Charge mode selection: low for precharge as set by ISET2 pin and high
(pull up to VTSB or <7 V) for fast charge as set by ISET1.

FB

Output voltage analog feedback adjustment. Connect the output of a
resistive voltage divider powered from the battery terminals to this node to
adjust the output battery voltage regulation.

3,4

3,4

Charger input voltage.

ISET1

lfe}

Charger current set point 1 (fast charge). Use a resistor to ground to set
this value.

ISET2

110

Charge current set point 2 (precharge and termination), set by a resistor
connected to ground. A low-level CMODE signal selects the ISET2 charge
rate, but if the battery voltage reaches the regulation set point,
bgSWITCHER™ changes to voltage regulation regardless of CMODE
input.

N/C

13

19

19

No connection. This pin must be left floating in the application.

ouT

20

20

20

20

20

Charge current output inductor connection. Connect a zener TVS diode
between OUT pin and PGND pin to clamp the voltage spike to protect the
power MOSFETSs during abnormal conditions.

Power-good status output (open drain). The transistor turns on when a
valid V¢ is detected. It is turned off in the sleep mode. PG can be used to
drive a LED or communicate with a host processor.

PGND

17,18

17,18

17,18

17,18

17,18

Power ground input

SNS

15

15

15

15

15

Charge current-sense input. Battery current is sensed via the voltage drop
developed on this pin by an external sense resistor in series with the
battery pack. A 0.1-pF capacitor to PGND is required.

STAT1

Charge status 1 (open-drain output). When the transistor turns on
indicates charge in process. When it is off and with the condition of STAT2
indicates various charger conditions (See Table 1)

Copyright © 2004-2015, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
bq24100, | bg24103, bq24113 110 DESCRIPTION
NAME bg24108, | bg24103A | bq24105 | || 5 o) | bg24115
bg24109 | bg24104 a
Charge status 2 (open-drain output). When the transistor turns on
STAT2 19 19 19 O | indicates charge is done. When it is off and with the condition of STAT1
indicates various charger conditions (See Table 1)
Temperature sense input. This input monitors its voltage against an
internal threshold to determine if charging is allowed. Use an NTC
TS 12 12 12 12 12 ! thermistor and a voltage divider powered from VTSB to develop this
voltage. (See Figure 4)
Timer and termination control. Connect a capacitor from this node to GND
TTC 7 7 7 | to set the bgSWITCHER™ timer. When this input is low, the timer and
termination detection are disabled.
VCC 6 6 6 6 6 | Analog device input. A 0.1 yF capacitor to VSS is required.
VSS 10 10 10 10 10 Analog ground input
TS internal bias regulator voltage. Connect capacitor (with a value
VTSB 1 n 1 1 1 o between a 0.1-yF and 1-pF) between this output and VSS.
There is an internal electrical connection between the exposed thermal
Exposed pad and VSS. The exposed thermal pad must be connected to the same
Thermal pad pad Pad Pad Pad Eotentlal as the VSS pin on the pr]nted circuit board. The power pad can
Pad e used as a star ground connection between Vsg and PGND. A common
ground plane may be used. VSS pin must be connected to ground at all
times.

7 Specifications

7.1 Absolute Maximum Ratings @

over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
\S/;Jg)ply voltage (with respect to IN, VCC 20 v
STAT1, STAT2, PG, CE, CELLS, SNS, BAT -0.3 20 \%
_ ouT -0.7 20 \
{?ssu;\r/\(c)jltg(gsel\l(DV\;lth respect to CMODE, TS, TTC 7 N
VTSB 3.6 \%
ISET1, ISET2 33 \%
Voltage difference between SNS and BAT inputs (Vsns — VeaT) +1 Y
Output sink STAT1, STAT2, PG 10 mA
Output current (average) ouT 2.2 A
Operating free-air temperature, Tp -40 85 °C
Junction temperature, T, -40 125 °C
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 300 °C
Storage temperature, Tgy -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 +2000
Vesp)  Electrostatic discharge g)harged-device model (CDM), per JEDEC specification JESD22-C101 +500 \

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6 Submit Documentation Feedback
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7.3 Recommended Operating Conditions

MIN NOM MAX | UNIT
Supply voltage, Ve and IN (Tie together) 435 @ 16 @ v
Operating junction temperature range, T, -40 125 °C

(1) The IC continues to operate below Vi, to 3.5 V, but the specifications are not tested and not specified.
(2) The inherent switching noise voltage spikes should not exceed the absolute maximum rating on either the IN or OUT pins. A tight layout
minimizes switching noise.

7.4 Thermal Information

bg241xx
THERMAL METRIC @ RHL (VQFN) UNIT

20 PINS
Rgia Junction-to-ambient thermal resistance 39.2 °C/W
Raic(top) Junction-to-case (top) thermal resistance 39.3 °C/IW
Rgip Junction-to-board thermal resistance 15.8 °C/IW
Wit Junction-to-top characterization parameter 0.6 °C/IW
Wig Junction-to-board characterization parameter 15.8 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance 3.6 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.

7.5 Electrical Characteristics

T, =0°C to 125°C and recommended supply voltage range (unless otherwise stated)

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
INPUT CURRENTS
Vee > Veemingy, PWM switching 10 A
m
lveo) Vcc supply current Vee > Veemingy PWM NOT switching 5
Vce > Vegqming CE = HIGH 315 YA
0°C < T;<65°C, Vigan) = 4.2V, 35
Vee < Vst 0f Vee > V(gLpy but not in charge :
| Battery discharge sleep current, (SNS, 0°C =T;<65°C, Vigar) = 8.4V, 5.5 A
(SLP) BAT, OUT, FB pins) Vee < Visip) 0 Ve > Vg1 py but not in charge : H
0°C <T;<65°C, Vigam) = 12.6 V, 77
Vee < VisLpy OF Vee > V(sLpy but not in charge ’
VOLTAGE REGULATION
CELLS = Low, in voltage regulation 4.2
Output voltage, bq24103/03A/04/13/13A — -
VoreG CELLS = High, in voltage regulation 8.4 \Y,
Output voltage, bq24100/08/09 Operating in voltage regulation 4.2
Feedback regulation REF for bq24105/15 _ " .
VigaT only (W/FB) lisaT = 25 nA typical into pin 2.1 \
. Ta=25°C —-0.5% 0.5%
Voltage regulation accuracy
-1% 1%
CURRENT REGULATION - FAST CHARGE
<
locharge  Output current range of converter Viowv < Vigam < Voree, 150 2000 mA
Viveey - Vigan > Vpo-max)
100 mV = V|gges 200 mV,
v
Vv = ———- X 1000,
IREG =~ RSET1
VireG Voltage regulated across Rsns) Accuracy | programmed Where -10% 10%
5 kQ < RSET1 =< 10 kQ, Select RSET1 to
program Vgeg,
VIREG(measured) = locHARGE * Rsns
(-10% to 10% excludes errors due to RSET1
and Rsyg) tolerances)
ViseT1) Output current set voltage Vicowy) = Vigar < Voree), 1 \%
Vvce) = VieaT) X v(po-MAx)
Copyright © 2004-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

T, = 0°C to 125°C and recommended supply voltage range (unless otherwise stated)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
<
KaseT) Output current set factor VLOW"; Vigan < Vo(Ree) » 1000 VIA
Vivee) = VigaT) + v(po-Max)
PRECHARGE AND SHORT-CIRCUIT CURRENT REGULATION
Precharge to fast-charge transition voltage
Viowv threshold, BAT, 68 71.4 75| %Vo(rec)
bg24100/03/03A/04/05/08/09 ICs only
Deglitch time for precharge to fast charge | Rising voltage;
t transition, trises traLL = 100 ns, 2-mV overdrive 20 30 40 ms
loPrRECHG Precharge range Vigan < Viowv: t < tprecrc 15 200 mA
V(iseT2) Precharge set voltage, ISET2 Vieat) < Viowvs t < tprecHs 100 mV
Kser2) Precharge current set factor 1000 VIA
100 mV £ V|geg.pre < 100 mV,
_ _0.1v
VIREG-PRE ~ RseT2 X 1000
Virec-pre  Voltage regulated across Rgys-Accuracy (PGM) Where —20% 20%
1.2 kQ < RSET2 < 10 kQ, Select RSET1
to program Virec.pre,
Vires-pre (Measured) = lopre-che X Rsns
(—20% to 20% excludes errors due to RSET1
and Rgys tolerances)
CHARGE TERMINATION (CURRENT TAPER) DETECTION
lTERM Charge current termination detection range | Vigar) > VrcH 15 200 mA
Charge termination detection set voltage,
V1erRM g 9 Vi@aT) > VReH 100 mv
ISET2
Kset2) Termination current set factor 1000 VIA
Charger termination accuracy Vi@am) > VreH —20% 20%
. . . Both rising and falling,
tdg-TERM Deglitch time for charge termination 2-mV overdrive trisg, tra, = 100 NS 20 30 40 ms
TEMPERATURE COMPARATOR AND VTSB BIAS REGULATOR
%, 15 Cold temperature threshold, TS, % of bias | Vi 1¢ = Vorsg) * % LTF/100 72.8% 73.5% 74.2%
YonTE Hot temperature threshold, TS, % of bias Vit = Vorse) X % HTF/100 33.7% 34.4% 35.1%
0,
Yorco tc):i:tSOﬁ temperature threshold, TS, % of Vico = Vowrss X % TCO/100 28.7% 29.3% 29.9%
LTF hysteresis 0.5% 1% 1.5%
Deglitch time for temperature fault, TS o . 20 30 40
t - - Both rising and falling, ms
dg-TS Deglitch time for temperature fault, TS, 2-mV overdrive tgisg, tea. = 100 ns 500
bg24109, bq24104
VowTss) TS bias output voltage Vee > Vingin), 3.15 \%
lvrsg) = 10 MA 0.1 pF < Coyrsg) < 1 pF
f " Vee > ingminys 100 o
VowTse) TS bias voltage regulation accuracy lvrse) = 10 MA 0.1 UF < Corsgy < 1 UF 10% 10%
BATTERY RECHARGE THRESHOLD
VReH Recharge threshold voltage Below Voreg 75 100 125 mV/cell
i . Vigar) < decreasing below threshold,
tag-RCH Deglitch time teaL, = 100 ns 10-mV overdrive 20 30 40 ms
STAT1, STAT2, AND PG OUTPUTS
Voustary ~ Low-level output saturation voltage, STATX | o =5 mA 0.5 v
VoLF6) Low-level output saturation voltage, PG lo =10 mA 0.1
CE CMODE, CELLS INPUTS
Vi Low-level input voltage L =5 pA 0.4 v
Viy High-level input voltage iy = 20 pA 1.3 Vee
TTC INPUT
tPRECHG Precharge timer 1440 1800 2160 S
tcHARGE Programmable charge timer range tcre) = Carrey X Kerre) 25 572 minutes
Charge timer accuracy 0.01 yF < C(rrc) = 0.18 uF -10% 10%
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Electrical Characteristics (continued)

T, = 0°C to 125°C and recommended supply voltage range (unless otherwise stated)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Krre Timer multiplier 2.6 min/nF
Crrc Charge time capacitor range 0.01 0.22 uF
Vr1e en TTC enable threshold voltage V(rrey rising 200 mV
SLEEP COMPARATOR
Vee S Vigat Vee £ Vigar
o . ol 2.3 V = Vjour) < Vogeg, for 1 or 2 cells +5mV 75 mv
VsLp-ENT eep-mode entry thresho Vv
Vioun = 12.6 V, Ry = 1 kQ Vee S Vigar Vee £ Vigat
bg24105/15 -4mvV +73 mV
Vs pExiT Sleep-mode exit hysteresis, 2.3V = Vouns Vores 40 160 mV
Vcc decreasing below threshold,
teaL = 100 ns, 10-mV overdrive, 5 us
. . PMOS turns off
tag-sLp Deglitch time for sleep mode -
Vcc decreasing below threshold,
teaL = 100 ns, 10-mV overdrive, 20 30 40 ms
STATX pins turn off
UvLO
VyuvLo-oN IC active threshold voltage V¢ rising 3.15 3.30 3.50 \
IC active hysteresis V¢ falling 120 150 mV
PWM
7V <V SV, 400
Internal P-channel MOSFET on-resistance e = Tecimay
45V<Vee STV 500
7V <Vee £V 130 ma
Internal N-channel MOSFET on-resistance — “c¢ 7 Teclmad
45V<Vee €7V 150
fosc Oscillator frequency 11 MHz
Frequency accuracy -9% 9%
Dmax Maximum duty cycle 100%
Dwuin Minimum duty cycle 0%
trop Switching delay time (turn on) 20 ns
tsyncmin Minimum synchronous FET on time 60 ns
Synchronous FET minimum current-off
threshold @ 50 400 mA
BATTERY DETECTION
Battery detection current during time-out
IpETECT fault y 9 VI(BAT) <Vorec — VRrcH 2 mA
Ipiscre1  Discharge current Vstort < Vigar < Vores — VreH 400 pA
toiscHre:  Discharge time Vshort < Vi@ar) < Vorec — VrcH 1 S
lwake Wake current Vstort < Vi@aT) < Voree — VrecH 2 mA
twake Wake time Vshort < VigaT) < Vores — VreH 0.5 S
IbiscHRG2 Termination discharge current Begms<after termination detected, 400 A
Vi@aT) < Vores
toiscHrg2  Termination time 262 ms
OUTPUT CAPACITOR
Required output ceramic capacitor range
Cout from SNS to PGND, between inductor and 4.7 10 47 uF
Rsns
Cens S’iﬁquwed SNS capacitor (ceramic) at SNS 01 uF
PROTECTION
Threshold over Voreg to turn off P-channel
Vove OVP threshold voltage MOSFET, STAT1, and STAT2 during charge 110 117 121 | %Vo(reg)
or termination states
lumir Cycle-by-cycle current limit 2.6 3.6 4.5 A
VsHORT Short-circuit voltage threshold, BAT V@gam falling 1.95 2 2.05 Vicell
(1) For bg24105 and bg24115 only. Ryy is connected between IN and PGND pins and needed to ensure sleep entry.
(2) N-channel always turns on for approximately 60 ns and then turns off if current is too low.
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Electrical Characteristics (continued)

T, = 0°C to 125°C and recommended supply voltage range (unless otherwise stated)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
IsHORT Short-circuit current ViaT) S Vstort 35 65 mA
TsHTDWN Thermal trip 165 °C
Thermal hysteresis 10 °C
7.6 Dissipation Ratings
Ta < 40°C DERATING FACTOR
PAGAEE 8:a 8¢ POWER RATING ABOVE T, = 40°C
RHL @ 46.87°C/W 2.5°C/W 1.81W 0.021 W/°C

(1) This data is based on using the JEDEC High-K board, and the exposed die pad is connected to a copper pad on the board. This is
connected to the ground plane by a 2x3 via matrix.

7.7 Typical Characteristics

100 100
V=9V
ﬁ\
90 90 / R
/_'\ VI =5V / —
/ \ vi // VI =16V
® 80 %80
g / V=16V g /
G Ve ! $ /
& /| 2
mw 70 / mw 70 /
/ V =42V Vv =84V
(BAT) ] (BAT) ]
60 / 1-Cell 60 2-Cell
50 / 50
0 0.5 1 1.5 2 0 0.5 1 1.5 2
'(BAT) - Charge Current - A '(BAT) - Charge Current - A
Figure 1. Efficiency vs Charge Current Figure 2. Efficiency vs Charge Current
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8 Detailed Description

8.1 Overview

The bgSWITCHER™ supports a precision Li-ion or Li-polymer charging system for single cell or two cell
applications. The device has a battery detect scheme that allows it to automatically detect the presence and
absence of a battery. When the battery is detected, charging begins in one of three phases (depending upon
battery voltage): precharge, constant current (fast-charge current regulation), and constant voltage (fast-charge
voltage regulation). The device will terminate charging when the termination current threshold has been reached
and will begin a recharge cycle when the battery voltage has dropped below the recharge threshold (Vgcg)-
Precharge, constant current, and termination current can be configured through the ISET1 and ISET2 pins,
allowing for flexibility in battery charging profile. During charging, the integrated fault monitors of the device, such
as battery short detection (Vsyort), thermal shutdown (internal Tsyrpwny @nd TS pin), and safety timer expiration
(TTC pin), ensure battery safety.

bgSWITCHER™ has three status pins (STAT1, STAT2, and PG) to indicate the charging status and input
voltage (AC adapter) status. These pins can be used to drive LEDs or communicate with a host processor.

Precharge Current Regulation Phase Voltage Regulation and
Phase Charge Termination Phase
Regulation Voltage
'I
’
'I
Regulation Current ',’
'l
4
4
4
4
’
’
4
’
4
s
s
’
s
’
s
s
#
#
s
/
',' Charge Voltage
Viow "4
e " <
'l
4
4
7
VSHORT S
#
/,
P4 Charge Current
,/

Precharge

and Termination
ISHORT

Precharge < Programmable N|
UDG-04037 < Timer Safety Timer |
Figure 3. Typical Charging Profile
Copyright © 2004-2015, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Links: bq24100 bg24103 bg24103A bq24104 bq24105 bq24108 bg24109 bg24113 bg24113A
bg24115



13 TEXAS

bq24100,bq24103,bg24103A, bq24104, bq24105 INSTRUMENTS

bq24108, bq24109, bq24113, bq24113A, bq24115

SLUS606P —JUNE 2004—REVISED NOVEMBER 2015 www.ti.com

8.2 Functional Block Diagram

Protection PMOS FET is OFF when not charging
or in SLEEP to prevent discharge of battery

when IN < BAT Rsns
o IN ) j_N‘J out Lo Pack+
Vit 2000 WA =
J_ é é Sense FET 10 H J_ [ E
— — ouT Pack- |
Poff VCC
I CHARGEDO 3 PG | COI e |
SLEEP vee-6v pono O F | \
1 L1
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Vuvjo UVLO/POR
RAMP [ |toFB
V(3.6A) (Vpp=VCC/10) FB
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SUSPEND {1
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¥ sTAT1 PRE-CHARGE ¢
vee
é SYNCH Discharge = 0.1V ISET2
e SLEEP v SN
v = Charge ovp @F PI;Es-a%Tf 4 RSET2
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Fl TERM 2.1V b
BAT VTSB
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*Patent Pending #36889
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8.3 Feature Description

8.3.1 PWM Controller

The bg241xx provides an integrated fixed 1-MHz frequency voltage-mode controller with Feed-Forward function
to regulate charge current or voltage. This type of controller is used to help improve line transient response,
thereby simplifying the compensation network used for both continuous and discontinuous current conduction
operation. The voltage and current loops are internally compensated using a Type-lll compensation scheme that
provides enough phase boost for stable operation, allowing the use of small ceramic capacitors with very low
ESR. There is a 0.5 V offset on the bottom of the PWM ramp to allow the device to operate between 0% to 100%
duty cycle.

The internal PWM gate drive can directly control the internal PMOS and NMOS power MOSFETSs. The high-side
gate voltage swings from V¢ (when off), to V-6 (when on and V. is greater than 6 V) to help reduce the
conduction losses of the converter by enhancing the gate an extra volt beyond the standard 5 V. The low-side
gate voltage swings from 6 V, to turn on the NMOS, down to PGND to turn it off. The bg241xx has two back to
back common-drain P-MOSFETSs on the high side. An input P-MOSFET prevents battery discharge when IN is
lower than BAT. The second P-MOSFET behaves as the switching control FET, eliminating the need of a
bootstrap capacitor.

Cycle-by-cycle current limit is sensed through the internal high-side sense FET. The threshold is set to a nominal
3.6 A peak current. The low-side FET also has a current limit that decides if the PWM Controller will operate in
synchronous or non-synchronous mode. This threshold is set to 100 mA and it turns off the low-side NMOS
before the current reverses, preventing the battery from discharging. Synchronous operation is used when the
current of the low-side FET is greater than 100 mA to minimize power losses.

8.3.2 Temperature Qualification

The bgSWITCHER™ continuously monitors battery temperature by measuring the voltage between the TS pin
and VSS pin. A negative temperature coefficient thermistor (NTC) and an external voltage divider typically
develop this voltage. The bqSWITCHER™ compares this voltage against its internal thresholds to determine if
charging is allowed. To initiate a charge cycle, the battery temperature must be within the V rg)-to-V g
thresholds. If battery temperature is outside of this range, the bgqSWITCHER™ suspends charge and waits until
the battery temperature is within the V1g)-to-Vre range. During the charge cycle (both precharge and fast
charge), the battery temperature must be within the V( t¢)-to-V1co) thresholds. If battery temperature is outside of
this range, the bgSWITCHER™ suspends charge and waits until the battery temperature is within the V rp-to-
V(e range. The bgSWITCHER™ suspends charge by turning off the PWM and holding the timer value (that is,
timers are not reset during a suspend condition). Note that the bias for the external resistor divider is provided
from the VTSB output. Applying a constant voltage between the V( g)-to-V g thresholds to the TS pin disables
the temperature-sensing feature.

1 1
VO(VTSB) x RTHgop x RTH, o1 x [V Y, ]
LTF HTF
RT2 =
V V
RTH,jor x (S/(VTSB) - 1) - RTHgop % (S}WSB} - 1)
HTF LTF
7\/%“”35) -1 Where:
RT1 = e Vige = VO(VTSB) x % LTF+100/ 100
1 + 1 Vi = VO(VTSB) x % 1E.100 /100
RT2 RTHcop Q)
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Feature Description (continued)
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|
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Figure 4. TS Pin Thresholds

8.3.3 Battery Preconditioning (Precharge)

On power up, if the battery voltage is below the V| owy threshold, the bgSWITCHER™ applies a precharge
current, Ipreche, to the battery. This feature revives deeply discharged cells. The bgSWITCHER™ activates a
safety timer, tprechg, during the conditioning phase. If the V|, qwy threshold is not reached within the timer period,
the bqgSWITCHER™ turns off the charger and enunciates FAULT on the STATx pins. In the case of a FAULT
condition, the bgSWITCHER™ reduces the current to Ipetect- IpeTECT IS USEd to detect a battery replacement
condition. Fault condition is cleared by POR or battery replacement.

The magnitude of the precharge current, loprecHe), iS determined by the value of programming resistor, R(sero),
connected to the ISET2 pin.

Kuserz) X ViseT?)

IO(PRECHG) =
(R(ISETZ) X R(SNS))

where
* Rgps is the external current-sense resistor
*  Visery is the output voltage of the ISET2 pin
*  Kgsery is the V/A gain factor
*  Vyserz) and Kserp) are specified in the Electrical Characteristics table. 2)

8.3.4 Battery Charge Current

The battery charge current, locrarce) IS established by setting the external sense resistor, Risns), and the
resistor, Rgsgr1), connected to the ISET1 pin.

In order to set the current, first choose Rsns) based on the regulation threshold Vigeg across this resistor. The

best accuracy is achieved when the V|geg is between 100mV and 200mV.
Rieng) = ViReG
BN locharce 3)

If the results is not a standard sense resistor value, choose the next larger value. Using the selected standard
value, solve for V|geg. Once the sense resistor is selected, the ISET1 resistor can be calculated using the
following equation:
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Feature Description (continued)

K XV

iseT1 X ViseT1
Rsns X lenarGE @)

RiseT1 =

8.3.5 Battery Voltage Regulation

The voltage regulation feedback occurs through the BAT pin. This input is tied directly to the positive side of the
battery pack. The bqgSWITCHER™ monitors the battery-pack voltage between the BAT and VSS pins. The
bgSWITCHER™ is offered in a fixed single-cell voltage version (4.2 V) and as a one-cell or two-cell version
selected by the CELLS input. A low or floating input on the CELLS selects single-cell mode (4.2 V) while a high-
input through a resistor selects two-cell mode (8.4 V).

For the bg24105 and bg24115, the output regulation voltage is specified as:

Voree = % X VigaT )
where R1 and R2 are resistor divider from BAT to FB and FB to VSS, respectively.
The bg24105 and bg24115 recharge threshold voltage is specified as:
Vreh = (R1+R2) x50 mV
R2 (6)

8.3.6 Charge Termination and Recharge

The bgSWITCHER™ monitors the charging current during the voltage regulation phase. Once the termination
threshold, ltgrm, is detected, the bgSWITCHER™ terminates charge. The termination current level is selected by
the value of programming resistor, R(sgr2), connected to the ISET2 pin.

Kaser2) X Vrerwm

lterm =
(R(ISETZ) X R(SNS))

where
* Rns) is the external current-sense resistor
e Vqiggrum IS the output of the ISET2 pin
*  Kgsery is the A/V gain factor
*  Vierm and Kserp) are specified in the Electrical Characteristics table (7
As a safety backup, the bgSWITCHER™ also provides a programmable charge timer. The charge time is
programmed by the value of a capacitor connected between the TTC pin and GND by the following formula:

tenarce = Care) X Kerre

where
*  Crc) is the capacitor connected to the TTC pin
*  Krrg is the multiplier (8)

A new charge cycle is initiated when one of the following conditions is detected:

» The battery voltage falls below the Vgcy threshold.

» Power-on reset (POR), if battery voltage is below the Vgcy threshold

« CE toggle

e TTC pin, described as follows.

To disable the charge termination and safety timer, the user can pull the TTC input below the V1¢ gy threshold.

Going above this threshold enables the termination and safety timer features and also resets the timer. Tying
TTC high disables the safety timer only.

8.3.7 Sleep Mode

The bgSWITCHER™ enters the low-power sleep mode if the VCC pin is removed from the circuit. This feature
prevents draining the battery during the absence of VCC.
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Feature Description (continued)
8.3.8 Charge Status Outputs

The open-drain STAT1 and STAT2 outputs indicate various charger operations as shown in Table 1. These
status pins can be used to drive LEDs or communicate to the host processor. Note that OFF indicates that the
open-drain transistor is turned off.

Table 1. Status Pins Summary

Charge State STAT1 STAT2
Charge-in-progress ON OFF
Charge complete OFF ON
Charge suspend, timer fault, overvoltage, sleep mode, battery absent OFF OFF

Table 2. Status Pins Summary (bq24104, bg24108 and bg24109 Only)

Charge State STAT1 STAT2
Battery absent OFF OFF
Charge-in-progress ON OFF
Charge complete OFF ON
Battery over discharge, V|gaT) < V(sc) ON/OFF (0.5 Hz) OFF
Charge suspend (due to TS pin and internal thermal protection) ON/OFF (0.5 Hz) OFF
Precharge timer fault ON/OFF (0.5 Hz) OFF
Fast charge timer fault ON/OFF (0.5 Hz) OFF
Sleep mode OFF OFF

8.3.9 PG Output

The open-drain PG (power good) indicates when the AC-to-DC adapter (that is, Vcc) is present. The output turns
on when sleep-mode exit threshold, Vg p_gxi7, is detected. This output is turned off in the sleep mode. The PG pin
can be used to drive an LED or communicate to the host processor.

8.3.10 CE Input (Charge Enable)

The CE digital input is used to disable or enable the charge process. A low-level signal on this pin enables the
charge and a high-level V¢ signal disables the charge. A high-to-low transition on this pin also resets all timers
and fault conditions. Note that the CE pin cannot be pulled up to VTSB voltage. This may create power-up
issues.

8.3.11 Timer Fault Recovery

As shown in Figure 4, bgSWITCHER™ provides a recovery method to deal with timer fault conditions. The
following summarizes this method.

Condition 1 V,gar) above recharge threshold (Vogres - Vren) and timeout fault occurs.

Recovery method: bqSWITCHER™ waits for the battery voltage to fall below the recharge threshold. This could
happen as a result of a load on the battery, self-discharge or battery removal. Once the battery falls below the
recharge threshold, the bgSWITCHER™ clears the fault and enters the battery absent detection routine. A POR
or CE toggle also clears the fault.

Condition 2 Charge voltage below recharge threshold (Voreg — Vren) and timeout fault occurs

Recovery method: In this scenario, the bgSWITCHER™ applies the Ipetect current. This small current is used to
detect a battery removal condition and remains on as long as the battery voltage stays below the recharge
threshold. If the battery voltage goes above the recharge threshold, then the bgSWITCHER™ disables the
IoeTect current and executes the recovery method described in Condition 1. Once the battery falls below the
recharge threshold, the bgSWITCHER™ clears the fault and enters the battery absent detection routine. A POR
or CE toggle also clears the fault.
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8.3.12 Output Overvoltage Protection (Applies to All Versions)

The bgSWITCHER™ provides a built-in overvoltage protection to protect the device and other components
against damages if the battery voltage gets too high, as when the battery is suddenly removed. When an
overvoltage condition is detected, this feature turns off the PWM and STATX pins. The fault is cleared once V gar
drops to the recharge threshold (Vorec — Vreh)-

8.3.13 Functional Description For System-Controlled Version (bg2411x)

For applications requiring charge management under the host system control, the bgSWITCHER™ (bg2411x)
offers a number of control functions. The following section describes these functions.

8.3.14 Precharge and Fast-Charge Control

A low-level signal on the CMODE pin forces the bgSWITCHER™ to charge at the precharge rate set on the
ISET2 pin. A high-level signal forces charge at fast-charge rate as set by the ISET1 pin. If the battery reaches
the voltage regulation level, Voreg, the bgSWITCHER™ transitions to voltage regulation phase regardless of the
status of the CMODE input.

8.3.15 Charge Termination and Safety Timers

The charge timers and termination are disabled in the system-controlled versions of the bgSWITCHER™. The
host system can use the CE input to enable or disable charge. When an overvoltage condition is detected, the
charger process stops, and all power FETs are turned off.

8.3.16 Battery Detection

For applications with removable battery packs, bgSWITCHER™ provides a battery absent detection scheme to
reliably detect insertion and/or removal of battery packs.
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Figure 5. Battery Absent Detection for bq2410x ICs only

The voltage at the BAT pin is held above the battery recharge threshold, Voreg — Vren, by the charged battery
following fast charging. When the voltage at the BAT pin falls to the recharge threshold, either by a load on the
battery or due to battery removal, the bgqSWITCHER™ begins a battery absent detection test. This test involves
enabling a detection current, Ip;scharce1, fOr @ period of tpscharger @nd checking to see if the battery voltage is
below the short circuit threshold, Vsyort- Following this, the wake current, lyake is applied for a period of tyaxe
and the battery voltage is checked again to ensure that it is above the recharge threshold. The purpose of this
current is to attempt to close an open battery pack protector, if one is connected to the bgSWITCHER ™,

Passing both of the discharge and charge tests indicates a battery absent fault at the STAT pins. Failure of either
test starts a new charge cycle. For the absent battery condition, typically the voltage on the BAT pin rises and

falls between OV and Vg, pthresholds indefinitely.
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VBAT Battery
VOREG / Connected
No No / r
Battery Battery
2Vicell = Detected Detected Yes
\ Battery
Detected
lwake T
IBAT
- IniscHRrG1 ! ! . .
1

I 1
*«— tpiscHrg1 —™ twake *— tpiscHRG1 —hl
I I I

Figure 6. Battery Detect Timing Diagram

8.3.16.1 Battery Detection Example

In order to detect a no battery condition during the discharge and wake tests, the maximum output capacitance
should not exceed the following:

a. Discharge (Ipiscrra1 = 400 YA, tpiscHrer = 1S, Vstort = 2V)

_ IbiscHre1 X toiscHra1

Cmax_pis =
- Vorec ~ VsHorT
400 pA x1s
WA DIS =g v 2V
Cmax_pis =182 uF )

b. Wake (|WAKE =2 mA, tWAKE =05 S, VOREG - VRCH = 41V)

C _ lwake * twake
MAX_ WAKE (Vores — Vo )—0 V

c ~ 2mAx05s
MAX_WAKE = (4.2V-0.1V)-0V
Cmax_wake =244 pF (10)

Based on these calculations the recommended maximum output capacitance to ensure proper operation of the
battery detection scheme is 100 yF which will allow for process and temperature variations.

Figure 7 shows the battery detection scheme when a battery is inserted. Channel 3 is the output signal and
Channel 4 is the output current. The output signal switches between Voreg and GND until a battery is inserted.
Once the battery is detected, the output current increases from 0 A to 1.3 A, which is the programmed charge

current for this application.
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Tek Run: 500 5/s Sample [NFE

I
L

20 . : . . L . -]

Ch3 1.00V & 500mA &
Figure 7. Battery Detection Waveform When a Battery is Inserted

Figure 8 shows the battery detection scheme when a battery is removed. Channel 3 is the output signal and
Channel 4 is the output current. When the battery is removed, the output signal goes up due to the stored energy
in the inductor and it crosses the Voreg — Vren threshold. At this point the output current goes to 0 A and the IC
terminates the charge process and turns on the Ipscha2 for toischez. This causes the output voltage to fall down
below the Voreg — Vrene threshold triggering a Battery Absent condition and starting the battery detection
scheme.

Tek Run: 500 S/s Sample [IEFE
T

==

ch3 1.00V & 500mA &
Figure 8. Battery Detection Waveform When a Battery is Removed
8.3.17 Current Sense Amplifier

BQ241xx family offers a current sense amplifier feature that translates the charge current into a DC voltage.
Figure 9 is a block diagram of this feature.
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1

1

——4
IcHARGE

FASTCHG
Disable

Figure 9. Current Sense Amplifier

The voltage on the ISET2 pin can be used to calculate the charge current. Equation 11 shows the relationship
between the ISET2 voltage and the charge current:

ViseT2 * KgseTz)
Rons X Riser 1)

lcHARGE =

This feature can be used to monitor the charge current (see Figure 10) during the current regulation phase
(Fastcharge only) and the voltage regulation phase. The schematic for the application circuit for this waveform is
shown in Figure 13.

e
CH3 | ;
500 mA/div | :
{ CH3
0A
CH1 |
200 mV/div |
{ CH1
oV
i CH2
, 1 16V
CH2 '

10 Vidiv AR ' | ) ‘H M :
I I A ‘I .| || l | L

t = Time = 200 ps/div

Figure 10. Current Sense Amplifier Charge Current Waveform
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8.4 Device Functional Modes

Figure 11 shows the operational flow chart for a stand-alone charge operation.

|
Y

Check for Battery
Presence

Battery
Detect?

Indicate BATTERY
ABSENT

Yes

Suspend Charge

TS Pin
in LTF to HTF

No—>/ |ndicate CHARGE

Suspend Charge

Indicate CHARGE
SUSPEND

in LTF to HTF

TS pin

range?

Range? SUSPEND | —
Regulate
!
Y Reset and Start PRECHG
es
T30min timer Indicate Charge-
In-Progress
Reset and Start TS pin
FSTCHG timer inLTFto TCO No
range?
|
Regulate
Ye
Current or Voltage es
Indicate Charge-
In-Progress
«—No VBAT<VLOW\/
A
TS Pin ves Yes
intIe o 120 No Indicate CHARGE
ange? SUSPEND
T30min N
No Expired?
TS pin J
STCHG Timel inLTF to HTF
Expired? range?
Yes
- Yes
Yes >
h 4
- Fault Condition
- Enable |yeecr
<+—No. I ;£ detection?

Indicate Fault

- Turn Off Charge

Battery
Replaced?
(Vbat < Vrch?)

- Enable |
t

DISCHG for
DiscHG?

Indicate Charge-

In-Progress
*NOTE: If the TTC pin is Yes
pulled low, the safety timer Charge Complete
and termination are
disabled; the charger Vear < Veen? No—»  icate DONE
continues to regulate, and *
the STAT pins indicate
charge in progress.
If the TTC pin is pulled high Battery Removed
(VTSB), only the safety
timer is disabled Yes Indicate BATTERY

(termination is normal). ABSENT

Figure 11. Stand-Alone Version Operational Flow Chart
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Device Functional Modes (continued)

Figure 12 shows the operational flow chart for a system-controlled charge operation.

0

SLEEP MODE

Indicate SLEEP
MODE

Vee > Vg
hecked at A

No—|

e

*

es
S
o

Ye
—
Regulate
'O(PRECHG)
CMODE=Low Yes > e
A Indicate Charge- 'y
In-Progress No
Yes
/CE=High

(S
N

Regulate Current
or Voltage

™| Indicate Charge-
In-Progress

CMODE=High
or

VigaT in VRE

No

Turn Off Charge

Indicate DONE

Yes

Figure 12. System-Controlled Operational Flow Chart

Copyright © 2004-2015, Texas Instruments Incorporated Submit Documentation Feedback 23

Product Folder Links: bq24100 bg24103 bg24103A bq24104 bq24105 bq24108 bg24109 bg24113 bg24113A
bg24115



bg24100, bq24103, bq24103A, bg24104, bq24105
bg24108, bq24109, bq24113, bq24113A, bq24115

SLUS606P —JUNE 2004—REVISED NOVEMBER 2015

13 TEXAS
INSTRUMENTS

www.ti.com

9 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The bqSWITCHER™ battery charger supports precision Li-ion or Li-polymer charging system for single- or two-
cell application. The design example below shows the design consideration for a 1-cell application.

9.2 Typical Application

BQ24100 Lour R Battery
i ol
10 uH 1 0.10 ILP?C'”
Cin Adapter D1 Cour 1L+ :
Present 10 uF : "] Pack-
MMBZ18VALT1 1]
1 = | )103AT
L2 1
vTsBT
9.31 KQ> RT1
442k < RT2
0.1 uF ~ 0.1 uF
0.1 uF
NN
v NV
Figure 13. Stand-Alone, 1-Cell Application
9.2.1 Design Requirements
For this design example, use the parameters listed in Table 3.
Table 3. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
AC adapter voltage (VIN) 16V
Battery charge voltage (number of cells in series) 4.2V (1 cell)
Battery charge current (during fast charge phase) 1.33A
Precharge and termination current 0.133 A
Safety timer 5 hours
Inductor ripple current 30% of fast charge current (0.4 A)
Charging temperature range 0°C to 45°C

24 Submit Documentation Feedback

Copyright © 2004-2015, Texas Instruments Incorporated

Product Folder Links: bq24100 bg24103 bg24103A bq24104 bq24105 bq24108 bg24109 bg24113 bg24113A

bg24115



13 TEXAS

INSTRUMENTS bq24100, bg24103, bq24103A, bq24104, bg24105
bq24108, bq24109, bq24113, bq24113A, bq24115
www.ti.com SLUS606P —JUNE 2004—REVISED NOVEMBER 2015

9.2.2 Detailed Design Procedure

e V=16V

* Vpar=4.2V (1-Cell)

* lcraree = 1.33 A

lprecHARGE = lTErMm = 133 MA

» Safety Timer = 5 hours

* Inductor Ripple Current = 30% of Fast Charge Current

» Initiate Charge Temperature = 0°C to 45°C

1. Determine the inductor value (Loy7) for the specified charge current ripple:

Al = lcyarce X !cHarceRiPPIe
L _ Vpat X (VINMAX - VBAT)
ouT =
Vinmax X fx Al

. 3 4.2 x (16 — 4.2)
OUT ™ 16 x (1.1 x 10°) x (1.33 x 0.3)

Loyt = 7-06 uH 12)

Set the output inductor to standard 10 pH. Calculate the total ripple current with using the 10 pH inductor:

~ Vpar X (VINMAX - VBAT)
AIL = v 3
inmax < % Loyr
Al = 4.2 x (16 — 4.2)
L™ 16 x (1.1 x 108) x (10 x 10-9)
AIL = 0.282 A (13)
Calculate the maximum output current (peak current):
AIL
ek = lout + 3%
_ 0.282
Ik = 1.33 + =5
ILPK = 1471 A (14)

Use standard 10 pH inductor with a saturation current higher than 1.471 A. (that is, Sumida CDRH74-100)
2. Determine the output capacitor value (oyt) using 16 kHz as the resonant frequency:

_ 1
fo=
21 LOUT X

Colp = 1
OUT = 4m2 x fo2x L

COUT

ouT

_ 1
CouT = 272 % (16 x 10%2 x (10 x 10 9)

Cout = 9:89 uF (15)

Use standard value 10 yF, 25 V, X5R, £20% ceramic capacitor (that is, Panasonic 1206 ECJ-3YB1E106M

3. Determine the sense resistor using the following equation:
\

R _ RSNS
SNS |
CHARGE (16)
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In order to get better current regulation accuracy (£10%), let Vggns be between 100 mV and 200 mV. Use
Vrsns = 100 mV and calculate the value for the sense resistor.

R _ 100 mVv
SNS = 1.33A
Rgng = 0.075 Q (17)

This value is not standard in resistors. If this happens, then choose the next larger value which in this case is
0.1 Q. Using the same Equation 15 the actual Vggys Will be 133 mV. Calculate the power dissipation on the
sense resistor:

2
PRSNS - ICHARGE X I:\)SNS
— 2
Prsns = 1.33% x 0.1
Prsns = 176.9 mw 18)

Select standard value 100 mQ, 0.25 W 0805, 1206 or 2010 size, high precision sensing resistor. (that is.,
Vishay CRCW1210-0R10F)
Determine ISET 1 resistor using the following equation:

Kiset1 X Viser1

R R |
sNs * 'cHARGE

ISETL —

R _ 1000 x 1.0
ISET1 ~ 0.1 x 1.33

R = 7.5kQ (19)

ISET1

Select standard value 7.5 kQ, 1/16W +1% resistor (that is, Vishay CRCWDO0603-7501-F)
Determine ISET 2 resistor using the following equation:

Kiset2 * Viser2

Rsns X |pRECHARGE

R _ 1000 x 0.1
ISET2 ~ 0.1 x 0.133

RiseT2 =

R = 7.5kQ (20)

ISET2

Select standard value 7.5 kQ, 1/16W +1% resistor (that is, Vishay CRCWD0603-7501-F)
Determine TTC capacitor (+1c) for the 5.0 hours safety timer using the following equation:

C _ tCHARGE
TT
c KTTC

C._ _ 300m
TTC ~ 2.6 m/nF

C = 115.4 nF 1)

TTC

Select standard value 100 nF, 16V, X7R, £10% ceramic capacitor (that is, Panasonic ECJ-1VB1C104K).
Using this capacitor the actual safety timer will be 4.3 hours.

Determine TS resistor network for an operating temperature range from 0°C to 45°C.
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VTSB

TS

RTH
103AT

Figure 14. TS Resistor Network

Assuming a 103AT NTC Thermistor on the battery pack, determine the values for RT1 and RT2 using the
following equations:

1 1
VO(VTSB) x RTHgop x RTH, o1 x [V_ - V ]
LTF HTE
RT2 =
RTHHOT x VO(VTSB) _ 1 _ RTHCOLD x VO(VTSB) _ 1
Vire Vize
—V%‘VTSB) -1 Where:
RT1 = L Vige = VO(VTSB) X % \1r.100 / 100
A, 1 Vire = Vowrse) X % rr.to0 / 100
RT2 RTHcop (22)
RTHCOLD = 27.28 kQ
RTHHOT = 4,912 kQ
RT1 = 9.31 kQ
RT2 = 442 kQ (23)

9.2.2.1 Inductor, Capacitor, and Sense Resistor Selection Guidelines

The bgSWITCHER™ provides internal loop compensation. With this scheme, best stability occurs when LC

resonant frequency, f, is approximately 16 kHz (8 kHz to 32 kHz). Use Equation 24 to calculate the value of the

output inductor and capacitor. Table 4 provides a summary of typical component values for various charge rates.
_ 1

-
° 2nx JEout X Cour

(24)
Table 4. Output Components Summary
CHARGE CURRENT 05A 1A 2A
Output inductor, Loyt 22 uH 10 uH 4.7 uH
Output capacitor, Coyt 4.7 uF 10 yF 22 pF (or 2 x 10 YF) ceramic
Sense resistor, Risns) 02Q 0.10Q 0.05Q
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9.2.3 Application Curve

100
90
T V,=5V
//— \‘|
¥ 80 \
g / V=16V
& 7 "
/
5 70 /
/ Vigam = 4.2V
(BAT) ]
60 / 1-Cell
50 /

0 0.5 1 1.5 2
'(BAT) - Charge Current - A

Figure 15. Efficiency vs Charge Current

9.3 System Examples

BQ24103
BQ24104 Lout B;mei:y
V& Rsns ra_c_‘
IN 1
1 iskel 1skal  15ka T 10H mﬂju Pack+
Ci 10 uF Adapter = Done Charge ' D1 Cout [ :
Present A 10 uF I T packe
! MMBZ18VALT1 : 1
L P P b/‘/ (see Note A) L | é91?3AT
I'4 I'4 L |
vtset
—t 9.31 KQ
Crre 0 uF RT1
T~ 442 KQ RT277
™ 0.1 uF
N\
AV

Zener diode not needed for bq24103A and bq24104.
Figure 16. Stand-Alone, 2-Cell Application
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System Examples (continued)

CIN

L Battery
BQ24105 ouT R Pack
vV, O SN —-:
IN AN
L 15KQ<  1.5KQ 1.5KQ 1 010l |1 | Pack
10 Adapter < Done Charge D1 Cout 1L :
Present 10 uF T} Pack-
J MMBZ18VALT1 ! Q
1 4 | ©103AT
N 'Y [
VTSB
c I 9.31KQS RT1
TTC 0.1 uF
| 01uF
~ 442 KQ RT2770_1 uF
4 % 301 KQ
100 KQ
AV V4
4
Figure 17. Stand-Alone, 2-Cell Application

BBC?222111133A L Battery

our Pack

RSNS -

10 uH

C,
A D T o wF
 MMBZ18VALT1
. (see Note A) =

vTseT

9.31 KQ > RT1

CELLS VTSB 442KQ SRT2 |01 4F

0.1 uF

TO HOST CONTROLLER

Zener diode not needed for bq24113A.

Figure 18. System-Controlled Application

Figure 19 shows charging a battery and powering system without affecting battery charge and termination.
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System Examples (continued)

BQ24100

Vi
L 1.5 KQ 1.5 KQ 1.5 KQ
Ci 10 uF Adapter > Done Charge
Present
I’
= 'S I’ X
"4 X

Crre 7~ 0.1 uF

0.1 uF

~ V

Figure 19. Application Circuit for Charging a Battery and Powering a System
Without Affecting Termination

The bgSWITCHER™ was designed as a stand-alone battery charger but can be easily adapted to power a
system load, while considering a few minor issues.
Advantages:

1. The charger controller is based only on what current goes through the current-sense resistor (so precharge,
constant current, and termination all work well), and is not affected by the system load.

2. The input voltage has been converted to a usable system voltage with good efficiency from the input.

3. Extra external FETs are not needed to switch power source to the battery.

4. The TTC pin can be grounded to disable termination and keep the converter running and the battery fully

charged, or let the switcher terminate when the battery is full and then run off of the battery via the sense
resistor.

Other Issues:

1. If the system load current is large (= 1 A), the IR drop across the battery impedance causes the battery
voltage to drop below the refresh threshold and start a new charge. The charger would then terminate due to
low charge current. Therefore, the charger would cycle between charging and termination. If the load is
smaller, the battery would have to discharge down to the refresh threshold resulting in a much slower
cycling. Note that grounding the TTC pin keeps the converter on continuously.

2. If TTC is grounded, the battery is kept at 4.2 V (not much different than leaving a fully charged battery set
unloaded).

3. Efficiency declines 2-3% hit when discharging through the sense resistor to the system.

The following system example shows charging a battery and powering system without affecting battery charge
and termination.
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System Examples (continued)

BQ24105 Lour - Battery
VinE—e * * * /S\XS r=a
L 1.5 KQ 1.5 KQ 1.5 KQ L 010 :Ll?ack+
Ci 10 uF Adapter > Done Charge Cour [ :
Present 10 puF : " | Pack-
Y MMBZ18VALT1 | ¢>103AT
= 1 8
4 > /‘( X N

vTset

C 9.31 KQ> RT1
TTC 0.1 uF

442 KQ S RT2 | .
™ % 143 KQ

\
1

Figure 20. 1-Cell LiFePO4 Application

The LiFePO, battery has many unique features such as a high thermal runaway temperature, discharge current
capability, and charge current. These special features make it attractive in many applications such as power
tools. The recommended charge voltage is 3.6 V and termination current is 50 mA. Figure 20 shows an
application circuit for charging one cell LiFePO4 using bgq24105. The charge voltage is 3.6 V and recharge
voltage is 3.516 V. The fast charging current is set to 1.33 A while the termination current is 50 mA. This circuit
can be easily changed to support two or three cell applications. However, only 84 mV difference between
regulation set point and rechargeable threshold makes it frequently enter into recharge mode when small load
current is applied. This can be solved by lower down the recharge voltage threshold to 200 mV to discharge
more energy from the battery before it enters recharge mode again. See the application report, Using the
bg24105/25 to Charge LiFePO, Battery, SLUA443, for additional details. The recharge threshold should be
selected according to real application conditions.
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10 Power Supply Recommendations

For proper operation of bgSWITCHER™, VCC and IN (tied together) must be from 4.35 V to 16 V. Power limit
for the input supply must be greater than the maximum power required for charging the battery (plus any
additional load on the output of the switch-mode converter).

11 Layout

11.1 Layout Guidelines

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

» To obtain optimal performance, the power input capacitors, connected from input to PGND, should be placed
as close as possible to the bgSWITCHER™. The output inductor should be placed directly above the IC and
the output capacitor connected between the inductor and PGND of the IC. The intent is to minimize the
current path loop area from the OUT pin through the LC filter and back to the GND pin. The sense resistor
should be adjacent to the junction of the inductor and output capacitor. Route the sense leads connected
across the R(sns) back to the IC, close to each other (minimize loop area) or on top of each other on adjacent
layers (do not route the sense leads through a high-current path). Use an optional capacitor downstream from
the sense resistor if long (inductive) battery leads are used.

e Place all small-signal components (Cyrc, RSET1/2 and TS) close to their respective IC pin (do not place
components such that routing interrupts power stage currents). All small control signals should be routed
away from the high current paths.

» The PCB should have a ground plane (return) connected directly to the return of all components through vias
(3 vias per capacitor for power-stage capacitors, 3 vias for the IC PGND, 1 via per capacitor for small-signal
components). A star ground design approach is typically used to keep circuit block currents isolated (high-
power/low-power small-signal) which reduces noise-coupling and ground-bounce issues. A single ground
plane for this design gives good results. With this small layout and a single ground plane, there is not a
ground-bounce issue, and having the components segregated minimizes coupling between signals.

» The high-current charge paths into IN and from the OUT pins must be sized appropriately for the maximum
charge current in order to avoid voltage drops in these traces. The PGND pins should be connected to the
ground plane to return current through the internal low-side FET. The thermal vias in the IC PowerPAD™
provide the return-path connection.

e The bgSWITCHER™ 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 PCB. Full PCB design guidelines for this
package are provided in the application report entitled: QFN/SON PCB Attachment, SLUA271. Six 10-13 mil
vias are a minimum number of recommended vias, placed in the IC's power pad, connecting it to a ground
thermal plane on the opposite side of the PWB. This plane must be at the same potential as Vg5 and PGND
of this IC.

* See user's guide SLUU200 for an example of a good layout.

WAVEFORMS: All waveforms are taken at Lout (IC Out pin). V|y = 7.6 V and the battery was setto 2.6 V, 3.5V,
and 4.2 V for the three waveforms. When the top switch of the converter is on, the waveform is at ~7.5 V, and
when off, the waveform is near ground. Note that the ringing on the switching edges is small. This is due to a
tight layout (minimized loop areas), a shielded inductor (closed core), and using a low-inductive scope ground
lead (that is, short with minimum loop).

Precharge: The current is low in precharge; so, the bottom synchronous FET turns off after its minimum on-time
which explains the step between #0 V and -0.5 V. When the bottom FET and top FET are off, the current
conducts through the body diode of the bottom FET which results in a diode drop below the ground potential.
The initial negative spike is the delay turning on the bottom FET, which is to prevent shoot-through current as the
top FET is turning off.

Fast Charge: This is captured during the constant-current phase. The two negative spikes are the result of the
short delay when switching between the top and bottom FETs. The break-before-make action prevents current
shoot-through and results in a body diode drop below ground potential during the break time.
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Layout Guidelines (continued)

Charge during Voltage Regulation and Approaching Termination: Note that this waveform, Figure 23, is similar to
the precharge waveform, Figure 21. The difference is that the battery voltage is higher so the duty cycle is
slightly higher. The bottom FET stays on longer because there is more of a current load than during precharge; it
takes longer for the inductor current to ramp down to the current threshold where the synchronous FET is

disabled.
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Figure 21. Precharge Waveform Figure 22. Fast Charge Waveform
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Figure 23. Voltage Regulation and Approaching Termination Waveform
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11.2 Layout Example

r—

F 4

Figure 24. bq241xx PCB Layout

11.3 Thermal Considerations

The SWITCHER 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 report entitled: QFN/SON PCB Attachment, SLUA271.

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,=-—2_ A
JA) P

where

e T, = chip junction temperature

e T, = ambient temperature

e P =device power dissipation (25)
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
» 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 power
FET. It can be calculated from the following equation:

P = (Vin *In )~ (VaT *IgaT) (26)

Due to the charge profile of Li-xx batteries, the maximum power dissipation is typically seen at the beginning of
the charge cycle when the battery voltage is at its lowest. (See Figure 3).
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 Documentation Support

12.2.1 Related Documentation

For related documentation see the following:

*  bg241xx User's Guide, SLUU200

¢ QFN/SON PCB Attachment, SLUA271

e Using the bg24105/25 to Charge LiFePO, Battery, SLUA443

12.3 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 5. Related Links

PARTS PRODUCT FOLDER SAMPLE & BUY J(I)E(?SI\,\IIIE:I\’IATLS SB(ID:('I?\II_VSASE ggfﬂ';ﬂ%%}%
bg24100 Click here Click here Click here Click here Click here
bg24103 Click here Click here Click here Click here Click here
bg24103A Click here Click here Click here Click here Click here
bg24104 Click here Click here Click here Click here Click here
bg24105 Click here Click here Click here Click here Click here
bg24108 Click here Click here Click here Click here Click here
bg24109 Click here Click here Click here Click here Click here
bg24113 Click here Click here Click here Click here Click here
bg24113A Click here Click here Click here Click here Click here
bg24115 Click here Click here Click here Click here Click here

12.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2ZE™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.5 Trademarks

bgSWITCHER, PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.
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12.6 Electrostatic Discharge Caution

‘ 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.

12.7 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©) (415)
(6)
BQ24100RHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CIA Samples
BQ24100RHLRG4 ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CIA Samples
BQ24103ARHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKO
BQ24103ARHLRG4 ACTIVE VQFN RHL 20 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKO Samples
BQ24103ARHLT ACTIVE VQFN RHL 20 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKO Samples
BQ24103ARHLTG4 ACTIVE VQFN RHL 20 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKO
BQ24103RHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CID
BQ24103RHLRG4 ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CID Samples
BQ24104RHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 NXW Samples
BQ24104RHLT ACTIVE VQFN RHL 20 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 NXW
BQ24105RHLR ACTIVE VQFN RHL 20 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CIF Samples
BQ24105RHLRG4 ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CIF Samples
BQ24108RHLR ACTIVE VQFN RHL 20 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 Clu
BQ24108RHLRG4 ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 ClU
BQ24109RHLR ACTIVE VQFN RHL 20 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 CDY Samples
BQ24109RHLT ACTIVE VQFN RHL 20 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 CDhY Samples
BQ24113ARHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKF
BQ24113ARHLRG4 ACTIVE VQFN RHL 20 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKF Samples
BQ24113ARHLT ACTIVE VQFN RHL 20 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKF Samples
BQ24113ARHLTG4 ACTIVE VQFN RHL 20 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CKF Samples
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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)
BQ24113RHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CuJ m
BQ24113RHLRG4 ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 ClJ
BQ24115RHLR ACTIVE VQFN RHL 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 CIL

® 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.

® | 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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.

Addendum-Page 2




13 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 13-Aug-2021

OTHER QUALIFIED VERSIONS OF BQ24105 :
o Automotive : BQ24105-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
1]
lReeI | | l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O ofSprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(ljgdrants
*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)
BQ24100RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24103ARHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24103ARHLT VQFN RHL 20 250 180.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24103RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24104RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24104RHLT VQFN RHL 20 250 180.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24105RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24108RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24109RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.3 8.0 12.0 Q1
BQ24109RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24109RHLT VQFN RHL 20 250 180.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24109RHLT VQFN RHL 20 250 180.0 12.4 3.8 4.8 1.3 8.0 12.0 Q1
BQ24113ARHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24113ARHLT VQFN RHL 20 250 180.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24113RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24115RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
BQ24115RHLR VQFN RHL 20 3000 330.0 12.4 3.8 4.8 1.3 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

- E
~_ s
e 7
\\y/ P -\\{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

BQ24100RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24103ARHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24103ARHLT VQFN RHL 20 250 210.0 185.0 35.0
BQ24103RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24104RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24104RHLT VQFN RHL 20 250 210.0 185.0 35.0
BQ24105RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24108RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24109RHLR VQFN RHL 20 3000 367.0 367.0 38.0
BQ24109RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24109RHLT VQFN RHL 20 250 210.0 185.0 35.0
BQ24109RHLT VQFN RHL 20 250 195.0 200.0 45.0
BQ24113ARHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24113ARHLT VQFN RHL 20 250 210.0 185.0 35.0
BQ24113RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24115RHLR VQFN RHL 20 3000 367.0 367.0 35.0
BQ24115RHLR VQFN RHL 20 3000 367.0 367.0 38.0
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GENERIC PACKAGE VIEW
RHL 20 VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

3.5 x 4.5 mm, 0.5 mm pitch

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4205346/L

13 TEXAS
INSTRUMENTS



PACKAGE OUTLINE

RHLOO20A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

36 A
4 7
PIN 1 INDEX AREA 7
4.6
4.4
}
1 MAX T
[ I S e T Y N e R BN i SEATING PLANE
le— 2.05£0.1 —=] S[oog
= 2X
i SYMM i l=— 20X 82
. > . : »1 (0.2) TYP
| | |
14X E ! I ;
= 9*3 m LH u ‘(: 12
| | |9
- | -
ox  SYMM [ |21 ]
% e 745H77,ﬁ,f,477:,k 3.05:0.1
o | -
o | Oy
o = | e
2 | |
M ; m; N f 20x 029
PIN1 1D LI [ g
(OPTIONAL) | —[— 4X (0.2) 1@ clAle
| =] 0.05@]|C
==~ 2X (0.55)
4219071 /A 05/2017

NOTES:

1. Alllinear 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 thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RHLOO20A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
| 3:3) |
i (2.05) ‘
| 2X (1'5)ﬂ |
SYMM
! 1] ¢ [20 ‘
20X (0.6) | I | BN \  2X(04)
— I =" fgk*ifji’i ’’’’’’’’’ T
N DT
2 1] J | }L - @19
20X (0.24) | (— T T
( ) | ¢ |
mnl) IS
| | D
14X (0.5) | i O CP O i |
SYQMM, 4@ ,,,,,,, L21@T (3.05) (4.3)
{E | | (1) exws2s)
10 &t
SOLDER MASK : \ J i [I] 2X (io.75)
OPENING | !
METAL UNDER L //@ i f@
SOLDER MASK —— F=—F— !
/IJ (N T
(R0.05) TYP S 1
(©0.2) VIA W [
TYP) O T T i”
4X(0.2) - | ‘
2X (0.55) —f=—-m]

0.07 MAX

LAND PATTERN EXAMPLE
ALL AROUND 0.07 MIN

EXPOSED METAL SHOWN
SCALE: 18X

[‘ ALL AROUND *‘ t’
EXPOSED METAL —~_| @/ METAL

SOLDER MASK
OPENING

SOLDER MASK
OPENING

EXPOSED METAL

‘\ N METAL UNDER

T SOLDER MASK

SOLDER MASK
DEFINED

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK DETAILS 4219071 /A 05/2017

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. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

6. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to theri

locations shown on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHLO020A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

SOLDER MASK EDGE

(0.775)

TYP
7777777777 I
1) |
o
| =
| | Nl
gl T
e T B IDZ4 | N |
R==9 F O
i om0 x:mmoniBin ¢ “'3’
i | i [_V_] BX
(R0.05) TYP | /L i ! (0.85)
METAL | L,,, M ,,,J; I ¢
TYP - -
L8 T >
i
i

4X(02) ”J L 6X (0.92)

SYMM
¢

SOLDER PASTE EXAMPLE
BASED ON 0.1mm THICK STENCIL

EXPOSED PAD
75% PRINTED COVERAGE BY AREA

SCALE: 20X
4219071 /A 05/2017
NOTES: (continued)
7. 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 DATASHEETS), 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, 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,
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applicable warranties or warranty disclaimers for Tl products.
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