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bg25071-Q1 1-A, Automotive Qualified, Single-Cell LiFePO, Linear Battery Charger
with 50-mA LDO

1 Features

* Qualified for Automotive Applications
* AEC-Q100 Qualified With the Following Results:

Device Temperature Grade 1: -40°C to 125°C
Ambient Operating Temperature Range

Device HBM ESD Classification Level H2

Device CDM ESD Classification Level C5

» Single Cell LiFePO, Charging Algorithm

e 30-V Input Rating, With 10.5-V Overvoltage
Protection (OVP)

* 50-mA Integrated Low Dropout Linear Regulator
(LDO)

* Programmable Charge Current Through ISET and
EN Terminals

* Thermal Regulation and Protection

» Soft-Start Feature to Reduce Inrush Current
» Battery NTC Monitoring

e Charging Status Indication

* 10-Pin SON (2mm x 3mm) Package with Wettable
Flanks

Applications

» E-call for Cars

» Automotive Telematics

* Vehicle GPS Tracking

e Car Network Video Recorder

e Smart Key

e Automotive Entertainment backup battery

3 Description

The bg25071-Q1 is a highly integrated, linear,
LiFePO, battery charger targeted at space-limited
automotive applications. It accepts power from either
a USB port or AC adapter and charges a single-cell
LiFePO, battery with up to 1 A of charge current. The
30-V input rating supports low-cost unregulated
adapters.

The bg25071-Q1 has a single power output that
simultaneously charges the battery and powers the
system. The input current is programmable from 100
mA up to 1 A using the ISET input or configurable for
USB500. There is also a 4.9 V £10% 50 mA LDO
integrated into the IC for supplying low power
external circuitry.

The LiFePO, charging algorithm removes the current
taper typically seen as part of the constant voltage
mode control used in Li-lon battery charge cycles
which reduces charge time significantly. Instead, the
battery is fast charged to the overcharge voltage and
then allowed to relax to a lower float charge voltage
threshold. The charger integrates the power stage
with the charge current and voltage sense to achieve
a high level of accuracy in the current and voltage
regulation loops. An internal control loop monitors the
IC junction temperature through the charge cycle and
reduces the charge current if an internal temperature
threshold is exceeded.

Device Information @
PACKAGE BODY SIZE (NOM)
WSON (10) 2.00 mm x 3.00 mm

PART NUMBER
bg25071-Q1

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

Application Schematic

bq25071-Q1

USB or TA

VBUS| IN
GND|

D+| =

o™ I

EN

ISET

GND

T
=
z
T

CHG

ouTt

BAT
TS

LDO

Pull-Up
% STATUS

VDD

i

ABB

\\}»

i

¢ ’ ’ VCHG DET
t USB DET
VUSBIN
3 ACDET

GPIO

Copyright © 2016, Texas Instruments Incorporated

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.


http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.ti.com/product/bq25071-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com/product/bq25071-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/bq25071-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/bq25071-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/bq25071-Q1?dcmp=dsproject&hqs=support&#community

I} TEXAS
INSTRUMENTS
bg25071-Q1
SLUSCD6 —APRIL 2016 www.ti.com
Table of Contents
1 FRAUIMES oo a e 8.2 Functional Block Diagram ..........ccccoevviiiiiininnenn, 10
2 Applications 8.3 Feature DeSsCriptioN.........ccccvrireeirinieeenreseeee e 11
3 DESCHPLION oo 8.4 Device Functional Modes...........c..ccoovviiiciininenn, 13
4 ReViSion HiStOry....ccccooiiiiiee e 2 9 Application and Implementation ........................ 15
5 Device Comparison Table 9.1 Application Information............c.ccceeviieeriieiniieenne. 15
6 Pin Configuration and Functions 9.2 Typical Application ...
7 Specifications 9.3 System Examples
7.1 Absolute Maximum Ratings 10
7.2 ESD RaAtiNGS...cccvieeiiiieeiieeiieeeesieeesieeesineesseeeeneeeens 11
7.3 Recommended Operating Conditions....................... 4
7.4 Thermal INformation ... 4 11.2. Layout Example ......... s
75 Electrical Characteristics.......o o 5 12 Device and Documentation Support................. 19
7.6 Timing REQUIFEMENES .........coeeevivereiieeeceeieie e 6 12.1 Community RESOUTCES.......ccorvvvrrriiissininseninns 19
7.7 Typical CRAraCteriSticS . ..verereeeereerrereeeereresseereeeeons 7 12.2 TrademarkS ......coocveeiiiee e esiiee e 19
7.8 Typical CharaCteriStics ... .. vreereeeeereeereseeessssesreneons 8 12.3 Electrostatic Discharge Caution............ccccceceveennnes 19
8 Detailed DeSCription ..o 9 12.4  Glossary :
81 OVENVIOW oo 9 13 Mechanical, Packaging, and Orderable
INfOrmation ..o 19
4 Revision History
DATE REVISION NOTES

April 2016

*

Initial release.

2 Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

Product Folder Links: bq25071-Q1


http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.ti.com
http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSCD6&partnum=bq25071-Q1

13 TEXAS

INSTRUMENTS

www.ti.com

bq25071-Q1
SLUSCD6 —APRIL 2016

5 Device Comparison Table

PART NUMBER VBAT(OVCH) VBAT(FLOAT) Viovp) V(Lbo)
bq25071QWDQCRQ1L 37V 35V 105V 49V
bq25071QWDQCTQ1L 37V 35V 105V 49V

6 Pin Configuration and Functions

DQC Package
10-Pin WSON
Top View

INJ 14 i10] out

______________

{9 | GND

.....

18 | CHG

.....

ISET | 2¢
GND| 3!

7 | EN

.....

LDO| 4i

6 | BAT

.....

TS| 5§

Pin Functions

PIN

NAME

NO.

11O

DESCRIPTION

Input power supply. IN is connected to the external DC supply (AC adapter or USB port). Bypass IN to GND
with at least a 0.1 pyF ceramic capacitor.

ISET

Input current programming bias pin. Connect a resistor from ISET to GND to program the input current limit
when the user programmable mode is selected by grounding the EN pin. The resistor range is between 1 kQ
and 10 kQ to set the current between 100 mA and 1 A.

GND

Ground pin. Connect to the thermal pad and the ground plane of the circuit.

LDO

LDO output. LDO is regulated to 4.9V and drives up to 50 mA. Bypass LDO to GND with a 0.1 yF ceramic
capacitor. LDO is enabled when V(yyi0) < Vin < V(ovp)-

TS

Battery pack NTC monitoring input. Connect a resistor divider from LDO to GND with TS connected to the
center tap to set the charge temperature window. The battery pack NTC is connected in parallel with the
bottom resistor of the divider. See the Detailed Design Procedure section for details on the selecting the
proper component values.

BAT

BAT is the sense input for the battery voltage. Connect BAT and OUT to the battery.

EN

Enable input. Drive EN high to disable the IC. Connect EN to GND to place the bq25071-Q1Q in the user
programmable mode using the ISET input where the input current is programmed. Leave EN floating to place
the bgq25071-Q1Q in USB500 mode. See the Input Current Limit Control (EN) section for details on using the
EN interface.

CHG

Charge status indicator open-drain output. CHG is pulled low while the device is charging the battery. CHG
goes high impedance when the battery is fully charged.

ouT

10

System output connection. Bypass the OUT to GND with a 1 uF ceramic capacitor. Connect OUT and BAT
together.

Thermal
Pad

Pad

There is an internal electrical connection between the exposed thermal pad and the GND pin of the device.
The thermal pad must be connected to the same potential as the GND pin on the printed circuit board. Do not
use the thermal pad as the primary ground input for the device. GND pin must be connected to ground at all
times.
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7 Specifications

7.1 Absolute Maximum Ratings @
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT

IN (with respect to GND) -0.3 30 \%
Input Voltage -

EN, TS (with respect to GND) -0.3 \%
Output Voltage BAT, OUT, LDO, CHG, ISET (with respect to GND) -0.3 \%
Input Current (Continuous) IN 1.2 A
Output Current (Continuous) BAT 1.2 A
Output Current (Continuous) LDO 100 mA
Output Sink Current CHG 5 mA
Junction temperature, T, -40 150 °C
Storage temperature, Tstg —65 150 °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. All voltage
values are with respect to the network ground pin unless otherwise noted.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per aec q100-002 +3000
V(Esb) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +1000
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
7.3 Recommended Operating Conditions
MIN MAX | UNITS
V\y | IN operating voltage 37(15) 8 Y
N Input current, IN 1 A
loutr Output Current in charge mode, OUT 1 A
T; Junction Temperature -40 125 °C
(1) Charge current may be limited at low input voltages due to the dropout of the device.
7.4 Thermal Information
bg25071-Q1
THERMAL METRIC @ DQC (WSON) UNIT
10 PINS

Rgia Junction-to-ambient thermal resistance 61.6
RaJc(top) Junction-to-case (top) thermal resistance 65.5
Rgig Junction-to-board thermal resistance 22.8 CIW
Wit Junction-to-top characterization parameter 15
Wis Junction-to-board characterization parameter 22.7
Raic(bot) Junction-to-case (bottom) thermal resistance 5.5

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics
Over junction temperature range—40°C < T; < 125°C and recommended supply voltage (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
INPUT
VuvLo) Under-voltage lock-out VOV -4V 3.15 3.30 3.55 \%
VhysuvLo) Hysteresis on V(yyLo) VN4V -0V 300 mV
Input power good if V| > Vgat +
VIN(SLP) 30 75 150 mvV
VinsL) xalid input source threshold Viy(sLp) above Vean =36V, VIN-: 35V—-4vV
BAT Input power good if V| > Vgat + 24 55 95 mV
VIN(SLP)
VEan) =36V, VN4V - 35V
VHys(NSLP) Hysteresis on ViysLp) Vean) =36V, Vi 4V — 35V 32 mV
Vovp Input over-voltage protection threshold ViNi 5V - 11V 10.2 10.5 10.8 Y
Vhysovr) Hysteresis on OVP ViNi1lV -5V 100 mV
QUIESCENT CURRENT
IBAT(PDWN) Battery current into BAT, No input connected | Viy =0V @, V) = Low 6 pA
EN = HI, Vjy = 5.5V 0.25
IinesTDBY) Standby current into IN pin EN = HI, Vin < Vovp) 0.5 mA
EN = HI, Vin > V(ovp) 2
BATTERY CHARGER FAST-CHARGE
Ta = -40°C to 125°C, gyt = 50 mA, 3.455 3.5 3545
VBAT(REG) Battery charge regulation voltage Vin=5V \Y;
Ta=25°C, VN =5V, loyt =50 mA 3.455 3.5 3.539
VBAT(OVCH) Battery overcharge voltage threshold 3.55 3.7 3.81 \%
lIN(RANGE) User programmable input current limit range | Ryser) = 1 KQ to 1 0kQ, EN = Vgg 100 1000 mA
o EN = FLOAT 435 467 500
lingLimy Input current limit, or fast-charge current mA
EN = Vss Kiser/Riset
Rgser) = 1 kQ to 10 kQ, EN = Vgg, 860 1000 1130 AQ
435V <Vy<8V
KiseT Fast charge current factor T < 85°C
Rgsem) = 1 kQ to 10 kQ, EN = Vg, 815 1000 1185 AQ
375V <Vy<435V
Vooan-oury | Vin — Vour Vin=4.2V, lour=0.75 A 500 900 mV
ISET SHORT CIRCUIT PROTECTION
Rgsem): 900 Q — 300 Q, loyT latches
RiSET(MAX) Highest resistor value considered a short fault | off, Cycle power to reset, Fault range > 720 Q
1.10 A
lourccy) ?gll;::wm OUT current limit regulation 1 2 A
p)
PRE-CHARGE AND CHARGE DONE
ViLowv) Pre-charge to fast-charge transition threshold 0.5 0.7 0.9 Y
| PRECHARGE) ng)é:garge current to BAT during precharge Vigan =0 V10 0.7 V M5 45 495 mA
RECHARGE OR REFRESH
V(RcH) Recharge detection threshold hysteresis V(ga) falling 150 200 350 mV
LDO
V(Loo) LDO Output Voltage }(’i';; E \é ;? ABtX’SO mA 4.7 4.9 5.1 \Y
l(Loo) Maximum LDO Output Current 60 mA
V(po) Dropout Voltage Vin = 4.5V, ILpoy = 50 mA 200 350 mV

(1) Force Vichg)
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Electrical Characteristics (continued)

Over junction temperature range—40°C < T, < 125°C and recommended supply voltage (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN  TYP MAX | UNITS
LOGIC LEVELS ON EN
Vi Logic low input voltage 0.4 \%
\m Logic high input voltage 1.4 \%
V(L) Logic FLOAT input voltage 600 850 1100 mV
LT Maxirr_]um leakage sink or source current to 1 A
9) keep in FLOAT W
lenERIVE) ;\(/I)i’nlig\;a\lll grrin(ie current from an external device 8 LA
gh
BATTERY-PACK NTC MONITOR (TS)
V(coLp) TS Cold Threshold V(rs) Rising 23.6 25 25.8| %V po
V(cuTtoFF) TS Cold Cutoff Threshold V(rs) Falling 1 %V po
V(HoT) TS Hot Threshold V(rs) Falling 12 125 13.2| %V\.po
VHOT(HYS) TS Hot Cutoff Threshold V(rs) Rising 1 %V po
CHG OUTPUT
VoL Output LOW voltage Iisinky =1 MA 0.45 \%
Iy Leakage current CHG =5V 1 pA
THERMAL REGULATION
TJ(REG) Temperature Regulation Limit T, rising 125 °C
T3(0FF) Thermal shutdown temperature T, rising 155 °C
T3(OFF-HYS) Thermal shutdown hysteresis T, falling 20 °C
7.6 Timing Requirements
MIN TYP MAX| UNIT
INPUT
taLK(OVP) Input overvoltage blanking time 100 us
Time measured from Vi\: 11V - 5V
trRec(ovp) Input overvoltage recovery time 1 ps fall-time to LDO = HlI, 100 us
Viean =35V
toeLNO-N) Delay time, input power loss to Time megsured fromVN:5V > 25V 32 ms
charger turn-off 1 ps fall-time
ISET SHORT CIRCUIT PROTECTION
tpGL(SHORT) Eﬁg:;tfohlgr;fc}{sa‘:;'gon from Isem) Clear fault by cycling Vgus) or EN 15 ms
PRE-CHARGE AND CHARGE DONE
toaLiLowy) Deglitch time_ on pre-charge to fast- 25 ms
charge transition
oo | e e on s charge 0 pre- s s
RECHARGE OR REFRESH
tbGL(RCH) 5;%'3%%“'“6' recharge threshold V(gar) falling to New Charge Cycle 25 ms
BATTERY-PACK NTC MONITOR (TS)
tagi(Ts) Deglitch for TS Fault Fault detected on TS to stop charge 25 ms
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7.7 Typical Characteristics
Vin =5V, Vgar = 3.2 V, | (ciig) = 280 mA, Typical Application Circuit

4 1.6 1.5
1.4
3.5 1.4 1.3
[ 1.2
3 | — Vigar) — Vre) — lean | 1.2 11
. —
= 25 1 = s 1! —
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> 2 08 § g 08
= 5 = 07
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S 05
1 0.4 5 04
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5 . 0.2
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0:00:00 1:12:00 2:24:00 3:36:00 4:48:00 ?40 25 40 5 20 35 50 65 80 95 110 125
Elapsed Time (hh:mm:ss) Temperature (°C) o
VlN =45V IOUT =1A
Ta =-40°C to 125°C
Figure 1. Voltage and Current vs Elapsed Time Figure 2. Dropout Voltage vs Temperature
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Figure 3. Battery Regulation Voltage vs Charge Current Figure 4. OVP Threshold vs Temperature

11 0.7
1.05 —— 500 mA Current Limit —— 100mA Current Limit
1 —— 1 A Current Limit 0.6 | —— 500mA Current Limit
0.95 —
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= 085 \\ £
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3 075 \ ©
S0 N\ 5 03
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05 0.1
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) Figure 6. Input Current Limit vs Battery Voltage
Figure 5. Charge Current vs Input Voltage
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7.8 Typical Characteristics
Vear = 3.2V, | (chg) = 318 mA, Typical Application Circuit

20 3.52
—— -6 sigma —— Typical —— +6 sigma <
151 >"N —— -5 sigma — +5 sigma <
'\/"\ g 35
£
10 S I
_ N 7 348
g S
> °|— E l
o] 2 3.46
X ; |
< 9 344
-5 6
./"\ ‘ol > /
-10 V 8 342
g l
-15 3.4
3.5 4 45 5 5.5 6 6.5 7 7.5 8 35 4 4.5 5 55 6 6.5 7 7.5 8
Input Voltage (V) Input Voltage (V)
Figure 7. Charge Current Accuracy vs Input Voltage Figure 8. Input Voltage vs Battery Charge Regulation
Voltage
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8 Detailed Description

8.1 Overview

The bg25071-Q1 is a highly integrated, automotive qualified, linear, LiFePO, battery charger targeted at space-
limited automotive applications. It accepts power from either a USB port or AC adapter and charges a single-cell
LiFePO, battery with up to 1 A of charge current. The 30 V input rating with 10.5 V input overvoltage protection
supports low-cost unregulated adapters.

The bg25071-Q1 has a single power output that simultaneously charges the battery and powers the system. The
input current is programmable from 100 mA up to 1 A using the ISET input or configurable for USB500. There is
also a 4.9 V £10% 50 mA LDO is integrated into the IC for supplying low power external circuitry.

The LiFePO, charging algorithm removes the constant voltage mode control typically used in Li-lon battery
charge cycles which reduces charge time significantly. Instead, the battery is fast charged to the overcharge
voltage and then allowed to relax to a lower float charge voltage threshold. The charger power stage and charge
current sense functions are fully integrated. The charger function has high accuracy current and voltage
regulation loops, and charge status display. During the charge cycle, an internal control loop monitors the IC
junction temperature and reduces the charge current if an internal temperature threshold is exceeded.
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8.2 Functional Block Diagram

[ 1
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|
L IN(REG) :I BAT
_+: I [
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! _ 1 VBaT(REG)

s [J—— @ -

LM VinesLp)

Vin —+ + Vear

Vuvio —ﬂ— _“'— — Vin

UVLO Comparator Sleep Comparator

Vovp +ﬂ- _“-+ —— VgaT
ViN — = T Vearree)

OVP Comparator Overcharge Comparator

EN [] ’ I Charge Control

L
3
I
)

Status Output

I
1

Disable

[]
=]

Copyright © 2016, Texas Instruments Incorporated

10 Submit Documentation Feedback Copyright © 2016, Texas Instruments Incorporated

Product Folder Links: bq25071-Q1


http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.ti.com
http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSCD6&partnum=bq25071-Q1

13 TEXAS
INSTRUMENTS
bq25071-Q1

www.ti.com SLUSCDG6 —APRIL 2016

8.3 Feature Description

8.3.1 Input Overvoltage Protection

The bg25071-Q1 contains an input overvoltage protection circuit that disables the LDO output and charging
when the input voltage rises above V(oyp). This prevents damage from faulty adapters. The OVP circuitry
contains an 100 ps blanking period that prevents ringing on the input from line transients from tripping the OVP
circuitry falsely. If an adapter with an output greater than Voypy is plugged in, the IC completes soft-start power
up and then shuts down if the voltage remains above V(oyp after 100 us. The LDO remains off and charging
remains disabled until the input voltage falls below V gyp).

8.3.2 Undervoltage Lockout (UVLO)

The bg25071-Q1 remains in power down mode when the input voltage is below the undervoltage lockout
threshold (V(uvLoy). During this mode, the control input (EN) is ignored. The LDO, the charge FET connected
between IN and OUT are off and the status output (CHG) is high impedance. Once the input voltage rises above
V(uvLo): the internal circuitry is turned on and the normal operating procedures are followed.

8.3.3 External NTC Monitoring (TS)

The bg25071-Q1 features a flexible, voltage based external battery pack temperature monitoring input. The TS
input connects to the NTC thermistor in the battery pack to monitor battery temperature and prevent dangerous
over-temperature conditions. During charging, the voltage at TS is continuously monitored. If the voltage at the
TS pin is outside of the operating range (Vor t0 Vcowp) for longer than the built in 25 ms deglitch time,
charging is suspended. When the voltage measured at TS returns to within the operation window, charging
resumes. When a battery pack temperature fault occurs charging is suspended, but the CHG output remains low
and continues to indicate charging.

The temperature thresholds are programmed using a resistor divider from LDO to GND with the NTC thermistor
connected to the center tap from TS to GND. See Figure 9 for the circuit example. The value of R1 and R2 are
calculated using the following equations:

_ -R2 x RHOT x (0.125 - 1)

R1
0.125 x (R2 + RHOT) )

. “RHOT x RCOLD x (0.125 — 0.250)
RHOT x 0.250 x (0.125 — 1) + RCOLD x 0.125 x (1 — 0.250) @

RHOT is the expected thermistor resistance at the programmed hot threshold; RCOLD is the expected thermistor
resistance at the programmed cold threshold.

LDO

TS

bg25071-Q1

For applications that do not require the TS monitoring function, set R1 = 490 kQ and R2 = 100 kQ to set the TS
voltage at a valid level and maintain charging.

Figure 9. NTC Monitoring Function
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Feature Description (continued)
8.3.4 50-mA LDO (LDO)

The LDO output of the bg25071-Q1 is a low dropout linear regulator (LDO) that supplies up to 50 mA while
regulating to V(. po). The LDO is active whenever the input voltage is above V(yy o) and below Vgyp). It is not
affected by the EN input. The LDO output is used to power and protect circuitry such as USB transceivers from
transients on the input supply.

8.3.5 Charge Status Indicator (CHG)

The bg25071-Q1 contains an open drain CHG output that indicates charging state and faults. When charging a
battery in precharge or fastcharge mode, the CHG output is pulled to GND. Once the BAT output reaches the
overcharge voltage threshold, CHG goes high impedance to signal the battery is fully charged. When the battery
voltage drops below the recharge voltage threshold the CHG output is pulled low to signal the host of a new
charge cycle. Connect CHG to the required logic level voltage through a 1 kQ to 100 kQ resistor to use the signal
with a microprocessor. lcrg) must be below 5 mA.

The IC monitors the CHG pin when no input is connected to verify if the system circuitry is active. If the voltage
at CHG is logic being drive low when no input is connected, the TS circuit is turned off for a low quiescent current
state. Once the voltage at CHG increases above logic high, the TS circuit is turned on.

8.3.6 Input Current Limit Control (EN)

The bg25071-Q1 contains a 3-state that controls the input current limit. Drive EN low to program the input current
limit to the user defined value programmed using ISET. Drive EN high to place the bgq25071-Q1 in USB suspend
mode. In USB suspend mode, the input current into bq25071-Q1 is reduced. Leaving EN unconnected or
connected to a high impedance source programs the USB500 input current limit.

Table 1. EN Input Definition

EN MODE
Low ISET
Hi-Z USB500
Hi USB Suspend
12 Submit Documentation Feedback Copyright © 2016, Texas Instruments Incorporated
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8.4 Device Functional Modes

8.4.1 Charging Operation

The bg25071-Q1 uses a charge algorithm that is unique to LiFePO, chemistry cells. The current taper typically
seen as part of the constant voltage mode control usually present in Li-lon battery charge cycles is replaced with
a floating regulation voltage with minimal charging current. This dramatically decreases the charge time. When
the bg25071-Q1 is enabled by EN, the battery voltage is monitored to verify which stage of charging must be
used. When Vgar) < Viowy) the bg25071-Q1 charges in precharge mode; when Vgan > Vi owy), the normal
charge cycle is used.

8.4.1.1 Charger Operation with Minimum System Voltage Mode Enabled

PRECHARGH Constant Current FloatVoltage
Fast Charge Regulation
Vout(oveh)
4 ~
Vout(res) e e < e oo
//
I /
FASTCHG -
/
/
/
4 —_
72 CHG =Hi-Z
//
/
/
/
4
/" Battery and
Vio J Output
[ IO 17,V A O —
7 Voltage Battery
| 2’ / Current
PRECHG P
/
/
4
/
4

Figure 10. Typical Charging Cycle with Minimum System Voltage Enabled

8.4.1.2 Precharge Mode (Vgar) £ Viiowy)

The bg25071-Q1 enters precharge mode when Vgar < Vi owy). Upon entering precharge mode, the battery is
charged with a 47.5 mA current and CHG goes low.

8.4.1.3 Fast Charge Mode

Once Vgan > Viowy) the bg25071-Q1 enters constant current (CC) mode where charge current is regulated
using the internal MOSFETs between IN and OUT. The total current is shared between the output load and the
battery. Once the battery voltage charges up to Vgarovcry, the CHG output goes high indicating the charge cycle
is complete and the bg25071-Q1 switches the battery regulation voltage to Vgarreg)- The battery voltage is
allowed to relax down to Vgatres)- The charger remains enabled and regulates the output to Vgatreg)- If at any
time the battery falls below V(rch), the charge cycle restarts.

Copyright © 2016, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: bq25071-Q1


http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.ti.com
http://www.ti.com/product/bq25071-q1?qgpn=bq25071-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSCD6&partnum=bq25071-Q1

13 TEXAS
INSTRUMENTS
bq25071-Q1
SLUSCD6 —APRIL 2016 wWww.ti.com

Device Functional Modes (continued)
8.4.2 Programmable Input Current Limit (ISET)

When the charger is enabled, and the user programmable current limit is selected by the EN input, internal
circuits generate a current proportional to the input current at the ISET input. The current out of ISET is 1/1000
(x10%) of the charge current. This current, when applied to the external charge current programming resistor, R1
( Figure 11), generates an analog voltage that is regulated to program the fast charge current. Connect a resistor
from ISET to GND to program the input current limit using the following equation:

Kiser) 1000AxQ
Rosey  Rysem ®3)

lan_Limy =

lon_Livy IS programmable from 100 mA to 1 A. The voltage at ISET can be monitored by an external host to
calculate the charging current to the battery. The input current is related to the ISET voltage using the following
equation:

1000

Risem) 4

In = Vise)

Monitoring the ISET voltage allows for the host to calculate the actual charging current and therefore perform
more accurate termination. The input current to the system must be monitored and subtracted from the current
into the bg25071-Q1 which is show by Vser).

8.4.3 Sleep Mode

If the IN pin voltage is between Vi, ) and Vgan* Vinsie), the charge current is disabled, the safety timer
counting stops (not reset) and the CHG pin is high impedance. As the input voltage rises and the charger exits
sleep mode, the safety timer continues to count, charge is enabled and the CHG pin returns to its previous state.

8.4.4 Thermal Regulation and Thermal Shutdown

The bg25071-Q1 contains a thermal regulation loop that monitors the die temperature continuously. If the
temperature exceeds T;greg), the device automatically reduces the charging current to prevent the die
temperature from increasing further. In some cases, the die temperature continues to rise despite the operation
of the thermal loop, particularly under high V,y conditions. If the die temperature increases to T;rr), the IC is
turned off. Once the device die temperature cools by T;oprnys), the device turns on and returns to thermal
regulation. Continuous overtemperature conditions result in the pulsing of the load current. If the junction
temperature of the device exceeds T;gr), the charge FET is turned off. The FET is turned back on when the
junction temperature falls below T;opr) — TyoFF-HYS)-

Note that these features monitor the die temperature of the bg25071-Q1. This is not synonymous with ambient
temperature. Self heating exists due to the power dissipated in the IC because of the linear nature of the battery
charging algorithm.
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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 typical application circuit uses a single output which charges the battery and powers the system. Additionally
a 50-mA LDO can supply a low power external circuit.

The bg25071EVM-658 evaluation module (EVM) is a complete charger module for evaluating the bq25071-Q1.
Refer to SLUUBA49.

9.2 Typical Application

bq25071-Q1 R2

USBor TA . % 100 kQ STATUS
VBUS|
GND

Cc
D+1f 0.1l

o
A !

CHG

VDD

L 2
l o ABB

ouT

EN

ISET
R1
1kQ
GND

BAT
TS

LDO VCHG DET

USB DET

VUSBIN
ACDET

GPIO

Copyright © 2016, Texas Instruments Incorporated
Figure 11. bg25071-Q1 Typical Application Circuit

9.2.1 Design Requirements

Table 2. Design Parameters

PARAMETER EXAMPLE VALUE
Input supply range 5V 5%
Output voltage range 35V
Output current rating 1000 mA
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9.2.2 Detailed Design Procedure

9.2.2.1 Selection of Input and Output Capacitors

In most applications, all that is needed is a high-frequency decoupling capacitor on the input power pin. For
normal charging applications, a 0.1 yF ceramic capacitor, placed in close proximity to the IN pin and GND pad
works best. 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 OVP voltage threshold during adapter hot
plug events where the ringing exceeds the deglitch time.

The charger in the bq25071-Q1 requires a capacitor from OUT to GND for loop stability. Connect a 1 uF ceramic
capacitor from OUT to GND close to the pins for best results. More output capacitance may be required to
minimize the output drop during large load transients.

The LDO also requires an output capacitor for loop stability. Connect a 0.1 yF ceramic capacitor from LDO to
GND close to the pins. For improved transient response, this capacitor may be increased.

9.2.2.2 Thermal Considerations

The bg25071-Q1 is packaged in a thermally enhanced QFN 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 (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:
Where:
T, - Ta

Po ®)

On =

T; = chip junction temperature
T, = ambient temperature
Pp = 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
» Whether other surfaces are in close proximity to the device being tested

The device power dissipation, Pp, 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:

Po = (Vin = Vour) X lout

Due to the charge profile of LiFePO, 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, Figure 10. 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.
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9.2.3 Application Curves

v o 5V/div
. (CTRL)
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VIN lL“J ’~ S * IV sty sl - it Vi
5V/div 5V/div
Voo ViLbo) &
f \
{ 200mA/div 200mA/div
IOUT IOUT
2Vidiv L 2V/div
Vicre) ® Vicro) @)
20ms/div 10ms/div
Victry =0V
Figure 12. Adapter Plug-In With Battery Connected Figure 13. Charger Enable Using EN
Y 5V/di
V(CTRL) IL“M v d 5V/div
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200mA/div| Vioo) B s
lout ®] i
| @) w v
v 2V/div ouT
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Figure 14. Charger Disable Using EN Figure 15. OVP Fault
9.3 System Examples
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Figure 16. Schematic
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10 Power Supply Recommendations

In a typical application, the system is powered by a USB port or USB wall adapter.
The wide input voltage range supports low cost and unregulated adapters.

The minimum input voltage - where the charging process starts with a reduced charging current - could be 3.75
V when the battery voltage is below 3.5 V. The minimum input voltage can be up to 3.875 V when the battery is
close to be fully charged (Please refer to the Sleep Mode) or there is no battery presented. The maximum
recommended operating input voltage is up to 8 V; the overvoltage protection kicks in at 10.5 V and the
maximum input voltage rating is 30 V Input Rating.

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 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 bg25071-Q1, 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 bg25071-Q1 is packaged in a thermally enhanced SON 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 (SLUA271).

11.2 Layout Example

R3/L :I\[ :I\Cs
. L1 R4

The bottom plane is a ground plane that is connected to the top through vias.
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12 Device and Documentation Support

12.1 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 E2E™ 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.

12.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution
A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘f '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.4 Glossary

SLYZ022 — TI 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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g 7 // /// <l ! l co.zo\y |
7, 77 g < T —————= i | posos00s
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2. COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL AS THE TERMINALS.
COPLANARITY SHALL NOT EXCEED 0.05 mm.
3. WARPAGE SHALL NOT EXCEED 0.05 mm.
4. PACKAGE LENGTH / PACKAGE WIDTH ARE CONSIDERED AS SPECIAL CHARACTERISTIC.(S)
5. REFER JEDEC MO—229.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
BQ25071QWDQCRQ1 Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 11V
BQ25071QWDQCRQ1.A Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 11v
BQ25071QWDQCTQ1 Active Production WSON (DQC) | 10 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 11v
BQ25071QWDQCTQ1.A Active Production WSON (DQC) | 10 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40to 125 11v

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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o Catalog : BQ25071

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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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, 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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