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bg25071 1-A, Single-Input, Single-Cell LiFePO, Linear Battery Charger with 50 mA LDO

1 Features
» Single Cell LiFePO, Charging Algorithm
» 30V Input Rating, With 10.5 V Overvoltage

3 Description

The bg25071 is a highly integrated, linear, LiFePO,
battery charger targeted at space-limited portable
X applications. It accepts power from either a USB port
Protection (OVP) or AC adapter and charges a single-cell LiFePO,
* 50mA Integrated Low Dropout Linear Regulator battery with up to 1 A of charge current. The 30 V
(LDO) input rating with 10.5 V input overvoltage protection

« Programmable Charge Current Through ISET and supports low-cost unregulated adapters.
EN Terminals

* 7% Charge Current Regulation Accuracy

The bg25071 has a single power output that
simultaneously charges the battery and powers the
. : : system. The input current is programmable from 100

Thermal Regulation and Protection mA up to 1 A using the ISET input or configurable for
» Soft-Start Feature to Reduce Inrush Current USB500. There is also a 4.9 V +10% 50 mA LDO
» Battery NTC Monitoring integrated into the IC for supplying low power

« Charging Status Indication 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.

2 Applications

e Smart Phones

e Mobile Phones

» Portable Media Players

* Low Power Handheld Devices

Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
bg25071 WSON (10) 2.00mm x 3.00mm

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

4 Application Schematic
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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6 Device Comparison Table

PART NUMBER VBAT(OVCH) VBAT(FLOAT) Viovp) V(Lbo)
bg25071DQCR 3.7V 35V 105V 49V
bg25071DQCT 3.7V 35V 105V 49V

7 Pin Configuration and Functions

bg25071

(TOP VIEW)
N []our
| [i]cre
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10-pin 2mm x 3mm DFN

Pin Functions

PIN
110 DESCRIPTION
NAME NO.

IN 1 | 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.
Input current programming bias pin. Connect a resistor from ISET to GND to program the input current limit

ISET 2 O | 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 3,9 — | Ground pin. Connect to the thermal pad and the ground plane of the circuit.

LDO 4 o 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(yyi o) < Vin < V(ovp).
Battery pack NTC monitoring input. Connect a resistor divider from LDO to GND with TS connected to the

Ts 5 | 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 6 | BAT is the sense input for the battery voltage. Connect BAT and OUT to the battery.
Enable input. Drive EN high to disable the IC. Connect EN to GND to place the bq25071 in the user

EN 7 | programmable mode using the ISET input where the input current is programmed. Leave EN floating to place
the bgq25071 in USB500 mode. See the Input Current Limit Control (EN) section for details on using the EN
interface.

CrHo 8 o 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 o System output connection. Bypass the OUT to GND with a 1 yF ceramic capacitor. Connect OUT and BAT
together.
There is an internal electrical connection between the exposed thermal pad and the GND pin of the device.

Thermal Pad _ | The thermal pad must be connected to the same potential as the GND pin on the printed circuit board. Do not

Pad 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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8 Specifications

8.1 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

(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.

8.2 Handling Ratings

MIN MAX UNIT
Tste Storage temperature —65 150 °C
Human body model (HBM), per ANSI/ESDA/JEDEC \%
o J5-001, all pins @ 0 3000
Vesp Electrostatic discharge -
Charged device model (CDM), per JEDEC 0 1000 \%
specification JESD22-C101, all pins @
(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.
8.3 Recommended Operating Conditions
MIN MAX | UNITS
IN voltage 3.75M 28
Vi - 1 \4
IN operating voltage 3.75M 10.2
N Input current, IN 1 A
loutr Output Current in charge mode, OUT 1 A
T; Junction Temperature 0 125 °C
(1) Charge current may be limited at low input voltages due to the dropout of the device.
8.4 Thermal Information
a bq25071
THERMAL METRIC® UNIT
DQC (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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8.5 Electrical Characteristics
Over junction temperature range 0°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 250 mV

VinsLr) x:}ljf input source threshold Viy(sLp) above {ZE?JLE;)WH good '.f Vin > Vear * 30 75 150 iy
Vean =36V, Vi35V -4V

VHys(INSLP) Hysteresis on ViysLp) Vean =36V, VN4V — 35V 18 32 54 mV

toeLNO-N) Ef?lay time, input power loss to charger turn- Iime m(?a_sured fromV)\: 5V —> 25V 32 ms

us fall-time

Vovp Input over-voltage protection threshold ViNiSV - 11V 10.2 10.5 10.8 \%

Vhys(ovp) Hysteresis on OVP ViNi11V -5V 100 mVv

QUIESCENT CURRENT

IBAT(PDWN) Battery current into BAT, No input connected | Viy = 0 V), Vg, = Low, Ty = 85°C 6 pA
EN = HI, Vjy = 5.5V 0.25

lin(sTDBY) Standby current into IN pin EN = HI, V|y < V(ovp) 0.5 mA
EN = HI, Viy > V(ovp) 2

BATTERY CHARGER FAST-CHARGE

VBAT(REG) Battery charge regulation voltage Ta = 0°C10 125°C, lour = 50 mA 3455 35 3545 \Y
Ta =25°C 3.455 3.5 3.539

VBAT(OVCH) Battery overcharge voltage threshold 3.62 3.7 3.78 \%

IIN(RANGE) User programmable input current limit range | Ryser) = 1 KQ to 1 0kQ, EN = Vgg 100 1000 mA

o EN = FLOAT 435 467 500

[N Input current limit, or fast-charge current mA
EN = Vss Kiser/Riset

Kiset Fast charge current factor Rgsem) = 1 kQ to 10 kQ, EN = Vgg 900 1000 1100 AQ

Voogn-out) | Vin — Vout Viy =355V, loyr = 0.75 A 500 900 mvV

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 > 430 700 Q
1.10 A

louTicL) z\éI:aIl;(:TTpL;m OUT current limit regulation 1.07 2 A

PRE-CHARGE AND CHARGE DONE

ViLowv) Pre-charge to fast-charge transition threshold 0.5 0.7 0.9 Y

| PRECHARGE) Zroeé:garge current to BAT during precharge Vigan =0 V10 0.7 V M5 45 485 mA

RECHARGE OR REFRESH

V(RcH) Recharge detection threshold V(ga) falling 3.1 3.3 3.5 \%

LDO

V(ioo) LDO Output Voltage }(/i':)o:) E \é 2;?655\(§’mA a7 4.9 5.1 v

lLpo) 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 0°C < T; £ 125°C and recommended supply voltage (unless otherwise noted)

for Low or High

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 H
lenERIVE) Minimal drive current from an external device 8 LA

BATTERY-PACK NTC MONITOR (TS)

V(coLp) TS Cold Threshold V(rs) Rising 24.5 25 255 | %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| %Vipo
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
8.6 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
ISET SHORT CIRCUIT PROTECTION
tDGL(SHORT) Eﬁg:;tfohlgr;f;{sgagon from Isem Clear fault by cycling V(gys) or EN 15 ms
PRE-CHARGE AND CHARGE DONE
oo | e e onprecarg o s s s
toaLaowy) cqu]ee?rlitch time_ on fast-charge to pre- 25 ms
ge transition

RECHARGE OR REFRESH
tbGL(RCH) Icij);gel(i:tt(g;time, 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
6 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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8.7 Typical Characteristics
Vin =5V, Vgar = 3.2V, Icig) = 280 mA, Typical Application Circuit
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[ 1.2
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-~ 1
S 25 12 % 0.9
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VIN =45V IOUT =1A
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
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Figure 5. Charge Current vs Input Voltage Figure 6. Input Current Limit vs Battery Voltage
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9 Detailed Description

9.1 Overview

The bg25071 is a highly integrated, linear, LiFePO, battery charger targeted at space-limited portable
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 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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9.2 Functional Block Diagram
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9.3 Feature Description

9.3.1 Input Overvoltage Protection

The bg25071 contains an input overvoltage protection circuit that disables the LDO output and charging when
the input voltage rises above Voyp). 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 Voyp is plugged in, the IC completes soft-start power up and
then shuts down if the voltage remains above Vqypy after 100 ps. The LDO remains off and charging remains
disabled until the input voltage falls below V oyp).

9.3.2 Undervoltage Lockout (UVLO)

The bg25071 remains in power down mode when the input voltage is below the undervoltage lockout threshold
(VwvLoy)- 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 Vyy, o), the
internal circuitry is turned on and the normal operating procedures are followed.

9.3.3 External NTC Monitoring (TS)

The bg25071 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 (V(or t0 VcoLp) 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 7 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.
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Feature Description (continued)

LDO
§ R1
VCOLD § TS 'T'm n
Vot § R2 PACK-
< =
bq25071

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 7. NTC Monitoring Function

9.3.4 50 mA LDO (LDO)

The LDO output of the bg25071 is a low dropout linear regulator (LDO) that supplies up to 50 mA while
regulating to Vpo). The LDO is active whenever the input voltage is above Vv 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.

9.3.5 Charge Status Indicator (CHG)

The bg25071 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.

9.3.6 Input Current Limit Control (EN)

The bg25071 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 bg25071 in USB suspend
mode. In USB suspend mode, the input current into bq25071 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 uUSB500
Hi USB Suspend
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 11
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9.4 Device Functional Modes

9.4.1 Charging Operation

The bg25071 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 is enabled by EN, the battery voltage is monitored to verify which stage of charging must be used.
When Vgar) < VLowy), the bg25071 charges in precharge mode; when Vgat) > V(L owy), the normal charge cycle
is used.

9.4.1.1 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 8. Typical Charging Cycle with Minimum System Voltage Enabled

9.4.1.2 Precharge Mode (Vgar) £ Viiowy)

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

9.4.1.3 Fast Charge Mode

Once Vgar) > Viowy) the bg25071 enters constant current (CC) mode where charge current is regulated using
the internal MOSFETSs between IN and OUT. The total current is shared between the output load and the battery.
Once the battery voltage charges up to Vgatovch) the CHG output goes high indicating the charge cycle is
complete and the bg25071 switches the battery regulation voltage to Vearreg)- The battery voltage is allowed to
relax down to Vgatrec). The charger remains enabled and regulates the output to Vgatreg)- If at any time the
battery falls below Vrch), the charge cycle restarts.
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Device Functional Modes (continued)
9.4.2 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 9), 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 which is show by VseT).

9.4.3 Thermal Regulation and Thermal Shutdown

The bg25071 contains a thermal regulation loop that monitors the die temperature continuously. If the
temperature exceeds T;reg), 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;gr), the IC is
turned off. Once the device die temperature cools by T;oprrys) 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;rr), the charge FET is turned off. The FET is turned back on when the
junction temperature falls below T;orr) — TyoFF-HYS)-

Note that these features monitor the die temperature of the bq25071. 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.

Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: bg25071


http://www.ti.com/product/bq25071?qgpn=bq25071
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBK6&partnum=bq25071
http://www.ti.com/product/bq25071?qgpn=bq25071

13 TEXAS
INSTRUMENTS

bg25071
SLUSBK6 —JULY 2014 www.ti.com

10 Application and Implementation

10.1 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. Refer
to SLUUBA49.

10.2 Typical Application

Vapio
bg25071 R2
USB or TA . — % 100 kO STATUS
— N CHG
GND c1 L ouT VDD
D+ 1? 0.1 uF L c2
D- I 1uF
L ABB
EN BAT
TS . PACK+
ISET
R1
1kQ
GND
= LDO VCHG DET
PWRPD
—_ USB DET
- VUSBIN
ACDET
GPIO
Figure 9. bg25071 Typical Application Circuit
10.2.1 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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10.2.2 Detailed Design Procedure

10.2.2.1 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 bg25071 requires a capacitor from OUT to GND for loop stability. Connect a 1 yF 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.

10.2.2.2 Thermal Considerations

The bg25071 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 8. 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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10.2.3 Application Curves

v 5V/div
o 5V/div (eTRy)
VN © - o
5V/div 5V/div
Voo o ViLbo) &
f \
200mA/div 200mA/div
lout lout
2Vidiv L 2V/div
Vicre) ® Vicro) @)
20ms/div 10ms/div
Victry =0V
Figure 10. Adapter Plug-In With Battery Connected Figure 11. Charger Enable Using EN
Y 5V/idiv ? f
VicTry) 'L“"'"’“"'""""""J " ' 4 5V/div
T | svidiv
ViLpo) & Vin © e 5V/div
200mA/div| Vo) © SRR
lout ®] i
| @) w v
v 2V/div ouT
e = y | 2V/div
400ps/div (cre) 40ps/div
Vin=5Vto12V
Figure 12. Charger Disable Using EN Figure 13. OVP Fault
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11 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. The maximum supported input voltage is up to 10 V; the overvoltage protection kicks in at 10.5 V and the
maximum input voltage rating is 30 V Input Rating.

12 Layout

12.1 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 bgq25071, 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.

» 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 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).

12.2 Layout Example

C4[ :IQl

Gar 100
R2L LI Eu

cs LI /-
R3/L :I\[ :”06

. L1 R4

The bottom plane is a ground plane that is connected to the top through vias.
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Layout Example (continued)
R1
USB or Adapter _ ?‘1 0.1uF
s N CHG KF ANA
GND| _L c4j_ ouT
1 @ c2 c2
D+| = 1MFI o.mFI _LWF —LZZpF
D-
= = bg25071 I I
U1 = e
EN BAT
TS . TEMP PACKH
R3 R4
24.3kQ | 11.3kQ +
R ISET
1kQ §
PACK-
GND - =
= LDO *
PWRPD —L
c5
JT— :E).'IMF
Figure 14. Schematic
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13 Device and Documentation Support

13.1 Trademarks
All trademarks are the property of their respective owners.

13.2 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.

13.3 Glossary

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

14 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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

BQ25071DQCR Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 25071
BQ25071DQCR.A Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 25071
BQ25071DQCR.B Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 25071

BQ25071DQCT Active Production WSON (DQC) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 25071
BQ25071DQCT.A Active Production WSON (DQC) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 25071
BQ25071DQCT.B Active Production WSON (DQC) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 25071

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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 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. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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OTHER QUALIFIED VERSIONS OF BQ25071 :
o Automotive : BQ25071-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
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
BQ25071DQCR WSON DQC 10 3000 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
BQ25071DQCT WSON DQC 10 250 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ25071DQCR WSON DQC 10 3000 182.0 182.0 20.0
BQ25071DQCT WSON DQC 10 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DQC 10 WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.
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