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5 Pin Configuration and Functions

IN| 1 | F==———— - ouT
BQ25176M :
ISET| 2
BIAS| 3
Thermal Pad
GND| 4 L

5-1. DSG Package 8-Pin WSON Top View
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# 5-1. Pin Functions

PIN

NAME

NUMBER

/0

DESCRIPTION

1

Input power, connected to external DC supply. Bypass IN with at least 1-uF capacitor to GND,
placed close to the IC.

ISET

Programs the device fast-charge current. External resistor from ISET to GND defines fast charge
current value. Expected range is 30 kQ (10 mA) to 375 Q (800 mA). ICHG = Ksgt / RiseT-
Precharge current is defined as 20% of ICHG. Termination current is defined as 10% of ICHG.

BIAS

Bias sense pin. Connect an external 10-kQ resistor from this pin to GND. This pin can also be used
as a charging disable pin by pulling the pin to GND by means of an external NMOS. Refer to the
applications section for more information.

GND

Ground pin

STAT

Open drain charger status indication output. Connect to pull-up rail via 10-kQ resistor.
LOW indicates charge in progress. HIGH indicates charge complete or charge disabled. When a
fault condition is detected STAT pin blinks at 1 Hz.

Open drain charge power good indication output. Connect to pull-up rail via 10-kQ resistor.
PG pU”S low when VIN > VlN_LOWV and VOUT + VSLEEPZ < VIN < VIN_OV-

VSET

Programs the regulation voltage for OUT pin with a pull-down resistor. Valid resistor range is 18.2
kQ to 100 kQ, values outside this range will suspend charge. Refer to &7~ 7.3.1.2 for voltage
level details. Recommend using +1% tolerance resistor with <200 ppm/°C temperature coefficient.

ouT

Battery connection. System Load may be connected in parallel to battery. Bypass OUT with at least
1-uF capacitor to GND, placed close to the IC.

Thermal Pad

Exposed pad beneath the IC for heat dissipation. Solder thermal pad to the board with vias
connecting to solid GND plane.
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voltage IN -0.3 30 \%
Voltage ouT -0.3 13 \%
Voltage ISET, PG, STAT, BIAS, VSET -0.3 5.5 \
Output Sink Current PG, STAT 5 mA
Junction temperature T, —40 150 °C
Storage temperature Tstg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute maximum ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,
performance, and shorten the device lifetime.

6.2 ESD Ratings

Product Folder Links: BQ25176M

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/ +2500

JEDEC JS-001(")
V(Esp) Electrostatic discharge - \%

Charged device model (CDM), per ANSI/ESDA/ +1500

JEDEC JS-002(
(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.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VN Input voltage 3.0 18 \%
Vout Output voltage 4.4 \%
lout Output current 0.8 A
T, Junction temperature —40 125 °C
Cin IN capacitor 1 uF
Court OUT capacitor 1 uF
RyseT VSET resistor 18.2 100 kQ
RvseT ToL Tolerance for VSET resistor -1 1 %
RvseT TEMPCO Temperature coefficient for VSET resistor 200 ppm/°C
RiseT ISET resistor 0.375 30 kQ
Rgias BIAS resistor 10 kQ
4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.4 Thermal Information

BQ25176M
THERMAL METRIC(") DSG UNIT
8 PINS
Raua Junction-to-ambient thermal resistance (JEDEC()) 75.2 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 93.4 °C/W
Rays Junction-to-board thermal resistance 41.8 °C/W
Wr Junction-to-top characterization parameter 3.8 °C/W
Y5 Junction-to-board characterization parameter 41.7 °C/W
ReJyc(bot) Junction-to-case (bottom) thermal resistance 17.0 °C/W

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

report.
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6.5 Electrical Characteristics

3.0V <V <and V| > Vour + VsLeep, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

Product Folder Links: BQ25176M

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
QUIESCENT CURRENTS
OUT= 4.2V, IN floating or IN = QV - 5V,
Charge Disabled, T, = 25 °C 035 06] wA
la_out Quiescent output current (OUT)
- OUT= 4.2V, IN floating or IN = QV - 5V, 035 08| uA
Charge Disabled, T, < 105 °C : © M
| Shutdown input current (IN) with IN = 5V, Charge Disabled (Vgjas < 80 110 A
SD_IN_BIAS charge disabled via BIAS pin VBias_Enz), no battery "
Standby input current (IN) with charge _ .
IsTANDBY_IN terminated IN = 5V, Charge Enabled, charge terminated 190 uA
. . IN =5V, OUT = 3.8V, Charge Enabled,
la_in Quiescent input current (IN) ICHG = 0A 0.45 0.6| mA
INPUT
VIN_opP IN operating range 3.0 18| V
VIN_Lowv IN voltage to start charging IN rising 3.05 3.09 3.15| V
VIN_Lowv IN voltage to stop charging IN falling 2.80 2.95 3.10| V
VSLEEPZ Exit SLEEP mode threshold IN rising, VIN - VOUT1 OUT =4V 30 55 80| mV
VsLEep Enter SLEEP mode threshold IN falling, Vin - Vout, OUT =4V 5 30 50| mV
VIN_ov VIN overvoltage rising threshold IN rising 18.1 18.4 18.7] V
VIN_ovz VIN overvoltage falling threshold IN falling 18.2 \Y
ViN_DPM_MIN Minimum input voltage DPM threshold ?{\IO;: = 2.9V, VSET = 4.35V, measured at 315 325 335 V
VN DPM BATTRK Input voltage DPM threshold tracking VOL_JT = 3.5V, VSET = 4.35V, measured at 357 3.645 37| v
- VOUT IN pin
CONFIGURATION PINS SHORT/OPEN PROTECTION
R Highest resistor value considered RiseT below this at startup, charger does not 350| QO
ISET_SHORT short initiate charge, power cycle toggle to reset
. . . Ryset below this at startup, charger does
RvSET_SHORT SHA%?teSt resistor value considered not initiate charge, power cycle or TS toggle 28] kQ
to reset
Ryset below this at startup, charger does
RvseT_oPEN Lowest resistor value considered open | not initiate charge, power cycle or TS toggle 200 kQ
to reset
BATTERY CHARGER
Vpo Dropout voltage (V\\ - VouT) VIN falling, VOUT = 4.35V, IOUT = 500mA 425 mV
v OUT charge voltage regulation Tj = 25°C, all VSET settings -0.5 05| %
REG.ACC accuracy Tj = -40°C to 125°C, all VSET settings 208 08| %
Typical charge current regulation
IcHG_RANGE r;lr?ge g g Vout > VBaT Lowv 10 800 mA
Kiser Charge current setting factor, lcyg = 10mA < ICHG < 800mA 270 300 330! AQ
Kiser / Riser
RiseT = 375Q, OUT = 3.8V 720 800 880| mA
RiseT = 600Q, OUT = 3.8V 450 500 550 mA
IcHe Acc Charge current accuracy
- RiseT = 3.0kQ, OUT = 3.8V 90 100 110 mA
RiseT = 30kQ, OUT = 3.8V 9 10 11| mA
Typical pre-charge current, as
IPRECHG p?r)centgge of ICgHG Vout < VBaT Lowv 20 %
6 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.5 Electrical Characteristics (continued)
3.0V <V|y<and V> Vour + VsLeep, Ty =-40°C to +125°C, and T = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
RiseT = 375Q, OUT = 2.5V 144 160 176 mA
IPRECHG ACC Precharge current accuracy Riser = 6000, OUT = 2.5V 85 100 10| mA
- Riser = 3.0kQ, OUT = 2.5V 18 20 22| mA
Riser = 30kQ, OUT = 2.5V 1.4 2 26| mA
e purcentage ol CHG . |Vour = Vres 10 %
Riset = 600Q, OUT = VREG = 4.2V 45 50 55| mA
ltERM_ACC Termination current accuracy RiseT = 3.0kQ, OUT = VREG = 4.2V 8.5 10 11.5| mA
RiseT =30kQ, OUT = VREG = 4.2V 0.4 1 1.6| mA
VBAT SHORT S;;’;“;fgggl jh]f(’)r: I‘_’:rf;']t :ﬁg;?;w OUT rising, VSET configured for Li-lon 2.1 22 23| v
Output (OUT) short circuit voltage
VBAT_SHORT rising threshold, for LiFePOy4 OUT rising, VSET configured for LiFePO,4 1.1 1.2 13| V
chemistry
VBAT SHORT HYS hO;SthrL(S(i?;UT) short circuit voltage OUT falling 200 mv
IBAT_SHORT OUT short circuit charging current Vout < VBAT_SHORT 12 16 20| mA
VAT Lowy f;‘rris:;:jgi;fLf?fé:';ﬁregnféﬂs'tm” OUT rising, VSET configured for Li-lon 27 28 30| V
VBAT Lowy Pre-charge to fast-charge transition | oy, icin e VSET configured for LiFePO, 19 20 21| V
- threshold for Li-FePO4 chemistry
VBaT Lowv Hys | Battery LOWV hysteresis OUT falling 100 mV
VRecHG E:étrigt:scharge threshold for Li-lon I(())L:\'E RI‘I:j(lglir/\\gC,CV_SVEO'Il'J :onfigured for Li- 75 100 125 mv
Vrecha EiaFt:;ré ;ecchhea;gi;:trt;reshold for \(?;JE'L jigl(r:\g_;,v\gilTET configured for LiFePQOy, 175 200 205 mv
IOUT =400mA, T, =25°C 845 1000 mQ
Ron Charging path FET on-resistance
IOUT =400mA, T, =-40 - 125°C 845 1450 mQ
BATTERY CHARGER PROTECTION
Vout ovp OUT overvoltage rising threshold VOUT rising, as percentage of VREG 103 104 105 %
Vout ovp OUT overvoltage falling threshold VOUT falling, as percentage of VREG 101 102 103| %
lout ocp Output current limit threshold IOUT rising 0.9 1 11 A
TEMPERATURE REGULATION AND TEMPERATURE SHUTDOWN
Trec ;Izgi(f:tligli]nction temperature 125 oc
Teuur Thermal shutdown rising threshold Temperature increasing 150 °C
Thermal shutdown falling threshold Temperature decreasing 135 °C
BIAS PIN
Igias BIAS pin current 36.5 38 39.5| pA
VBIAS_ENZ g?;[ﬁreegﬁ‘g'Seh;'"l[‘asshhu%dawcrﬁés'”9 BIAS pin voltage falling 40 50 60| mv
Veiss en s threshald shall resar I operaton | BAS P voliage ising 6 75 85| my
VBIAS_CLAMP BIAS maximum voltage clamp BIAS pin open-circuit (float) 23 2.6 29| V
LOGIC OUTPUT PIN (STAT, PG)
VoL Output low threshold level Sink current = 5mA 04| V
louT BIAS High-level leakage current Pull up rail 3.3V MA
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6.6 Timing Requirements

MIN NOM MAX UNIT
BATTERY CHARGER
tBiAs_DUTY_OFF BIAS turn-off time during BIAS duty cycle mode 2 s
tOUT_OCP_DGL Deglltch time for IOUT_OCPv 10UT rising 100 us
8 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.7 Typical Characteristics
Cin=1WF, Cout=1MF, ViIN=5V, Vout = 3.8 V (unless otherwise specified)

1 1
— _40°C — -40°C
0.8 0°C 0.8 — 0°C
— 25°C — 25°C
0.6 0.6
— 85°C < — 85°C
< 04 — 105°C :v_ 0.4 — 105°C
g 0.2 ‘ ‘ g 0.2 !
g o 3 o
< o
o -02 < -0.2
i} o
T 04 ¥ -04
>
-0.6 -0.6
-0.8 -0.8
-1 1
45 47 49 51 53 55 57 59 6.1 63 65 0O 10 20 30 40 50 60 70 80 90 100
VIN (V) I0UT (mA)
louT = 10 mA Vour = 42V V|N =5V VOUT =42V
6-1. Line Regulation 6-2. Load Regulation
10 10
— 10mA
8 — 50mA 8
—— 100mA
6 —— 200mA 6 —
S 4 —— 400mA s 4
= —{ —— 600mA =
§ YD 300mA § 2 -
g o o
< 2 < 2
] Q — 10mA
e 4 S 4 — 50mA
—— 100mA
6 6 —— 200mA
-8 8 —— 300mA
—— 400mA
-10 -10
3.1 32 33 34 35 36 37 38 39 4 4.1 -40 20 0 20 40 60 80 100
VOUT (V) Temperature (°C)
VIN =5V Temp =25°C VIN =5V VOUT =38V
6-3. ICHG Accuracy vs Voyr 6-4. ICHG Accuracy vs Temperature
1 800
— 3.6V VREG — -40°C
08 —— 4.35V VREG 700| — ©0°C
— 25°C
0.6 T tec ]
& 04 < 600
= - £ / /
g 02 = 500
5 >
§ 0 (e} / ///
> 0.2 - 400 | —T —
o -L. =
E 04 300
’ 200
-0.8
1 100
-40 20 0 20 40 60 80 100 025 03 035 04 |0(L)J¢5(A) 05 055 06 065
Temperature (°C)
lout = 10 MA E4 6-6. Dropout Voltage vs Output Current
6-5. VSET Accuracy vs Temperature
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6.7 Typical Characteristics (continued)

Cin=1WF, Cout=1MF, ViIN=5V, Vout = 3.8 V (unless otherwise specified)

175 1
— -40°C — -40°C
— 0°C 0.9 — 0°C
150 25 — 25°C
—— 85°C 0.8 —— 85°C
z 125| — 105°C — 105°C
3
2 = 0.7
<
2 100 £
o, = 0.6
z 75 p
3 / < os
- 50 /// 0.4 ==
25 / / 0.3
0 K= 0.2
1 2 3 4 5 6 7 4 45 5 55 6 6.5 7
VIN (V) VIN (V)
BIAS Pin = LOW Vour=0V ICHG=0A
6-7. Input Shutdown Current vs Input Voltage 6-8. Input Quiescent Current vs Input Voltage
1 15
— -40°C
09| — goc 10
08| — 25°C
| — 85°C 5 — ]
0.7 | — 105°C z
< 06 > 0
= o5 = 1
0.4 I
o
" 03 g 10 — _a0°C
= l — o°C
0.2 -15 l — 25°C
0.1 — 85°C
-20 —_ o
0 é I 105°C
1 2 3 4 5 25 \
VOUT (V) 0 10 20 30 40 5 60 70 80
ViNn=0V ITERM SET (mA)
6-9. Output Quiescent Current vs Output Voltage Vour =4.35V
6-10. Termination Current Accuracy vs Termination Current
Setting
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7 Detailed Description
7.1 Overview

The BQ25176M is an integrated 800-mA linear solar charger for 1-cell Li-lon, Li-Polymer, and LiFePQO4 batteries.
The device has a single power output that charges the battery. The system load can be placed in parallel with
the battery. When the system load is placed in parallel with the battery, the output current is shared between the
system and the battery.

The device has four phases for charging a Li-lon/Li-Poly battery: trickle charge to bring the battery voltage up to
VBAT sHoRT, Precharge to recover a fully discharged battery, fast-charge constant current to supply the bulk of
the charge, and voltage regulation to reach full capacity.

The charger includes flexibility in programming of the fast-charge current and regulation voltage. This charger is
designed to work with a standard USB connection or dedicated charging adapter (DC output).

The charger also comes with a full set of safety features: overvoltage protection, and configuration pin (VSET,
ISET) short and open protection. All of these features and more are described in detail below.

The charger is designed for a single path from the input to the output to charge the battery. Upon application of a
valid input power source, the configuration pins are checked for short/open circuit.

If the battery voltage is below the Vgar Lowy threshold, the battery is considered discharged and a
preconditioning cycle begins. If the battery voltage is below Vgar short, the charge current is Igat snorT- If the
battery voltage is higher than Vgar snort but lower than Vgar owy, the amount of precharge current is 20% of
the programmed fast-charge current via the ISET pin. N

Once the battery has charged to the Vgar Lowy threshold, Fast Charge Mode is initiated. The fast charge
constant current is programmed using the ISET pin. The constant current phase provides the bulk of the charge.
Power dissipation in the IC is greatest in fast charge with a lower battery voltage. If the IC temperature reaches
Trec, the IC enters thermal regulation. 7-1 shows the typical lithium battery charging profile with thermal
regulation. Under normal operating conditions, the IC junction temperature is less than Trgg and thermal
regulation is not entered.

Once the battery has charged to the regulation voltage, the voltage loop takes control and holds the battery at
the regulation voltage until the current tapers to the termination threshold. The termination threshold is 10% of
the programmed fast-charge current.

Further details are described in 733> 7.3.

Pre- Thermal Current Voltage Regulation and
Conditioning | Regulation | Regulation Charge Termination DONE
Phase Phase Phase Phase
VREG | — — — —|— — — — — — — e
lche +—————
/
FAST-CHARGE Battelry Current,
CURRENT Battery ouT
Voltage, /
Vour g Charge
PRE-CHARGE Complete
CURRENTAND vy L\ Status,
TERMINATION \ BAT_LOWV Charger
THRESHOLD Off
I
TERM
IPRECHG \ /

TReG ke
0A
Temp:;ature, Tj

7-1. Lithium-lon Battery Charging Profile with Thermal Regulation
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7.2 Functional Block Diagram

ouT

ql

IN
L
Vin n -1 Vear
Vinovl INPUT Icha Rer >"<"»"< VBAT_REF Vrer
i — QBLK | - 4 [ BAT
VsLEEPZ| MONITOR
P

L |

L |
L

—

&

HHH

Vin_uviod] CNTRL

TreG
h
G Ty >"<" (: )
CEN

/

FAULT
ISET A IcHG REF
PIN DETECT | Veat rer [
VSET & STAT
REF DAC
q
Trea
/PG

ItERM T,
— + TERM TSHUT <+
lone _-ﬂ— _“-_ TsHur

(VBAT_REF v

N - VRecHa) \_RECHG BIAS_CLAVIP
Vpat _U—
> Isias
BIAS
VBias
y CHARGE v
BAT- O S BATLOW | CONTROL | VOUT_OVp] Year GND

Veat __ﬂ— _“__ Vout ovp I:

V VBAT_SHORT

BAT_SHORT > _ IOUT 0GR~ lcHa
Vear __U— _“__ lour oce

Vinpeu VINDPM
+
V|N %
STATE
FAULT ——{ MONITOR [—>—STAT BQ25176M
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7.3 Feature Description
7.3.1 Device Power Up from Input Source

When an input source is plugged in and charge is enabled, the device checks the input source voltage to turn on
all the bias circuits. It detects and sets the charge current and charge voltage limits before the linear regulator is
started. The power up sequence from input source is as listed:

1. ISET pin detection

2. VSET pin detection to select charge voltage

3. Charger power up

7.3.1.1 ISET Pin Detection

After a valid VIN is plugged in, the device checks the resistor on the ISET pin for a short circuit (Rigset <
RiseT sHorT)- If @ short condition is detected, the charger remains in the FAULT state until the input or BIAS pin
is toggled. If the ISET pin is open-circuit, the charger proceeds through pin detection and starts the charger with
no charge current. This pin is monitored while charging and changes in Risgt while the charger is operating will
immediately translate to changes in charge current.

An external pulldown resistor (+1% or better is recommended to minimize charge current error) from the ISET
pin to GND sets the charge current as:

(1)
where:

* lcHg is the desired fast-charge current
* Kisgr is a gain factor found in the electrical specifications
*  RiseT is the pulldown resistor from the ISET pin to GND

For charge currents below 50 mA, an extra RC circuit is recommended on ISET to achieve a more stable current
signal. For greater accuracy at lower currents, part of the current-sensing FET is disabled to give better
resolution.

7.3.1.2 VSET Pin Detection

VSET pin is used to program the device regulation voltage at end-of-charge using a £1% pulldown resistor. The
available pulldown resistor and corresponding charging levels are:

Z 7-1. VSET Pin Resistor Value Table

RESISTOR CHARGE VOLTAGE (V)
> 150 kQ No Charge (open-circuit)
100kQ 1-cell LiFePOy: 3.50 V
82.5kQ 1-cell LiFePOy: 3.60 V
61.9kQ 1-cell LiFePOy4: 3.70 V
47.5kQ 1-cell Lilon: 4.05 V
35.7kQ 1-cell Lilon: 4.15V
27.4kQ 1-cell Lilon: 4.20 V
24 .3kQ 1-cell Lilon: 4.35 V
18.2kQ 1-cell Lilon: 4.40 V
<3.0kQ No Charge (short-circuit)
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If either a short- or open-circuit condition is detected, charger stops operation and remains in the FAULT state
until the input or BIAS pin is toggled.

Once a valid resistor value has been detected, the corresponding charge voltage is latched in and the pin is not
continuously monitored during operation. A change in this pin will not be acknowledged by the IC until the input
supply or BIAS pin is toggled.

7.3.1.3 Charger Power Up

After VSET, ISET pin resistor values have been validated, the device proceeds to enable the charger. The
device automatically begins operation at the correct stage of battery charging depending on the OUT voltage.

7.3.2 Battery Charging Features

When charge is enabled, the device automatically completes a charging cycle according to the setting on the
ISET pin without any intervention. The lithium-based charging cycle is automatically terminated when the
charging current is below termination threshold, charge voltage is above recharge threshold, and device is not in
VINDPM or in thermal regulation (TREG). When a full battery is discharged below the recharge threshold
(VrecHg), the device automatically starts a new charging cycle. After charge is done, toggling the input supply or
the BIAS pin can initiate a new charging cycle.

7.3.2.1 Lithium-lon Battery Charging Profile

The device charges a lithium based battery in four phases: trickle charge, precharge, constant current, and
constant voltage. At the beginning of a charging cycle, the device checks the battery voltage and regulates
current and voltage accordingly.

If the charger is in thermal regulation during charging, the actual charging current is less than the programmed
value. In this case, termination is temporarily disabled.

Regulation Voltage
VSET
VRecHa

N

Battery Voltage

|
|
Charge Current |
ISET

Veat Lowv

VBAT SHORT

IPRECHG = ISET x 20%

ITERM = ISET x 10%
lgaT SHORT pP—————t = — — — —— — ===
T

T 7/ >
—Pl————P—— P———»! !
| | | | | |
| Trickle Charge | Pre-charge | Fast-Charge | Taper-Charge | Charge 1| Re-
! ! I'cc lcv "'Done ! charge

7-2. Battery Charging Profile

7.3.2.2 Input Voltage Based Dynamic Power Management (VINDPM)

The VINDPM feature is used to detect an input source voltage that is reaching its current limit due to excessive
load and causing the voltage to reduce. When the input voltage drops to the VINDPM threshold (VN ppm), the
internal pass FET reduces the current until there is no further drop in voltage at the input. This prevents a source
with voltage less than the V|y ppm to power the OUT pin. This unique feature makes the IC work well with
current limited (for example, high impedance) power sources, such as solar panels or inductive charging pads.
This is also an added safety feature that helps protect the source from excessive loads.
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The BQ25176M solar charger features the battery tracking VINDPM. V |y ppm tracks the battery voltage (OUT pin
voltage), which is typically Voyr+145mV. The minimum V\ ppm is 3.25V. It enables charging from the solar
panel when the battery voltage is low and maintains the charging as the battery voltage increases even when
the charge current is low.

7.3.2.3 Charge Termination and Battery Recharge

The device terminates a charge cycle when the OUT pin voltage is above the recharge threshold (Vgregchg) and
the current is below the termination threshold (ltgrym). Termination is temporarily disabled when the charger
device is in thermal regulation or VINDPM. After charge termination is detected, the linear regulator turns off and
the device enters the Standby state. Once the OUT pin drops below the Vrechg threshold, a new charge cycle is
automatically initiated.

7.3.3 Status Outputs ( PG, STAT)
7.3.3.1 Power Good Indicator (PG Pin)

This open-drain pin pulls LOW to indicate a good input source when:

1. VIN above Viy L owv
2. VIN above VOUT + VSLEEPZ (not in SLEEP)
3. VIN below ViN_ov

7.3.3.2 Charging Status Indicator (STAT)
The device indicates the charging state on the open-drain STAT pin. This pin can drive an LED.

R 7-2. STAT Pin State

CHARGING STATE STAT PIN STATE
Charge completed, charger in Sleep mode or charge disabled (Vgjas HIGH
< VBias_ENZ)
Charge in progress (including automatic recharge) LOwW
Fault (VIN_OV, YOUT_OVP, IOUT_OCP, TSHUT, VSET pin short/ BLINK at 1Hz
open, or ISET pin short)

7.3.4 Protection Features

The device closely monitors input and output voltages, as well as internal FET current and temperature for safe
linear regulator operation.

7.3.4.1 Input Overvoltage Protection (VIN_OV)

If the voltage at the IN pin exceeds V|y oy, the device turns off after a deglitch, tyy ov peL. The device enters
Standby mode. Once the IN voltage recovers to a normal level, the charge cycle automatically resumes
operation.

7.3.4.2 Output Overvoltage Protection (VOUT_OVP)

If the voltage at the OUT pin exceeds Voyt ovp, the device immediately stops charging.The device enters
Standby mode. Once the OUT voltage recovers to a normal level, the charge cycle automatically resumes
operation.

7.3.4.3 Output Overcurrent Protection (IOUT_OCP)

During normal operation, the OUT current should be regulated to the ISET programmed value. However, if a
short circuit occurs on the ISET pin, the OUT current may rise to an unintended level. If the current at the OUT
pin exceeds loyt ocp, the device turns off after a deglitch, toyt ocp pgL- An input supply or BIAS pin toggle is
required to restart operation. o
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lout_ocp

ICHG

tout_ocr_paL

Riser Short Circuit Charger
A~ eventon ISET | & latched off

& 7-3. Overcurrent Protection

7.3.4.4 Thermal Regulation and Thermal Shutdown (TREG and TSHUT)

The device monitors its internal junction temperature (T,) to avoid overheating and to limit the IC surface
temperature. When the internal junction temperature exceeds the thermal regulation limit, the device
automatically reduces the charge current to maintain the junction temperature at the thermal regulation limit
(TREG). During thermal regulation, the actual charging current is usually below the programmed value on the
ISET pin.

Therefore, the termination comparator for the Lithium-lon battery is disabled.

Additionally, the device has thermal shutdown to turn off the linear regulator when the IC junction temperature
exceeds the TSHUT threshold. The charger resumes operation when the IC die temperature decreases below
the TSHUT falling threshold.

7.4 Device Functional Modes

7.4.1 Shutdown or Undervoltage Lockout (UVLO)

The device is in the shutdown state if the IN pin voltage is less than V|y | owy or the BIAS pin is below Vgjas enz-
The internal circuitry is powered down, all the pins are high impedance, and the device draws Igp |N_gias from

the input supply. Once the IN voltage rises above the V|y_Low threshold and the BIAS pin is above Vgias gn, the
IC enters Sleep mode or Active mode depending on the OUT pin voltage.

7.4.2 Sleep Mode

The device is in Sleep mode when V|y Lowv < Vin < Vout *+ VsLeepz. The device waits for the input voltage to
rise above Voyt + VgL eepz to start operation.

7.4.3 Active Mode

The device is powered up and charges the battery when the BIAS pin is above Vgjas enz and the IN voltage
ramps above both V|y Lowv and Voyrt + VsLeepz. The device draws Iq |y from the supply to bias the internal
circuitry. For details on the device power-up sequence, refer to 732> 7.3.1.

7.4.3.1 Standby Mode

The device is in Standby mode if a valid input supply is present and charge is terminated or if a recoverable fault
is detected. The internal circuitry is partially biased, and the device continues to monitor for either VOUT to drop
below Vrechg or the recoverable fault to be removed.
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7.4.4 Fault Mode

The fault conditions are categorized into recoverable and nonrecoverable as follows:
* Recoverable, from which the device should automatically recover once the fault condition is removed:
— VIN_OV
- VOUT_OVP
— TSHUT
* Nonrecoverable, requiring BIAS pin or input supply toggle to resume operation:
— IOUT_OCP
— ISET pin short detected
— VSET pin short/open detected
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8 Application and Implementation

g2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

A typical application consists of the device configured as a standalone battery charger for single-cell Lithium-lon,
Li-Polymer, or LiFePO4 chemistries. The charge voltage is configured using a pull-down resistor on the VSET
pin. The charge current is configured using a pull-down resistor on the ISET pin. Pulling the BIAS pin below
VBias_enz disables the charging function. The charger and input supply status is reported via the STAT and PG
pins.

8.2 Typical Applications

8.2.1 Li-lon Charger Design Example

Vin: 3.0V ~ 18V IN ouT 12 ;I;\?n
1y \ AN
== 24.3kQ 10kQ | —IpF
* VSET STAT —|_ —
© 10kQ
6040 ISET . L
e
10kQ
¢ GND BIAS
A4 BQ25176M N

B4 8-1. BQ25176M Typical Application for Li-lon Charging at 500 mA

8.2.1.1 Design Requirements

* Supply voltage =5V

« Battery is single-cell Li-lon

» Fast charge current: Icpg = 500 mA

* Charge voltage: VRgg =4.35V

» Termination current: ltgrpm = 10% of Icyg or 50 mA

* Precharge current: lprecng = 20% of Icpg or 100 mA
» BIAS pin can be pulled down to disable charging

8.2.1.2 Detailed Design Procedure

The regulation voltage is set via the VSET pin to 4.35 V, the input voltage is 5 V and the charge current is
programmed via the ISET pin to 500 mA.

Riser = [Kiset / Ichal
from electrical characteristics table. . . Kiset = 300 AQ

RiseT = [300 AQ/0.5 A] = 600 Q
Selecting the closest 1% resistor standard value, use a 604-Q resistor between ISET and GND, for an expected
ICHG 497 mA.
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8.2.1.3 Application Curves

CNn=1UF, Cout=1MF, VIN=5V, Voutr =3.8V, Ichg = 600 mA (unless otherwise specified)

Help

es Help

v-our

<
=

Y-oUT

- STAT

kst 30 1) (Trigger

RISET =500 Q
B 8-2. Power Up With Battery

rebase T

LeCroy

Riset =500 Q OUT = open-circuit
8-3. Power Up Without Battery

5 Help

1-BAT \\-
e,

tical Timebase Trgger Diskls is  Utilties  Help

LBAT

v-our

Y-0UT

V-BIAS

VIN=5V—-0V

8-4. Power Down

finebase 000 s}
1

——

BIAS pin pulled LOW
8-5. Charge Disable

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback 19

Product Folder Links: BQ25176M


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/bq25176m?qgpn=bq25176m
https://www.tij.co.jp/jp/lit/pdf/JAJSOA8
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSOA8&partnum=BQ25176M
https://www.ti.com/product/ja-jp/bq25176m?qgpn=bq25176m

13 TEXAS
BQ25176M INSTRUMENTS
JAJSOA8 — SEPTEMBER 2022 www.tij.co.jp
File ‘ertical Timeba: Trigger  Display File vertical Timebase Trigger Displ Ml Utilities  Help
o2 g X

\f \E
LeCroy 9/2/2022 6:41:08 FM

BIAS pin pull-low released Voutr =Vser =42V Riger=0.5kQ Igys =0 mA — 250 mA
& 8-6. Charge Enable 8-7. OUT Transient Response

c
LeCroy

Utilities  Help

Help

LBAT /

1BAT

V-ISET
v-our

Y-0UT

finehase

Riser =0.5kQ Voyr=4.0V—0V Rser=500Q—00Q
8-8. OUT Short-Circuit Response 8-9. ISET Short-Circuit Response

Help Utiliies  Help

T et ]

-BAT " 5
=S
veour - o . o . . . .
X V-our
o

LeCroy - /2812022 :50:30 P y 82012022 B:33:22 PM
RISET =1.5kQ VSET =42V Input source Ilimit =25 mA RISET =1.5kQ VSET =3.6V Input source Ilimit =25mA
X 8-10. Battary tracking VINDPM (Li-lon) X 8-11. Battary tracking VINDPM (LiFePO,)
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8.2.2 LiFePO,4 Charger Design Example

Vin: 3.0V ~ 18V IN ouT 1s I;F6eVPO4
* * .- System
- l 1 ! l - Load
1uF
—" 82.5kQ ! | 10kQ —L1uF
. VSET STAT —
:; 10kQ
3.01kQ \SET . L
r
10kQ
¢ GND BIAS AN
BQ25176M

8-12. BQ25176M Typical Application for LiFePO,4 Charging at 100 mA

8.2.2.1 Design Requirements

The design requirements include the following:

* Inputsupply=5V

+ Battery is 1-cell LiFePOy4

» Fast charge current: Icpg = 100 mA
* Charge voltage: VgRgg =3.6 V

* Termination current: ltgrpm = 10% of Icyg or 10 mA
» Precharge current: lprechg = 20% of Icyg or 20 mA
* BIAS pin can be pulled down to disable charging

8.2.2.2 Detailed Design Procedure

The regulation voltage is set via the VSET pin to 3.6 V, the input voltage is 5 V and the charge current is

programmed via the ISET pin to 100 mA.

RiseT = [Kiset / IcHal

from electrical characteristics table. . . Kisgt = 300 AQ

Riset = [300 AQ/0.1 A] = 3kQ
Selecting the closest 1% resistor standard value, use a 3.01-kQ resistor between ISET and GND, for an

expected lcpg 99.67 mA.

8.2.2.3 Application Curves

For application curves, see 7= 8.2.1.3.
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9 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 3.0 V and 18 V (up to 30 V
tolerant) and current capability of at least the maximum designed charge current. If located more than a few
inches from the IN and GND pins, a larger capacitor is recommended.

10 Layout
10.1 Layout Guidelines

To obtain optimal performance, the decoupling capacitor from the IN pin to the GND pin and the output filter
capacitor from the OUT pin to the GND pin should be placed as close as possible to the device, with short trace
runs to both IN, OUT, and GND.

» 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 the 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.

To achieve correct pin detection, the ISET pin and VSET pin resistors should be placed as close as possible to
the device, with short trace runs to both ISET, VSET, and GND.

10.2 Layout Example

10-1. Board Layout Example
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11 Device and Documentation Support

11.1 Device Support

11.1.1 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 Tl PRODUCT OR SERVICE.

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.
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11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

TRCOMEEIL, TNENOFEE IRBLET,

11.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘9 \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
11.6 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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12 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 ©)
@ ©)
BQ25176MDSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 176M
BQ25176MDSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 176M

@ 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 TI'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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GENERIC PACKAGE VIEW
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES: (continued)

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

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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