I

'E Ordering &

6 o quality

TEXAS
INSTRUMENTS

Technical
documentation

Design & E Support &
development training

BQ25173-Q1
ZHCSSP1 - JULY 2023

BQ25173-Q1 :EF T 1-4 B H H AR ISHIRZEIS. oL 800mA L4 Lyt 78 i 25

1 etk

P TH 7R 45 M ) AEC-Q100 Frifk
-40°C < Tp < 125°C
- HBM ESD 432844 2

- CDM ESD 4r2£%:7 C4B

- BEERA

Al 7R 40V AR RFE , SCREEE 3V & 18V TAE

Ve 10 = it Dy 6 PR A 4R T v
H BRI, AT BRI IIAE

- 350nA % Hi e LR

- ZAHTeER, DR TN 2pA
SHFEAOV N1 & 4 TR AR E
A LA A0 R BEL8S HEAT G 2

- FB S TR S i A A e I L
- ISET H & & 10mA % 800mA 78 Hi HL Vi

e

- SRR £1%
- FEHERUER Y £10%

78 R

- CE SIH F 75 s oyt 4
- AR B s R T D
- M BRI R AR A T i

SRR R
- 18V AL R LR
- 1000mA i Ry

- 125°C #EFY ; 150°C B {fdr
- ISET 5| 5 B Or

2 N

TR B AL EFE ] BT (TCU)

H 2RIy (eCall)
ERNVER. WrE IR

3 JiHA

BQ25173-Q1 /& — kK FF G FEARUERT 800mA £ 78 L
& G T R A A A2 IR AN 1-4 TR A A .
Y A NN AR R A IR . T RO R
[RGB RIS, I BB RGN
AL,

FEFHIE , AEBEEHIIRER 2 AL IC 4R JF eI N
AR L R Treg BN FEHL LY. BEIDRET] 9 5E 27K
ML R A SR I Pk e

FE R AR TR G e L A M Th Re A 8 A k. 1ZTE
SR e R A AT IR TR A R DD RE L e IR o
ANFE R D REFE ] o 70 FEL PR MIBRE 78 Fi L UAE T JE 2o 471
H PHL G R BE

HEER
RS () HHERRF (R )
BQ25173-Q1 VSON (10) 3.0mm x 3.0mm

(1) W TR TR R, S PR R AR R AR T I
Ko

ouT 1s-4s supercapacitor

Vi:30V-18V | IN Vour: 0V — 10.5V

. s Tagpik 2 T
—I:AN\—N— STAT FB +
p— Q
%7 ISET /CE —:_Ho_sf,
GND PG 4“;
i% BQ25173-Q1 <~

e A S 2 ]

ARG AENTTRRI , RAH R TP s P SORARIE R

PARA = s O 2L . A 5@ B 5 SRR I Bl (R 2, 7 )

www.ti.com , HNEIRAN . TIAGRIERIERERIPENA R, ESEBR Bt Z 8T, 1 551575 Bol R IS SCRRAS .

English Data Sheet: SLUSF68


https://www.ti.com/solution/automotive-telematics-control-unit
https://www.ti.com/solution/emergency-call-ecall
https://www.ti.com/solution/cellular-module-asset-tracking
https://www.ti.com.cn/product/cn/bq25173-q1?qgpn=bq25173-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSSP1
https://www.ti.com.cn/product/cn/BQ25173-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/BQ25173-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/BQ25173-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/BQ25173-Q1?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLUSF68

I3 TEXAS
BQ25173-Q1 INSTRUMENTS
ZHCSSP1 - JULY 2023 www.ti.com.cn
Table of Contents
TR s 1 8 Application and Implementation.................................. 16
2 R e 1 8.1 Application Information...............cccooiin, 16
BB e, 1 8.2 Typical Applications...........ccciiiiiiiiieeeeee e 16
4 ReVISION HISOTY.........o.ovooeeeeeeeeeeeeeeeeeeeeeeeee e 2 9 Power Supply Recommendations...................cc.cooee. 20
5 Pin Configuration and Functions...............c..cc.ccco....... 3 10 Layout.... .o 20
6 SPECIfICAtIONS...........eeeeeeeeeeeeeeeeee e 4 10.1 Layout Guidelines..........cceeiieiiiiiiiieeeiieee e 20
6.1 Absolute Maximum Ratings ............ocovvvreerrerreeen. 4 10.2 Layout EXxample.........coocoeiiiiiiiiiiciie e 20
6.2 ESD RAUNGS .e.veoeeeeeeeeeeeeeeeeeeeeeeeeeeeee s s sessseees 4 10.3 Thermal Considerations............ccccceveeiiiiereeriiieeen. 20
6.3 Recommended Operating Conditions ....................... 4 11 Device and Documentation Support.......................... 22
6.4 Thermal INfOrmMation ... oo 5 11.1 Device SUPPOIt......cooieiiiee et 22
6.5 Electrical CharacteriStiCs .....oovvemeee el 6 11.2 S SRS T B I et 22
6.6 TiMing REqUIrEMENtS ..........cccovvreereeeeeeeeneneneneens 7 1.3 TFERTE oo, 22
6.7 Typical Characteristics..........cccccveevvciiiiiee e 8 11.4 Trademarks. ......ccueeeeiiiiiiee e 22
7 Detailed Description..................cccocoeeeeeeeeeeeenn 10 TS F L e 22
7.1 OVEIVIEW. ...t 10 118 RTE TR e 22
7.2 Functional Block Diagram..........c.cccoccevveiiiiiiiiennns 1 12 Mechanical, Packaging, and Orderable
7.3 Feature Description.............cccooeoiiiiiiiiiiic 12 INFOrMALION. .......eeeeeeeeeeee et 23
7.4 Device Functional Modes..........ccccoocvvevieiiiciiiieeeens 14

4 Revision History

DATE REVISION

NOTES

July 2023 *

Initial Release

2 Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: BQ25173-Q1

English Data Sheet: SLUSF68


https://www.ti.com.cn/product/cn/bq25173-q1?qgpn=bq25173-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSSP1
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSSP1&partnum=BQ25173-Q1
https://www.ti.com.cn/product/cn/bq25173-q1?qgpn=bq25173-q1
https://www.ti.com/lit/pdf/SLUSF68

13 TEXAS

INSTRUMENTS

www.ti.com.cn

BQ25173-Q1
ZHCSSP1 - JULY 2023

5 Pin Configuration and Functions

_____________ ;
I
I
" |l Bazsi73af | 10 | our
I
I
I
2 | L | 9 | FB
' |
' |
I
3| | 8 | /PG
' |
' |
I
4 | || 7 | STAT
' |
I
I
I
5 | Thermal Pad : 6 NC
Lo ;

K 5-1. DRC VSON Package 10-Pin (Top View)

Z% 5-1. Pin Functions

PIN
o DESCRIPTION
NAME . /O SC o)
IN 1 p Input power. Connect to external DC supply. Bypass IN with at least 1- u F capacitor to GND,
placed close to the IC.
ISET 2 | Programs the device fast-charge current, Icyg. External resistor from ISET to GND defines fast-
charge current value. Expected range is 30 kQ (10 mA) to 375 Q (800 mA). Icus = Kiset / RiseT-
Active low charge enable pin. Charging is enabled when CE pin is low. IC remains in Shutdown
CE 3 I |mode and charging is disabled when CE pin is high. An internal pulldown resistor (Rpp_ck)
enables the IC by default if this pin is floating.
NC - |No connect pin, leave floating
GND 5 - |Ground pin
NC - |No connect pin, leave floating
Open-drain charger status indication output. Connect to pullup rail with a 10-k Q resistor. LOW
STAT 7 O |indicates Voyt has reached 98% of the programmable regulation voltage, Vgreg. HIGH indicates
charge in progress.
PG 8 o Open-drain charger power-good output. Connect to pullup rail with a 10-k @ resistor. PG goes
LOW when Viy > ViN_Lowv @nd Vout + Vsieepz < Vin < Vin_ov-
Programs the supercapacitor regulation voltage, Vreg. Use a feedback divider not exceeding 1
FB 9 | M Q from Vout to GND to set the regulation voltage. The bottom of the resistor divider network
can be connected to PG for reduced power consumption when the input is removed (for Vrgg
<5V).
ouT 10 = Supercapacitor connection. System load may be connected in parallel with supercapacitor.
Bypass OUT with at least 1- 1 F capacitor to GND, placed close to the IC.
Thermal Pad o p Exposec_i pad beqeath the IC for heat dissipation. Solder thermal pad to the board with vias
connecting to solid GND plane.
(1) 1= Input, O = Output, P = Power
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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 40 \%
Voltage ouT -0.3 13 \Y
Voltage CE, FB, ISET, STAT, PG -0.3 5.5 \Y
Output Sink Current PG, STAT 5 mA
Junction temperature, T -40 150 °C
Storage temperature, Tgg -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 d ality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per AEC Q100-002(1)

. HBM ESD classification level 2 12500
V(Esp) Electrostatic discharge ' v
Charged device model (CDM), per AEC Q100-011 £1500

CDM ESD classification level C4B

(1) AEC Q100-002 indicates that HBM stressing must be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT
AN Input voltage 3.0 18 \
Vout Output voltage 0 10.5 \
lout Output current 0.8 A
T, Junction temperature -40 125 °C
Cin IN capacitor 1 uF
Cout OUT capacitor 1 uF
RiseT ISET resistor 0.375 30 kQ
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6.4 Thermal Information

BQ25173-Q1
THERMAL METRIC(") DRC UNIT
10 PINS
R Junction-to-ambient thermal resistance (JEDEC(1)) 60.3 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 73.1 °C/W
Ry Junction-to-board thermal resistance 34.2 °C/W
Wr Junction-to-top characterization parameter 6.0 °C/IW
RN Junction-to-board characterization parameter 34.2 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 16.7 °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|y<18Vand VN > 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

QUIESCENT CURRENTS

OUT= 4.2V, IN floating or IN = OV - 5V,

Charge Disabled (CE high), T; =25 °C 0.350 06] wA

la_out Quiescent output current (OUT)
- OUT= 4.2V, IN floating or IN = QV - 5V, 0.350 08| uA
Charge Disabled (CE high), T; < 105 °C ’ ' H
OUT = 8.4V, IN floating or IN = 0V - 14V, 08 121 uA
_ Charge Disabled (CE high), T, = 25 °C : <M
lo_out Quiescent output current (OUT) -
- OUT = 8.4V, IN floating or IN = 0V - 14V, 08 15 A
Charge Disabled (CE high), T; < 105 °C ’ ' H
IN = 5V, Charge Disabled (CE high), no 2 4l uA
| Shutdown input current (IN) with capacitor
SDIN charge disabled IN = 14V, Charge Disabled (CE high), no
. 3.5 6| pA
capacitor
. . IN =5V, OUT = 3.8V, Charge Enabled (CE
la_in Quiescent input current (IN) low), ICHG = 0A 0.45 0.6| mA
. . IN = 14V, OUT = 7.6V, Charge Enabled (CE
lo N Quiescent input current (IN) low), ICHG = 0A 0.45 0.6| mA
INPUT
VIN_oP IN operating range 3.0 18| V
VIN_Lowv IN voltage to start charging IN rising 3.05 3.09 3.15
VIN_Lowv IN voltage to stop charging IN falling 2.80 2.95 3.10
VsLEEPZ Exit sleep mode threshold IN rising, V|n - VouT, OUT =4V 95 135 175| mV
VsLEep Enter sleep mode threshold IN falling, Vi - Vout, OUT =4V 80 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 Vv

CONFIGURATION PINS SHORT/OPEN PROTECTION

Highest resistor value considered RiseT below this at startup, charger does not

RISET_SHORT short initiate charge, power cycle or CE toggle to 350 @
reset
CHARGER
VEB_REF Feedback reference voltage 0.8 Vv
VEB_REF_ACC Feedback reference voltage accuracy |Tj=-40°C to 125C -1 11 %
Typical charge current regulation
IcHG_RANGE rayr? g g Vout > VBaT Lowv 10 800 mA
ge
KiseT Charge current setting factor, lohc = | 19ma < ICHG < 800mA 270 300  330| A0
Kiser / Riset
RiseT =375Q, OUT = 3.8V or 7.6V 720 800 880| mA
RiseT = 600Q, OUT = 3.8V or 7.6V 450 500 550 mA
IcHG Acc Charge current accuracy
- RiseT = 3.0kQ, OUT = 3.8V or 7.6V 90 100 110| mA
RiseT = 30k Q, OUT = 3.8V or 7.6V 9 10 11 mA
VcHe Supercapacitor charged threshold gt)g';tnsmg, as percentage of FB regulation 98 %
IOUT =400mA, T, =25°C 845 1000| mQ
Ron Charging path FET on-resistance
IOUT =400mA, T, =-40- 125°C 845 1450| mQ
CHARGER PROTECTION
lout ocp Output current limit threshold IOUT rising 0.9 1 11 A
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6.5 Electrical Characteristics (continued)
3.0V <V|y <18V and V|y > Voyt + VsLeep, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
TEMPERATURE REGULATION AND TEMPERATURE SHUTDOWN
Treo rTg/gliJT:tli(j;nCtion temperature 125 oc
Tenur Thermal shutdown rising threshold Temperature increasing 150 °C
Thermal shutdown falling threshold Temperature decreasing 135 °C
LOGIC INPUT PIN (/CE)
Viy Input high threshold level 1.3 \%
Vi Input low threshold level 04| V
Rpp ce CE pin internal pulldown resistor 3.3 MQ
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 1 pA
6.6 Timing Requirements
\ MIN NOM MAX| UNIT
CHARGER
touT oCP_DGL ‘ Deglitch time for loyt_ocp, IOUT rising ‘ 100 \ us
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 7
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6.7 Typical Characteristics
Cin=1uF, Coyr=1uF

1 1
— -40°C — -40°C
0.8 — 0°C 0.8 — 0°C
— 25°C — 25°C
0.6 - 0.6 -
< 04 — 105°C X 04 — 105°C
5 02 3 02
3 0 3 o ——
© _—— <
< 02 = -0.2
o =)
> 04 Q .04
-0.6 -0.6
-0.8 -0.8
-1 -1
3 5 7 9 11 13 15 17 18 10 11 12 13 14 15 16 17 18
VIN (V) VIN (V)
IOUT =10 mA VOUT =25V IOUT =10 mA VOUT =10V
& 6-1. Line Regulation (Vgg) A 6-2. Line Regulation (Voyr)
p 10
— _40°C — 10mA
08 —oc 8 — 50mA
0.6 — 25 — 100mA
S 04 S ?(5)590 ° — 200mA
g 0 R 4 — 400mA
& 02 g —— 600mA
g g 2 —— 800mA
o 0 g
3 P e e S—— R >
< —_— | | | 3 o
= -0. — — <
3 0.4 —— o 2
> 0. z
-0.6 L 4
-0.8 -6
1 -8
0 10 20 30 40 50 60 70 80 90 100
IOUT (mA) -10
31 32 33 34 35 36 37 38 39 4 41
Vin=12V Vour =10V VOUT (V)
 6-3. Load Regulation VnN=5V Temp. = 25°C
& 6-4. ICHG Accuracy vs. Voyr
800
10 — -40°C
— 3.8V, 10mA — 0°C
8 — 3.8V, 50mA 100 25c
6 — 3.8V, 200mA — 85°C
— 3.8V, 500mA < 600
e 4 — 7.6V, 10mA €
= —— 7.6V, 50mA = 500 —]
(=]
& — 7.6V, 200mA )
3 0 —— 7.6V, 500mA S oo e — 1
=]
< — .
% 2 \\\\ % / ///
T 300
o 4 /
6 200
8 |
10 100
h 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65
-40 -20 0 20 40 60 80 100 120
IOUT (A)
Temperature (°C)
6-6. Dropout Voltage vs. Output Current
Vin=5Vand 12V Vour=3.8Vand 7.6V
6-5. ICHG Accuracy vs. Temperature
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6.7 Typical Characteristics (continued)
Cin=1uF, Coyr =1pF

6-7. Input Shutdown Current vs. Input Voltage

55 ]
5| — -40C — -40°C
— 0o°C 0.9 — o°C
as| — 25°C 7 — 25°C
~|— 105°C 0.8 — 85°C
4| — 125°C —— 10s%¢
—] ~ 07
&f: 3.5 /// ié:,
= 3 4 — — z 06
- |
D‘ / % g o5
o 25 //
/4
2 0.4 ———
sl A =
51— 03

0.5 3 5
2 4 6 8 10 12 14 16 18
VIN (V) CE Pin = LOW
CE Pin = HIGH Vour=0V

A 6-8. Input Quiescent Current vs. Input Voltage

7 9 11 13 15 17 18
VIN (V)
ICHG=0A

VOUT (V)
V|N =0V

2
— -40°C
1.8 — OOC
— 25°C
181 Yosc
14— 125°C
<
T 12
e —
2
OI / /
o 08
0.6 /
0.4 %
0.2%
0
1 2 3 4 5 6 7 8 9 10

Al 6-9. Output Quiescent Current vs. Output Voltage
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7 Detailed Description
7.1 Overview

The BQ25173-Q1 is an automotive rated, 800-mA linear charger for 1- to 4-cell supercapacitors targeted at
space-limited applications. The device has a single power output that charges the supercapacitor. The system
load can be placed in parallel with the supercapacitor and the charge current is shared between the system and
supercapacitor.

The charger is designed for a single path from the input to the output to charge the supercapacitor. Upon
application of a valid input power source, the ISET pin is checked for short circuit.

The device attempts to charge the supercapacitor at the fast-charge current setting from fully discharged (0 V)
up to the programmable regulation voltage, Vreg. Power dissipation in the IC is greatest in fast charge with a
lower supercapacitor voltage. If the IC temperature reaches Treg, the IC enters thermal regulation and reduces
the charge current as needed to keep the temperature from rising any further. The fast-charge current is
programmed using the ISET pin. ¥ 7-1 shows the typical supercapacitor charging profile with thermal regulation.
At lower fast-charge settings, the junction temperature of the IC is less than Trgg and thermal regulation is not
entered.

Once the supercapacitor has charged to the regulation voltage, the voltage loop takes control and holds the
voltage at the regulation voltage as the current tapers down to zero. There is no current termination threshold as
seen in Li-ion chargers.

Further details are described in 5 7.3.

Regulation Voltage
Vrec

Charge Current
IcHe

|
I
i Ty Regulation
' Tres

Fast-Charge

& 7-1. Supercapacitor Charging Profile with Thermal Regulation
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7.2 Functional Block Diagram

IN out

-
L

V\N
i Vinov|  INPUT

Vsieerz| MONITOR

L
L

1

2

VlNiLOWV l_
/CE /PG
1
FAULT
ISET ICHGiREF VHEF
| PIN DETECT v
& FB_REF
REF DAC
Trea

TJSHUT LE STAT
TSHUT

v s

/PG

CHARGE
CONTROL

GND
Vrs STAT OUT OGP love ]l
Ves_ReF X 98% lout ocr
STATE BQ25173-Q1

FAULT —— MONITOR ——STAT
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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 of the bias circuits. The device detects and sets the charge current limits before the linear regulator is started.
The power-up sequence from the input source is listed below:

1. ISET pin detection

2. Charger power up

7.3.1.1 ISET Pin Detection

After a valid VIN is plugged in and the CE pin is pulled LOW, the device checks the resistor on the ISET pin for a
short circuit (Riset < Riset sHorT)- If @ short condition is detected, the charger remains in the FAULT state until
the input or CE 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 during charging and changes in Risgt while the
charger is operating immediately translates to changes in charge current.

An external pulldown resistor (£1% or better 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
* Kset is the gain factor found in the electrical specifications
* R\seT is the pulldown resistor from the ISET pin to GND

For charge currents below 50 mA, an extra RC circuit is recommended on the ISET pin 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.

7.3.2 Supercapacitor Regulation Voltage
The device allows for the supercapacitor regulation voltage, Vrgg, to be programmed with a resistor divider
between the OUT and FB pins:

RFBT + RFBB
S s — (2)

\% =V X
REG FB_REF RFER

Where Vgg ger is listed in the electrical characteristcs table. The resistors can be seen in & 7-2. The total
resistance (Rrgt + Rrgg) should not exceed 1 M Q.
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\ A
Rrar R T
FBB
FB ] ¢
[T o' Veker
/CE _l_HO_SII
PG
0 a N

&| 7-2. BQ25173-Q1 Feedback Divider

7.3.3 Supercapacitor Charging Profile

The device charges a supercapacitor in two phases: constant current and constant voltage. Power dissipation in
the IC is greatest in fast charge with a lower supercapacitor voltage. If the IC temperature reaches Trgg, the IC
enters thermal regulation and reduces the charge current as needed to keep the temperature from rising any
further. As the supercapacitor approaches the regulation voltage, the current tapers down to 0 mA. There is no
current termination threshold as seen in Li-lon chargers.

7.3.4 Status Outputs (PG, STAT)
7.3.4.1 Power Good Indicator (PG Pin)

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

1. VIN above V| Lowv
2. VIN above VOUT + VSLEEPZ (not in SLEEP)
3. VIN below ViN ov

The PG pin can be used as the GND connection for the bottom resistor in the feedback divider to prevent divider
leakage current from the supercapacitor when the charger is disabled. This is only recommended when Vgegg <

5V (1-2s supercapacitors) as the absolute maximum rating on PG is 5.5 V. An example circuit can be seen in [
8-1.

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

3 7-1. STAT Pin State

CHARGING STATE STAT PIN STATE
VEB < 98% of Vg Rer Or charge disabled High
Vg > 98% of Vg Rrer Low
Fault (VIN OVP, OUT OCP, or ISET pin short) Blink at 1 Hz

7.3.5 Protection Features

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

7.3.5.1 Input Overvoltage Protection (VIN OVP)

If the voltage at the IN pin exceeds V|y_ov, the device enters STANDBY mode. Once the IN voltage recovers to
normal level, charging resumes.
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7.3.5.2 Output Overcurrent Protection (OUT 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 current at the OUT pin
exceeds loyTt ocp, the device turns off after a deglitch, tout ocp paL, and the device remains latched off. An
input supply or CE pin toggle is required to restart operation.

loutocp [ —— —— ——— // ————————————
ICHG

tout_ocp_paL

Riser Short Circuit Charger
A~ eventon ISET A latched off

K 7-3. Overcurrent Protection

7.3.5.3 Thermal Regulation and Thermal Shutdown (Treg and Tgyyt)

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.

Additionally, device thermal shutdown turns off the linear regulator when the IC junction temperature exceeds the
Tsnut threshold. The charger resumes operation when the IC die temperature decreases below the TgyyT 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. The internal circuitry is powered

down, all the pins are high impedance, and the device draws from the input supply. Once the IN voltage rises
above the V|y_| ow threshold, the IC will enter 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 + Vs gepz to start operation.

7.4.3 Active Mode

The device is powered up and charges the supercapacitor when the CE pin is LOW and the IN voltage ramps
above both V|y_Lowv, and Voyt + Vsieepz. The device draws Iq |y from the supply to bias the internal circuitry.
For details on the device power-up sequence, refer to 7 7.3.1.
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7.4.3.1 Standby Mode

The device is in Standby Mode if a valid input supply is present and a recoverable fault is detected. The internal
circuitry is partially biased, and the device continues to monitor for the recoverable fault to be removed.

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 OVP

* Nonrecoverable, requiring pin or input supply toggle to resume operation:
- OUT OCP
- ISET pin short detected
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8 Application and Implementation

&L
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ 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 charger for a 1- to 4-cell supercapacitor.
The regulation voltage, VReg, is configured using a resistor divider between the OUT and FB pins. The charge
current is configured using a pulldown resistor on the ISET pin. Pulling the CE pin above V| disables the
charging function. Charger and input supply status are reported with the STAT and PG pins.

8.2 Typical Applications

8.2.1 1s Supercapacitor Charger Design Example

Vin IN ouT 1s supercapacitor
Vrer - -T- y A _T_ N
=
10kQ
STAT FB
a
——1pF ~Na
3750 ISET PG
GND
4 BQ25173-Q1

A 8-1. BQ25173-Q1 1s Supercapacitor Application Diagram

8.2.1.1 Design Requirements

* Supply voltage is 5 Vto 18 V

* Fast charge current: Icpg = 800 mA

* Regulation voltage: VgRgg = 2.4 V

» CE is an open-drain control pin

* PG pin is used as the GND connection in the feedback divider to minimize supercapacitor current leakage

8.2.1.2 Detailed Design Procedure

*  With Rggt = 604 kQ, calculate Rrgg SO Vrgg = 2.4 V using /i £ 2
* RiseTt = [KiseT / Icng] from electrical characteristics table.

- KISET =300 AQ

- Riser = [300 AQ/0.8 A] =375 Q
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8.2.1.3 Application Curves

Cin=1UF, Coyt=14F, Csc =25F, V|y =5V (unless otherwise specified)

ICHG =400 mA

& 8-2. Power Up with Supercapacitor

ICHG =400 mA

& 8-3. Power Down with Supercapacitor

& 8-4. Charge Disable

Divin D
— ,--
Bl - - BiieaT
-J « 4
B}/ce S /e
I PVBAT_3p
@ 50V ][lﬂ.Orﬂs 100MS/s 7/ } @ ooy ][10‘&"3 100MS/s [N }[ 4Dec 2
2,00V 500mA QB 10M points 920mV & 200V € 500ms  QF ] 10M points 920mYy 03:56:00
ICE pulled high Ichg = 250 mA ICE pulled low Ichg = 400 mA

&l 8-5. Charge Enable

VIN=5V — 20V
K] 8-6. IN OVP Response

ICHG =400 mA

o
=
BDVI
oAt 1
1
PM{VBAT_3p4 - )
Fj 2,004 J{mms 100MS/s @/ }
€ Soomk o8 10M points 5.00V
VIN =4V —-06V VOUT =35V ICHG =250 mA

& 8-7. IN Transient Response
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E»{IBAT:

Djvin

BjvouT_speik

Bp|ISET

VBAT,HpSﬁ k“%.._

Ej 10.0 ¥ ][100us
1.00V 1
lser=1.2kQ — 0 Q

& 8-8. ISET Short-Circuit Response

N

2.5065/s
10M points

\]

€ sS00ma Q% 520mV

B ISET

IDUTJ N

@ 500V
& 1oV € S500ms Q%

~

.

2.5065/s
10M points

i

© /
110m#

ISET = 50 mA — 500 mA
Kl 8-9. ISET Change Response

VREG =25V
& 8-10. Charge Complete

lcug = 400 mA

8.2.2 4s Supercapacitor Charger Design Example

Vin IN ouT 4s 5;2(\9;7302%0““
e gL 23 806kQ : :T:
10kQ 80.6kQ | 1uF
STAT FB , ‘
RN i
——1uF ~a N
6000) ISET /CE _:l_|os-|—-; Vrer
10kQ
GND /PG
A4 BQ25173-Q1 Z =

K 8-11. BQ25173-Q1 4s Supercapacitor Application Diagram

8.2.2.1 Design Requirements
The design requirements include the following:

* Supply voltage is9 Vto 18 V

* Fast charge current: Icyg = 500 mA

* Regulation voltage: VkRgg = 8.8 V

» CE is a control pin, pull high to disable the charger
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8.2.2.2 Application Curves

For application curves, refer to 75 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 40 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 IN to GND and the output filter capacitor from OUT
to GND 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 supercapacitor. 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.

10.2 Layout Example

A 10-1. BQ25173-Q1 Board Layout Example

10.3 Thermal Considerations

The most common measure of package thermal performance is thermal impedance (9 ;5) measured (or
modeled) from the chip junction to the air surrounding the package surface (ambient). The mathematical
expression for 6 ja is:

0ua=(Ty - T)IP (3)

Where:

T, = chip junction temperature
T = ambient temperature
P = device power dissipation
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Factors that can influence the measurement and calculation of 6 ;4 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

Due to the charge profile of supercapacitors, maximum power dissipation is typically seen at the beginning of the
charge cycle when the voltage is at its lowest.

Device power dissipation, P, is a function of the charge rate and the voltage drop across the internal PowerFET.
P can be calculated from the following equation during charging:

P =[Vuny = Vioun] * lour) (4)

The thermal loop feature reduces the charge current to limit excessive IC junction temperature. It is
recommended that the design not run in thermal regulation for typical operating conditions (nominal input voltage
and nominal ambient temperatures) and use the feature for nontypical situations such as hot environments or
higher than normal input source voltage. With that said, the IC will still perform as described, if the thermal loop
is always active.
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11 Device and Documentation Support
11.1 Device Support
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11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
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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 ©)
@ ©)
BQ25173QWDRCRQ1 Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 B173Q
BQ25173QWDRCRQ1.A Active Production VSON (DRC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 B173Q

@ 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.

OTHER QUALIFIED VERSIONS OF BQ25173-Q1 :
o Catalog : BQ25173
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http://focus.ti.com/docs/prod/folders/print/bq25173.html
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GENERIC PACKAGE VIEW
DRC 10 VSON - 1 mm max height

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

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4226193/A
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> PACKAGE OUTLINE
DRCO0010U VSON - 1 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 optimal thermal and mechanical performance.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DRCO0010U VSON - 1 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.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DRCO0010U VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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EXPOSED PAD 11:
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SCALE:25X
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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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