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ABSTRACT

This application note showcases the BQ2518x family of linear chargers in a compact small form factor battery
charger application design. The BQ25180 and BQ25181 are 12C controlled, 1-cell 1-A linear battery chargers
with power-path which focuses on small solution size and low quiescent current. The BQ2518x devices are well
suited for wearables, medical, gaming accessories, trackers, and building automation applications. Available on
a Wafer-level Chip-Scale (WCSP) and Quad-flat No-Leads (QFN) packages. The total solution size area of the
BQ25180 (8-pin WCSP) design is 7 mm?2 and for the BQ25181 (10-pin QFN) the total solution size area is 12
mm?Z. The solution size encompasses all the key components needed for operation.

Incorporated for functional evaluation on the board there is access to all pins of the BQ2518x via test points
and it also includes the USB2ANY connector, used for communicating with the device via the T/ Chargers GUI/
software. The total size of the 2-layer circuit board is 38 mm X 38 mm for both BQ25180 and BQ25181 designs.

©
VIO GND

7INT L vIo UBAT Usys

R3 i TN ! %
cr:!: Q:BGZSISO ® - PG—G°°(£25181 /mr®n7
o Panasonigc. Ef“j N &E £3

® Vo nal%]“ Cﬁ‘

*Area = 7 mm2 C3 ®Area = 12 mm2
TS,MR° GND UBAT TS-MR- - SDA

He @ 2

BQ25180 and BQ25181 Small Form Factor Boards

Table of Contents

B L1 4 Yo [UTe3 AT o TP PSS ST TR 3
2 FQALUIES..... ...ttt ——————————eeeteeeeeeeeeeeeeeeeeeaeeissstetetete—a——tetatatetaaataeaaaaaaeaaaaaaaaaassanrarrrarennrne 4
BTESE RESUILS.... ...ttt et e et e e e e e e e e e e e e e e e eeseeee e aassatbbarareaaaeeee et eaaaaaaaaeaaeaeaeaaaaaaaannnnrarrrnren 5
4 THEIMAI RESUIES........ooiiiiiieieieiieeeeee ettt et et e e e e e e e e e e e ee e e e e e e aaa st atatasasaeeeeeeeeaeaaaaeeeaeeeesesaaaasannsssssssrsrnnnnnenes 7
S B0ard DESign FileS...........ooiiiiiiiiiiiii ettt a ettt h et ea b e e bt e e b et ea et e e b et e e hn e e e et e e nre e e 7

LT = T @ RS Tt 1T o F= Lo PSSR 8

5.2 BQ25180 Bill Of IMALEIIAIS .....eeeiiiiiiiiiie ittt e ettt e e e e ettt e e e e s ata e e e e e s ensbeaeeaeeansbeeeeeesnntaeeeessasseaeaeeeannseneeaneans 9

5.3 BQ25T80 PCB LAYETS.....ciiiiiiiiiiieeeeiiiie e ettt e e e e ettt e e e e et eeeeeaasbeeeaeeaassseeeaeesansseeeee s e sssaeeeeeassssaeeeeesansseseaeseanssseneenaannses 10
SLUAAGG6 — JUNE 2022 BQ25180 and BQ25181 I2C Controlled Linear Battery Chargers Small Form 1
Submit Document Feedback Factor Design

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com/tool/TI-CHARGER-GUI
https://www.ti.com
https://www.ti.com/lit/pdf/SLUAAG6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUAAG6&partnum=BQ25180.

I3 TEXAS
INSTRUMENTS
Trademarks www.ti.com
5.4 BQ2518T SCREMALIC. .....eetiiiiie ittt ettt e e h et e bt e b et et e e bt e e bt e se e e e bt e s en e e be e ne e nneenene e e 11
5.5 BQ25181 Bill Of MALEIIAIS ......cc.viiiieeiieiti ettt ettt ee ettt s et e s bt e et e st e en e e s ae e e reenneeenes 12
5.6 BQ25T8T PCB LAYEIS.....cutieiiieitie ittt ettt ettt ettt b ettt h e et s et e bt e se bt e bt e ee st e ek e e eae e e b et e aneeene e et e e eaneeareeseneenee e 13
B REFEIENCES...... ..ottt b et eeh et e bt e e et e e bt e e et e b et e et e eh e e bt nh et e bt e et et e e nan et e e reenre s 13
List of Figures
Figure 1-1. BQ25180 (WECSP) PINOUL.......cciuiiiiieiiiteitie ittt ettt e sttt et e st e e teesete e bt e ssbeesseeemeeesbeeanseesseeeteeaneeenbeeanneenneean 3
Figure 1-2. BQ25181 (QFN) PINOUL.......coiuiieiieiit ettt sttt et e st e e bt e st e e e bt e eaee e beeemeeenteeemseeneesnbeenneesnbeesseeenseenreas 3
Figure 1-3. BQ25180 Fanout, 5-mils 0 B-MilS ON PadS............uiiiiiiiiiiie e e e e e e e s e e e s e snnaeeaeeeas 4
Figure 1-4. BQ25181 FANOUL, 8-MiIS ON PaUS........cciiiiiiiiiiie ettt e ettt e e e e ettt e e e e enta e e e e e e ssstaeeaeesansbaeeeessansneeeaeas 4
Figure 3-1. TI Chargers GUI REGISIEIS VIBW...........oiiiiiiiiiiii ittt e bt e et e s bt e e st e e e be e e snt e e e sabeeeenbbeeenee 5
Figure 3-2. BQ25180 VIN APPIIEA. .....eoiiiiiiiiiie ittt ettt et e e h et e s sttt e es e et e ehb e e e eab e e e sanee e e sabe e e ebeeeenteeesnbeeas 5
Figure 3-3. BQ25180 VBAT APPIEA. .....coitiieiiiii ettt ettt h e e et e sttt e s e bt e e ettt e e at et e sab e e e e bbeeeanbeeesbeeeeanbeeenan 5
Figure 3-4. BQ25180 Shipmode Entry and EXit With MR .......coo i e 6
Figure 3-5. BQ25180 Shutdown Entry and Exit with VIN APPIEQ......cccueiiiiiiiiiiee e 6
Figure 3-6. BQ25181 VIN ADPPDIEA. ... .coiiiiiieiiieie ettt ettt e sttt e st e et e sh et e steesmeeeste e e seesseeabeeaneeebeeanseenseesnneenneesnreeas 6
Figure 3-7. BQ25181 VBAT APPHEA. .. ..ottt ettt sttt e sttt s b e e e e et eete e steeemteeeaeeenbeesmeeenbeesneeenteesnbeeneennneas 6
Figure 3-8. BQ25181 Shipmode Entry and EXit With MR ..o bbb 6
Figure 3-9. BQ25181 Shutdown Entry and Exit with VIN APPIEQ......ccueiiiiiiiiee e 6
Figure 4-1. BQ25180 Power DiSSIPation @t 1 W.......ooi ittt ettt e et e et esbe e e e nnbeeeans 7
Figure 4-2. BQ25181 Power DiSSIPation @t 1 W.......ooi ittt e bt e bt e et esbeeeeanbeeeeas 7
Figure 5-1. BQ25180 SCNEMATICS. ... .ceutiiiiiiie ittt ettt ra e b et e ettt e e e ab e e e s bt e e e s be e e sab e e e e bbeeeanbeeesanneeennneeean 8
Figure 5-2. BQ25180 TOP OVEIAY.........eiiiiiieiiiie ittt et e et be et e s a bt e ettt e s abe e e e an bt e e saneeeeabeeeeanbeeesaneeeennneeean 10
Figure 5-3. BQ25180 TOP SOIAET IMASK.......ccitiiiiiiiieieie ettt ettt e e ettt e e a b e e sttt e s be e e e eab e e e enaeeenneeeeanbeeenas 10
Figure 5-4. BQ25180 TOP LAYET.....ccoitiieiiiiiiitiie ettt ettt et a et e s b et e et bt e e aat e e e sa bt e e et e e e emte e e sabeeeeanbeeenaneeeabeeeaas 10
Figure 5-5. BQ25180 BOMOM LAYET......cc.uiiiiiiiieiiie ettt ettt et e e sttt s bt e e et bt e e st e e e sabe e e e bt e e e eateeesnneeeensbeeennns 10
Figure 5-6. BQ25180 BOtOM SOIAET IMBSK.......coiuiiiiiiii ittt ettt e bt se e st e et b e e e rnte e e snneeeebbeeennes 10
Figure 5-7. BQ25180 BOOM OVEIIAY........eeiiiiiiiiiii ettt et e bt e e sttt e s bt e e e an b e e e ebeeesneeeeanbeeenns 10
Figure 5-8. BQ25180 DIill DIAWING......cciueteaiitiieiitteiittee et stee et ee et e e sttt e aaeeeeaabe e e sse e e e sabeeeaabeeesasbeeesaneeeebbeeeanbeeesnneeeennbeeeanes 10
Figure 5-9. BQ25180 BOArd DiMENSIONS. .......uutiiitieiitieeititeaieee it ee e ettt e steee e sab e e e aabeeesnee e e sabeeeaabbeesanteeesaneeeebbeeeaateeesnneeeeanbeeennes 10
Figure 5-10. BQ25181 SCREMALIC. . ....ueiiiiiiiiiiie ettt ettt b et s e e e ettt e s bt e e e an bt e e etee e s anneeeanbeeenane 11
Figure 5-11. BQ25181 TOP OVEIIAY........eiiiiiiieiiiie ettt et e bt eaa et ea b et e e bt e e e e ae e e e st e e e ssbe e e sabeeeanbeeeeaneeeenaneas 13
Figure 5-12. BQ25181 TOP SOIAEI IMASK.........ueiiiiiiieiiie ettt ettt e st e e sttt e s bt e e ea b e e e bt e e e neeeeanbeeenas 13
Figure 5-13. BQ25181 TOP LAYET.....c..uiieiiiiieitiie ettt ettt ettt ea e s bt e et bt e e eat e e sa bt e e et be e e emte e e sabe e e e anbe e e naneeesbeeeeas 13
Figure 5-14. BQ25181 BOtOM LAYET........eiiiiiiiiiiie ittt ettt ettt e e sttt s bt e et bt e e st e e e sabe e e e bt e e e eabeeesaneeeeanbeeeanes 13
Figure 5-15. BQ25181 BOttom SOIAEIr IMASK....... ..ottt st e et e et e e e sbe e e e bbeeenaes 13
Figure 5-16. BQ25181 BOtOM OVEIIAY......coiiiiiiiiiiieiie ettt ettt e h e e ettt e s bt e e aa b e e e ebe e e s nneeeeanbeeenas 13
Figure 5-17. BQ25181 DIill DIAWING. . ... ettt iiutiieiieee it ee ettt ettt e st e ettt e ae e e e aa b e e e sse e e e sabe e e aabe e e ssteeesaneeeaabbeeeanbeeesaneeeebbeeannes 13
Figure 5-18. BQ25181 BOArd DiMENSIONS. ... ..coiiiiiiiiiieeitie ettt ettt et e et e e et et e s st e sab et e e bt e e e asee e e sabeeeebbeeeanteeesaneeeesbeeennes 13
List of Tables
Table 5-1. BQ25180 Bill Of MAEIIAIS. .......cooiiiiiiiiieei ettt e bt e e et e s bt e e rbb e e e et e e nneeeenanee s 9
Table 5-2. BQ25181 Bill Of MALEIIAIS. .......cceiiiieiiietie ettt ettt e et e b e bt esae e e a bt e sneeenbeessbeeneesnbeesseesnneeneeas 12
Trademarks

All trademarks are the property of their respective owners.

2 BQ25180 and BQ25181 I2C Controlled Linear Battery Chargers Small Form
Factor Design

SLUAAGS6 — JUNE 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLUAAG6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUAAG6&partnum=BQ25180.

13 TEXAS
INSTRUMENTS

www.ti.com Introduction

1 Introduction

The BQ2518x are a 1-cell 1A linear battery chargers integrated circuit (IC) focusing on small solution size and
ultra low quiescent current for optimal battery life. The BQ25180 and BQ25181 are the I12C controlled versions of
the BQ2518x family of linear chargers. This board design demonstrates the smallest functional solution size for
both the BQ25180 and BQ25181.
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Figure 1-1. BQ25180 (WCSP) Pinout Figure 1-2. BQ25181 (QFN) Pinout

The BQ25180 is an 8-pin WCSP (1.6 X 1.1 mm) and the total solution size area is 7 mm?, including all the key
components needed for operation. On the other hand, the BQ25181 is a 10-pin QFN (2 X 2.2 mm) and the total
solution size area is 12 mm?2.

The BQ25180 in the WCSP package with the smallest solution size is ideal for wearables applications where the
overall footprint is a critical design consideration. The BQ25181 in the QFN package with thermal-pad provides
the best thermal performance in a small solution size for those applications which needs to operate at the
high-end of power dissipation or need the additional two pins for extra configurability.

The small form factor area on this design incorporates the battery chargers and the bypass capacitors for IN,
SYS and BAT pins, which are the key components needed for the charger to operate. In addition, the printed
circuit board (PCB) includes the pads for the SDA and SCL pull up resistors, these however are not included on
the solution size as they are typically shared on the 12C bus alongside the rest of the system.

The TS/MR pin on the BQ2518x devices, act as a dual function input which monitor the battery pack temperature
and function as a manual reset pin to the part. On this board design the TS/MR pin includes a push button for
resetting the device in parallel with a 10-kQ resistor which simulates an attached battery pack at 25°C working
under normal operation. On the BQ25181 board, also included are the external resistors pads for the charge
enable (/CE) and the power good/general purpose output (PG/GPO) pins, which are the additional pins included
on the QFN device.

The boards are standard 62 mil 2-layer PCB with 1-o0z copper, including mostly 6-mil traces with a 6-mil
clearance and 26 mil diameter vias with a hole size of 10 mil. The 2-layer board design allows for an easy

and cost-effective fanout routing without the need to use high density interconnect layout techniques. Figure
1-3 shows the BQ25180 fanout, which includes 5 mil traces extending to 6 mil away from the pads and vias.
Figure 1-4 shows the BQ25181 fanout, which include 8-mil traces with one via with a hole size of 10 mil on the
power-pad to aid with power dissipation. The total board size is 38 mm X 38 mm for both the BQ25180 and
BQ25181.
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Figure 1-3. BQ25180 Fanout, 5-mils to 6-mils on Pads

Figure 1-4. BQ25181 Fanout, 8-mils on Pads

2 Features
Some of the BQ2518x charger key features are:

» Linear charger with up to 1A of charge current
* Ultra-low IDDQ for maximum battery life:
— 15 nA shutdown mode
— 3.2 uA shipmode with button wake
— 4 uA battery-only mode
» Configurable battery regulation voltage from 3.5 to 4.65 V
» Configurable termination current down to 0.5 mA
» Dynamic power path management allows for simultaneously charging the battery and powering the system
through the regulated system rail (SYS)
» Configurable NTC charging profile thresholds
«  WCSP and QFN package options available
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3 Test Results

This section shows some of the test results obtained with the small form factor designs on the BQ2518x devices.
Figure 3-1 shows the register map view of the BQ2518x chargers, while interacting with the T/ Chargers GU!
using the USB2ANY as the I12C interfacing device.

Figure 3-1. Tl Chargers GUI Registers View

Figure 3-2 to Figure 3-9 shows the devices when power up via adapter, power up via battery, ship mode entry
and wake with push-button input, and waking out of shutdown mode with adapter plug in.
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Figure 3-2. BQ25180 VIN Applied Figure 3-3. BQ25180 VBAT Applied
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4 Thermal Results

The small form factor design of the BQ2518x boards were used to measure thermal dissipation using a thermal
camera. The following data shows the thermal results for both boards design.

The BQ25181 shows a better thermal dissipation across the charge current (ICHG) range. The BQ25181 is
typically 12°C/W better than the BQ25180 version at ambient (25°C) temperature while dissipating 1 watt across
the die. Is important to point out this board design focus is to showcase and optimize solution size, in order to
obtain better thermal performance in both devices some layout tradeoff could be implemented on your design.
Refer to the data sheet for layout recommendations.

Figure 4-1 and Figure 4-2 shows the thermal results for the BQ25180 and BQ25181 at 1W dissipation,
respectively.

3

IN =5V, BAT=3.6 V, Thermal Regulation = Disable, T = 25°C, IN =5V, BAT=3.6 V, Thermal Regulation = Disable, T = 25°C,
Power loss = 1 W, Rgya = 50.5°C/W Power loss = 1 W, Rgya = 38.1°C/W
Figure 4-1. BQ25180 Power Dissipation at 1 W Figure 4-2. BQ25181 Power Dissipation at 1 W

5 Board Design Files

This section includes the key component of the design: schematics, bill of materials, and layout images for both
the BQ25180 and the BQ28181 boards.

BQ25180 Board Front View BQ25181 Board Front View
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5.1 BQ25180 Schematic

Figure 5-1 illustrates the BQ25180 design schematic. The components highlighted in a black box are those
required for operation and are included on the 7 mm? solution size for the charger. These components are also

outlined on white silkscreen box on the physical board.

Components outside the black box are not essential for operation and are included to facilitate the end user
interaction with the board. A test point for monitoring purposes is included in each pin of the BQ25180 device.
Also available is the USB2ANY connector for performing 12C communication with the T/ Chargers GUI Software,
and a 10.2-KQ resistor on the TS/MR pin which disables temperature monitoring by simulating normal operation

of the charger for evaluation.

The pads for the 10-kQ pull up resistors for SDA and SCL pins (R1 and R2) are populated on this board, as well

as the pull up resistor for the INT pin (R3).

Digital Pull-Ups NTC and MR
Test Points e 1 Swi 5 TapR
TS/MR /NT SDA SCL VIN VBAT VSYS GND GND2 VIO o
°
R1 $R2 $R3 R4
430773051825 102k
TSMR INT SDA SCL VIN VBAT VSYS — VIO
GND
GND GND
BQ25180
U1 USB2ANY Connector
VIN VSYS
_-—‘:—_ A2 1IN sys . _1. ol
Cl INT 3 4
25V SCL Al == Eal 5 o 6
- INT VIO ® .—4||'GND
—L7uF - 3DA o1 To/MR el INT 1o ot |
GND scL sci ® o SDA
Cle| sDA GND
AWHW-10G-0202-T
BQ25180YBGT
Figure 5-1. BQ25180 Schematics
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5.2 BQ25180 Bill of Materials

Table 5-1 lists the PCB bill of materials (BOM).
Table 5-1. BQ25180 Bill of Materials

. o Package
Designator Qty Value Description Reference Part Number Manufacturer
/INT, SCL, SDA, 4 Test Point Miniature SMT 5019 Keystone
TS/MR
C1 1 4.7uF CAP, CERM, 4.7 uF, 25V, +/- 0402 GRM155R61E475 MuRata
20%, X5R, 0402 ME15
C2,C3 2 1uF CAP, CERM, 1 pyF, 10V, +/- 20%, 0402 CCO0402MRX5R6 | Yageo America
X5R, 0402 BB105
GND, GND2 2 Test Point, Miniature, Black, TH TH 5001 Keystone
J1 Header (Shrouded), 2.54 mm, 52, | Header, 2.54 mm, | AWHW-10G-0202 | Assman WSW
Gold, TH 5x2, TH -T
R1, R2, R3 3 10k RES, 10 k, 5%, 0.063 W, AEC- 0402 CRCWO040210K0J Vishay-Dale
Q200 Grade 0, 0402 NED
R4 1 10.2k RES, 10.2 k, 1%, 0.063 W, AEC- 0402 CRCW040210K2 Vishay-Dale
Q200 Grade 0, 0402 FKED
SWi1 1 WS-TASV 6 x 6 MM J-HOOK | SMT_SW_6MM2_6 | 430773051825 Waurth
SMD HERM MM2
U1 1 BQ25180YBGR Battery Charger DSBGAS8 BQ25180YBGR | Texas Instruments
VBAT, VIN, VIO, 4 Test Point, Miniature, Red, TH TH 5000 Keystone
VSYS
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5.3 BQ25180 PCB Layers
Figure 5-2 through Figure 5-9 show the design layout images for the BQ25180 board.

L oooon
O O o o
ZINT . J1
T {"8@251808 - o
R2 SCL ul
[} R g usys -
at Q&QCECZ O -
*Area = 7 mm2
9 ]D TSR GND  UBAT -
£ [ O O " = I O o
[

Sut
LeL -

Figure 5-2. BQ25180 Top Overlay Figure 5-3. BQ25180 Top Solder Mask

Figure 5-5. BQ25180 Bottom Layer

Layer
0000
oo 00000
o
Smm S = s91A%
o T
°© o D

2vino noitsulsvs 107
‘els201 10t bevorqas D97 fon

Figure 5-6. BQ25180 Bottom Solder Mask Figure 5-7. BQ25180 Bottom Overlay

1500. 00mil

1500. 00mi

Figure 5-8. BQ25180 Drill Drawing

k«—1000. 00mi 1I—>
Figure 5-9. BQ25180 Board Dimensions
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5.4 BQ25181 Schematic

Figure 5-10 illustrates the BQ25181 design schematic. The components highlighted in a black box are those

required for operation and are included on the 12 mm? solution size for the charger. These components are also

outlined on white silkscreen box on the physical board.

Components outside the black box are not essential for operation and are included to facilitate the end user

interaction with the board. A test point for monitoring purposes is included in each pin of the BQ25181 device.
Also available is the USB2ANY connector for performing 12C communication with the T/ Chargers GUI Software,
and a 10.2-KQ resistor on the TS/MR pin which disables temperature monitoring by simulating normal operation

of the charger for evaluation.

The pads for the 10-kQ pull up resistors for SDA and SCL pins (R5 and R6) are populated on this board, as well
as the pull up resistor for the INT pin (R3) and the PG/GPO (R9) pin. The pull-up resistor for the /CE pin (R8) is

unpopulated on the board.
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Figure 5-10. BQ25181 Schematic
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5.5 BQ25181 Bill of Materials
Table 5-2 lists the PCB bill of materials (BOM).
Table 5-2. BQ25181 Bill of Materials
. o Package
Designator Qty Value Description Reference Part Number Manufacturer
ICE, /INT_Q, 6 Test Point Miniature SMT 5019 Keystone
PG_GPO,
SCL_Q, SDA_Q,
TSIMR_Q
C4 2 4.7 uF CAP, CERM, 4.7 uF, 25V, +/- 0402 GRM155R61E475 MuRata
20%, X5R, 0402 ME15
C5, C6 2 1uF CAP, CERM, 1 pF, 10 V,+/- 20%, 0402 CC0402MRX5R6 | Yageo America
X5R, 0402 BB105
GND_Q GND2_Q, 3 Test Point, Miniature, Black, TH TH 5001 Keystone
GND3_Q
J2 1 Header(Shrouded), 2.54 mm, 5x2,| Header, 2.54 mm, | AWHW-10G-0202 | Assman WSW
Gold, TH 5x2, TH -T
R5, R6, R7, R8, 5 10k RES, 10 k, 5%, 0.063 W, AEC- 0402 CRCWO040210K0J Vishay-Dale
R9 Q200 Grade 0, 0402 NED
R10 2 10.2k RES, 10.2 k, 1%, 0.063 W, AEC- 0402 CRCW040210K2 Vishay-Dale
Q200 Grade 0, 0402 FKED
Sw2 2 WS-TASV 6 x 6 MM J-HOOK | SMT_SW_6MM2_6 | 430773051825 Wurth
SMD HERM MM2
u2 1 BQ25181DLHR Battery Charger WSON10 BQ25181DLHR | Texas Instruments
VBAT_Q, VIN_Q, 4 Test Point, Miniature, Red, TH TH 5000 Keystone

VIO_Q, VSYS_Q
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5.6 BQ25181 PCB Layers
Figure 5-11 through Figure 5-18 show the design layout images for the BQ25181 board.
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