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Fully Integrated Switch-Mode One-Cell Li-lon Charger with Full USB Compliance and
Accessory Power Connection

Check for Samples: bq24180

FEATURES

e Charge Faster than Linear Chargers From

Current Limited Input Sources

e High-Accuracy Voltage and Current Regulation

— Input Current Regulation Accuracy: 5%

(100mA, 500mA)

— Charge Voltage Regulation Accuracy:
+0.5% (25°C), +1% (0-125°C)

— Charge Current Regulation Accuracy: +5%

e Accessory Power Output (DCOUT)

e Input Voltage Based Dynamic Power
Management

« Safety Limit Register for Maximum Charge

Voltage and Current Limiting

« High-Efficiency Mini-USB/AC Battery Charger

for Single-Cell Li-lon and Li-Polymer Battery

Packs

e 20-V Absolute Maximum and 16.5V Operation

Input Voltage Rating

e Built-in Input Current Sensing and Limiting

DESCRIPTION

Integrated Power FETs for Up to 1.5-A Charge
Rate

Programmable Charge Parameters through
[2C™ compatible Interface (up to 3.4 Mbps)

Synchronous Fixed-Frequency PWM
Controller Operating at 3 MHz With 0% to
99.5% Duty Cycle

Safety Timer and Software Watchdog

Reverse Leakage Protection Prevents Battery
Drainage

Thermal Regulation and Protection
Status Outputs for Charging and Faults
25-Pin WCSP Package

APPLICATIONS

Mobile Phones and Smart Phones
Portable Media Players
Handheld Devices

The bg24180 is a compact, flexible, high-efficiency, USB-friendly switch-mode charge management device for
single-cell Li-ion and Li-polymer batteries used in a wide range of portable applications. The charge parameters
is programmable using an 1°C compatible interface. The bgq24180 integrates a synchronous PWM controller,
power MOSFETS, input current sensing and overvoltage protection, high-accuracy current and voltage regulation,
and charge termination, into a small WCSP package.
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2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

I2C is a trademark of Phillips Electronics.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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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.

‘m 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.

DESCRIPTION (CONTINUED)

The bg24180 charges the battery in three phases: conditioning, constant current and constant voltage. Charge
current is programmable using the I°C interface. Additionally, the input current can be limited to a host
programmable threshold to maintain maximum charge current from current-limited sources, such as USB ports.
Charge is terminated based on user-selectable minimum current level. A software watchdog provides a safety
backup for I°C interface while a safety timer prevents overcharging the battery. During normal operation,
bg24180 automatically restarts the charge cycle if the battery voltage falls below an internal threshold and
automatically enters sleep mode or high impedance mode when the input supply is removed. The charge status
is reported to the host using the 1°C interface. During the charging process, the bg24180 monitors its junction
temperature (T;) and reduces the charge current if T, increases to 125°C. The bg24180 is available in 25-pin
WCSP package.

ORDERING INFORMATION

PART NUMBER ®®@ Vove I2C ADDRESS
bg24180YFFR 165V 6B
bg24180YFFT 165V 6B

(1) The YFF package is available in the following options:
R — taped and reeled in quantities of 3,000 devices per reel.

T — taped and reeled in quantities of 250 devices per reel.

(2) This product is RoHS compatible, including a lead concentration that does not exceed 0.1% of total product weight, and is suitable for
use in specified lead-free soldering processes. In addition, this product uses package materials that do not contain halogens, including
bromine (Br) or antimony (Sb) above 0.1% of total product weight.

ABSOLUTE MAXIMUM RATINGS®®
over operating free-air temperature range (unless otherwise noted)

LIMITS UNIT

Supply voltage range (with respect to PGND) VBUS -210 20 \%
Input voltage range (with respect to and PGND) SCL, SDA, PSEL, CSIN, CSOUT, DRV, DCOUT, INT -0.3to7 \%
Output voltage range (with respect to and PGND) PMID, STAT 031020 Y

SW, BOOT -0.7t0 20
Voltage difference between CSIN and CSOUT inputs (VCSIN —-VCSOUT) +7 \%
Voltage difference between BOOT and SW inputs (VBOOT —VSW) -0.3to7 \%
Output sink INT > mA

STAT 10
Output current DCOUT 15 A

DRV 10 mA
Output current (average) SW 2 A
Ta Operating free-air temperature range -30 to +85 °C
T; Junction temperature range —40 to +125 °C
Tstg Storage temperature —45 to +150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to GND if not specified. Currents are positive into, negative out of the specified terminal. Consult Packaging
Section of the data book for thermal limitations and considerations of packages.

2 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
Product Folder Link(s): bq24180

Downloaded from AFFOW.Com.


http://focus.ti.com/docs/prod/folders/print/bq24180.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSA02 A A&partnum=bq24180
http://focus.ti.com/docs/prod/folders/print/bq24180.html
http://www.arrow.com

I§ TEXAS bq24180

INSTRUMENTS

www.ti.com SLUSA02 A —FEBRUARY 2010-REVISED FEBRUARY 2010

DISSIPATION RATINGS

Tp < 25°C DERATING FACTOR
PACKAGE Raaa Rasc POWER RATING ABOVE T, = 25°C
WCSP-25 60°C/w® 1.57°C/W 540 mW 5.4 mW/°C

(1) Using JEDEC 2s2p PCB standard.

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

MIN  NOM MAX | UNIT
Supply voltage, VBUS 4.0 160 | v
Operating junction temperature range, T, 0 125 °C

(1) The inherent switching noise voltage spikes should not exceed the absolute maximum rating on either the BOOT or SW pins. A tight
layout minimizes switching noise.

ELECTRICAL CHARACTERISTICS
Circuit of Figure 2, Vygus = 5V, HZ_MODE=0, CD=0, T; = —40°C to 125°C and T, = 25°C for typical values (unless otherwise

noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
INPUT CURRENTS
Vygus > Vvus(miny, PWM switching 10 mA
lveus Vygus supply current for control Vysus > Vvsus(miny PWM NOT switching 5 mA
0°C< T, < 85°C, EN=0 or HZ_MODE=1 650 WA
IvBUS_LEAK Leakage current from battery to VBUS pin 0°C< T; < 85°C, V¢sout = 4.2 V, No input connected 5 UA
lzaT DCOUT Battery Current when using DCOUT DCOUI = enabled, Vear = 4.2V, DCOUT_ILIM=1A, 800| pA
- Ibcoutr=750mA
0°C< T; < 85°C, V¢sout = 4.2 V, No Input connected, 20 LA
. o DCOUT disabled SCL,SDA=0V or 1.8V
| Battery discharge current in High Impedance . - -
BAT_HIZ mode, (CSIN, CSOUT, SW pins) 0°C<TJI<85 C,_VCSOUT = 4.2V, High Impedance
mode, DCOUT disabled, Vypgys = 5V, 60 HA
SCL,SDA=0V or 1.8V
VOLTAGE REGULATION
Vorec Output charge voltage programmable range | Operating in voltage regulation, programmable 35 4.44 \%
. Ta=25°C -0.5% 0.5%
Voltage regulation accuracy
-1% 1%
CURRENT REGULATION - FAST CHARGE
Vereche = Vesout < Vores: Vveus>Vsies
locHARGE Output charge current programmable range Rens = 68 mQ, Programmable 550 1550 mA
Regulation accuracy for charge current Vichrg = 37.4 mV to 44.2 mV -3.5% 3.5%
across RSNS . )
Vires = locrarae X Rsns Vichre > 44.2 mV —-3.0% 3.0%
PSEL, CD LOGIC LEVEL
Vi Input low threshold level PSEL, CD falling 0.4 \Y,
Viy Input high threshold level PSEL, CD rising 1.2 Y
CHARGE TERMINATION DETECTION
- Vesout > Voree—VreH » Vveus™Vsips
lTERM Termination charge current Rens = 68 MQ, Programmable 25 200 mA
ITERM_dgl Deglitch time for charge termination Both rlsmg_and falling, 2-mV over- drive, 30 ms
- trise: traLL = 100 ns
Vrgrm = 1.7 mV -40% 40%
Regulation accuracy for termination current | v\ = 3.4 mV to 6.8 mV —~16% 16%
across Rgys ~ S S
Virea erm = loTer X Rns Vierm = 6.8 MV to 13.6 mV -11% 11%
Vrgrm 2 13.6 mV -5.5% 5.5%
Eattery Detection sink current before charge _550 WA
one
INPUT BASED DYNAMIC POWER MANAGEMENT
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS (continued)
Circuit of Figure 2, Vygys = 5V, HZ_MODE=0, CD=0, T; = -40°C to 125°C and T, = 25°C for typical values (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViN_pPM S;Est?r:esmld when input based DPM loop Charge mode, programmable 4.15 4.71 \%
DPM loop kick-in threshold tolerance —2% 2%
FAULTY ADAPTER PROTECTION
VyBus (MIN) Faulty adapter threshold 3.6 3.8 4.0 \%
Deglitch time for Faulty adapter 30 ms
Hysteresis for faulty adapter protection Vygus Rising 100 200 mV
Current source for faulty adapter protection 20 30 40 mA
tinT Detection Interval 2 s
INPUT CURRENT LIMITING
In_uiir = 100 mA 90 95 100
In_Limir Input current limiting threshold gji;?:)r%epn&?ge, current Iin_uimir = 500 mA 450 475 500 mA
Iin_umir = 800 mA 700 755 800
DCOUT
Rpcout DCOUT Pass FET on-resistance Ibcout = 500 mA 300 mQ
ILim _pcout DCOUT current limit programmable range Programmable via I°C 350 1400 mA
L DeOUT Deglitch time from DCOUT current-limit event 145 ms
— to DCOUT latch-off
lLim_pcout = 350mA 270 350
ILim pcouT DCOUT current limit range Programmable via I°C Iuw_poour = 750mA 650 750 mA
- ILm_pcout = 1050mA 800 1050
ILm_pcout = 1400mA 1050 1400
BATTERY RECHARGE THRESHOLD
VReH Recharge threshold voltage Below VOREG 100 120 150 mV
Deglich time 22 100 ne, 10.mv overdrive 130 ms
STAT OUTPUTS
VoL(star) Low-level output saturation voltage, STAT lo = 10 mA, sink current 0.5 \%
High-level leakage current Voltage on STAT pin is 5V 1 HA
VoLant) Low-level output saturation voltage, INT lo =1 mA, sink current 0.4 \%
High-level leakage current Voltage on INT pin is 5V 1 HA
12C BUS LOGIC LEVELS AND TIMING CHARACTERISTICS
VoL Output low threshold level lo =10 mA, sink current 0.4 \Y
Input low threshold level Vpui-up) = 1.8 V, SDA and SCL 0.4 Y
Input high threshold level Vpui-up) = 1.8 V, SDA and SCL 1.2 \%
l(bias) Input bias current Vpuil-up) = 1.8 V, SDA and SCL HA
fscL SCL clock frequency 3.4| MHz
SLEEP COMPARATOR
Veip \S/Li‘i’_’\';:ggie”"y threshold, 2.3V £ Vesour < Vorea: Vaus falling 0 40  100| mv
VsipexiT Sleep-mode exit hysteresis 2.3V £ Vesout < Vores 140 200 260 mv
\?:LQI:E(\:/Z:LT;;M VBUS rising above Rising voltage, 2-mV over drive, tgisg = 100 ns 30 ms
UVLO
Vuvio IC active threshold voltage Vygus rising 3.05 3.3 3.55 Y,
Vuvio_Hys IC active hysteresis Vygus falling from above Vyy o 120 150 mV
PWM
Lnr:igsa;lsttggcgeverse blocking MOSFET Iin_umir = 500 mA, Measured from Vygys to PMID 110 210 mQ
'O”rff"r?g'sttggc';"‘:ha””e' Switching MOSFET | y10asured from PMID to SW 130 250| mQ
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ELECTRICAL CHARACTERISTICS (continued)
Circuit of Figure 2, Vygys = 5V, HZ_MODE=0, CD=0, T; = -40°C to 125°C and T, = 25°C for typical values (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ln;igslstt;%%%m N-channel MOSFET Measured from SW to PGND 125 210 mQ
fosc Oscillator frequency 3.0 MHz
Frequency accuracy -10% 10%
Dpax Maximum duty cycle 99.5%
Dmin Minimum duty cycle 0
i%r:j(;h[?;r?sl:tsio??:%?rgp &r::s);]né:lzignous Low-side MOSFET cycle-by-cycle current sensing 100 mA
Vprv Internal bias voltage regulator Iprv = 10 MA 5 5.2 5.45 \%
Ibrv DRV Output Current External load on DRV 10 mA
Vpo bRV DRV Dropout Voltage (Vveus — Vbrv) Ivaus = 14 Vieus = 5 V. lory = 10 mA 340 mV
B Vuvio < Vveus<VsLp 750
PROTECTION
Voue Input OVP threshold voltage Threshold over Vygys to turn off converter during charge 16 16.5 17 \%
Vovp hysteresis Vygus falling from above Voyp 185 mV
Vi e Input High threshold Vygus Rising, Threshold where Iga7 falls to 50 mA 9.5 9.8 10.1 Y,
- VIN_HIGH_USB hysteresis Vygus falling from above Viy_nic 150 mV
tove-dgl OVP deglitch time Vygus rising or falling 32 ms
vt Cycle-by-cycle current limit for charge Charge mode operation 1.8 2.4 3.0 A
Vereon Precharge to fast charge threshold Vesour fising 1.9 2.0 2.1 \%
VPRECHG hysteresis Vesourt falling from above Vpgeche 100 mV
IpRECHG Precharge charge charging current Vesout < Vshort and Viy_wigh < Vveus < Vove 335 50.0 66.5 mA
Terromn Thermal trip 165 °C
Thermal hysteresis 10 °C
Ter Thermal regulation threshold Charge current begins to taper down 120 °C
Timeout for the watchdog timer Watchdog timer 12 S
bwatchoos Safety timer accuracy —-20% 20%
Vior TS Hot Threshold Corresponds to 55°C, Vg Falling 0.153 0.160 0.169 \Y
TS Hot Threshold Hysteresis VTS Rising 125 mvV
Vs TS Warm Threshold Corresponds to 45°C V+g Falling 0.210 0.225 0.240 \%
TS Warm Threshold Hysteresis Vg Rising 12.5 mV
Veos TS Cold Threshold Corresponds to 5°C, Vg Rising 1.06 1.10 1.14 \%
TS Cold Threshold Hysteresis Vs Falling 75 mV
e TS Bias Current 95 100 105 HA
TS Open Resistance Resistance on TS that translates to open circuit on TS 200 kQ
(1) Bottom N-channel MOSFET always turns on for ~60 ns and then turns off if current is too low.
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 5
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SIMPLIFIED BLOCK DIAGRAM
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Figure 1. Simplified Block Diagram
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PIN CONFIGURATION

DEVICE INFORMATION

TOP VIEW

PN TN PldaN PldaaiN PN
/ N/ NS N/ N \
/ v o7 v/ ! v \
A { VBUS | | VBUS ) | BOOT | { SCL |} i SDA |
\ 2 7o\ 7o\ 7\ ’
e NN N N
ST ST TN T TN
/ A \ v o \
B { PMD ) { PMID J { PMID J i INT } { CD |}
\ N LN AN AN !
NP e’ N N NP
ST TN LT TN TN
/ A v/ v \ \
Cc i SW I SW ) SW ] i PSEL | | STAT |
Y ’ N 7o s 7N ’
AN N A N A N
PN ST PN N PN
7 N/ N/ N S N \
D { PGND | | PGND ) | PGND ] {DCOUT | i DCOUT |
\ S \ SN a \ S \ S
~—— AN N Sao” N
ST TN 7T TN LT

/ (s v/ / v
E { csN ) { TS ) { DRV ] {CSOUT} {CSOUT}
\ 2 7\ 7o 7\ ’
\ VN SN AN SN /

N ~ - ~ P ~ P N

2.2 mm x 2.4 mm 25-pin WCSP

PIN FUNCTIONS

NAME | PIN NO. I/0 DESCRIPTION

VBUS |Al, A2 /O | Charger Input Voltage. Connect to an input supply up to 16V. Bypass VBUS to PGND with a 1uF ceramic
capacitor.

BOOT |A3 O | High-Side MOSFET Gate Driver Supply. Connect a 10nF ceramic capacitor (voltage rating above 10V) from
BOOT pin to SW pin to supply the gate drive for the high side MOSFET.

SCL A4 | I°C interface clock. Connect SCL to the logic rail through a 10kQ resistor.

SDA A5 I/O | I2C interface data. Connect SCL to the logic rail through a 10kQ resistor.

PMID B1,B2,B3| O |Connection Point Between Reverse Blocking MOSFET and High-Side Switching MOSFET. Bypass PMID to
PGND with a minimum of 3.3uF ceramic capacitor. Use caution when connecting an external load to PMID.
The PMID output is not current limited. Any short on PMID will result in damage to the IC.

INT B4 O | Host Interface Status Output. INT is a low voltage open drain output used to signal charge status to the host
processor. INT is pulled low during charging. When charging is complete or when charging is disabled, INT is
high impedance. When a fault occurs, a 128us pulse is sent out as an interrupt for the host. INT is
enabled/disabled using the EN_STAT bit in the control register. Connect INT to a logic rail through a 10kQ
resistor to communicate with the host processor.

CD B5 O | Hardware Disable Input. Connect CD to GND to enable charge. Drive CD high to disable charge and place
the bg24180 into high impedance mode. Toggling CD resets the safety timer when in DEFAULT mode, but
does not reset the timer when in host mode. CD is pulled to PGND through a 100kQ internal resistor.

SW C1, C2, O | Inductor Connection. Connect the switched side of the inductor to SW.

C3

PSEL C4 | USB Source Detection Input. Drive PSEL high to indicate a USB source is connected to the input and the PC
mode default values should be used. When PSEL is high, the IC starts up with a 200mA input current limit.
Drive PSEL low to indicate that an AC Adapter is connected to the input. When PSEL is low, the IC starts up
with no input current limit and a 1A charge current. PSEL has an internal 100kQ pullup resistor.

STAT C5 O | Status Output. STAT is an open drain output that is pulled low during charging. When charging is complete or
when charging is disabled, STAT is high impedance. When a fault occurs, a 128us pulse is sent out as an
interrupt for the host. STAT is enabled/disabled using the EN_STAT bit in the control register. Connect STAT
to a logic rail using an LED for visual indication or through a 10kQ resistor to communicate with the host
processor.

PGND | D1, D2, Power ground. Connect to the ground plane for the circuit.

D3

DCOUT | D4, D5 O | Accessory Power Output. DCOUT is connected to the battery through an internal pass FET. When enabled
through 12C, DCOUT is connected to the battery. When disabled, DCOUT is high-impedance. Bypass DCOUT
to PGND with at least a 1uF ceramic capacitor.

CSIN El | Charge Current-Sense Input. Battery current is sensed via the voltage drop across an external sense resistor.
Bypass CSIN to PGND with a 0.1pF ceramic capacitor.

Copyright © 2010, Texas Instruments Incorporated
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PIN FUNCTIONS (continued)

NAME | PIN NO. lfe} DESCRIPTION

TS E2 | Battery Pack NTC Monitor. Connect TS to a 4.7kQ NTC thermistor. During DEFAULT mode, when Vg >
VcoLp or VTS<VI-£OT charging is suspended. If Vot < Vs < Vwarwm charging current is reduced. The faults are
reported by the I°C interface. During host mode, the TS function is active, but does not affect charging. The
faults are only reported by the I12C interface.

DRV E3 O | Gate Drive Supply. DRV is the supply for the gate drive of the internal MOSFETSs. Bypass DRV to PGND with
a 1pF ceramic capacitor. DRV may be used to drive external loads up to 10mA. DRV is active whenever the
input is connected.

CSOUT | E4, E5 | Battery voltage and Current Sense Input. Connect to the positive terminal of the battery pack. CSOUT is also
the supply for the DCOUT output. Bypass CSOUT to PGND with 1uF ceramic capacitor.
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TYPICAL APPLICATION CIRCUITS

VBUS = 5V, IlN_LlMlT = 500mA, lCHARGE = 1A, VBAT = 3.5--4.44V (Adjustable), Sa.fety Timer = 27 minute default w/
12 seconds watchdog

Cc8

POWER FOR
ACCESSORY

F«?

|

C2
I10 uF

VAUX
R2 R4 |
10 kQ

SYSTEM

HOST

RSNS
'5 68 mQ
VBUS L VBUS 3 sw
a
c1 ca
THF I 10 nF
= BOOT
T PMID PGND
c3
47 pFI bq24180 =
= CSIN
CSouUT .
L DRV l
c7 L c5 c6
1uF
veus|}— W I qu WF I1 WF
?; VBUS PSEL Ts
) USB PHY
GNDF— oL
- =
I =
Hardware Disable —— CD % Z SDA
R3 l
4kQ Vol
—AW\— P —

Figure 2. 1°C Controlled 1-Cell USB Charger Application Circuit
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TYPICAL CHARACTERISTICS

5 V/div
VVBUS AR 1 e A AT ARy | |
‘ Vear ‘ \ | | 2 Vidiv
IR | \
|
L » \ \.-‘-“"“ ekl
Vgar 2 V/div
»
four 200 mA/di
| 500 mA/div A
ouT
s A - ® k
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)

e Romp=11Qto1Q,
Voo 2 Vidiv ¢ Vear =4V :
=
1 Vidiv Vbcout \ 1Vidiv |
Vear : ks ;
2 C“*“"""'———‘—-“—'“
200 mA/div locout
veus 500 mA/div
t -Time - 10 ms/div t -Time - 4 ms/div
Figure 15. Enable/Disable Using CD Figure 16. DCOUT OCP Response
Vygus =55Vt 17V
Vveus
1 Vidiv
Vbcout " A
ww‘z" 1
Y&
f lout ! 500 mA/div
”‘”*‘*—X : =
: \% 500 mA/div
locout | o A itz
| 5 V/div
.

t -Time - 2 ms/div

Figure 17. Hotplug 1000uF Capacitor into DCOUT

Vbo(veus-brv) -V

Vygus = 5.5V to 10.5V )
Vveus ) 5 V/div
2 f
| il 500-mA/div
out USB100 [ on
"4 T Trickle Charge
| / I e
\
o \
\ /
\J
V.
sw 5 V/div

t -Time - 10 ps/div

Figure 19. VINHIGH Response

t -Time - 10 us/div

Figure 18. OVP Response

400 T T
Vveus =5 Vs
I lvgus = 1A,
350 [~ 15y = 10 mA
300
/ ~
250 7
//
200 //
/ —
150
100
40 20 0 20 40 60 80 100 120

Tp - Free-Air Temperature - °C

Figure 20. DRV Dropout vs Tx

140

12 Submit Documentation Feedback

Downloaded from AFFOW.Com.

Product Folder Link(s): bq24180

Copyright © 2010, Texas Instruments Incorporated


http://focus.ti.com/docs/prod/folders/print/bq24180.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSA02 A A&partnum=bq24180
http://focus.ti.com/docs/prod/folders/print/bq24180.html
http://www.arrow.com

I§ TEXAS bq24180

INSTRUMENTS

www.ti.com SLUSA02 A —FEBRUARY 2010-REVISED FEBRUARY 2010

TYPICAL CHARACTERISTICS (continued)
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DETAILED DESCRIPTION

The bg24180 is a highly integrated synchronous switch-mode charger featuring integrated MOSFETs and small
external components, targeted at extremely space-limited portable applications powered by 1-cell Li-lon or
Li-polymer battery pack. For current limited power source, such as a USB host or hub, the high efficiency
converter is critical in fully utilizing the input power capacity and quickly charging the battery. Due to the high
efficiency in a wide range of the input voltage and battery voltage, the switching mode charger is a good choice
for high speed charging with less power loss and better thermal management.

The bg24180 has two operation modes: charge mode and high impedance mode. In charge mode, the bq24180
supports a precision Li-ion or Li-polymer charging system for single-cell applications. In high impedance mode,
the bg24180 stops charging and operates in a mode with very low current from IN and battery, to effectively
reduce the power consumption when the portable device in standby mode. Through proper control, bq24180
achieves the smooth transition among different operation modes.

Charge Mode Operation
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and Not Active, no active
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Figure 25. Startup on Adapter Plug-In in DEFAULT Mode
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Charge Profile
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Figure 26. Startup on Adapter Plug-In in Host-Controlled Mode

In charge mode, bgq24180 has five control loops to regulate input voltage, input current, charge current, charge
voltage and device junction temperature. During the charging process, all five loops are enabled and the one that
is dominant will take over the control. The bq24180 supports a precision Li-ion or Li-polymer charging system for
single-cell applications. Figure 27 indicates a typical charge profile without input current regulation loop and it is
similar to the traditional CC/CV charge curve, while Figure 27 shows a typical charge profile when input current
limiting loop is dominant during the constant current mode, and in this case the charge current is higher than the
input current so the charge process is faster than the linear chargers. For bq24180, the input current limits, the
charge current, termination current, and charge voltage are all programmable using 1°C interface.
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Figure 27. Typical Charging Profile of bq24180

PWM Controller in Charge Mode

The bg24180 provides an integrated, fixed 3 MHz frequency voltage-mode controller with Feed-Forward function
to regulate charge current or voltage. This type of controller is used to help improve line transient response,
thereby simplifying the compensation network used for both continuous and discontinuous current conduction
operation. The voltage and current loops are internally compensated using a Type-lll compensation scheme that
provides enough phase margin for stable operation, allowing the use of small ceramic capacitors with very low
ESR. There is a 0.5V offset on the bottom of the PWM ramp to allow the device to operate between 0% to 99.5%
duty cycles.

The bg24180 has two back to back common-drain N-channel MOSFETs at the high side and one N-channel
MOSFET at low side. An input N-MOSFET (Q1) prevents battery discharge when VBUS is lower than Vygys (winy-
The second high-side N-MOSFET (Q2) behaves as the switching control switch (see Figure 1). A charge pump
circuit is used to provide gate drive for Q1, while a boot strap circuit with external boot-strap capacitor is used to
boost up the gate drive voltage for Q2.
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Cycle-by-cycle current limit is sensed through the internal sense MOSFETSs for Q2 and Q3. The threshold for Q2
is set to a nominal 2.5-A peak current. The low-side MOSFET (Q3) also has a current limit that decides if the
PWM Controller will operate in synchronous or non-synchronous mode. This threshold is set to 100mA and it
turns off the low-side N-channel MOSFET (Q3) before the current reverses, preventing the battery from
discharging. Synchronous operation is used when the current of the low-side MOSFET is greater than 100mA to
minimize power losses.

Battery Charging Process

At the beginning of precharge, while battery voltage is below the Vprecharae threshold, the bg24180 applies the
50mA precharge current, lprecharce: t0 the battery.

When the battery voltage is above Vprecharge and below Vogreg, the charge current ramps up to fast charge
current, locharce: OF @ charge current that corresponds to the input current of Iy mt- The slew rate for fast
charge current is controlled to minimize the current and voltage over-shoot during transient. The input current
limit, I,y LwiT. @nd fast charge current, locharce: are programmable by the host. Once the battery voltage is close
to the regulation voltage, Vores, the charge current is tapered down as shown in Figure 27. The voltage
regulation feedback occurs by monitoring the battery-pack voltage between the CSOUT and PGND pins. The
bg24180 is a fixed single-cell voltage version, with adjustable regulation voltage (3.5V to 4.44V) programmed
using the 1°C interface.

The bg24180 monitors the charging current during the voltage regulation phase. Once the termination threshold,
lterms IS detected and the battery voltage is above the recharge threshold, the bq24180 terminates charge. The
termination current level is programmable. To disable the charge current termination, the host sets the charge
termination bit (TE) of charge control register to 0, refer to I1°C section for details.

A new charge cycle is initiated when one of the following conditions is detected:

1. The battery voltage falls below the Voreg.vren threshold.

2. VBUS Power-on reset (POR), if battery voltage is below the Vprecharae threshold

3. CE bit toggle or RESET bit is set (Host controlled)
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Figure 28. Host Mode Charging Process

DEFAULT Mode

DEFAULT mode is used when I2C communication is not available. DEFAULT mode is entered in the following
situations:

1. When the charger is enabled and Vgar>3.6V before I2C communication is established
2. When the watchdog timer expires without a reset from the 1C interface and the safety timer has not expired.

3. When the device comes out of any fault condition (sleep mode, OVP, faulty adapter mode, etc.) before I1°C
communication is established

In default mode, the 1°C registers are reset to the default values. The 27 min safety timer is reset and starts when
DEFAULT mode is entered. The default value for Voreg is 3.6V, and the default value for lcparce IS 1A. The
input current limit is determined by the PSEL input. If PSEL selects adapter mode, there is no input current limit.
If PSEL selects PC mode, the input current limit is set to 100mA. Default mode is exited by programming the 1°C
interface. Startup into DEFAULT mode is shown in Figure 29. Note that if termination is enabled and charging
has terminated, a new charge cycle is NOT initiated when entering DEFAULT mode.
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Figure 29. DEFAULT Mode Charging Process

Safety Timer and Watchdog Timer in Charge Mode

At the beginning of charging process, the bg24180 starts the safety timer. This timer is active during the entire
charging process. If charging has not terminated before the safety timer expires, the IC enters suspend mode
where charging is halted. The safety timer time is selectable using the I°C interface. A single 128us pulse is sent
on the STAT and INT outputs and the STATx bits of the status registers are updated in the 1°C. The EN bit or
power must be toggled in order to clear the safety timer fault. The safety timer duration is selectable using the
TMR_X bits in the V|y.ppm Voltage/ Safety Timer Register. Changing the safety timer duration resets the safety
timer.

In addition to the safety timer, the bq24180 contains a watchdog timer that monitors the host through the 1°C
interface. Once a read/write is performed on the 1°C interface, a 12-second timer (tyatchpoc) IS Started. The
12-second timer is reset by the host using the I°C interface. This is done by writing a "1" to the reset bit
(TMR_RST) in the control register. The TMR_RST bit is automatically set to “0” when the 12-second timer is
reset. This process continues until battery is fully charged or the safety timer expires. If the 12-second timer
expires, the IC enters DEFAULT mode where the default charge parameters are loaded, the safety timer restarts
at 27 minutes and charging continues. The I°C may be accessed again to reinitialize the desired values and
restart the watchdog timer as long as the 27 minute safety timer has not expired. Once the safety timer expires,
charging is disabled. This function prevents continuous charging of a defective battery if the host fails to reset the
safety timer. The watchdog timer flow chart is shown in Figure 30.
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Figure 30. The Watchdog Timer Flow Chart for bq24180

Power Source Selector Input (PSEL)

The bg24180 contains a PSEL input that is used to program the input current limit during DEFAULT mode. Drive
PSEL high to indicate a USB source is connected to the input and the PC mode default values should be used.
When PSEL is high, the IC starts up with a 100mA input current limit and a 1A charge current. Drive PSEL low to
indicate that an AC Adapter is connected to the input. When PSEL is high, the IC starts up with no input current
limit and a 1A charge current. PSEL is internally pulled up to the DRV supply with a 100kQ resistor.
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Hardware Disable Input (CD)

The bg24180 contains a CD input that is used to disable the charger and place the bq24180 into high-impedance
mode. Drive CD low to enable charge and enter normal operation. Drive CD high to disable charge and place the
bg24180 into high-impedance mode. Driving CD high during DEFAULT mode resets the safety timer. Driving CD
high during HOST mode suspends, but does NOT reset the safety timer. CD is internally pulled down to GND
with a 100kQ resistor.

LDO Output (DRV)

The bg24180 contains a linear regulator (DRV) that is used to supply the internal MOSFET drivers and other
circuitry. Additionally, DRV supplies up to 10mA external loads to power the STAT LED or the USB transceiver
circuitry. The maximum value of the DRV output is 5.5V so it ideal to protect voltage sensitive USB circuits. The
LDO is on whenever a VBUS supply is connected to the bg24180. The DRV is disabled under the following
conditions:

1. Faulty adapter detected or VBUS < UVLO
2. Thermal Shutdown

AC Adapter Mode, Charge Current Limiting

After power is connected and startup is initiated, the PSEL input is read to determine the default startup values. If
PSEL is 0, AC Adapter mode is selected. In AC Adapter mode, the charge current is regulated to maximize the
charging time. The default parameters in AC Adapter mode are lcyarce=1A and Voytree=3.6V. These values
may be changed at any time using the I2C interface. Additionally, if input current monitoring is required, this may
be used during AC Adapter mode as well, but is disabled in DEFAULT mode.

PC Mode, Input Current Limiting

After power is connected and startup is initiated, the PSEL input is read to determine the default startup values.
In PC mode, the input current is limited to maximize the charge rate of bq24180 without overloading the USB
port. The input current for bq24180 can be limited to 100mA, 500mA or 800mA and is programmed in the control
register. Once the input current reaches the input current limiting threshold, the charge current is reduced to
prevent the input current from exceeding the programmed threshold. The input current sensing resistor and
control loop are integrated into bg24180. The input current limit is disabled using 1°C control; refer to the
definition of control register (01H) for detail. The default parameters in USB mode are |y v=100mA and
VouTtreg=3.6V. Charge current may be monitored in PC mode as well, but by default it is set to a maximum such
that the input current limit loop is active.

DCOUT Functionality

The bg24180 contains a DCOUT function that is used to connect a load to the battery through a switch. DCOUT
is implemented using back to back MOSFETs (Q4 and Q5 in Figure 1) to connect DCOUT to the battery. This
prevents reverse feeding the battery from DCOUT when DCOUT is disabled. DCOUT is a current limited source
and can provide up to 1A to power additional accessories. The current limit is programmable from 370mA to 1.5A
in 4 steps using the I12C interface. Additionally, the DCOUT output is enabled or disabled using the 1°C interface.
If the load on DCOUT reaches the current limit, the FET that connects DCOUT to the battery is turned off after
the deglitch time (tyg pcour). @ single 128us pulse is sent on the STAT and INT outputs and the FAULT_x bits of
the status register are updated in the 1°C. The DCOUT may be enabled after the fault using the I°C interface.

External NTC Monitoring (TS)

The bg24180 provides a TS input for monitoring an external NTC thermistor. A current is sourced to the NTC
from the TS input and the voltage is monitored. There are 3 temperature thresholds that are monitored; the cold
battery threshold (Tyrc < 5°C), the warm battery threshold (45°C < Tyrc < 55°C) and the hot battery threshold
(Tnte > 55°C). These temperatures correspond to the Vyor, Viwarm, @and Vo p thresholds when using a 4.7kQ
NTC thermistor (3=3500). The TS input is monitored at all times, however, it only affects charging during default
mode. During default mode, charging is suspended and timers are suspended when Tyrc < 5°C or Tyrc > 55°C.
When 45°C < Tyte < 55°C, the charging current is reduced to 400mA (max). In PC mode, the charge current
remains at 100maA in this mode.

Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 21
Product Folder Link(s): bq24180

Downloaded from AFFOW.Com.


http://focus.ti.com/docs/prod/folders/print/bq24180.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSA02 A A&partnum=bq24180
http://focus.ti.com/docs/prod/folders/print/bq24180.html
http://www.arrow.com

bq24180 I TEXAS

INSTRUMENTS

SLUSA02 A —FEBRUARY 2010—REVISED FEBRUARY 2010 www.ti.com

() ———

400 mA [---=-==mmss

T T2 T3
(5°) (45°C) (55°C)

Figure 31. Charge Current During TS Conditions in Default Mode

When the bg24180 is not in default mode, the TS input is monitored and faults are displayed in the 1°C registers.
If any of the 3 TS fault conditions occur, a single 128us pulse is sent on the STAT and INT outputs and the
STATx and FAULT x bits of the status registers are updated in the 1°C. The FAULT_x bits signal a general
temperature fault. The TS_FAULTX bits in the NTC Monitor Register show the exact TS fault that has occurred.

INTC

bq24180

TS B

—VcoLb —1*

— Vhor

—VwWARM

AN A

Figure 32. TS Circuit

Thermal Regulation and Protection

During the charging process, to prevent overheat of the chip, bq24180 monitors the junction temperature, T;, of
the die and begins to taper down the charge current once T; reaches the thermal regulation threshold, T¢r. The
charge current is reduced to zero when the junction temperature increases about 10°C above T¢g. At any state, if
T, exceeds Tsuyrowns 0024180 terminates charging and disables DCOUT in the IC register. During thermal
shutdown mode, PWM is turned off, all timers are terminated and reset, and a single 128us pulse is sent on the
STAT and INT outputs and the STATx and FAULT_x bits of the status registers are updated in the 1°C. A new
charging cycle begins when T, falls below Tsytpwn BY approximately 10°C. DCOUT must be enabled by the host
after a thermal shutdown fault.
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Input Voltage Protection in Charge Mode

Sleep Mode

The bg24180 enters the low-power sleep mode if the voltage on V,gys falls below sleep-mode entry
threshold, VesouttVsip, and Vygys is higher than the undervoltage lockout threshold, Vi o. This feature
prevents draining the battery during the absence of V\pgys. During sleep mode, both the reverse blocking
switch Q1 and PWM are turned off. Once the input rises above the sleep threshold, the device returns to
normal operation.

Input Voltage Based DPM

During normal charging process, if the input power source is not able to support the programmed or default
charging current, VBUS voltage will decease. Once the VBUS drops to Vygys Low (default 4.76V), the charge
current is tapered down to prevent the further drop of VBUS. When the IC enters this mode, the charge
current is lower than the set value and the DPM_STATUS bit is set (B4 in Register 05H). This feature
ensures IC compatibility with adapters with different current capabilities.

Faulty Adapter Detection

When an input source is connected to the bg24180, the device enter faulty adapter detection mode. In this
mode, the IC sources 30mA to the battery for t;yr. After tiyr, the input voltage is monitored. If Vygys>Vinwminy,
the device continues the startup sequence. If Vygys<Viymin), @ Single 128us pulse is sent on the STAT and
INT outputs and the STATx and FAULT _x bits of the status registers are updated in the I2C and the process
repeats until a good adapter is detected.

High-Input and Input Over-Voltage Protection

The bg24180 provides two levels over-voltage protection on the input. A high-input comparator disables the
PWM operation and sources the 50mA precharge current to the battery when Vyign < Vvsus < Vovp. This
allows for unregulated adapters to be used. The 50mA pulls the adapter voltage down to the usable voltage
and then normal operation begins.

The built-in input over-voltage protection to protect the device and other components against damage from
overvoltage on the input supply (Voltage from Vygys to PGND). When Vg5 > Vovp, the bq24180 latches off
the PWM converter, a single 128us pulse is sent on the STAT and INT outputs and the STATx and FAULT_x
bits of the status registers are updated in the 1°C. Once the OVP fault is removed, the STATx and FAULT_x
bits are cleared and the device returns to normal operation.

Charge Status Outputs (STAT, INT)

The STAT and INT outputs are used to indicate operation conditions for bq24180. STAT and INT are pulled low
during charging when EN_STAT bit in the control register (O0H) is set to “1". When charge is complete or
disabled, INT and STAT are high impedance. When a fault occurs, a 128-us pulse (interrupt) is sent out to notify
the host. The status of STAT and INT during different operation conditions is summarized in Table 1. STAT
drives an LED for visual indication. INT is available for connecting to the logic rail for host communication.

Table 1. STAT Pin Summary

CHARGE STATE STAT and INT BEHAVIOR
Charge in progress and EN_STAT=1 Low

Other normal conditions Open-drain

Charge mode faults: Timer fault, sleep mode, 128-pus pulse, then open-drain
VBUS over voltage, VBUS UVLO, thermal

shutdown

Control Bits in Charge Mode

CE Bit (Charge Enable)
The bit of CE in control register is used to disable or enable the charge process. A low logic level (0) on this
bit enables the charge and a high logic level (1) disables the charge.

RESET Bit
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The bit of RESET in control register is used to reset all the charge parameters. Write ‘1” to RESET bit to
reset all the charge parameters to default values and RESET bit is automatically cleared to zero once the
charge parameters get reset. It is designed for charge parameter reset before charge starts and it is not
recommended to set RESET bit when charging or boosting in progress.

Output Inductor and Capacitor Selection Guidelines

The bg24180 provides internal loop compensation. With this scheme, best stability occurs when LC resonant
frequency, of, is approximately 40 kHz (20 kHz to 80 kHz). Equation 1 can be used to calculate the value of the
output inductor, Loy, and output capacitor, Cqoyr.

fo= 1

2n % \JLour * Cour )

To reduce the output voltage ripple, a ceramic capacitor with the capacitance between 4.7uF and 47uF is
recommended for Cqyr, refer to the application section for components selection.

Selecting Current Sense Resistor

Both the termination current range and charge current range are depending on the sensing resistor (Rgyg). The
termination current step (Ioterm_step) Can be calculated using Equation 2:

| _ Vitermo
OTERM_STEP = g
SNS (2

Table 2 shows the termination current settings with two sensing resistors.

Table 2. Termination Current Settings for 68mQ and 100mQ Sense Resistors

BIT Viterm (MV) lterm (MA) lterm (MA)
Rens = 68 MQ Rens = 100 mQ
VirERM2 6.8 100 68
VireruL 3.4 50 43
ViTERMo 17 25 17
Offset 1.7 25 17

The charge current step (Iocharce_step) Can be calculated using Equation 3:

| _ VicHreo
OCHARGE_STEP = ~p
SNS 3)

Table 3 shows the charge current settings with two sensing resistors.

Table 3. Charge Current Settings for 68 mQ and 100 mQ Sense Resistors

BIT Vireg (MV) locrarGe (MA) locrarGE (MA)

Rsns = 68 mQ Rsns = 100 mQ
ViCHRG3 54.4 800 544
ViCHRG2 27.2 400 272
ViCHRGL 13.6 200 136
VICHRGO 6.8 100 68
Offset 374 550 374
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SERIAL INTERFACE DESCRIPTION

I°C is a 2-wire serial interface developed by Philips Semiconductor (see I°C-Bus Specification, Version 2.1,
January 2000). The bus consists of a data line (SDA) and a clock line (SCL) with pull-up structures. When the
bus is idle, both SDA and SCL lines are pulled high. All the 1°C compatible devices connect to the 1°C bus
through open drain 1/0 pins, SDA and SCL. A master device, usually a microcontroller or a digital signal
processor, controls the bus. The master is responsible for generating the SCL signal and device addresses. The
master also generates specific conditions that indicate the START and STOP of data transfer. A slave device
receives and/or transmits data on the bus under control of the master device.

The bg24180 device works as a slave and is compatible with the following data transfer modes, as defined in the
I2C Bus™ Specification: standard mode (100 kbps), fast mode (400 kbps), and high-speed mode (up to 3.4 Mbps
in write mode). The interface adds flexibility to the battery charge solution, enabling most functions to be
programmed to new values depending on the instantaneous application requirements. Register contents remain
intact as long as battery voltage remains above 2.5 V (typical). The 1°C circuitry is powered from VBUS when a
supply is connected. If the VBUS supply is not connected, the I°C circuitry is powered from the battery through
CSOUT. The battery voltage must stay above 2.5V with no input connected in order to maintain proper operation.

The data transfer protocol for standard and fast modes is exactly the same; therefore, they are referred to as the
F/S-mode in this document. The protocol for high-speed mode is different from the F/S-mode, and it is referred to
as the HS-mode. The bg24150/1 device only supports 7-bit addressing. The device 7-bit address is defined as
‘1101011’ (6BH).

F/S Mode Protocol

The master initiates data transfer by generating a start condition. The start condition is when a high-to-low
transition occurs on the SDA line while SCL is high, as shown in Figure 33. All I2C -compatible devices should
recognize a start condition.

START Condition STOP Condition
Figure 33. START and STOP Condition

The master then generates the SCL pulses, and transmits the 8-bit address and the read/write direction bit R/W
on the SDA line. During all transmissions, the master ensures that data is valid. A valid data condition requires
the SDA line to be stable during the entire high period of the clock pulse (see Figure 34). All devices recognize
the address sent by the master and compare it to their internal fixed addresses. Only the slave device with a
matching address generates an acknowledge (see Figure 34) by pulling the SDA line low during the entire high
period of the ninth SCL cycle. Upon detecting this acknowledge, the master knows that communication link with a
slave has been established.

oTA /. XC \

CLK I ! ! TN\

I [
: Data Line | Charge |
| Stable; | of Data |
| Data Valid (Allowed,

Figure 34. Bit Transfer on the Serial Interface

The master generates further SCL cycles to either transmit data to the slave (R/W bit 1) or receive data from the
slave (R/W bit 0). In either case, the receiver needs to acknowledge the data sent by the transmitter. So an
acknowledge signal can either be generated by the master or by the slave, depending on which one is the
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receiver. the 9-bit valid data sequences consisting of 8-bit data and 1-bit acknowledge can continue as long as
necessary. To signal the end of the data transfer, the master generates a stop condition by pulling the SDA line
from low to high while the SCL line is high (see Figure 35). This releases the bus and stops the communication
link with the addressed slave. All I2C compatible devices must recognize the stop condition. Upon the receipt of
a stop condition, all devices know that the bus is released, and wait for a start condition followed by a matching
address. If a transaction is terminated prematurely, the master needs sending a STOP condition to prevent the
slave 12C logic from remaining in a incorrect state. Attempting to read data from register addresses not listed in
this section will result in FFh being read out.

r—

|
Data Output 1

by Transmitter

/ X XX /

|
|
!
l Not Acknowledge
]
|
|
|
|

Data Output
by Receiver

Acknowledge ;

SCL Fromw S m
4

Master } &
ot | Clock Pulse for
START Acknowledgement
Condition

Figure 35. Acknowledge on the 12C Bus
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Figure 36. Bus Protocol

F/S Mode Protocol
When the bus is idle, both SDA and SCL lines are pulled high by the pull-up devices.

The master generates a start condition followed by a valid serial byte containing HS master code '00001XXX'.
This transmission is made in F/S mode at no more than 400 Kbps. No device is allowed to acknowledge the HS
master code, but all devices must recognize it and switch their internal setting to support 3.4-Mbps operation.
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The master then generates a repeated start condition (a repeated start condition has the same timing as the start
condition). After this repeated start condition, the protocol is the same as F/S mode, except that transmission
speeds up to 3.4 Mbps are allowed. A stop condition ends the HS mode and switches all the internal settings of
the slave devices to support the F/S mode. Instead of using a stop condition, repeated start conditions should be
used to secure the bus in HS mode. If a transaction is terminated prematurely, the master needs sending a
STOP condition to prevent the slave 12C logic from remaining in a incorrect state.

Attempting to read data from register addresses not listed in this section results in FFh being read out.
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REGISTER DESCRIPTION

Status/Control Register (READ/WRITE) — Memory location: 00, Reset state: x1xx 0xxx

BIT NAME Read/Write | FUNCTION
B7(MSB) TMR_RST Read/Write | Write: TMR_RST function, write "1" to reset the watchdog timer (auto clear)
Read: 0 — PSEL indicates low, 1- PSEL indicates high
B6 EN_STAT Read/Write | 1-Enable STAT function, 0-Disable STAT function (default 1)
B5 STAT2 Read only .
00-Ready, 01-Charge in progress, 10-Charge done, 11-Fault
B4 STAT1 Read only
B3 NA Read only | NA
B2 FAULT 3 Read only Charge mode: 000-Normal, 001-VBUS OVP, 010-Sleep mode, 011- Faulty Adapter or
B1 FAULT_2 Read only | VBUS<Vyy o, 100-DCOUT Current Limit tripped, 101-Thermal shutdown or TS Fault,
BO(LSB) FAULT 1 Read only 110-Timer fault, 111-No battery

Control Register (READ/WRITE) — Memory location: 01, Reset state: 0011 0000

BIT NAME Read/Write | FUNCTION

B7(MSB) lin_Limit_2 Read/Write | 00-USB host with 100-mA current limit, 01-USB host with 500-mA current limit, 10-USB
B6 lin Limit 1 Read/Write host/charger with 800-mA current limit, 11-No input current limit (default 00(1))
B5 DCOUT_ILIM1 Read/Write | 00-DCOUT 350mA current limit, 01- DCOUT 750mA current limit, 10- DCOUT 1050mA
B4 DCOUT _ILIM2 Read/Write current limit, 11- DCOUT 1400mA current limit (default 11)
B3 TE Read/Write | 1-Enable charge current termination, 0-Disable charge current termination (default 0)
B2 CE Read/Write | 1-Charger is disabled, 0-Charger enabled (default 0)
B1 HZ_MODE Read/Write | 1-High impedance mode, 0-Not high impedance mode (default 0)

BO (LSB) DCOUT_EN Read/Write | 1-DCOUT Enabled, 0-DCOUT Disabled. (default 0)

(1) When in DEFAULT mode, the PSEL input determines the input current limit.

Control/Battery Voltage Register (READ/WRITE) — Memory location: 02, Reset state: 0001 01XX

BIT NAME Read/Write | FUNCTION

B7(MSB) VoRreGs Read/Write | Battery Regulation Voltage: 640mV (default 0)
B6 VoRreGa Read/Write | Battery Regulation Voltage: 320mV (default 0)
B5 VoRreG3 Read/Write | Battery Regulation Voltage: 160mV (default 0)
B4 VoRreG2 Read/Write | Battery Regulation Voltage: 80mV (default 1)
B3 VoRreG1 Read/Write | Battery Regulation Voltage: 40mV (default 0)
B2 VoRreGo Read/Write | Battery Regulation Voltage: 20mV (default 1)
B1 NA Read/Write | NA

BO(LSB) NA Read/Write | NA

e Charge voltage range is 3.5V-4.44V with the offset of 3.5V and step of 20mV (default 3.6V).
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Vender/Part/Revision Register (READ only) — Memory location: 03, Reset state: 0100 0000

BIT NAME Read/Write | FUNCTION
B7(MSB) Vender2 Read only | Vender Code: bit 2 (default 0)
B6 Venderl Read only | Vender Code: bit 1 (default 1)
B5 Vender0 Read only | Vender Code: bit 0 (default 0)
B4 PN1 Read only 2 ]
B3 PNO Read only For 1°C Address 6BH: 00 — bq24180
B2 Revision2 Read only - o
o1 | Revsoni | Reavony | 00 ReVn L0 001 Reviion 1.3
BO(LSB) Revision0 Read only
Battery Termination/Fast Charge Current Register (READ/WRITE)
Memory location: 04, Reset state: 1010 1011
BIT NAME Read/Write | FUNCTION
B7(MSB) Reset Write only Write: 1-Charger in reset mode, 0-No effect
Read: always get "1"
B6 V|CHRG3 Read/Write | Charge current sense voltage: 54.4mV— (default 0)
B5 V|CHRG2 Read/Write | Charge current sense voltage: 27.2mV—(default 1)
B4 V|CHRG1 Read/Write | Charge current sense voltage: 13.6mV— (default 0)
B3 V|CHRGO Read/Write | Charge current sense voltage: 6.8mV (default 1)
B2 V\TERM2 Read/Write | Termination current sense voltage: 6.8mV (default 0)
B1 V\TERM1 Read/Write | Termination current sense voltage: 3.4mV (default 1)
BO(LSB) V\TERMO Read/Write | Termination current sense voltage: 1.7mV (default 1)

» Charge current sense voltage offset is 37.4mV and default charge current is 1050mA, if 68mQ sense resistor

is used.

» Termination threshold voltage offset is 1.7mV and default termination current is 100mA if a 68mQ sense
resistor is used.

V\n-oem Voltage/ Safety Timer Register — Memory location: 05, Reset state: XX0X X111

BIT NAME Read/Write | FUNCTION
B7(MSB) NA Read/Write | NA
B6 NA Read/Write | NA
B5 LOW_CHG Read/Write | 1 — Low charge current sense voltage of 23.8mV,
0 — Normal charge current sense voltage at 04H (default 0)
B4 DPM_STATUS Read Only 1 - V,\-DPM mode is active,
0 — V,\-DPM mode is not active
B3 CD_STATUS Read Only 1 — CD high, Charger disabled,
0 — CD low, Charger enabled
B2 VINDPM2 Read/Write | V|n.ppm Voltage: 320 mV (default 1)
B1 VINDPM1 Read/Write | V|n.ppm Voltage: 160 mV (default 1)
BO(LSB) V\NDPMO Read/Write | V|n.ppm VOltage: 80 mV (default 1)

*  V|n.ppm VOltage offset is 4.15V and default V\_.ppym threshold is 4.71V.
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Safety Limit Register (READ/WRITE, Write only once after reset!)
Memory location: 06, Reset state: 0101 0000

BIT NAME Read/Write | FUNCTION
B7(MSB) VMCHRG3 Read/Write | Maximum charge current sense voltage: 54.4mV (default 0)
B6 VMCHRG2 Read/Write | Maximum charge current sense voltage: 27.2mV (default 1)
B5 VMCHRGL Read/Write | Maximum charge current sense voltage: 13.6mV (default 0)
B4 VMCHRGO Read/Write | Maximum charge current sense voltage: 6.8mV (default 1)
B3 VMREG3 Read/Write | Maximum battery regulation voltage: 160mV (default 0)
B2 VMREG2 Read/Write | Maximum battery regulation voltage: 80mV (default 0)
B1 VMREGL Read/Write | Maximum battery regulation voltage: 40mV (default 0)
BO(LSB) VMREGO Read/Write | Maximum battery regulation voltage: 20mV (default 0)

» Maximum charge current sense voltage offset is 550mA (default at 950mA) and the maximum charge current
option is 1.55A, if 68-mQ sensing resistor is used.

* Maximum battery regulation voltage offset is 4.2V (default at 4.2V) and maximum battery regulation voltage
option is 4.44V.

* Memory location 06 resets only when Vgt Voltage drops below Vgyort threshold (typ. 2.0V) goes to logic '0'.
During reset, the maximum values in 06H keep the default value regardless of the write action to this register.
After reset (Vgat>VsHort), the maximum values for battery regulation voltage and charge current can be
programmed many times until any writing to other register locks the safety limits. Programmed values exclude
higher values from memory locations 02 (battery regulation voltage), and from memory location 04 (Fast
charge current).

If host accesses (write command) to some other register before Safety limit register, the default values hold!

NTC Monitor Register (READ/WRITE) — Memory location: 07, Reset state: 100X 0000

BIT NAME Read/Write | FUNCTION
B7(MSB) 2XTMR_EN Read/Write | 1 — Timer slowed by 2x when in thermal regulation or VIN_HIGH protection,
0 — Timer not slowed at any time (default 1)
B6 TMR_1 Read/Write | Safety Timer Time Limit
B5 TMR_2 Read/Write | 00 — 27 minute fast charge,
01 - 3 hour fast charge,
10 — 6 hour fast charge,
11 — Disable safety timers (default 00)
B4 NA Read/Write | NA
B3 TS_/EN Read/Write |1 — TS function disabled,
0 — TS function enabled (default 0)
B2 TS_FAULT2 Read only TS Fault Mode:
B1 TS_FAULT1 Read onIy 000 — TS temp <5°C or TS temp > 55°C,
BO(LSB TS FAULTO Read onl 010 — Normal, No TS fault,
(LSB) - eadonly | 411 _ 45°C < TS temp < 55°C,
100-111 — TS Open
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POWER TOPOLOGIES

System Load After Sensing Resistor

One of the simple high-efficiency topologies connects the system load directly across the battery pack, as shown
in Figure 37. The input voltage has been converted to a usable system voltage with good efficiency from the
input. When the input power is on, it supplies the system load and charges the battery pack at the same time.
When the input power is off, the battery pack powers the system directly.

VvBUS|T T T T T T T SW Isns Isys
40—|-O_O—0—O/ >
Ichg
Vin | bq24180 Y
| 1 + System
T — I_ I — pp— Load
C1 PMID BAT
c2|
& &

Figure 37. System Load After Sensing Resistor

The advantages:

« When the AC adapter is disconnected, the battery pack powers the system load with minimum power
dissipations. Consequently, the time that the system runs on the battery pack can be maximized.

* It saves the external path selection components and offers a low-cost solution.

» Dynamic power management (DPM) can be achieved. The total of the charge current and the system current
can be limited to a desired value by adjusting charge current. When the system current increases, the charge
current drops by the same amount. As a result, no potential over-current or over-heating issues are caused
by excessive system load demand.

» The total of the input current can be limited to a desired value by setting input current limit value. So USB
specifications can be met easily.

» The supply voltage variation range for the system can be minimized.
« The input current soft-start can be achieved by the generic soft-start feature of the IC.

Design considerations and potential issues:

» If the system always demands a high current (but lower than the regulation current), the charging never
terminates. Thus, the battery is always charged, and the lifetime may be reduced.

» Because the total current regulation threshold is fixed and the system always demands some current, the
battery may not be charged with a full-charge rate and thus may lead to a longer charge time.

« If the system load current is large after the charger has been terminated, the voltage drop across the battery
impedance may cause the battery voltage to drop below the refresh threshold and start a new charge. The
charger would then terminate due to low charge current. Therefore, the charger would cycle between
charging and terminating. If the load is smaller, the battery has to discharge down to the refresh threshold,
resulting in a much slower cycling.

* In a charger system, the charge current is typically limited to about 10mA, if the sensed battery voltage is
below 2V short circuit protection threshold. This results in low power availability at the system bus. If an
external supply is connected and the battery is deeply discharged, below the short circuit protection threshold,
the charge current is clamped to the short circuit current limit. This then is the current available to the system
during the power-up phase. Most systems cannot function with such limited supply current, and the battery
supplements the additional power required by the system. Note that the battery pack is already at the
depleted condition, and it discharges further until the battery protector opens, resulting in a system shutdown.

« If the battery is below the short circuit threshold and the system requires a bias current budget lower than the
short circuit current limit, the end-equipment will be operational, but the charging process can be affected
depending on the current left to charge the battery pack. Under extreme conditions, the system current is
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close to the short circuit current levels and the battery may not reach the fast-charge region in a timely
manner. As a result, the safety timers flag the battery pack as defective, terminating the charging process.
Because the safety timer cannot be disabled, the inserted battery pack must not be depleted to make the
application possible.

» For instance, if the battery pack voltage is too low, highly depleted, or totally dead or even shorted, the
system voltage is clamped by the battery and it cannot operate even if the input power is on.

System Load Before Sensing Resistor

The second circuit is very similar to first one; the difference is that the system load is connected before the sense
resistor, as shown in Figure 38.

>
Isys

Figure 38. System Load Before Sensing Resistor

The advantages of system load before sensing resistor to system load after sensing resistor:

e The charger controller is based only on the current goes through the current-sense resistor. So, the constant
current fast charge and termination functions work well, and are not affected by the system load. This is the
major advantage of it.

* A depleted battery pack can be connected to the charger without the risk of the safety timer expiration caused
by high system load.

» The host charger can disable termination and keep the converter running to keep battery fully charged, or let

the switcher terminate when the battery is full and then run off of the battery via the sense resistor.

Design considerations and potential issues:

» The total current is limited by the IC input current limit, or peak current protection, or the thermal regulation
but not the charge current setting. The charge current does not drop when the system current load increases
until the input current limit is reached. This solution is not applicable if the system requires a high current.

» Efficiency declines when discharging through the sense resistor to the system.

DESIGN EXAMPLE FOR TYPICAL APPLICATION CIRCUITS

Systems Design Specifications:

« VBUS=5V

* Vean =4.2V (1-Cell)

* lichargey = 1.25 A

» Inductor ripple current = 30% of fast charge current

1. Determine the inductor value (L) for the specified charge current ripple:

_ VBAT x (VBUS - VBAT)

LouT =
VBUS x f x Al . . .
L , the worst case is when battery voltage is as close as to half of the input
voltage.
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_ 2.5 x (5-2.5)
Lout = 5
5 x (3 x 10°) x 1.25 x 0.3 ()
LOUT = 111 MH

Select the output inductor to standard 1 puH. Calculate the total ripple current with using the 1-uH inductor:
_ VBAT x (VBUS - VBAT)

Al
VBUS x f x Loyt 5)
Al = 25 ><6(5 - 2.5)
5 x (3 x 109) x (1 x 10) ©)
Al =042 A
Calculate the maximum output current:
ek = lout + AL
LPK ouT 2 @
0.42
I = 1.25 —_—
LPK 5 ®)

Ik = 1.46 A

Select 2.5mm by 2.0mm 1-uH 1.5-A surface mount multi-layer inductor. The suggested inductor part
numbers are shown as following.

Table 4. Inductor Part Numbers

PART NUMBER INDUCTANCE SIZE MANUFACTURER
LQM2HPN1ROMJO 1uH 2.5x2.0 mm muRata
MIPS2520D1R0 1pH 2.5x2.0 mm FDK
MDT2520-CN1ROM 1pH 2.5x2.0 mm TOKO
CP1008 1uH 2.5x2.0mm Inter-Technical

2. Determine the output capacitor value Cqyt using 40 kHz as the resonant frequency:
1

fo =
2n x Loyt * Cout
9)
1
Coutr = ———,
4n° x fp° x Loyt (10)
1
Cout =
4n® x (40 x 10%)? x (1 x 10°%) (11)
COUT =15.8 MF
Select two 0603 X5R 6.3V 10-uF ceramic capacitors in parallel i.e., muRata GRM188R60J106M.
3. Determine the sense resistor using the following equation:
V(RSNs
R(sns) = [ ( )
(CHARGE) (12)

The maximum sense voltage across sense resistor is 85 mV. In order to get a better current regulation
accuracy, V(rsns) should equal 100mV, and calculate the value for the sense resistor.

R _85mV
(SNS) = 1 25A (13)
R(SNS) =68 mQ
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This is a standard value. If it is not a standard value, then choose the next close value and calculate the real
charge current. Calculate the power dissipation on the sense resistor:

Pwsns) = licharee) 2 X Resns)
Pwsns) = 1257 x 0.068
P(RSNS) = 0106 w

Select 0805 0.25-W 68-mQ 2% sense resistor, i.e. Sosomu RL1220T-R068-G or RL0O816T-R068-F 68-mQ,
0.125W, 0603, 1%.

PCB LAYOUT CONSIDERATION

It is important to pay special attention to the PCB layout. The following provides some guidelines:

To obtain optimal performance, the power input capacitors, connected from input to PGND, should be placed
as close as possible to the bg24180. The output inductor should be placed close to the IC and the output
capacitor connected between the inductor and PGND of the IC. The intent is to minimize the current path loop
area from the SW pin through the LC filter and back to the PGND pin. To prevent high frequency oscillation
problems, proper layout to minimize high frequency current path loop is critical (see Figure 39). The sense
resistor should be adjacent to the junction of the inductor and output capacitor. Route the sense leads
connected across the RSNS(R1) back to the IC, close to each other (minimize loop area) or on top of each
other on adjacent layers (do not route the sense leads through a high-current path, see Figure 40).

Place all decoupling capacitor close to their respective IC pin and as close as to PGND (do not place
components such that routing interrupts power stage currents). All small control signals should be routed
away from the high current paths.

The PCB should have a ground plane (return) connected directly to the return of all components through vias
(two vias per capacitor for power-stage capacitors, two vias for the IC PGND, one via per capacitor for
small-signal components). A star ground design approach is typically used to keep circuit block currents
isolated (high-power/low-power small-signal) which reduces noise-coupling and ground-bounce issues. A
single ground plane for this design gives good results. With this small layout and a single ground plane, there
is no ground-bounce issue, and having the components segregated minimizes coupling between signals.

The high-current charge paths into VBUS, PMID and from the SW pins must be sized appropriately for the
maximum charge current in order to avoid voltage drops in these traces. The PGND pins should be
connected to the ground plane to return current through the internal low-side FET.

Place 4.7uF input capacitor as close to PMID pin and PGND pin as possible to make high frequency current
loop area as small as possible. Place 1uF input capacitor as close to VBUS pin and PGND pin as possible to
make high frequency current loop area as small as possible (see Figure 41).

N VAT

’_
—»
High
Frequency —I_
————— ~——  BAT
Current
Path —
C3 l
- =

Figure 39. High Frequency Current Path
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Charge Current Direction

Rsns

To Inductor To Capacitor and battery

Current Sensing Direction
CSOUT must be as large as
possible to avoid error when
using DCOUT

To CSIN and CSOUT pin

Figure 40. Sensing Resistor PCB Layout

VBUS
PMID

fmSW
PGND

Figure 41. Input Capacitor Position and PCB Layout Example

PACKAGE SUMMARY

WCSP PACKAGE CHIP SCALE PACKAGE
(Top View) (Top Side Symbol For bq24180)
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0-Pin A1 Marker, TI-Tl Letters, YM- Year Month Date Code, LLLL-Lot Trace Code, S-Assembly Site Code

CHIP SCALE PACKAGING DIMENSIONS

The bg24180 devices are available in a 20-bump chip scale package (YFF, NanoFreeTM). The package dimensions are:
«D=22+0.05mm
«E=24+0.05mm
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REVISION HISTORY

Changes from Original (February 2010) to Revision A Page
¢ Changed +7 to "-0.3 to 7 V" for "Voltage difference between BOOT and SW inputs (VBOOT -VSW)" parameter of

the Absolute Maximum RatiNgS tADIE. .........ccuiiiii e e e e s e e e e e e st e e e e e et a e e e e enarraaaaen 2
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PACKAGING INFORMATION

Orderable Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ©)
BQ24180YFFR Active Production DSBGA (YFF) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM 0to 125 BQ24180
BQ24180YFFT Active Production DSBGA (YFF) | 25 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM 0to 125 BQ24180

@ 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, RoOHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the
finish value exceeds the maximum column width.

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
BQ24180YFFR DSBGA | YFF 25 3000 180.0 8.4 238 | 24 0.8 4.0 8.0 Q1
BQ24180YFFT DSBGA | YFF 25 250 180.0 8.4 238 | 24 0.8 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ24180YFFR DSBGA YFF 25 3000 182.0 182.0 20.0
BQ24180YFFT DSBGA YFF 25 250 182.0 182.0 20.0
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PACKAGE OUTLINE
YFFO0025 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

?

0.625 MAX

B R P G G B |

BALL TYP
0.30
0.12

SYMM

i ¢

TYP4—‘
l

D: Max = 2.398 mm, Min =2.338 mm
16] B E{L'V'M E: Max = 2.184 mm, Min =2.124 mm

TYp -
25X 303
[ [0.01500 [c|A[B]

4223786/A 06/2017

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.
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EXAMPLE BOARD LAYOUT
YFFO0025 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

25X (£ 0.23) ©4TYP
3 4 5
- D O O
(0.4) TYP

20000
0 - -0 P
SeXeJoReXe
00 QOO

SYMM
¢

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:25X

0.05 MAX
(3&2:2 r 0.05 MIN ﬂ ($0.23)
1, SOLDER masK
f/ \\

OPENING
EXPOSED METAL N A
SOLDER MASK — SN METAL UNDER
OPENING EXPOSED METAL SOLDER MASK
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4223786/A 06/2017

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN

YFF0025

DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP #—T
25X (J0.25) ﬂ
1 2

(R0.05) TYP

METAL
TYP

SCALE:30X

9))]
<
<
<

A

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

4223786/A 06/2017

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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