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6 Pin Configuration and Functions

RGE Package
24-Pin VQFN With Exposed Thermal Pad

(Top View)
(2] a =z [
S5 2 0 o
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> o X m % %
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Pin Functions
PIN
TYPE DESCRIPTION

NAME NUMBER

VBUS 1,24 P Charger Input Voltage. The internal n-channel reverse block MOSFET (RBFET) is connected between VBUS and
PMID with VBUS on source. Place a 1-pF ceramic capacitor from VBUS to PGND and place it as close as possible
to IC.

D+ 2 | Positive line of the USB data line pair. D+/D— based USB host/charging port detection. The detection includes data
Analog | contact detection (DCD) and primary detection in bcl.2.

D- 3 | Negative line of the USB data line pair. D+/D— based USB host/charging port detection. The detection includes data
Analog | contact detection (DCD) and primary detection in bcl.2.

STAT 4 O Open drain charge status output to indicate various charger operation. Connect to the pull up rail via 10-kQ resistor.
LOW indicates charge in progress. HIGH indicates charge complete or charge disabled. When any fault condition
occurs, STAT pin in the charge blinks at 1 Hz.

SCL 5 | I2C Interface clock. Connect SCL to the logic rail through a 10-kQ resistor.

SDA 6 I/0 | IC Interface data. Connect SDA to the logic rail through a 10-kQ resistor.

INT 7 (@] Open-drain Interrupt Output. Connect the INT to a logic rail via 10kQ resistor. The INT pin sends active low, 256-us
pulse to host to report charger device status and fault.

oTG 8 | OTG Enable pin. The boost mode is activated when the OTG pin is High, REGO01[5] = 1, and no Input source is

Digital | detected at VBUS.

CE 9 | Active low Charge Enable pin. Battery charging is enabled when REGO01[5:4] = 01 and CE pin = Low. CE pin must
be pulled high or low.

ILIM 10 | ILIM pin sets the maximum input current limit by regulating the ILIM voltage at 1 V. A resistor is connected from
ILIM pin to ground to set the maximum limit as Iyyax = (LV/R;v) % K- The actual input current limit is the lower
one set by ILIM and by I1°C REG00[2:0]. The minimum input current programmed on ILIM pin is 500 mA.

TS 11 | Temperature qualification voltage input. Connect a negative temperature coefficient thermistor. Program

Analog | temperature window with a resistor divider from REGN to TS to GND. Charge suspends or Boost disable when TS
pin is out of range. A 103AT-2 thermistor is recommended.

QON 12 | BATFET enable control in shipping mode. A logic low to high transition on this pin with minimum 2ms high level
turns on BATFET to exit shipping mode. It has internal 1IMQ (Typ) pull down. For backward compatibility, when
BATFET enable control function is not used, the pin can be a no connect or tied to TS pin (10k NTC thermistor
only). (Refer to Shipping Mode for detail description).

BAT 13,14 P Battery connection point to the positive pin of the battery pack. The internal BATFET is connected between BAT

and SYS. Connect a 10 pF closely to the BAT pin.

Copyright © 2013-2015, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
TYPE DESCRIPTION
NAME NUMBER
SYS 15,16 | System connection point. The internal BATFET is connected between BAT and SYS. When the battery falls below
the minimum system voltage, switch-mode converter keeps SYS above the minimum system voltage.

PGND 17,18 P Power ground connection for high-current power converter node. Internally, PGND is connected to the source of the
n-channel LSFET. On PCB layout, connect directly to ground connection of input and output capacitors of the
charger. A single point connection is recommended between power PGND and the analog GND near the IC PGND
pin.

SW 19,20 (0] Switching node connecting to output inductor. Internally SW is connected to the source of the n-channel HSFET and
the drain of the n-channel LSFET. Connect the 0.047-uF bootstrap capacitor from SW to BTST.

BTST 21 P PWM high side driver positive supply. Internally, the BTST is connected to the anode of the boost-strap diode.
Connect the 0.047-puF bootstrap capacitor from SW to BTST.

REGN 22 P PWM low side driver positive supply output. Internally, REGN is connected to the cathode of the boost-strap diode.
Connect a 4.7-pF (10-V rating) ceramic capacitor from REGN to analog GND. The capacitor should be placed close
to the IC. REGN also serves as bias rail of TS pin.

PMID 23 P Battery Boost Mode Output Voltage. Connected to the drain of the reverse blocking MOSFET and the drain of
HSFET. The minimum capactiance required on PMID to PGND is 20 pF

Thermal Pad - P Exposed pad beneath the IC for heat dissipation. Always solder thermal pad to the board, and have vias on the
thermal pad plane star-connecting to PGND and ground plane for high-current power converter.

7 Specifications

7.1 Absolute Maximum Ratings®

MIN MAX UNIT
VBUS (converter not switching) -2 15@ v
PMID (converter not switching) -0.3 15@ v
STAT -0.3 12 \%
BTST -0.3 12 \%
SW -2 7 \%
Voltage 8 (Peak
(with respect to GND) for 20ns
duration)
BAT, SYS (converter not switching) -0.3 6 \%
SDA, SCL, INT, OTG, ILIM, REGN, TS, QON, CE, D+, D-, -0.3 7 \%
BTST TO SW -0.3 7 \%
PGND to GND -0.3 0.3 \%
Output sink current INT, STAT 6 mA
Junction temperature -40 150 °C
Storage temperature range, Ty —65 150 °C

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

(2) VBUS is specified up to 16 V for a maximum of 24 hours under no load conditions.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (™) 1000 \Y
VEsp) | Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22-
c101® 250 v

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Copyright © 2013-2015, Texas Instruments Incorporated
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7.3 Recommended Operating Conditions

MIN MAX UNIT

Vin Input voltage 3.9 6.2 v
N Input current (VBUS) 3 A
Isys Output current (SYS) 3.5 A
VeaT Battery voltage 4.4 \%
loar Fast charging current 3 A

Discharging current with internal MOSFET 55 A
Ta Operating free-air temperature range -40 85 °C

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

layout minimizes switching noise.

7.4 Thermal Information

a bq24295
THERMAL METRIC® UNIT
RGE (24 PIN)
Rgia Junction-to-ambient thermal resistance 32.2
Ractop Junction-to-case (top) thermal resistance 29.8
Raig Junction-to-board thermal resistance 9.1
°CIW
Wit Junction-to-top characterization parameter 0.3
Wis Junction-to-board characterization parameter 9.1
Rgicbot Junction-to-case (bottom) thermal resistance 2.2

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

7.5 Electrical Characteristics

Vyeus_uvioz < Vveus < Vacov @nd Vygys > Vear + Vgigep, Ty = —40°C to 125°C and T, = 25°C for typical values unless other

noted.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
QUIESCENT CURRENTS
Vyeus < Vuvio, VBAT = 4.2 V, leakage between BAT and 5 LA
VBUS
IgaT Battery discharge current (BAT, SW, SYS) T;?E&%J\éofzsgrcno VBUS, BATFET disabled (REGO7[5] = 16 20| pA
g;?L%"'\éof%s?rcm VBUS, BATFET enabled (REGO7[5] = 32 55| pA
Vyeus = 5V, High-Z mode, No battery 15 30| pA
Vveus > Vuvios Vveus > Veat, converter not switching 15 3| mA
lveus Input supply current (VBUS) Vveus > Vuvio: Vveus > Vear, converter switching, Var = 4 mA
3.2V, lgys=0A
V_VBUS > Vyvros Vveus > VeaT, COnverter switching, charge 35 mA
disable, Vgat = 3.8V, Igys = 100 pA
lacosT Battery discharge current in boost mode \s/v?ﬁ:-ll—uz;z V. Boost mode, lpvip = 0 A, converter 3.5 mA
VBUS/BAT POWER UP
Vveus_op VBUS operating voltage 3.9 6.2 \%
VvBus_uvLoz VBUS for active I>C, no battery Vygus rising 3.6 \Vi
Vs eep Sleep mode falling threshold Vygus falling, Vygus.veat 35 80 120 | mV
Vs eepz Sleep mode rising threshold Vygus ising, Vyeus.veaT 170 250 350 | mVv
Vacov VBUS over-voltage rising threshold Vygus rising 6.2 66 V
Vacov_HysT VBUS over-voltage falling hysteresis Vygus falling 250 mvV
VAT uvioz Battery for active 1°C, no VBUS Vgar Hising 23 v
VBaT DPL Battery depletion threshold Vgar falling 2.4 26| V
VBAT DPL_HY Battery depletion rising hysteresis Vpar rising 200 mv
VVBUSMIN Bad adapter detection threshold Vygus falling 3.8 \%
lsaDSRC Bad adapter detection current source 30 mA
6 MY © 2013-2015, Texas Instruments Incorporated
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Electrical Characteristics (3 FR)

Vveus_uvioz < Vveus < Vacov and Vygys > Vear + Vgigeps Ty = —40°C to 125°C and T, = 25°C for typical values unless other

noted.
PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
POWER PATH MANAGEMENT
Vsys_max Typical system regulation voltage Eésezlo[ ;‘i]BjIgET\}Si)MZﬁ; \é,BgTvup t0 4.2V, 35 435 v
Vsys_min System voltage outpu REGO01[3:1] = 101, Vgysuin = 3.5V 35 3.65 \%
ROuRre) | roaistance between VBUS and PMID s 4 m
o oMb S0 1.2 avc 125 s e ™
Ty =-40°C - 125°C 39 58
L o ™
T;=-40°C — 125°C 61 90
Vewp E,"?‘)LZET forward voltage in supplement BAT discharge current 10mA 30 mV
Vsys BaT SYS/BAT comparator Vsys falling 70 mV
VBaTGD Battery good comparator rising threshold Vpat rising 3.55 \%
VBATGD_HYST Battery good comparator falling threshold | Vgat falling 100 1\%
BATTERY CHARGER
VBAT REG_ACC Charge voltage regulation accuracy Vgat = 4.112 V and 4.208 V -0.5% 0.5%
Vegar = 3.8V, Icyg = 1024 mA, T; = 25°C -4% 4%
licHe_REG_ACC Fast charge current regulation accuracy VgaT = 3.8V, Ichg = 1024 mA, T; = -20°C — 125°C -7% 7%
Vgat = 3.8V, Ichg = 1792 mA, T, = -20°C — 125°C —-10% 10%
IcHG_20pct Charge current with 20% option on \:/BlAT =3.1V, lene = 104 mA, REGOZ = 03 and REGO2(0] 75 175| mA
VeaTLOWY Battery LOWV falling threshold Fast charge to precharge, REG04[1] = 1 2.6 2.8 2.9 \%
VearLowv yst | Battery LOWV rising threshold giﬁiiﬁgzeo&aithcyhs?é?éjgSEGM[” =1 28 30 31| v
IpRECHG_ACC Precharge current regulation accuracy VBAT = 2.6 V, Icyg = 256 mA —-20% 20%
ltvp_TERM_ACC Typical termination current lterm = 256 MA, Icpyg = 2048 mA 265 mA
lterm_Acc Termination current accuracy lterm = 256 MA, Icpe = 2048 mA -22.5% 22.5%
VsHorT Battery short voltage VBAT falling 2.0 \%
VSHORT _HYST Battery Short Voltage hysteresis VBAT rising 200 mv
ISHORT Battery short current VBAT <22V 100 mA
VRECHG Recharge threshold below VBAT_REG VBAT falling, REG04[0] = 0 100 mV
tRECHG Recharge deglitch time VBAT falling, REG04[0] = 0 20 ms
Ron BATEET SYS-BAT MOSFET on-resistance Ty =22 24 28 mQ
- T;=-40°C - 125°C 24 35
INPUT VOLTAGE/CURRENT REGULATION
Vinopm_ReG_acc | Input voltage regulation accuracy -2% 2%
USB100 85 100| mA
— USB Input current regulation limit, VBUS = | YSB150 125 150 mA
— 5V, current pulled from SW USB500 440 500| mA
USB900 750 900 | mA
1ADPT DPM Input current regulation accuracy IADP = 1.5 A, REG00[2:0] = 101 1.3 15 A
IiN_START Input current limit during system start up VSYS <22V 100 mA
Kium In = Kiuw/Riim IINDPM = 1.5 A 395 435 475 AxQ
D+/D- DETECTION
Vb+_sre D+ voltage source 0.5 07| V
Ip+_sre D+ connection check current source 7 14| pA
Ip— sink D- current sink 50 100 150 | pA
D—, switch open -1 1| pA
Ib kG Leakage current into D+/D— -
- D+, switch open -1 1| pA
Vp+ Low D+ low comparator threshold 08| V
MR#X © 2013-2015, Texas Instruments Incorporated 7
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Electrical Characteristics (3 FR)

Vveus_uvioz < Vveus < Vacov and Vygys > Vear + Vgigeps Ty = —40°C to 125°C and T, = 25°C for typical values unless other
noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vb_ Lowdatref D- low comparator threshold 250 400 | mV
Rp- pwn D- pulldown for connection check 14.25 248| kQ
Charging timer with 100mA USB host in .
tspp_DEFAULT default mode 45| mins
D+ low comparator threshold for non- o o~ (1) o o o
Vadptl_lo standard adapter Divider-1 As percentage of REGN, 0°C — 85°C 46.5% 48% 49.5%
i D+ low comparator threshold for non- o o~ (1) o o o
VadptL_hi standard adapter divider-1 As percentage of REGN, 0°C — 85°C 58.5% 60% 61.5%
D+ low comparator threshold for non- o o (1) o o o
Vadpt2_lo standard adapter divider-2 As percentage of REGN, 0°C — 85°C 15.5% 17% 18.5%
} D+ low comparator threshold for Non- o~ _ aro(l) o o o
Vadptz_hi standard adapter divider-2 As percentage of REGN, 0°C — 85°C 28.5% 30% 31.5%
v, D- low comparator threshold for non- As percentage of REGN, 0°C — 85°C®) 465%  48%  49.5%
adpt3_lo standard adapter divider-3 P 9 ' >0 0 =70
D- high comparator threshold for non- o~ _ ao(1) o o o
Vadpta_hi standard adapter divider-3 As percentage of REGN, 0°C — 85°C 58.5% 60% 61.5%
BAT OVER-VOLTAGE PROTECTION
V Battery over-voltage threshold V rising, as percentage of V 104%
BATOVP y g BAT g p g BAT_REG
V Battery over-voltage hysteresis Vgt falling, as percentage of V, 2%
BATOVP_HYST y ge nhy BAT g p g BAT_REG
t Battery over-voltage deglitch time to 1 s
BATOVP disable charge H
THERMAL REGULATION AND THERMAL SHUTDOWN
Tiunction_REG Junction temperature regulation accuracy | REG06[1:0] = 11 120 °C
TshuT Thermal shutdown rising temperature Temperature increasing 160 °C
TsHUT Hys Thermal shutdown hysteresis 30 °C
Thermal shutdown rising deglitch Temperature increasing delay 1 ms
Thermal shutdown falling deglitch Temperature decreasing dela 1 ms
g deg P! 9 y
COLD/HOT THERMISTER COMPARATOR
Cold temperature threshold, TS pin o o o
Vit voltage rising threshold Charger suspends charge. as percentage to Vrggn 73% 73.5% 74%
Cold temperature hysteresis, TS pin o
VLTF HYs voltage falling As percentage to Vregn 0.4%
VyrE ;i]?;;ﬁmzerature TS pin voltage rising As percentage to Vregn 46.6% 47.2% 48.8%
Vrco tchlr‘;'sotfo}gmperat“'e TS pin voltage falling | g percentage to Vegon 442% 44.7% 45.2%
Deglitch time for temperature out of range
det%ction P 98 | Virg > Vg, Of Vg < Vrco, OF Vg < Ve 10 ms
Cold temperature threshold, TS pin As percentage to Vgegy REG02[1] = 0 o o o
VBCOLDO voltage rising threshold (Approx. -10°C w/ 103AT) 75.5% 76%  76.5%
As percentage to Vregny REG02[1] = 0 o
VBCOLDO_HYS (Approx. 1°C w/ 103AT) 1%
Cold temperature threshold 1, TS pin As percentage to Vregny REGO02[1] = 1 o o o
VBCOLD1 voltage rising threshold (Approx. -20°C w/ 103AT) 78.5% 79%  79.5%
As percentage to Vgggny REG02[1] = 1 o
VBCOLDI_HYS (Approx. 1°C wi 103AT) 1%
Hot temperature threshold, TS pin voltage | As percentage to Vregny REG06[3:2] = 01 o o o
VBHOTO falling threshold (Approx. 55°C w/ 103AT) 35.5% 36%  36.5%
As percentage to Vgegny REG06[3:2] = 01 o
VBHOTO_HYS (Approx. 3°C wi 103AT) 3%
Hot temperature threshold 1, TS pin As percentage to Vgegny REG06[3:2] = 00 o o o
VBHOT1 voltage falling threshold (Approx. 60°C w/ 103AT) 32.5% 33%  33.5%
As percentage to Vgegny REG06[3:2] = 00 o
VBHOTIL_HYS (Approx. 3°C w/ 103AT) 3%

(1) REGN LDO is configured in drop-out mode. VBUS is close to REGN when Igggy = 0 mA.
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Electrical Characteristics (3 FR)

Vveus_uvioz < Vveus < Vacov and Vygys > Vear + Vgigeps Ty = —40°C to 125°C and T, = 25°C for typical values unless other

noted.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VBHOT2 voltage faing threshold T | (approx. 865G wi 105D 0 205% 0%  305%
g gy e 10
CHARGE OVER-CURRENT COMPARATOR
lusrer oce m?;il;lgycle by cycle over-current 53 75 A
IsaTFET OCP System over load threshold 5.5 6.6 A
VisreT uce {_hsreF;Er;l;)l(;harge under-current falling From sync mode to non-sync mode 100 mA
Fow Z\Q{:’\I:I Switching frequency, and digital 1300 1500 1700 | KHz
Duax Maximum PWM duty cycle 97%
VBTST REFRESH Bootstrap refresh comparator threshold \\;SLSST;\QS\\;V when LSFET refresh pulse is requested, 3.6 \%
BOOST MODE OPERATION
Vot REG Boost mode output voltage I(PMID) = 0, REGO06[7:4] = 1001 (5.126 V) 5.12 \%
Vore_REG_AcC Boost mode output voltage accuracy I(PMID) = 0, REGO06[7:4] = 1001 (5.126 V) -3% 3%
Vorte_pat Battery voltage exiting boost mode BAT falling, REG04[1] = 1 2.9 \%
lote Boost mode output current on PMID 1.3 A
Vote_ovp OTG over-voltage threshold Rising threshold 5.8 6 \Y
Vote_ovp_Hys OTG over-voltage threshold hysteresis Falling threshold 300 mV
lote_Lsocp LSFET cycle by cycle current limit 5 A
loTe_Hszep HSFET under current falling threshold 100 mA
REGN LDO
VReEGN REGN LDO output voltage Vveus = 8 V: lnggn = 40 mA 48 >3 v
Vygus = 5 V, lregn = 20 mA 4.7 4.8 \%
IREGN REGN LDO current limit Vygus =5V, Vreon = 3.8V 50 mA
LOGIC I/O PIN CHARACTERISTICS (OTG, CE, STAT, QON)
ViLo Input low threshold 04| V
Vin Input high threshold (CE, STAT, QON) 1.3 \%
ViH_oTc Input high threshold (OTG) 1.1 \Y
Vourt Lo Output low saturation voltage Sink current = 5 mA 0.4 \%
loias girg:_rle)vel leakage current (OTG, CE, Pull-up rail 1.8 V 1] pA
Igias High level leakage current (QON) Pull-up rail 3.6 V 8| MA
IC INTERFACE (SDA, SCL, INT)
Vi{ Input high threshold level VPULL-UP = 1.8V, SDA and SCL 1.3 \%
Vi Input low threshold level VPULL-UP =1.8 V, SDA and SCL 0.4 \%
VoL Output low threshold level Sink current =5 mA 04| V
Isias High-level leakage current VPULL-UP = 1.8 V, SDA and SCL 1| pA
fscL SCL clock frequency 400 | kHz
DIGITAL CLOCK AND WATCHDOG TIMER
friz Digital crude clock REGN LDO disabled 15 35 50| kHz
fois Digital clock REGN LDO enabled 1300 1500 1700 | kHz
MR © 2013-2015, Texas Instruments Incorporated 9
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7.6 Timing Requirements

| MIN  TYP MAX| UNIT

VBUS/BAT POWER UP

-

tBADSRC | Bad source detection duration ‘ 30 | ms
QON TIMING
toon | QON pin high time to turn on BATFET ‘ 2 | ms
DIGITAL CLOCK AND WATCHDOG TIMER
REGN LDO disabled 112 160
twoT REGOS[54] =11 sec
REGN LDO enabled 136 160
1 t !
YsusTa) b twiL) B l.._ e o ! A
e — —F= F=——
I ' :
sCL [ I l I I
bl [ ! i
| i : |
SDA | ! | .
1 | !
' !
| i

L L et b

—rer—f— —f —-

|
LeiisTA) | + tlsuisToR) I
= Y ThipaT} tsu(paT) ! : i
. | | SO
REPEATED STOP START
START
1. I)C-Compatible Interface Timing Diagram
7.7 Typical Characteristics
# 1. Table of Figures
FIGURE
Charging Efficiency vs Charging Current (DCR = 10 mQ) 2
System Efficiency vs System Load Current (DCR = 10 mQ) 3
Boost Mode Efficiency vs VBUS Load Current (DCR = 10 mQ) 4
SYS Voltage Regulation vs System Load Current 5
Boost Mode PMID Voltage Regulation (Typical Output = 5.126 V, REG06[7:4] = 1001) vs PMID Load Current 6
SYS Voltage vs Temperature 7
BAT Voltage vs Temperature 8
Input Current Limit vs Temperature 9
Charge Current vs Package Temperature 10
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0 0
o o
E= £ 80
w 75 w
70 75
——VBUS =5V ——VBUS =5V
65 70
0 0.5 1 15 2 25 3 35 0 0.5 1 15 2 25 3
Charge Current (A) Load Current (A)
2. Charge Efficiency vs Charge Current 3. System Efficiency
vs System Load Current
100 4
95 3.9
90 / 3.8
= / S
8 85 < 37
g 80 g 3.6
5 S ——SYSMIN=35
o
= ——SYSMIN =3.2
mw =35 SYSMIN =3.7
(/) — .
70 3.4
VBAT = 3.2V
65 VBAT = 3.5V 33
VBAT = 3.8V
60 3.2
0 0.5 1 15 0 0.5 1 15 2 25 3 35
VBUS Load Current (A) System Load Current (A)
4. Boost Mode Efficiency 5. SYS Voltage Regulation
vs VBUS Load Current vs System Load Current
5.2 3.7
S ——
o 51
g 3.65
S s >
3 49 S 3.6
S o
S 48 &
o 355
0, —— VBAT =3.2V
o+ _
2 VBAT = 3.5V ——SYSMIN = 3.5V
VBAT = 3.8V
4.6 38 35
0 0.5 1 15 50  -25 0 25 50 75 100 125 150
VBUS Load Current (A) Temperature (°C)
Typical Output = 5.126 V, REG06[7:4] = 1001
6. Boost Mode PMID Voltage Regulation vs PMID Load 7. SYS Voltage vs Temperature
Current
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<
43 =
E
5 1.5
4.25 o
E —|IN = 500mA
3 1
O —IIN =1.5A
4.2 5
2 IIN = 2A
£
415 —— VREG = 4.208V 0.5
VREG = 4.35V
4.1 0
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature °C)
8. BAT Voltage vs Temperature 9. Input Current Limit vs Temperature

Charge Current (A)

25

15

0.5

TREG = 120C
TREG = 80C
60 80 100 120 140 160

10. Charge

Package Temperature (°C)

Current vs Package Temperature

12
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8 Detailed Description

8.1 Overview

The bg24295 is an I1°C controlled power path management device and a single cell Li-lon battery charger. It
integrates the input reverse-blocking FET (RBFET, Q1), high-side switching FET (HSFET, Q2), low-side
switching FET (LSFET, Q3), and battery FET (BATFET, Q4) between system and battery. The device also
integrates the bootstrap diode for the high-side gate drive.

MR © 2013-2015, Texas Instruments Incorporated 13
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8.2 Functional Block Diagram

VBUS

— g lews
Ei—l v Vveus_uvioz RBFET (Q1) |i|
-vr + T UVLO ;
Q1 Gate I
Vearz *VsLeed] A Control
SLEEP REGN
T REGN -
LDO LI
EN_HIZ z
Vacov
] BIST
FBO |_]_
Q2 _Q2_ucpP_BOOST 1
lote_nszep| 4 -
VlNme>—N-‘ \ H
> (=T
= Q3N _a3_0CcP_BOOST L HSFET (Q2)
IiNDPM lote_Lsoce| & ngx_EI_ESER
BAT \\BATOVP REGN
T, 104%xVer rec| 4 -
—_ BAT —
Trec }
Vear rec ILSFET_UCP N_UCP LSIT(EQ.I;)(Q:;) PGND
SYS >.’|.. 1Q3)| I Q2_0CP g |
Y B -_| 'HSFET_OCP
SYSMIN "L —
: | EN HIZ vV )
CHG_REQ EN CHARGE REFRESH \,,,VLTSTSW
g EN_BOOST | VBTST_REFRESH
\J
[ SYS
ICHG :)
VBAT_REG ;
REF lowo res| Q4 Gate
DAC lsADSR Control —| BATFET (Q4)
BAD_SRC<4}—-227¢
N e | i
ILIM CONVERTER BAT
CONTROL | AICT,
STATE |TSH <\ T
D+ USB Host MACHINE - | ' sHuT
Adapter BAT
D- Detection USB BAT_GD_Hy— [ ] con
Adapter - | VBATGD
V -V,
oTG RECHRG \+LAT_REG RECHG bq24295
BAT
INT __I
TERMINATIO H
ggﬁsé;ci hresy BATTERY
STAT SUSPEND THERMISTER I: Ts
AGHIN VBaTLOWY SENSING :I
MACHINE [BATLOWY, <3247
\ |BAT
12C -T
Interface BATSHORT.~ 2} —SHORT
N\ |BAT
EEF4%] EE
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8.3 Feature Description
8.3.1 Device Power Up

8.3.1.1 Power-On-Reset (POR)

The internal bias circuits are powered from the higher voltage of VBUS and BAT. When VBUS or VBAT rises
above UVLOZ, the sleep comparator, battery depletion comparator and BATFET driver are active. I1°C interface
is ready for communication and all the registers are reset to default value. The host can access all the registers
after POR. By default, the BATFET driver is inactive when battery power is first applied. The BATFET driver can
be enabled by plugging in DC source, by clearing BATFET_Disable bit (REGO07[5]), or logic low to high transition
on QON pin.

8.3.1.2 Power Up from Battery without DC Source

If only battery is present and the voltage is above depletion threshold (Vgar pepl), the BATFET turns on and
connects battery to system. The REGN LDO stays off to minimize the quiescent current. The low Rpgoy in
BATFET and the low quiescent current on BAT minimize the conduction loss and maximize the battery run time.
During both boost and charge mode, the device always monitors the discharge current through BATFET. When
the system is overloaded or shorted, the device will immediately turn off BATFET and keep BATFET off until the
input source plugs in again.

8.3.1.2.1 BATFET Turn Off

The BATFET can be forced off by the host through 12C REGO7[5]. This bit allows the user to independently turn
off the BATFET when the battery condition becomes abnormal during charging. When BATFET is off, there is no
path to charge or discharge the battery. When battery is not attached, the BATFET should be turned off by
setting REGO7[5] to 1 to disable charging and supplement mode.

8.3.1.2.2 Shipping Mode

To extend battery life and minimize power when system is powered off during system idle, shipping, or storage,
the device can turn off BATFET so that the system voltage is zero to minimize the leakage. The BATFET can be
turned off by setting REGO7[5] (BATFET_DISABLE) bit.

In order to keep BATFET off during shipping mode, the host has to disable the watchdog timer (REGO05[5:4] =
00) and disable BATFET (REGO7[5] = 1) at the same time. Once the BATFET is disabled, one of the following
events can turn on BATFET and clear REGO7[5] (BATFET_DISABLE) bit.

1. Plug in adapter

Write REGO7[5] =0

watchdog timer expiration

Register reset (REG01[7] = 1)

A logic low to high transition on QON pin (refer to B 11 for detail timing)

o~ v

/I%/ Min. 2ms W
QON
EAMN——

N

BATFET Status Turn on by QON

REGO07[5]=0

Turn off by i2c command [
REGO7[5]=1 !

11. QON Timing
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Feature Description (3T )
8.3.1.3 Boost Mode Operation from Battery

The device supports boost converter operation to deliver power from the battery to other portable devices
through PMID pin. The boost mode output current rating meets the 1.5-A charging requirements for smartphone
and tablet. The boost operation is enabled by default if the conditions are valid:

1. BAT above BATLOWYV threshold (Vgatiowy Set by REG04[1])

2. VBUS less than BAT+Vg gep (in sleep mode)

3. Boost mode operation is enabled (OTG pin HIGH and REG01[5:4] = 10)

4. After 30ms delay from boost mode enable

In battery boost mode, the device employs a 1.5-MHz step-up switching regulator. During boost mode, the status
register REGO08[7:6] is set to 11, the PMID output voltage is 5.1 V. In addition, the device provides adjustable

boost voltage from 4.55 V to 5.5 V by changing BOOSTYV bits in REGO06[7:4]. Any fault during boost operation,
including PMID over-voltage, sets the fault register REG09[6] to 1 and an INT is asserted.

For power bank applications, the boost current is supported from PMID pin as in the application diagram. It is
recommended to use the minimum PMID cap value 20 uF for boost current. Please note that there is no boost
current limit setting when the boost current is sourced from PMID pin, hence it is important not to overload the
boost current under this condition.

8.3.1.3.1 Integrated Control to Switch Between USB Charge Mode and Boost Mode

The device features integrated control to switch between charge mode and boost mode by monitoring VBUS
voltage. When VBUS is higher than VBAT+Vg gep , the RBFET is enabled and charge mode is enabled. When
VBUS power source is removed, the RBFET is automatically turn off to isolate VBUS from PMID. The boost
mode is started when the conditions described above are met.

8.3.1.4 Power Up from DC Source

When the DC source plugs in, the charger device checks the input source voltage to turn on REGN LDO and all
the bias circuits. It also checks the input current limit before starts the buck converter.

8.3.1.4.1 REGN LDO

The REGN LDO supplies internal bias circuits as well as the HSFET and LSFET gate drive. The LDO also
provides bias rail to TS external resistors. The pull-up rail of STAT can be connected to REGN as well.

The REGN is enabled when all the conditions are valid.

2. VBUS above Vgat + Vs gepz In buck mode or VBUS below Vgt + Vg gep in boost mode

3. After typical 220-ms delay (100 ms minimum) is complete

If one of the above conditions is not valid, the device is in high impedance mode (HIZ) with REGN LDO off. The

device draws less than lgys (15 YA typical) from VBUS during HIZ state. The battery powers up the system
when the device is in HIZ.

8.3.1.4.2 Input Source Qualification

After REGN LDO powers up, the device checks the current capability of the input source. The input source has
to meet the following requirements to start the buck converter.

1. VBUS voltage below Vacoy (Not in VBUS over-voltage)

2. VBUS voltage above Vgapsre (3.8 V typical) when pulling lgapsrc (30 mA typical) (poor source detection)

Once the input source passes all the conditions above, the status register REG08[2] goes high. An INT is
asserted to the host.

If the device fails the poor source detection, it will repeat the detection every 2 seconds.
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Feature Description (3T )
8.3.1.4.3 Input Current Limit Detection

The USB ports on personal computers are convenient charging source for portable devices (PDs). If the portable
device is attached to a USB host, the USB specification requires the portable device to draw limited current (500
mA in USB 2.0, and 150 mA/900 mA in USB 3.0). If the portable device is attached to a charging port, it is
allowed to draw up to 3 A.

After the REGO08[2] goes HIGH, the charger device always runs input current limit detection when a DC source
plugs in unless the charger is in HIZ during host mode.

The bq24295 follows Battery Charging Specification 1.2 (BC1.2) to detect input source through USB D+/D- lines.
After the input current limit detection is done, the detection result is reported in VBUS_STAT registers
(REGO08[7:6]) and input current limit is updated in IINLIM register (REG00[2:0]). In addition, host can write to
REGO00[2:0] to change the input current limit.

8.3.1.4.4 D+/D- Detection Sets Input Current Limit

The bg24295 contains a D+/D— based input source detection to program the input current limit. The D+/D-
detection has three steps: data contact detect (DCD), primary detection, and non-standard adapter detection.
When the charging source passes data contact detect, the device would proceed to run primary detection.
Otherwise the charger would proceed to run non-standard adapter detection.

D+

VDP_SRC e

VLGC_HI "

IoP_src
CHG_DET
VDAC_REF
IDm_SINK

D-

RpM_DWN

12. USB D+/D- Detection

DCD (Data Contact Detection) uses a current source to detect when the D+/D—- pins have made contact during
an attach event. The protocol for data contact detect is as follows:

» Detect VBUS present and REG08[2] = 1 (power good)

* Turnon D+ Ipp_src and the D— pull-down resistor Rpy_pww for 40 ms

» If the USB connector is properly attached, the D+ line goes from HIGH to LOW, wait up to 0.5 sec.

*  Turn off Ipp_src @and disconnect Rpy pwi

The primary detection is used to distinguish between USB host (Standard Down Stream Port, or SDP) and

different type of charging ports (Charging Down Stream Port, or CDP, and Dedicated Charging Port, or DCP).
The protocol for primary detection is as follows:

* Turnon Vpp sgec 0N D+ and Ipy_sink 0n D— for 40 ms

« |If PD is attached to a USB host (SDP), the D- is low. If PD is attached to a charging port (CDP or DCP), the
D-is high

* Turn off Vpp_src and lpw_sink

#= 2 shows the input current limit setting after D+/D— detection.
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& 2. bq24295 USB D+/D- Detection

D+/D- DETECTION INPUT CURRENT LIMIT REGO08[7:6]
0.5 sec timer expir_ed in DCD (D+/D- Proceed to non-stz_;\ndard adapter 00
floating) detection
USB host 500 mA 01
Charging port 3A 10

When DCD 0.5 sec timer expires, the non-standard adapter detection is used to distinguish three different divider
bias conditions on D+/D- pins. When non-standard adapter is detected, the input current limit (REGO0[2:0]) is set
based on the table shown below and REGO08[7:6] is set to 10 (Adapter port). If non-standard adapter is not
detected, REGO08[7:6] is set to 00 (Unknown) and the input current limit is set in REGO0[2:0] to 500mA by default.

#k 3. bg24295 Non-Standard Adapter Detection

NON- INPUT
STANDARD D+ THRESHOLD D- THRESHOLD CURRENT
ADAPTER LIMIT
o Vadpt1_lo < Vb+ < Vadptt_hi Vo < Vadpt_lo OF Vo- * Vadpu_hi
Divider 1 For VBUS = 5 V. typical range 2.4 V < Vp, < 3.1 V For VBUS =5V, typlca?! rla?/ge Vp.<2.4VorVp > 20A
Divider 2 VadptZ lo < VD+ < Vadp12 hi NA 20A

For VBUS =5V, typical range 0.85V < Vp, < 1.5V

Vp+< Vadpt3 1o OF Vp+> Vadpta_hi

i . o Vadpt3_lo < Vb- < Vadpt3_hi
Divider 3 For VBUS =5V, typlca:lgrfr\\/ge Vp+ <2.4V or Vp,; > For VBUS = 5 V. typical range 2.4 V < Vp. < 3.1V 1A

After D+/D- detection is completed with an input source already plugged in, the input current limit is not changed
unless DPDM_EN (REGO7[7]) bit is set to force detection.

8.3.1.4.5 Force Input Current Limit Detection

While adapter is plugged-in, the host can force the charger device to run input current limit detection by setting
REGO7[7] = 1 or when watchdog timeout. During the forced detection, the input current limit is set to 100 mA.
After the detection is completed, REGO7[7] will return to O by itself and new input current limit is set based on
D+/D-.

8.3.1.5 Converter Power-Up

After the input current limit is set, the converter is enabled and the HSFET and LSFET start switching. If battery
charging is disabled, BATFET turns off. Otherwise, BATFET stays on to charge the battery.

The device provides soft-start when ramp up the system rail. When the system rail is below 2.2 V, the input
current limit is forced to 100mA. After the system rises above 2.2 V, the charger device sets the input current
limit set by the lower value between register and ILIM pin.

As a battery charger, the charger deploys a 1.5-MHz step-down switching regulator. The fixed frequency
oscillator keeps tight control of the switching frequency under all conditions of input voltage, battery voltage,
charge current and temperature, simplifying output filter design.

A type Ill compensation network allows using ceramic capacitors at the output of the converter. An internal saw-
tooth ramp is compared to the internal error control signal to vary the duty cycle of the converter. The ramp
height is proportional to the PMID voltage to cancel out any loop gain variation due to a change in input voltage.

In order to improve light-load efficiency, the device switches to PFM control at light load when battery is below
minimum system voltage setting or charging is disabled. During the PFM operation, the switching duty cycle is
set by the ratio of SYS and VBUS.

8.3.1.6 Low Power HIZ State

The host can configure the converter to go into HIZ State by setting EN_HIZ (REGO00[7]) to 0. The device is in
the lowest quiescent state with REGN LDO and the bias circuits off, the VBUS current during HIZ state will be
less than 30 pA while the system is supplied by the battery. Once the charger device enters HIZ state in host
mode, it stays in HIZ until the host writes REGOO[7] = 0. When the processor host wakes up, it is recommended
to first check if the charger is in HIZ state.
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8.3.2 Power Path Management

The device accommodates a wide range of input sources from USB, wall adapter, to car battery. The device
provides automatic power path selection to supply the system (SYS) from input source (VBUS), battery (BAT), or
both.

8.3.2.1 Narrow VDC Architecture

The device deploys Narrow VDC architecture (NVDC) with BATFET separating system from battery. The
minimum system voltage is set by REG01[3:1]. Even with a fully depleted battery, the system is regulated above
the minimum system voltage (default 3.5 V).

When the battery is below minimum system voltage setting, the BATFET operates in linear mode (LDO mode),
and the system is 150 mV above the minimum system voltage setting. As the battery voltage rises above the
minimum system voltage, BATFET is fully on and the voltage difference between the system and battery is the
Vps of BATFET.

When the battery charging is disabled or terminated, the system is always regulated at 150 mV above the
minimum system voltage setting. The status register REG08[0] goes high when the system is in minimum system
voltage regulation.

4.5

43

Charge Enabled
||

41 ‘ ‘ \X' /,/
sYS Charge Disabled l/

3.9
(V) 4
3.7 7
35
Minimum System Voltage
3.3
3.1

27 29 31 33 35 37 39 41 43
BAT (V)
B 13. V(SYS) vs V(BAT)

8.3.2.2 Dynamic Power Management

To meet maximum current limit in USB spec and avoid over loading the adapter, the device features Dynamic
Power Management (DPM), which continuously monitors the input current and input voltage.

When input source is over-loaded, either the current exceeds the input current limit (REG00[2:0]) or the voltage
falls below the input voltage limit (REGO00[6:3]). The device then reduces the charge current until the input current
falls below the input current limit and the input voltage rises above the input voltage limit.

When the charge current is reduced to zero, but the input source is still overloaded, the system voltage starts to
drop. Once the system voltage falls below the battery voltage, the device automatically enters the supplement
mode where the BATFET turns on and battery starts discharging so that the system is supported from both the
input source and battery.

During DPM mode (either VINDPM or IINDPM), the status register REGO08[3] will go high.

14 shows the DPM response with 5-V/1.2-A adapter, 3.2-V battery, 2.0-A charge current and 3.4-V minimum
system voltage setting.
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B 14. DPM Response

8.3.2.3 Supplement Mode

When the system voltage falls below the battery voltage, the BATFET turns on and the BATFET gate is
regulated the gate drive of BATFET so that the minimum BATFET Vpg stays at 30 mV when the current is low.
This prevents oscillation from entering and exiting the supplement mode. As the discharge current increases, the
BATFET gate is regulated with a higher voltage to reduce Rpgon until the BATFET is in full conduction. At this
point onwards, the BATFET Vpg linearly increases with discharge current. shows the V-I curve of the BATFET
gate regulation operation. BATFET turns off to exit supplement mode when the battery is below battery depletion
threshold.

3.0 7

/|

2, /|
= 2
E 15 //
x /
o
X 10
(@)
0.5
0 —

0 10 20 30 40 50 60 70 80
V(BAT-SYS) (mV)
15. BATFET V-I Curve

8.3.3 Battery Charging Management

The device charges 1-cell Li-lon battery with up to 3-A charge current for high capacity tablet battery. The 24-mQ
BATFET improves charging efficiency and minimizes the voltage drop during discharging.

8.3.3.1 Autonomous Charging Cycle

With battery charging enabled at POR (REGO01[5:4] = 01), the charger device complete a charging cycle without
host involvement. The device default charging parameters are listed in the following table.
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5% 4. Charging Parameter Default Setting

DEFAULT MODE bg24295
Charging voltage 4.208 V
Charging current 1.024 A
Pre-charge current 256 mA
Termination current 256 mA
Temperature profile Hot/Cold
Safety timer 12 hours®

(1) See Charging Safety Timer for more information.

A new charge cycle starts when the following conditions are valid:

» Converter starts

« Battery charging is enabled by I?C register bit (REG01[5:4]) = 01 and CE is low
» No thermistor fault on TS

* No safety timer fault

» BATFET is not forced to turn off (REGOQ7[5])

The charger device automatically terminates the charging cycle when the charging current is below termination
threshold and charge voltage is above recharge threshold. When a full battery voltage is discharged below
recharge threshold (REG04[0]), the device automatically starts another charging cycle. After the charge done,
either toggle /CE pin or REGO01[5:4] will initiate a new charging cycle.

The STAT output indicates the charging status of charging (LOW), charging complete or charge disable (HIGH)
or charging fault (Blinking). The status register REG08[5:4] indicates the different charging phases: 00-charging
disable, 01-precharge, 10-fast charge (constant current) and constant voltage mode, 11-charging done. Once a
charging cycle is complete, an INT is asserted to notify the host.

The host can always control the charging operation and optimize the charging parameters by writing to the
registers through 1°C.

8.3.3.2 Battery Charging Profile

The device charges the battery in three phases: preconditioning, constant current and constant voltage. At the
beginning of a charging cycle, the device checks the battery voltage and applies current.

5% 5. Charging Current Setting

VBAT CHARGING CURRENT REG DEFAULT SETTING REGO8[5:4]
VBaT < VsHorT _
(Typical 2 V) 100 mA 01
VsrorT < Veat < VeatLowv REG03[7:4] 256 mA 01

(Typical 2V £ Vgar < 3V)

VBaT 2 VaTLOWY .
(Typical Vaar = 3 V) REGO02[7:2] 1024 mA 10
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If the charger device is in DPM regulation or thermal regulation during charging, the actual charging current will
be less than the programmed value. In this case, termination is temporarily disabled and the charging safety
timer is counted at half the clock rate.

Regulation Voltage
(3.5V-4.4V)

Fast Charge Current
(500mA-3008mA)

Vear_Lowv (2.8V/3V)

Vear_stHort (2V)

IprecHarcE (128MA-2048mA)
IrerminaTiON (128MA-2048mMA) [Z-o oo o f—oo——oo oo IIIIIITIIIIIIIIIIIIIIIIIIIIoIoTe=eg

[earstorT (100mMA) | >
< < > < > —
Trickle Charge' Pre-charge Fast Charge and Voltage Regulation Safety Timer
Expiration

16. Battery Charging Profile

8.3.3.3 Thermistor Qualification
The charger device provides a single thermistor input for battery temperature monitor.

8.3.3.3.1 Cold/Hot Temperature Window

The device continuously monitors battery temperature by measuring the voltage between the TS pin and ground,
typically determined by a negative temperature coefficient thermistor and an external voltage divider. The device
compares this voltage against its internal thresholds to determine if charge or boost is allowed.

To initiate a charge cycle, the battery temperature must be within the V ¢¢ to Ve thresholds. During the charge
cycle the battery temperature must be within the V| ¢ to V1¢o thresholds, else the device suspends charging and
waits until the battery temperature is within the V| 1r to Ve range.

For battery protection during boost mode, the device monitors the battery temperature to be within the VBCOLDXx
to VBHOTXx thresholds unless boost mode temperature is disabled by setting BHOT bits (REG06[3:2]) to 11.
When temperature is outside of the temperature thresholds, the boost mode and BATFET are disabled and
BATFET_Disable bit is set (REGO07[5] bit) to reduce leakage current on PMID. Once temperature returns within
thresholds, the host can clear BATFET_Disable bit (REGO07[5]) or provide logic low to high transition on QON pin
to enable BATFET and boost mode.
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bq24295

RT1

TS

17. TS Resistor Network

When the TS fault occurs, the fault register REG09[2:0] indicates the actual condition on each TS pin and an INT
is asserted to the host. The STAT pin indicates the fault when charging is suspended.

TEMPERATURE RANGE TO TEMPERATURE RANGE
INITIATE CHARGE DURING A CHARGE CYCLE
VREF T VREF
1
CHARGE SUSPENDED ' CHARGE SUSPENDED
Vire : Vire
1
VLTFH """"""""""""""" :' """"""""""""""" VLTFH
1
'
1
CHARGE at full C ' CHARGE at full C
1
1
1
'
1
Ve i
’ Vico
CHARGE SUSPENDED ! CHARGE SUSPENDED
AGND ' AGND

18. TS Pin Thermistor Sense Thresholds in Charge Mode

Temperature Range to
Boost
VREF

Boost Disable
VBCOLDx

(-10°C / 20°C)

Boost Enable

V BHOTX
(55°C / 60°C / 65°C)

Boost Disable

AGND
19. TS Pin Thermistor Sense Thresholds in Boost Mode

Assuming a 103AT NTC thermistor is used on the battery pack & 18, the value RT1 and RT2 can be determined
by using the following equation:
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1 1
Vvrer XRTHgo p xRTHyo1 % Vi— V.
RT2 = v LTFV TCO
RTHy o7 X (VREF - 1} ~RTHcolp x[ VREF _ 1}
Vrco ViTe
VVReF _1
V,
RT1= LTF
1 N 1
RT2 RTHgop @

Select 0°C to 45°C range for Li-ion or Li-polymer battery,
RTHCOLD =27.28 kQ

RTHHOT =4.911 kQ

RT1 =5.25 kQ

RT2 =31.23 kQ

8.3.3.4 Charging Termination

The device terminates a charge cycle when the battery voltage is above recharge threshold, and the current is
below termination current. After the charging cycle is complete, the BATFET turns off. The converter keeps
running to power the system, and BATFET can turn back on to engage supplement mode.

When termination occurs, the status register REG08[5:4] is 11, and an INT is asserted to the host. Termination is
temporarily disabled if the charger device is in input current/voltage regulation or thermal regulation. Termination
can be disabled by writing 0 to REGO05[7].

8.3.3.4.1 Termination When REGO02[0] = 1

When REGO02[0] is HIGH to reduce the charging current by 80%, the charging current could be less than the
termination current. The charger device termination function should be disabled. When the battery is charged to
fully capacity, the host disables charging through CE pin or REG01[5:4].

8.3.3.5 Charging Safety Timer

The device has safety timer to prevent extended charging cycle due to abnormal battery conditions. The safety
timer is 4 hours when the battery is below batlowv threshold. The user can program fast charge safety timer
(default 12 hours) through 1°C (REGO05[2:1]). When safety timer expires, the fault register REG09[5:4] goes 11
and an INT is asserted to the host. The safety timer feature can be disabled via 1°C (REG05[3]).

The following actions restart the safety timer after safety timer expires:

« Toggle the CE pin HIGH to LOW to HIGH (charge enable)

*  Write REGO01[5:4] from 00 to 01 (charge enable)

e Write REGO5[3] from 0 to 1 (safety timer enable)

During input voltage/current regulation, thermal regulation, or FORCE_20PCT bit (REGO02[0]) is set , the safety
timer counting at half clock rate since the actual charge current is likely to be below the register setting. For
example, if the charger is in input current regulation (IINDPM) throughout the whole charging cycle, and the

safety time is set to 5 hours, the safety timer will expire in 10 hours. This feature can be disabled by writing 0 to
REGO7[6].

8.3.3.5.1 Safety Timer Configuration Change

When safety timer value needs to be changed, it is recommended that the timer is disabled first before new
configuration is written to REGO05[2:1]. The safety timer can be disable by writing 1 to REGO05[3]. This ensures
the safety timer restart counting after new value is configured.
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8.3.4 Status Outputs (STAT, and INT)

8.3.4.1 Charging Status Indicator (STAT)

The device indicates charging state on the open drain STAT pin. The STAT pin can drive LED as the application
diagram shows.

£ 6. STAT Pin State

CHARGING STATE STAT
Charging in progress (including recharge) LOW
Charging complete HIGH
Sleep mode, charge disable HIGH

8.3.4.2 Interrupt to Host (INT)
In some applications, the host does not always monitor the charger operation. The INT notifies the system on the
device operation. The following events will generate a 256-us INT pulse.
1. USB/adapter source identified (through DPDM detection)
2. Good input source detected

— notin sleep

— VBUS below Vacoy threshold

— current limit above lgapsrc
3. Input removed or VBUS above Vacoy threshold
4. Charge Complete
5. Any FAULT event in REG09
For the first four events, INT pulse is always generated. For the last event, when a fault occurs, the charger
device sends out INT and latches the fault state in REG09 until the host reads the fault register. If a prior fault
exists, the charger device would not send any INT upon new faults except NTC fault (REG09[2:0]). The NTC
fault is not latched and always reports the current thermistor conditions. In order to read the current fault status,

the host has to read REG09 two times consecutively. The 1% reads fault register status from the last read and
the 2" reads the current fault register status.

8.3.5 Protections

8.3.5.1 Input Current Limit on ILIM

For safe operation, the device has an additional hardware pin on ILIM to limit maximum input current on ILIM pin.
The input maximum current is set by a resistor from ILIM pin to ground as:

A '
INMAX R

*Kiim
ILIM 2

The actual input current limit is the lower value between ILIM setting and register setting (REGO00[2:0]). For
example, if the register setting is 111 for 3 A, and ILIM has a 316-Q resistor to ground for 1.5 A, the input current
limitis 1.5 A. ILIM pin can be used to set the input current limit rather than the register settings.

The device regulates ILIM pin at 1 V. If ILIM voltage exceeds 1 V, the device enters input current regulation
(Refer to Dynamic Power Path Management section).

The voltage on ILIM pin is proportional to the input current. ILIM pin can be used to monitor the input current
following A= 3:

I _ VILIM x|

IN = 7y~ INMAX @)

For example, if ILIM pin sets 2 A, and the ILIM voltage is 0.75 V, the actual input current 1.5 A. If ILIM pin is
open, the input current is limited to zero since ILIM voltage floats above 1 V. If ILIM pin is short, the input current
limit is set by the register.
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8.3.5.2 Thermal Regulation and Thermal Shutdown

During charge operation, the device monitors the internal junction temperature T, to avoid overheat the chip and
limits the IC surface temperature. When the internal junction temperature exceeds the preset limit (REG06[1:0]),
the device lowers down the charge current. The wide thermal regulation range from 60°C to 120°C allows the
user to optimize the system thermal performance.

During thermal regulation, the actual charging current is usually below the programmed battery charging current.
Therefore, termination is disabled, the safety timer runs at half the clock rate, and the status register REG08[1]
goes high.

Additionally, the device has thermal shutdown to turn off the converter. The fault register REG09[5:4] is 10 and
an INT is asserted to the host.

8.3.5.3 Voltage and Current Monitoring in Buck Mode

The device closely monitors the input and system voltage, as well as HSFET current for safe buck mode
operation.

8.3.5.3.1 Input Over-Voltage (ACOV)

The maximum input voltage for buck mode operation is Vygys op. If VBUS voltage exceeds Vacoy, the device
stops switching immediately. During input over voltage (ACQV), the fault register REG09[5:4] will be set to 01. An
INT is asserted to the host.

8.3.5.3.2 System Over-Voltage Protection (SYSOVP)

The charger device clamps the system voltage during load transient so that the components connect to system
would not be damaged due to high voltage. When SYSOVP is detected, the converter stops immediately to
clamp the overshoot.

8.3.5.4 Current Monitoring in Boost Mode

The bg24295 closely monitors LSFET current to ensure safe boost mode operation.
8.3.5.5 Battery Protection

8.3.5.5.1 Battery Over-Voltage Protection (BATOVP)

The battery over-voltage limit is clamped at Vgar ovp (4% nominal) above the battery regulation voltage. When
battery over voltage occurs, the charger device immediately disables charge. The fault register REG09[3] goes
high and an INT is asserted to the host.

8.3.5.5.2 Battery Short Protection

If the battery voltage falls below Vg, (2V typical), the device immediately turns off BATFET to disable the
battery charging or supplement mode. 1ms later, the BATFET turns on and charge the battery with 100-mA
current. The device does not turn on BATFET to discharge a battery that is below 2.5 V.

8.3.5.5.3 System Over-Current Protection

If the system is shorted or exceeds the over-current limit, the device latches off BATFET. DC source insertion on
VBUS is required to reset the latch-off condition and turn on BATFET.

8.4 Device Functional Modes

8.4.1 Host Mode and Default Mode

The device is a host controlled device, but it can operate in default mode without host management. In default
mode, the device can be used as an autonomous charger with no host or with host in sleep.

When the charger is in default mode, REG09[7] is HIGH. When the charger is in host mode, REG09[7] is LOW.
After power-on-reset, the device starts in watchdog timer expiration state, or default mode. All the registers are in
the default settings. The device keeps charging the battery by default with 12-hour fast charging safety timer. At
the end of the 12 hours, the charging is stopped and the buck converter continues to operate to supply system
load.
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Device Functional Modes (T R)

Any write command to device transitions the device from default mode to host mode. All the device parameters
can be programmed by the host. To keep the device in host mode, the host has to reset the watchdog timer by
writing 1 to REGO01[6] before the watchdog timer expires (REG05[5:4]), or disable watchdog timer by setting
REGO05[5:4] = 00.

When the host changes watchdog timer configuration (REG05[5:4]), it is recommended to first disable watchdog
by writing 00 to REGO05[5:4] and then change the watchdog to new timer values. This ensures the watchdog
timer is restarted after new value is written.

POR
watchdog timer expired
Reset registers
12C interface enabled

Y Host Mode
12C Write? » Start watchdog timer <
Host programs registers
N

Default Mode
P Reset watchdog timer [
Reset registers

Reset REGO1
bit[6]?

Watchdog Timer
Expired?

12C Write?

20. Watchdog Timer Flow Chart

8.5 Programming

8.5.1 Serial Interface

The device uses I1°C compatible interface for flexible charging parameter programming and instantaneous device
status reporting. 1°C is a bi-directional 2-wire serial interface developed by Philips Semiconductor (now NXP
Semiconductors). Only two bus lines are required: a serial data line (SDA) and a serial clock line (SCL). Devices
can be considered as masters or slaves when performing data transfers. A master is the device which initiates a
data transfer on the bus and generates the clock signals to permit that transfer. At that time, any device
addressed is considered a slave.

The device operates as a slave device with address 6BH, receiving control inputs from the master device like
micro controller or a digital signal processor. The I°C interface supports both standard mode (up to 100 kbits),
and fast mode (up to 400 kbits).

Both SDA and SCL are bi-directional lines, connecting to the positive supply voltage via a current source or pull-
up resistor. When the bus is free, both lines are HIGH. The SDA and SCL pins are open drain.
8.5.1.1 Data Validity

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the
data line can only change when the clock signal on the SCL line is LOW. One clock pulse is generated for each
data bit transferred.
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Programming (3T R)

|
i
SDA / |
|
|
|
|

X \

SCL
| Data line stable; | Change
Data valid . of data
allowed

21. Bit Transfer on the I1°C Bus

8.5.1.2 START and STOP Conditions

All transactions begin with a START (S) and can be terminated by a STOP (P). A HIGH to LOW transition on the
SDA line while SCI is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the
SCL is HIGH defines a STOP condition.

START and STOP conditions are always generated by the master. The bus is considered busy after the START
condition, and free after the STOP condition.

/ \

SDA SDA

[
[
[

SCL | SCL

START (S) STOP (P)
22. START and STOP Conditions

8.5.1.3 Byte Format

Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is
unrestricted. Each byte has to be followed by an Acknowledge bit. Data is transferred with the Most Significant
Bit (MSB) first. If a slave cannot receive or transmit another complete byte of data until it has performed some
other function, it can hold the clock line SCL low to force the master into a wait state (clock stretching). Data
transfer then continues when the slave is ready for another byte of data and release the clock line SCL.

Acknowledgement Acknowledgement

- R —— .S'E”E'fmfs.'al’e B — e = e = il B
1L l_MiB_I___X___X___I___l___f LI N A ) 3 I O
set -Es-gr-s_r-:“ ERENERES s \.---M IRVAVAN

START of STOP or
pe Repeated
START START

23. Data Transfer on the I2C Bus
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Programming (3T X)
8.5.1.4 Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter
that the byte was successfully received and another byte may be sent. All clock pulses, including the
acknowledge 9" clock pulse, are generated by the master.

The transmitter releases the SDA line during the acknowledge clock pulse so the receiver can pull the SDA line
LOW and it remains stable LOW during the HIGH period of this clock pulse.

When SDA remains HIGH during the 9th clock pulse, this is the Not Acknowledge signal. The master can then
generate either a STOP to abort the transfer or a repeated START to start a new transfer.
8.5.1.5 Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data direction
bit (bit R/W). A zero indicates a transmission (WRITE) and a one indicates a request for data (READ).

VSR VR N N W | D W | U)W W I

cmbeeme— e ———eq N S
| | 1 ] 1 | | ] 1 | B | ] 1 [ | | I | I |
SCL | S 11 1-7 1 181 19 _—— 1-7 1 181 19 - 1-7 1 1st 191 '| P
__‘_| L ;oL ;oL ] L J P
START ADDRESS R/W ACK DATA ACK DATA ACK STOP

24. Complete Data Transfer

8.5.1.5.1 Single Read and Write

[ 1] 7 [ 8 [ 8 [ 11

|s| Slave Address |o| ACK | Reg Addr | ACK | Data Addr | ACK | P|

25. Single Write

[ 1] 7 [ I 8 [ I 7 [1] 1

[ s | savenddress Jo| ack | Regadar [ ack [s] saveaduress | 1] ack

26. Single Read

If the register address is not defined, the charger IC send back NACK and go back to the idle state.

8.5.1.5.2 Multi-Read and Multi-Write
The charger device supports multi-read and multi-write on REG00 through REGO08.

[ 1] 7 [ 8 [

| S | Slave Address | 0 | ACK | Reg Addr |$
T 1 8 [ I 8 [ 1 1]
Slave Address | ACK | Data to Addr+1 | ACK | ~~~~~~ | Data to Addr+1 | ACK | P

27. Multi-Write
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Programming (3T R)

[ 1] 7 [ I 8 [ 1] 7 [1]

|s| Slave Address |o | ACK | Reg Addr | ACK |s| Slave Address | 1 | ACK

T 8 [ 1 1 8 [ 1 11
Data @ Addr | ACK | Data @ Addr+1 | ACK | ...... | Data @ Addr+1 | AcK [P

28. Multi-Read

The fault register REG09 locks the previous fault and only clears it after the register is read. For example, if
Charge Safety Timer Expiration fault occurs but recovers later, the fault register REG09 reports the fault when it
is read the first time, but returns to normal when it is read the second time. To verify real time fault, the fault
register REG09 should be read twice to get the real condition. In addition, the fault register REG09 does not
support multi-read or multi-write.

REGO9 is a fault register. It keeps all the fault information from last read until the host issues a new read. For
example, if there is a TS fault but gets recovered immediately, the host still sees TS fault during the first read. In
order to get the fault information at present, the host has to read REGO09 for the second time. REG09 does not
support multi-read and multi-write.
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8.6 Register Map

8.6.1 I°C Registers
Address: 6BH. REG00-07 support Read and Write. REG08-0A are Read only.

8.6.1.1 Input Source Control Register REGOO [reset = 01011000, or 58]
29. Input Source Control Register REG0OO Format
7 6 5 4 3 2 1 0
EN_HIZ VINDPMI[3] VINDPM[2] VINDPM[1] VINDPMIO] [INLIM[2] IINLIM[1] [INLIM[O]
R/W RIW R/W RIW R/W RIW R/W RIW

LEGEND: R/W = Read/Write

Fz 7. Input Source Control Register REG00 Field Description
BIT |FIELD TYPE RESET DESCRIPTION NOTE
Bit 7 EN_HIZ R/W 0 0 — Disable, 1 — Enable Default: Disable (0)
Input Voltage Limit
Bit6 |VINDPM[3] |R/W 1 640 mV Offset 3.88 V, Range: 3.88 V — 5.08 V
Bit5 |VINDPM[2] |R/W 0 320 mV Default: 4.76 V (1011)
Bit4 |VINDPM[1] |R/W 1 160 mV
Bit3 |VINDPM[0] |R/W 1 80 mv

Input Current Limit (Actual input current limit is the lower of I°C and ILIM)

Bit2 | INLIM[2] RIW 0
Bit1 | IINLIM[1] RIW 0
Bit0 | JIINLIM[O] RIW 0

000 — 100 mA, 001 — 150 mA,

010 —-500 mA, 011 — 900 mA, 100 — 1 A,

101 -15A,

110-2A,111-3A

Default SDP: 500 mA (010)
Default DCP/CDP: 3 A (101)
Default Divider 1 and 2: 2 A (110)
Default Divider 3: 1 A (100)
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8.6.1.2 Power-On Configuration Register REGO01 [reset = 00011011, or 0x1B]

30. Power-On Configuration Register REGO1 Format

7 6 5 4 3 2 1 0
Redi I°C Watchdog
egister Reset Timer Reset OTG_CONFIG | CHG_CONFIG | SYS_MIN[2] SYS_MIN[1] SYS_MINIO] Reserved
R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write
%z 8. Power-On Configuration Register REGO1 Field Description

BIT FIELD TYPE RESET DESCRIPTION NOTE
Bit 7 | Register Reset | R/W 0 0 — Keep current register setting, Default: Keep current register setting (0)
1 — Reset to default Note: Register Reset bit does not reset
device to default mode
Bit6 |I°C Watchdog | R/W 0 0 — Normal ; 1 — Reset Default: Normal (0)
Timer Reset Note: Consecutive I1°C watchdog timer
reset requires minimum 20-us delay
Charger Configuration
Bit5 | OTG_CONFIG | R/W 1 0 — OTG Disable; 1 — OTG Enable Default: OTG Enable (1)
Note: OTG_CONFIG would over-ride
Charge Enable Function in
CHG_CONFIG
Bit4 | CHG_CONFIG | R/W 1 0- Charge Disable; 1- Charge Enable Default: Charge Battery (1)
Minimum System Voltage Limit
Bit3 | SYS_MIN[2] R/W 1 0.4V Offset: 3.0 V, Range 3.0V -3.7V
Bit2 |SYS_MIN[] |RW 0 0.2V Default: 3.5 V (101)
Bit1 |SYS_MIN[O] R/W 1 0.1V
Bit0 | Reserved R/W 1 1 - Reserved
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8.6.1.3 Charge Current Control Register REG02 [reset = 00100000, or 0x20]

31. Charge Current Control Register REG02 Format

7 6 5 4 3 2 1 0
ICHGI[5] ICHG[4] ICHG[3] ICHG[2] ICHG[1] ICHG[0] BCOLD FORCE_20PCT
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write
# 9. Charge Current Control Register REG02 Field Description

BIT | FIELD | TYPE |RESET | DESCRIPTION | NOTE
Fast Charge Current Limit
Bit 7 ICHG[5] R/W 0 2048 mA Offset: 512 mA
Bit 6 ICHG[4] RIW 1 1024 mA ?ggffi)ﬂz — 3008 mA (000000 —
Bit 5 ICHG[3] Riw 1 512 mA Default: 1024mA (001000)
Bit 4 ICHGJ[2] R/W 0 256 mA Note: ICHG higher than 3008maA is
t t
Bit 3 ICHG[1] RIW 0 128 mA not supported
Bit 2 ICHGIO0] R/W 0 64 mA
Bit 1 BCOLD R/W 0 Set Boost Mode temperature monitor Default: Vieoido (0)
threshold voltage to disable boost mode
0 — Vpeoido (Typ. 76% of REGN or -10°C
w/ 103AT thermistor )
1 — Vieolgr (Typ. 79% of REGN or -20°C
w/ 103AT thermistor)
Bit 0 FORCE_20PCT | RIW 0 0 — ICHG as Fast Charge Current Default: ICHG as Fast Charge
(REGO02[7:2]) and IPRECH as Pre- Current (REGO02[7:2]) and IPRECH
Charge Current (REG03[7:4]) as Pre-Charge Current (REGO03[7:4])
programmed programmed (0)
1 - ICHG as 20% Fast Charge Current
(REGO02[7:2]) and IPRECH as 50% Pre-
Charge Current (REG03[7:4])
programmed

8.6.1.4 Pre-Charge/Termination Current Control Register REGO03 [reset = 00010001, or Ox11]

32. Pre-Charge/Termination Current Control Register REG03 Format

7 6 5 4 3 2 1 0
IPRECHG[3] | IPRECHG[2] | IPRECHG[1] | IPRECHG[O] ITERM[3] ITERM[2] ITERM[1] ITERM[O]
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write

£k 10. Pre-Charge/Termination Current Control Register REG03 Field Description

BIT |FIELD |TYPE  |RESET | DESCRIPTION | NOTE

Pre-Charge Current Limit

Bit7 |IPRECHG[3] |RW 0 1024 mA Offset: 128 mA,

Bit6 |IPRECHG[2] |RW 0 512 mA Range: 128 mA — 2048 mA
- Default: 256 mA (0001)

Bit5 |IPRECHG[l] |RW 0 256 mA

Bit4 |IPRECHG[0] |RW 1 128 mA

Termination Current Limit

Bit3 |ITERM[3] RIW 0 1024 mA Offset: 128 mA

Bit2 |ITERM[2] RIW 0 512 mA Range: 128 mA — 2048 mA
- Default: 256 mA (0001)

Bitl |ITERM[1] RIW 0 256 mA

Bit0 | ITERM[O] RIW 1 128 mA
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8.6.1.5 Charge Voltage Control Register REG04 [reset = 10110010, or 0xB2]

33. Charge Voltage Control Register REG04 Format

7 6 5 4 3 2 1 0
VREGI5] VREG[4] VREG[3] VREG[2] VREGI[1] VREG[0] BATLOWV VRECHG
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write
%z 11. Charge Voltage Control Register REG04 Field Description

BIT |FIELD |TYPE  |RESET | DESCRIPTION | NOTE

Charge Voltage Limit

Bit7 |VREG[5] RIW 1 512 mV Offset: 3.504 V

Bit6 |VREG[4] RIW 0 256 mV Range: 3.504 V — 4.400 V

Bit5 |VREGI[3] RIW 1 128 mV Default: 4.208 V

Bit4 |VREG[2] RIW 1 64 mvV

Bit3 |VREG[] RIW 1 32 mv

Bit2 |VREGO] RIW 1 16 mv

Bit 1 BATLOWV R/W 1 0-28V,1-30V Default: 3.0 V (1) (pre-charge to fast charge)

Battery Recharge Threshold (below battery regulation voltage)

Bit 0

|VRECHG |

RIW

0

|0-100 mV, 1 - 300 mV

‘ Default: 200 mV (0)

8.6.1.6 Charge Termination/Timer Control Register REGO05 [reset = 10011100, or 0x9C]

34. Charge Termination/Timer Control Register REG05 Format

7 6 5 4 3 2 1 0
EN_TERM Reserved | WATCHDOGI1] | WATCHDOG[0] | EN_TIMER | CHG_TIMER[1] | CHG_TIMER[0]| Reserved
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write

Fz 12. Charge Termination/Timer Control Register REG05 Field Description

BIT |FIELD |TYPE  |RESET | DESCRIPTION | NOTE

Charging Termination Enable

Bit7 |EN_TERM R/W 0 — Disable, 1 — Enable Default: Enable termination (1)

Bit6 |Reserved R/W 0 0 - Reserved

I12C Watchdog Timer Setting

Bit5 |WATCHDOGI1] | R/W 0 00 — Disable timer, 01 —40 s, 10 — | Default: 40 s (01)

Bit4 | WATCHDOGI0] | RIW 80s,11-160s

Charging Safety Timer Enable

Bit3 [ENTIMER  [Rw 1 0 - Disable, 1 — Enable | Default: Enable (1)

Fast Charge Timer Setting

Bit 2 CHG_TIMER[1] | R/W 00 -5hrs, 01 —8 hrs, 10 — 12 hrs, | Default: 12 hrs (10)

Bit1 |CHG_TIMER[O] | RIW 11 -20 hrs (See Charging Safety Timer for details)
Bit0 |Reserved R/W 0 0 - Reserved
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8.6.1.7 Boost Voltage/Thermal Regulation Control Register REGO06 [reset = 10010011, or 0x93]

35. Boost Voltage/Thermal Regulation Control Register REG06 Format

7 6 5 4 3 2 1 0
BOOSTV[3] BOOSTV[2] BOOSTV[1] BOOSTVI0] BHOT[1] BHOTI0] TREG[1] TREG[O0]
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write
% 13. Boost Voltage/Thermal Regulation Control Register REG06 Field Description
BIT FIELD TYPE RESET DESCRIPTION NOTE
Bit 7 BOOSTV[3] R/W 1 512 mV Offset: 4.55 V
. Range: 455V -551V

Bit 6 BOOSTV[2] R/W 0 256 mV Default:5.126 V (1001)

Bit 5 BOOSTV[1] R/W 0 128 mV

Bit 4 BOOSTV[0] RIW 1 64 mvV

Bit 3 BHOT[1] R/W 0 Set Boost Mode temperature monitor | Default: Vipporr (00)

Bit 2 BHOT[O] RIW 0 threshold voltage to disable boost Note: For BHOT[l:O] =11, boost n_\ode
mode operates without temperature monitor
Voltage to disable boost mode and the NTC_FAULT is generated based
00 — Vphot1 (33% of REGN or 55°C 0N Vphot1 threshold
w/ 103AT thermistor)
01 — Vphoto (36% of REGN or 60°C
w/ 103AT thermistor)
10 — Vphotz (30% of REGN or 65°C
w/ 103AT thermistor)
11 — Disable boost mode thermal
protection.

Thermal Regulation Threshold

Bit 1 TREGI1] R/W 00 - 60°C, 01 — 80°C, 10 — 100°C, Default: 120°C (11)

Bit 0 TREG[0] RIW 11-120°C
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8.6.1.8 Misc Operation Control Register REGO7 [reset = 01001011, or 4B]

36. Misc Operation Control Register REG0O7 Format

7 6 5 4 3 2 1 0
DPDM_EN TMR2X_EN BATFET_Disable Reserved Reserved Reserved INT_MASKJ1] | INT_MASK]|0]
R/W R/W R/IW R/IW RIW R/IW R/IW RIW

LEGEND: R/W = Read/Write
Fz 14. Misc Operation Control Register REG07 Field Description

BIT |FIELD |TYPE  |RESET | DESCRIPTION | NOTE

Force DPDM detection

Bit 7 DPDM_EN R/W 0 0 — Not in D+/D- detection; Default: Not in D+/D- detection (0), Back to 0
1 — Force D+/D- detection when after detection complete
VBUS power is presence

Safety Timer Setting during Input DPM and Thermal Regulation

Bit6 | TMR2X_EN R/W 1 0 — Safety timer not slowed by 2X | Default: Safety timer slowed by 2X (1)
during input DPM or thermal
regulation,
1 — Safety timer slowed by 2X
during input DPM or thermal
regulation

Force BATFET Off

Bit 5 BATFET_Disable | R/W 0 0 — Allow BATFET (Q4) turn on, Default: Allow BATFET (Q4) turn on(0)
1 — Turn off BATFET (Q4)

Bit4 | Reserved R/W 0 0 - Reserved

Bit3 | Reserved R/W 1 1 - Reserved

Bit2 | Reserved R/W 0 0 - Reserved

Bit 1 INT_MASK]1] R/W 1 0 — No INT during CHRG_FAULT, |Default: INT on CHRG_FAULT (1)
1 —INT on CHRG_FAULT

Bit0 | INT_MASKIO] RIW 1 0 — No INT during BAT_FAULT, Default: INT on BAT_FAULT (1)
1—INT on BAT_FAULT

8.6.1.9 System Status Register REG08

37. System Status Register REG08 Format

7 6 5 4 3 2 1 0
VBUS_STATI[1] | VBUS_STAT[0] | CHRG_STAT[1] | CHRG_STAT[0] | DPM_STAT PG_STAT | THERM_STAT | VSYS_STAT
R R R R R R R R
LEGEND: R = Read only
£ 15. System Status Register REGO08 Field Description
BIT FIELD TYPE DESCRIPTION
Bit7 | VBUS_STAT[1] R 00 — Unknown (no input, or DPDM detection incomplete), 01 — USB host, 10 — Adapter port, 11 —
Bit6 |VBUS_STAT[0] |R 016G
Bit5 |CHRG_STAT[1] |R 00 — Not Charging, 01 — Pre-charge (<VgatLowv), 10 — Fast Charging, 11 — Charge Termination
Bit4 |CHRG_STAT[0] |R Done
Bit 3 DPM_STAT R 0 — Not DPM, 1 — VINDPM or IINDPM
Bit2 |PG_STAT R 0 — Not Power Good, 1 — Power Good
Bitl1 |THERM_STAT R 0 — Normal, 1 — In Thermal Regulation
Bit0 |VSYS_STAT R 0 — Not in VSYSMIN regulation (BAT > VSYSMIN), 1 — In VSYSMIN regulation (BAT <
VSYSMIN)
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8.6.1.10 New Fault Register REG09

38. New Fault Register REG09 Format

7 6 5 4 3 2 1 0
WAIT:(A:UESG OTG_FAULT | CHRG_FAULT[1] | CHRG_FAULT[0] | BAT FAULT | Reserved | NTC_FAULT[1] | NTC_FAULTI0]
R R R R R R R R

LEGEND: R = Read only

% 16. New Fault Register REG09 Field Description®W®@®

BIT FIELD TYPE DESCRIPTION
Bit7 | WATCHDOG_FAULT |R 0 — Normal, 1- Watchdog timer expiration
Bit6 | OTG_FAULT R 0 — Normal, 1 — VBUS overloaded in OTG, or VBUS OVP, or battery is too low (any
conditions that cannot start boost function)
Bit5 | CHRG_FAULTI[1] R 00 — Normal, 01 — Input fault (OVP or bad source), 10 - Thermal shutdown,
Bit4 |CHRG_FAULT[O] R 11 — Charge Timer Expiration
Bit 3 BAT_FAULT R 0 — Normal, 1 — Battery OVP
Bit2 |Reserved R Reserved — 0
Bit 1 NTC_FAULTI[1] R 0-Normal 1-Cold Note: Cold temperature threshold is different based on device operates in
buck or boost mode
Bit0 | NTC_FAULT[O] R 0-Normal 1-Hot Note: Hot temperature threshold is different based on device operates in
buck or boost mode
(1) REGO9 only supports single byte I1°C read.
(2) All register bits in REGO09 are latched fault. First time read of REG09 clears the previous fault and second read updates fault register to
any fault that still presents.
(3) When adapter is unplugged, input fault (bad source) in CHRG_FAULT bits[5:4] is set to 01 once.

8.6.1.11 Vender / Part / Revision Status Register REGOA

39. Vender / Part / Revision Status Register REGOA Format

7 6 5 4 3 2 1 0
PN[2] PN[1] PN[O] Reserved Reserved Rev[2] Rev[1] Rev|[0]
R R R R R R R R

LEGEND: R = Read only

Fz 17. Vender / Part / Revision Status Register REGOA Field Description

BIT FIELD TYPE DESCRIPTION
Bit 7 PN[2] R 110 (bg24295)
Bit 6 PN[1] R

Bit5 | PNI[O] R

Bit 4 Reserved R 0 — Reserved
Bit 3 Reserved R 0 — Reserved
Bit 2 Rev[2] R 000

Bit 1 Rev[1] R

Bit 0 Rev[0] R
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9 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

A typical application consists of the device configured as an 1°C controlled power path management device and a
single cell Li-lon battery charger for single cell Li-lon and Li-polymer batteries used in a wide range of tablets and
other portable devices. It integrates an input reverse-blocking FET (RBFET, Q1), high-side switching FET
(HSFET, Q2), low-side switching FET (LSFET, Q3), and BATFET (Q4) between the system and battery. The
device also integrates a bootstrap diode for the high-side gate drive.

9.2 Typical Application

5V USB
SDPIDCP I VBUS sw
C6 c7
o e R
o REGN
20uF min
16 PGND
ILIM bq24295 SYS _
- _Jéé - D+ BATTERY
' - BAT \f
oo D r :"“E““': C5 l
| F 1 10uF
+3.3V
3.3V ON []—i_ I T{
STAT Q Optional
SR ] REGN
| | <E RA R RS <rRT1
: : 10kQ S 10kQ S 10kQ SDA :525KQ
I Host ! ScL o
| | INT RTH
H I <RT2 6'
! ' o b3 >/ 10k
L] T CE Thermal Pad i mg_ Charge Enable (0°C - 45°C)
+ =

40. bq24295 with USB D+/D- Detection for Charging and Discharging in Boost Mode
9.2.1 Design Requirements

# 18. Design Requirements

DESIGN PARAMATER EXAMPLE VALUE
Input voltage range 39Vt6.2V
Input current limit 3000 mA
Fast charge current 3000 mA
Boost mode output current 15A

9.2.2 Detailed Design Procedure

9.2.2.1 Inductor Selection

The device has 1.5-MHz switching frequency to allow the use of small inductor and capacitor values. The
Inductor saturation current should be higher than the charging current (Icyg) plus half the ripple current (Igippie):

lsat = lon + (1/2) kippLe 4)

The inductor ripple current depends on input voltage (VBUS), duty cycle (D = Vgat/Vyeus), Switching frequency
(fs) and inductance (L):
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| Vjy xDx(1-D)
RIPPLE =
fsxL (5)

The maximum inductor ripple current happens with D = 0.5 or close to 0.5. Usually inductor ripple is designed in
the range of (20 — 40%) maximum charging current as a trade-off between inductor size and efficiency for a
practical design.

9.2.2.2 Input Capacitor

Input capacitor should have enough ripple current rating to absorb input switching ripple current. The worst case
RMS ripple current is half of the charging current when duty cycle is 0.5. If the converter does not operate at
50% duty cycle, then the worst case capacitor RMS current Iy occurs where the duty cycle is closest to 50%
and can be estimated by the following equation:

loin =lcne x D x(1-D) (6)

For best performance, VBUS should be decouple to PGND with 1-uF capacitance. The remaining input capacitor
should be place on PMID.

Low ESR ceramic capacitor such as X7R or X5R is preferred for input decoupling capacitor and should be
placed to the drain of the high side MOSFET and source of the low side MOSFET as close as possible. Voltage
rating of the capacitor must be higher than normal input voltage level. 25-V rating or higher capacitor is preferred
for 15-V input voltage. 22-yF capacitance is suggested for typical of 3-A to 4-A charging current.

9.2.2.3 Output Capacitor

Output capacitor also should have enough ripple current rating to absorb output switching ripple current. The
output capacitor RMS current Iyt IS given:

I
I = RIPPLE +0.29x]|
cour =5, /3 RIPPLE -

The output capacitor voltage ripple can be calculated as follows:

AV = Vour 1_ Vour
8LCfs? \
f IN ®)
At certain input/output voltage and switching frequency, the voltage ripple can be reduced by increasing the
output filter LC.

The charger device has internal loop compensator. To get good loop stability, the resonant frequency of the
output inductor and output capacitor should be designed between 15 kHz and 25 kHz. The preferred ceramic
capacitor is 6 V or higher rating, X7R or X5R.
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9.2.3 Application Performance Plots
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41. Power Up with Charge Enabled
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42. Power Up with Charge Disabled

400ns/div
VBUS =5V, No Battery, ISYS = 40 mA, Charge Disable

45. PWM Switching in Buck Mode
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46. PFM Switching in Buck Mode

40
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48. Load Transient During Supplement Mode

47. Input Current DPM Response without Battery
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49. Boost Mode Switching
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50. Boost Mode Load Transient
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10 Power Supply Recommendations

In order to provide an output voltage on SYS, the bq24295 requireS a power supply between 3.9 V and 6.2 V
input with at least 100-mA current rating connected to Vgys; of, a single-cell Li-lon battery with voltage >
VgatuvLo connected to BAT. The source current rating needs to be at least 3 A in order for the buck converter of
the charger to provide maximum output power to SYS.

11 Layout

11.1 Layout Guidelines

The switching node rise and fall times should be minimized for minimum switching loss. Proper layout of the
components to minimize high frequency current path loop (see B 51) is important to prevent electrical and
magnetic field radiation and high frequency resonant problems. Here is a PCB layout priority list for proper
layout. Layout PCB according to this specific order is essential.

1. Place input capacitor as close as possible to PMID pin and GND pin connections and use shortest copper
trace connection or GND plane.

2. Place inductor input pin to SW pin as close as possible. Minimize the copper area of this trace to lower
electrical and magnetic field radiation but make the trace wide enough to carry the charging current. Do not
use multiple layers in parallel for this connection. Minimize parasitic capacitance from this area to any other
trace or plane.

3. Put output capacitor near to the inductor and the IC. Ground connections need to be tied to the IC ground
with a short copper trace connection or GND plane.

4. Route analog ground separately from power ground. Connect analog ground and connect power ground
separately. Connect analog ground and power ground together using thermal pad as the single ground
connection point. Or using a 0Q resistor to tie analog ground to power ground.

5. Use single ground connection to tie charger power ground to charger analog ground. Just beneath the IC.
Use ground copper pour but avoid power pins to reduce inductive and capacitive noise coupling.

6. Decoupling capacitors should be placed next to the IC pins and make trace connection as short as possible.

7. ltis critical that the exposed thermal pad on the backside of the IC package be soldered to the PCB ground.
Ensure that there are sufficient thermal vias directly under the IC, connecting to the ground plane on the
other layers.

8. The via size and number should be enough for a given current path.

See the EVM design for the recommended component placement with trace and via locations. For the VQFN
information, refer to SCBA017 and SLUA271.

S
[ 1

— n

51. High Frequency Current Path
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11.2 Layout Example

. Top layer

27 layer (PGND)

O Vvia
VSYS PGND PGND on
VBAT Top layer
BAT
hnnlnnd PGND PGND

52. Layout Example
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Important Information and Disclaimer:The information provided on this page represents TlI'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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
BQ24295RGER ACTIVE VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 BQ
& no Sh/Br) 24295
BQ24295RGET ACTIVE VQFN RGE 24 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40t0 85 BQ
& no Sh/Br) 24295



http://www.ti.com/product/BQ24295?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ24295?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ24295RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
BQ24295RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ24295RGER VQFN RGE 24 3000 367.0 367.0 35.0
BQ24295RGET VQFN RGE 24 250 210.0 185.0 35.0
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MECHANICAL DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—-LEAD

PIN 1 INDEX AREA —
TOP AND BOTTOM

1

20 REF.

vy

SEATING PLANE

P
a1

0,00
—p 0,50 24y 0,50
w 1 1 ‘ . f 0,30
Jyygtduu_|
24 D 7 T
D THERM ‘L PAD C
D SIZE ANL SHAPE C
75 73}—{07WN ON SﬁPARATE gHF Ei
D) | -
19 ‘ 2
alalaliaNals
18 13 24y 8 fé)
0,10 @M[clalB
@ 0,05 @[C

4204104 /G 07 /11

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

This drawing is subject to change without notice.

Quad Flatpack, No—Leads (QFN) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

(OPTIONAL)
1 6
S UUUUUU
) v a7
T ) ;/— Exposed Thermal Pad
2,70£0,10 = + =il
tl tl D C
l D) (an
S )] 12
NN NNNN
18 13
¢ 2,70%0,10 >
Bottom View
Exposed Thermal Pad Dimensions
4206344-5/AK 08/15
NOTES: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—LEAD

Example S’Eencil Desjgn
Example Board Layout 0.125 Thick Stencil
(Note E)

Note D U U U i"U =—20x0,5 — =20x0,5
- — 24X0,8—’|:j‘—UU‘UUU[<:|
== =[] (8] S

O O O 31 48 — — 315475
- - 24x0,23 O [33= 7=
LOlo o ol|Yd | a1 1 —_
[ L= 1 RO,115 ) . -
100000~ 00000
Ne— 31 —] N
/ ) ™ f— 3,15 ——
\ b
—//— 4,8 N 4,75
// \\\\ (66% Printed Solder Coverage by Area)
/ .
/' Non Solder Mask Defined Pad \‘\ ‘Example Via Layout Design
/ ~ Via layout may vary depending
/ T T~ . on layout constraints
;/,/ \\\ Example Solder Mask Opening \\\ (Note D, F)
, \ (Note F) “\\
0,08 —— (s 9x90,3— 27 ==
/ ros - 085 % ~® O O
i '\ j
\ i _O O O 2’7
\\ }/\ Pad Geometry 6x0,9
\ 0,07 ) (Nete ©) © © O
‘\\éll Around //' 6x0.9
. ’/"
N -
””””” 4207991-3/V  08/15

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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