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6 Device Comparison Table
BQ25606 BQ25616 BQ25616J
Quiescent battery current (BAT,SYS,SW) 58 nA 9.5 nA 9.5 nA
VBUS OVP reaction-time 200 ns 130 ns 130 ns
Input voltage regulation accuracy +3% +2% +2%
TS profile JEITA Hot/Cold JEITA
Charge safety timer accuracy 10 hr 20 hr 20 hr
Charge voltage limit 4.2V/4.35V/4.4 NV 4.1V/4.2V/4.35V 4.1V/4.2V/4.35V
Battery voltage regulation 1+0.5% +0.4% +0.4%
ACDRV No Yes Yes
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7 Pin Configuration and Functions
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H 7-1. BQ25606 RGE Package 24-Pin VQFN Top View

£ 7-1. Pin Functions

PIN
110 DESCRIPTION
NAME NO.
NC 2 No connection. This pin must be floating.
BAT 13 p Battery connection point to the positive terminal of the battery pack. The internal current sensing resistor
14 is connected between SYS and BAT. Connect a 10-uF capacitor closely to the BAT pin.

BTST 21 = PWM high side driver positive supply. internally, the BTST is connected to the cathode of the boost-strap
diode. Connect a 0.047- 1 F bootstrap capacitor from SW to BTST.

CE 9 DI Charge enable pin. When this pin is driven low, battery charging is enabled.
Positive line of the USB data line pair. D+/D - based USB host/charging port detection. The detection

D+ 3 AIO includes data contact detection (DCD), primary and secondary detection in BC1.2 and nonstandard
adaptors.
Negative line of the USB data line pair. D+/D - based USB host/charging port detection. The detection

D- 4 AIO includes data contact detection (DCD), primary and secondary detection in BC1.2 and nonstandard
adaptors.

17 .

GND 8 P Power ground and signal ground.

ICHG 10 Al IcHg pin sets the charge current limit. A resistor is connected from Icyg pin to ground to set charge
current limit as Icyg = Kicha/Richg- The acceptable range for charge current is 300 mA to 3000 mA.
ILIM sets the input current limit. A resistor is connected from ILIM pin to ground to set the input current

ILIM 8 Al limit as IINDPM = K ,uw/RiLim- The acceptable range for ILIM current is 500 mA to 3200 mA.
The resistor based input current limit is effective only when the input adapter is detected as unknown.
Otherwise, the input current limit is determined by D+/D - detection outcome.

OoTG 6 DI Boost mode enable pin. When this pin is pulled HIGH, OTG is enabled. OTG cannot be floating.

L Open drain active low power good indicator. Connect to the pull up rail through a 10-k Q resistor. LOW

PG 7 DO indicates a good input if the input voltage is between UVLO and ACOV, above SLEEP mode threshold,
and input current limit is above 30 mA.

PMID 23 p Connected to the drain of the reverse blocking MOSFET (RBFET) and the drain of HSFET. Connect a
10- 1 F ceramic capacitor between PMID and GND.
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# 7-1. Pin Functions (continued)

PIN
110 DESCRIPTION
NAME NO.
PWM low side driver positive supply output. Internally, REGN is connected to the anode of the boost-
REGN 22 P strap diode. Connect a 4.7- v F (10-V rating) ceramic capacitor from REGN to analog GND. The
capacitor should be placed close to the IC.
Open-drain interrupt output. Connect the STAT pin to a logic rail via 10-kQ resistor. The STAT pin
indicates charger status.
STAT 5 DO Charge in progress: LOW
Charge complete or charger in SLEEP mode: HIGH
Charge suspend (fault response): Blink at 1 Hz.
19 Switching node connecting to output inductor. Internally SW is connected to the source of the n-channel
SW P HSFET and the drain of the n-channel LSFET. Connect a 0.047- 1 F bootstrap capacitor from SW to
20 BTST.
SYS 15 p Converter output connection point. The internal current sensing resistor is connected between SYS and
16 BAT. Connect a 20-yF capacitor close to the SYS pin.
Temperature qualification voltage input to support JEITA profile. Connect a negative temperature
TS 11 Al coefficient thermistor. Program temperature window with a resistor divider from REGN to TS to GND.
Charge suspends when TS pin voltage is out of range. Recommend 103AT-2 thermistor.
VAC 1 Al Input voltage sensing. This pin must be shorted to the VBUS pin.
Charger input voltage. The internal n-channel reverse block MOSFET (RBFET) is connected between
VBUS 24 P VBUS and PMID with VBUS on source. Place a 1-uF ceramic capacitor from VBUS to GND and place it
as close as possible to the IC.
VSET pin sets default battery charge voltage in the BQ25606. Program battery regulation voltage with a
resistor pull-down from VSET to GND.
VSET 12 Al Rpp > 50 kQ (float pin) = 4.208 V
Rpp <500 Q (short to GND) = 4.352 V
5kQ <Rpp<25kQ =4.400V
Ground reference for the device that is also the thermal pad used to conduct heat from the device. This
Thermal Pad p connection serves two purposes. The first purpose is to provide an electrical ground connection for the
device. The second purpose is to provide a low thermal-impedance path from the device die to the PCB.
This pad should be tied externally to a ground plane.

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: BQ25606

7


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/bq25606?qgpn=bq25606
https://www.ti.com.cn/cn/lit/pdf/ZHCSGR3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSGR3C&partnum=BQ25606
https://www.ti.com.cn/product/cn/bq25606?qgpn=bq25606

BQ25606

ZHCSGR3C - MAY 2017 - REVISED SEPTEMBER 2021

13 TEXAS

INSTRUMENTS

www.ti.com.cn

8 Specifications

8.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voltage Range (with respect to ~
GND) VAC 2 22 \Y
\C/;?\Iltgti:]e Range (with respectfo |y /g ;g (converter not switching)( -2 22 \Y,
\G/?\:tg‘)?’e Range (with respectto | grar pMID (converter not switching)® 0.3 22 v
Voltage Range (with respect to ~
GND) sw 2 16 v
Voltage Range (with respect to BTST to SW -0.3 7 \
GND)
Voltage Range (with respect to B B
GND) D+ D 0.3 7 Vv
Voltage Range (with respect to REGN, TS, CE, PG, BAT, SYS (converter not switching) -0.3 7 \Y
GND)
Output Sink Current STAT mA
Voltage Range (with respect to VSET, ILIM, ICHG, OTG -03

\Y

GND)
\é?\'ltgf’e Range (with respect to | b\ p o GND (QFN package only) 0.3 0.3 v
Operating junction temperature, T -40 150 °C
Storage temperature, T - 65 150 °C

(1) Stresses beyond those listed under Absolute maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability. All voltage values are with respect to the network ground terminal unless otherwise noted.

(2) VBUS is specified up to 22 V for a maximum of one hour at room temperature

8.2 ESD Ratings

Product Folder Links: BQ25606

VALUE UNIT
Human body model (HBM),‘per ANSI/ +2000
ESDA/JEDEC JS-001, all pins(")
V(esp) Electrostatic discharge Charged device model (CDM), per \
JEDEC specification JESD22-C101, all +250
pins®®
(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.
8.3 Recommended Operating Conditions
MIN NOM MAX| UNIT
Vaus Input voltage 3.9 1350 v
lin Input current (VBUS) 3.25 A
Isysop Output current (SW) 3.0 A
VeaToP Battery voltage 4.4 \Y
IsaTOP Fast charging current 3.0 A
lgaTOP Discharging current (continuous) 6 A
8 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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8.3 Recommended Operating Conditions (continued)

NOM

MAX

UNIT

Ta

Operating ambient temperature

- 40

85| °C

M

tight layout minimizes switching noise.

8.4 Thermal Information

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

BQ25606
THERMAL METRIC () RGE (VQFN) UNIT

24 PINS
Roua Junction-to-ambient thermal resistance 31.9 °C/W
R 0 Jc(top) Junction-to-case (top) thermal resistance 27 °C/W
Ry Junction-to-board thermal resistance 9.2 °C/W
wr Junction-to-top characterization parameter 0.4 °C/IW
LU Junction-to-board characterization parameter 9.2 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 2.8 °C/W

(1
Report.

8.5 Electrical Characteristics

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics Application

VVAC_PRESENT <Vyac < VVAC_OV and Vyac > Veat + Vsieep, Ty = -40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
QUIESCENT CURRENTS
: Vgar = 4.5V, Veys < VacuvLoz,
lgaT Battery discharge current (BAT, SW, |2\ 2 ge between BAT and VBUS, 5| A
SYS) in buck mode o
T,<85°C
loaT 232?" discharge current (BAT, SW, |\, _ 45V, No VBUS, T, < 85°C 58 85| A
| Input supply current (VBUS) in buck Vygus = 12V, Vygus > VveaT, 15 3 mA
VBUS mode converter not switching '
. Vygus > VUVLO, Vygus > Vygar,
lvBus Imngsgsupply current (VBUS) in buck converter switching, VBAT = 3.8V, 3 mA
ISYS = 0A
. . Vpar = 4.2 V, boost mode, lvus =
lsoosT Battery discharge current in boost mode 0 A, converter switching 3 mA
VBUS, VAC AND BAT PIN POWER UP
VBus_or VBUS operating range Vygus rising 3.9 13.5 \%
Vvac present  |REGN turn-on threshold Vyac rising 3.36 3.65 3.97 \%
VVAC_PRESENT_H Vyac falling 300 mV
Ys
; (Vvac = Vveat ), VBUSMIN_FALL <
VsLEep Sleep mode falling threshold Vear < Veeo, VAC falling 37 76 126 mV
- (Vvac = Vveat ), VBUSMIN_FALL <
Vv | hreshol - 1 22 \Y,
SLEEPZ Sleep mode rising threshold Vst < Ve, VAC rising 30 0 350 m
VvAC oV _RISE VAC Overvoltage rising threshold VAC rising 13.5 14.28 14.91 \%
VVAC oV_HYs VAC Overvoltage hysteresis VAC falling 520 mV
Battery depletion falling threshold (Q4 .
VBAT_DPL_FALL turn-off threshold) VBAT falllng 2.15 2.6 \Y
Battery Depletion rising threshold (Q4 -
VBAT_DPL_RISE turn-on threshold) VBAT rising 2.35 2.82 \
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8.5 Electrical Characteristics (continued)

VVAC_PRESENT <Vyac < VVAC_OV and Vyac > Vear + VsLeep, Ty = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VeaT pPL_HysT |Battery Depletion rising hysteresis Vpar rising 180 mV
VBUSMIN_FALL Bad adapter detection falling threshold | Vgys falling 3.65 3.8 3.93 \%
VBUSMIN_HYST Bad adapter detection hysteresis 200 mV
IsaDSRC Bad adapter detection current source Sink current from VBUS to GND 30 mA
POWER PATH
. Vyear < Vsys_min = 3.5v, charge
Vsys_MIN System regulation voltage enabled or disabled 3.5 3.68 \%
; Isys = 0 A, Vygar > Vsysmin, Vgar + 50
Vsys System regulation voltage charge disabled mv \%
Top reverse blocking MOSFET on-
RoN(RBFET) resistance between VBUS and PMID - |-40°C< Tp < 125°C 45 mQ
Q1
Top switching MOSFET on-resistance  |Vgegn =5V, -40°C< Ty <
Ronrsrer) between PMID and SW - Q2 125°C 62 me
Bottom switching MOSFET on- VRegN =5V, -40°C< Tp <
Ronsrem) resistance between SW and GND - Q3  |125°C 70 me
Vewo BATFET forward voltage in supplement 30 mv
mode
QFN package, Measured from
Ron(BAT-sYS) SYS-BAT MOSFET on-resistance BAT to SYS, Vgar =4.2V, T = 19.5 24 mQ
25°C
QFN package, Measured from
Ron(BAT-sYS) SYS-BAT MOSFET on-resistance BAT to SYS, Vgar =4.2V, Ty = - 19.5 30 mQ
40-125°C
BATTERY CHARGER
Ryser>50kQ, ~40< T, < 4187 4208 4229 Vv
85°C
40T, <
VBATREG Charge voltage ngg <800 @, ~40=T, = 4330 4352 4374| vV
Ryser =10ke, ~40< T, < 4378 44 4422V
85°C
' Vgar =4.208 V or Vgar =4.352 V,
VBATREG ACC Charge voltage setting accuracy 7528 <T,<85C BAT -0.5% 0.5%
IcHe_REG_RANGE | Charge current regulation range 0 3000 mA
lcHe REG Charge current regulation Riche - 1100 @, Vypar = 3.1 Vor 516 615 715 mA
- Vygar =3.8V
lcHg REG Acc | Charge current regulation accuracy Richg = 1100 ©, Vygar = 3.1V or -16% 16%
- - V\/BAT =38V
IcHG REG Charge current regulation Richg =562 Q, Vygar =3.1Vor 1.14 1.218 1.28 A
Vygar =3.8V
IcHG REG Charge current regulation accuracy Riche = 562 @, Vgar = 3.1V or -6% 6%
- VBAT =38V
IcHG REG Charge current regulation Riche - 372 ©, Vygar = 3.1V or 1.715 1.813 1.89 A
- Vygar =3.8V
IcHg REG Acc | Charge current regulation accuracy RicHe - 372 9, Vygar = 3.1V or -5% 5%
| ! VVBAT - 3.8 V
; ; ; Richg = 372 Q, 562 Q Vypgar =
KicHe Charge current regulation setting ratio 3.1V or Vygar = 3.8 V 639 677 715 Ax Q
Charge current regulation setting ratio  |Rcyg = 372Q, 562 Q Vygat = o o
Kiche_acc accuracy 3.1V or Vygar = 3.8V 6% 6%
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8.5 Electrical Characteristics (continued)

VVAC_PRESENT <Vyac < VVAC_OV and Vyac > Vear + VsLeep, Ty = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

RiLim

DPDM, -40 < T, < 85°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VeaTtLowv_FaLL |Battery LOWV falling threshold Fast charge to precharge 2.67 2.8 2.87 \%
VeaTtLowv_Rise | Battery LOWV rising threshold Pre-charge to fast charge 3.0 3.1 3.24 \%
. RICHG =1100 Q, VVBAT =26V,
IPRECHG Precharge current regulation lorecnG = 5% of lopg = 615mA 21 38 mA
. Percentage of Icyg,RicHe = 1100 o o
IPRECHG_ACC Precharge current regulation accuracy O Vygar = 2.6 V, lops = 615mA 3.4% 6.2%
. RicHg =562 Q, Vygar = 2.6V,
IPRECHG Precharge current regulation loreonc = 5% of lopg = 1.218A 48 67 mA
. Percentage of Icqg,RicHg = 562 o o
IPRECHG_ACC Precharge current regulation accuracy 0, V1330 = 2.6 V, lope = 1.218A 3.9% 5.5%
. RicHg =372 @, VygaT = 2.6V,
IPRECHG Precharge current regulation Ipreca = 5% of lop = 1.813A 76 97 mA
. Percentage of Icqg,RicHg = 372 o o
IPRECHG_ACC Precharge current regulation accuracy O Vygar = 2.6 V, lop = 1.813A 4.1% 5.4%
ltERM Termination current regulation Riche =562 Q, Vygar = 26 100 mA
4.35V,cqg = 1.218A
R . Percentage of Icqg, RicHe = 562 o o
ltERM_ACC Termination current regulation accuracy O Vygar = 4.35 V, lone = 1.218 A 2.1% 8.3%
ItERM Termination current regulation Ricro =372 @, Vygar = 4.35 V, 56 100 261 A
lchg = 1.813 A
L . Percentage of Icqg, Riche = 372 o o
ltErRM_ACC Termination current regulation accuracy O Vygar = 4.35 V, lone = 1.813 A 3.0% 7.0%
VsHoRT Battery short voltage Vygar falling 1.85 2 215 \%
VsHoRTZ Battery short voltage VygaT rising 2.05 2.25 2.35 \%
ISHORT Battery short current VVBAT < VSHORTZ 70 90 110 mA
VRECHG Recharge Threshold below Vgar reg Vgar falling 87 121 156 mV
lsysLoAD System discharge load current Vsys =4.2V 30 mA
INPUT VOLTAGE AND CURRENT REGULATION
Vbpm_vBAT Input voltage regulation limit Vygar <4.1V (Vygar= 3.6 V) 4171 4.3 4.429 \%
Vppm_veat acc | Input voltage regulation accuracy Vygar <4.1V (Vygar = 3.6 V) -3% 3%
Vyveus = 5V, USB500 charge port
linDPM USB input current regulation limit detected by DPDM, -40 < T < 448 500 mA
85°C
Riim =910 Q, unknown adaptor
liINDPM Input current regulation limit detected by DPDM, -40 < T, < 505 526 550 mA
85°C
RiLm = 374 Q, unknown adaptor
liNnDPM Input current regulation limit accuracy detected by DPDM, - 40 < T; < 1220 1276 1330 mA
85°C
RiLum = 265 Q, unknown adaptor
liNDPM Input current regulation limit detected by DPDM, - 40 < T < 1.73 1.8 1.871 A
85°C
Rim =265 Q, 374 Q,910 Q,
liInoPM_Acc Input current regulation limit accuracy unknown adaptor detected by -5% 5%
DPDM, -40 < T, < 85°C
. . _ R|L|M=91O Q,374 Q,265 Q,
KiLim Input current setting ratio, I = Kim /| finown adaptor detected by 459 478 500 AxQ
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8.5 Electrical Characteristics (continued)

VVAC_PRESENT <Vyac < VVAC_OV and Vyac > Vear + VsLeep, Ty = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. . _ R|L|M=91O Q,374 Q,265 Q,
KiLm_acc :me current setting ratio, lum = Kium /| nenown adaptor detected by -5% 5%
LM DPDM, -40 < T, < 85°C
Input current limit during system start-up
IIN_sTART sequence 200 mA
BAT PIN OVERVOLTAGE PROTECTION
Veatovp Ris | Battery overvoltage threshold Vear rising, as percentage of 103%  104% 105%
- VBAT REG
Veatove FaLL | Battery overvoltage threshold Vear falling, as percentage of 101% 102% 103%
- VBAT REG
THERMAL REGULATION AND THERMAL SHUTDOWN
Junction Temperature Regulation R
TJUNCTION REG | Threshold P 9 110 C
TsHuT Thermal Shutdown Rising Temperature |Temperature Increasing 160 °C
TSHUT_HYST Thermal Shutdown Hysteresis 30 °C
JEITA THERMISTOR COMPARATOR (BUCK MODE)
Viq T1 (0°C) thr_eshold, Charge suspended |Charger suspends charge. As 72.4% 73.3% 74.2%
T1 below this temperature. Percentage to Vgegn
V11 Falling As Percentage to Vreen 69% 71.5% 74%
T2 (10°C) threshold, Charge back to o o o
Vr2 Icna/2 and 4.2 V below this temperature As percentage of Vreen 67.2% 68% 69%
V12 Falling As Percentage to Vregn 66% 66.8% 67.7%
T3 (45°C) threshold, charge back to Charaer suspends charde. As
Vs ICHG and 4.05V above this 9 P ge- 43.8%  44.7%  45.8%
Percentage to Vregn
temperature.
V13 Falling As Percentage to Vregn 45.1% 45.7% 46.2%
T5 (60°C) threshold, charge suspended o o o
V1s above this temperature. As Percentage to Vregn 33.7% 34.2% 35.1%
V15 Falling As Percentage to Vregn 34.5% 35.3% 36.2%
COLD OR HOT THERMISTER COMPARATOR (BOOST MODE)
) As Percentage to Vgregn (Approx.
VacoLp \C/gl'ti TZ’EE’;?ﬂ:;:;if dho'd* TSpin ' 20°C w/ 103AT), - 20°C < 795%  80%  80.5%
9 9 T,< 125°C
VBcoLp Falling -20°C < T < 125°C 78.5% 79% 79.5%
) As Percentage to Vregn (Approx.
Hot Temperature Threshold, TS pin R Conoe < T o o o
VeHoT Voltage falling Threshold ?(Z)S?Cw/ 103AT), -20°C < Ty< 30.2% 31.2% 32.2%
Varot Rising -20°C < Ty< 125°C 33.8% 34.4% 34.9%
CHARGE OVERCURRENT COMPARATOR (CYCLE-BY-CYCLE)
HSFET cycle-by-cycle over-current
InsFeT_oce threshold 52 8.0 A
IBATFET ocP System over load threshold 6.0 A
PWM
o Oscillator frequency, buck mode 1320 1500 1680 kHz
fsw PWM switching frequency -
Oscillator frequency, boost mode 1170 1412 1500 kHz
Dmax Maximum PWM duty cycle(") 97%
BOOST MODE OPERATION
Vot REG Boost mode regulation voltage Vygar = 3.8V, lpmip) =0 A 4.972 5.126 5.280 \%
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8.5 Electrical Characteristics (continued)

VVAC_PRESENT <Vyac < VVAC_OV and Vyac > Vear + VsLeep, Ty = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vote Rec_acc | Boost mode regulation voltage accuracy |Vygar = 3.8V, lpmip) = 0 A -3 3 %
Battery voltage exiting boost mode Vygar falling 26 2.8 29 \%
VBaTLOWV_OTG - —
Battery voltage entering boost mode VvBaT rising 29 3.0 3.15 \%
lote OTG mode output current limit 1.2 1.4 1.6 A
Votg_ovp OTG overvoltage threshold Rising threshold 5.55 5.8 6.15 \
REGN LDO
VREGN REGN LDO output voltage Vvgus = 9V, Iregn = 40 mA 5.6 6.65 \
VREGN REGN LDO output voltage Vyeus =5V, Ireen =20 mA 4.6 47 4.9 \Y
LOGIC 1/0 PIN CHARACTERISTICS (CE, PSEL, SCL, SDA, INT)
ViLo Input low threshold CE 04 \Y,
ViH Input high threshold CE 1.3 \Y
Igias High-level leakage current CE Pull up rail 1.8 V MA
ViLo Input low threshold OTG 0.4 \%
Vi Input high threshold OTG 1.3 \%
Igias High-level leakage current OTG Pull up rail 1.8 V 1 WA
LOGIC 1/0 PIN CHARACTERISTICS (PG, STAT)
VoL Low-level output voltage 0.4 \%
D+/D - DETECTION
D+ Threshold for Non-standard adapter
Vp+ 1p2 (combined V1P2_VTH_LO and 1.05 1.35 \Y
V1P2_VTH_HI)
Ip+ LKG Leakage current into D+ Hiz -1 1 MA
Vb- soomvsre | Voltage source (600 mV) 500 600 700 mV
Ip-_100UAISNK D - current sink (100 pA) Vp- =500 mV, 50 100 150 WA
Rp- 1ok D - resistor to ground (19 kQ) Vp- =500 mV, 14.25 24.8 kQ
Vb opazs (I?e;e(c::tci)cr)rr\]parator threshold for primary D - pin Rising 250 400 mv
D - Threshold for non-standard adapter
Vp- 2ps (combined V2P8_VTH_LO and 2.55 2.85 \Y
V2P8_VTH_HI)
D - Comparator threshold for non-
Vb - 2po standard adapter (For non-standard - 1.85 2.15 \%
same as BQ2589x)
D - Threshold for non-standard adapter
Vp- 1p2 (combined V1P2_VTH_LO and 1.05 1.35 \Y
V1P2_VTH_HI)
Ib- ke Leakage current into D - HiZz -1 1 WA
(1) Specified by design. Not production tested.
8.6 Timing Requirements
PARAMETER MIN NOM MAX UNIT
VBUS/BAT POWER UP
tacov VBUS OVP reaction time :{J’?f;fgg above ACOV threshold to 200 ns
tBADSRC Bad adapter detection duration 30 ms
tTERM_DGL Deglitch time for charge termination 250 ms
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8.6 Timing Requirements (continued)

PARAMETER MIN NOM MAX UNIT
trecHe_peL | Deglitch time for recharge 250 ms
System over-current deglitch time to
tsysovip_peL tu¥n off Q4 9 100 us

Battery overvoltage deglitch time to

teaTovp disable charge L Hs
tsaFETY Typical Charge Safety Timer Range 8 10 12 hr
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8.7 Typical Characteristics
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8.7 Typical Characteristics (continued)
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9 Detailed Description
9.1 Overview

The BQ25606 is a highly integrated 3.0-A switch-mode battery charger for single cell Li-ion and Li-polymer
batteries. It includes an input reverse-blocking FET (RBFET, Q1), high-side switching FET (HSFET, Q2), low-
side switching FET (LSFET, Q3), and battery FET (BATFET, Q4), and bootstrap diode for the high-side gate

drive.
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9.2 Functional Block Diagram
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9.3 Feature Description
9.3.1 Device Power Up from Battery without Input Source

If only battery is present and the voltage is above depletion threshold (Vear ppL_rise), the BATFET turns on and
connects battery to system. The REGN stays off to minimize the quiescent current. The low RDSON of BATFET
and the low quiescent current on BAT minimize the conduction loss and maximize the battery run time.

The device always monitors the discharge current through BATFET (Supplement Mode). When the system is
overloaded or shorted (Igar > IgaTFET OCP), the device turns off BATFET immediately until the input source plugs
in again.

9.3.2 Power Up from Input Source

When an input source is plugged in, the device checks the input source voltage to turn on REGN LDO and all
the bias circuits. It detects and sets the input current limit before the buck converter is started. The power-up
sequence from input source is as listed:

Power up REGN LDO

Poor source qualification

Input source type detection is based on D+/D - to set input current limit (INDPM) .
Input voltage limit threshold setting (VINDPM threshold)

Converter power up

9.3.2.1 Power Up REGN Regulation

The REGN LDO supplies internal bias circuits as well as the HSFET and LSFET gate drive. The REGN 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 below conditions are valid:

arON~

Vvac above Vyac prRESENT
*  Vyac above Vgat + Vg gepz in buck mode or VBUS below Vgat + Vg gep in boost mode

* After 220-ms delay is completed

If any 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 IVBUS_ HIZ from VBUS during HIZ state. The battery powers up the system when
the device is in HIZ.

9.3.2.2 Poor Source Qualification

After REGN LDO powers up, the device confirms the current capability of the input source. The input source
must meet both of the following requirements in order to start the buck converter.

* VAC voltage below Vyac ov
* VBUS voltage above Vygysmin When pulling Igapsre (typical 30 mA)

If the device fails the poor source detection, it repeats poor source qualification every 2 seconds.
9.3.2.3 Input Source Type Detection

After the REGN LDO is powered, the device runs input source detection through D+/D - lines. The BQ25606
follows the USB Battery Charging Specification 1.2 (BC1.2) to detect input source (SDP/ DCP) and nonstandard
adapter through USB D+/D - lines. The BQ25606 sets input current limit through D+/D- detection and ILIM pins.

9.3.2.3.1 D+/D - Detection Sets Input Current Limit in BQ25606

The BQ25606 contains a D+/D - based input source detection to set the input current limit at VBUS plug-in. The
D+/D - detection includes standard USB BC1.2 and nonstandard adapter. When input source is plugged in, the
device starts standard USB BC1.2 detections. The USB BC1.2 is capable to identify Standard Downstream Port
(SDP) and Dedicated Charging Port (DCP). When the Data Contact Detection (DCD) timer expires, the
nonstandard adapter detection is applied to set the input current limit. The nonstandard detection is used to
distinguish vendor specific adapters (Apple and Samsung) based on their unique dividers on the D+/D - pins. If
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an adapter is detected as DCP, the input current limit is set at 2.4 A. If an adapter is detected as unknown, the
input current limit is set at 500 mA by ILIM pin.

# 9-1. Nonstandard Adapter Detection

Noxg;ﬁ’.‘lrgaRD D+ THRESHOLD D - THRESHOLD INPUT CURRENT LIMIT (A)
Divider 1 Vp+ within Vp+ 2pg Vp - within Vp- o0 21
Divider 2 Vp+ within Vps 1p2 Vp- within Vp- 15 2
Divider 3 Vp+ within Vp, 259 Vp- within Vp - 558 1
Divider 4 Vp+ within Vp. 2p8 Vp - within Vp- 258 24

% 9-2. Input Current Limit Setting from D+/D - Detection

D+/D - DETECTION INPUT CURRENT LIMIT (IINLIM)
USB SDP (USB500) 500 mA

USB DCP 24 A

Divider 3 1A

Divider 1 21A

Divider 4 24 A

Divider 2 2A
Unknown 5-V adapter Set by ILIM pin

9.3.2.4 Input Voltage Limit Threshold Setting (VINDPM Threshold)

The device VINDPM is set at 4.3 V. The device supports dynamic VINDPM tracking which tracks the battery
voltage. The device VINDPM tracks battery voltage with 200 mV offset such that when VBAT + 200 mV is
greater than 4.3 V, the VINDPM value is automatically adjusted to VBAT + 200 mV.

9.3.2.5 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 system rail is ramped up. When the system rail is below 2.2 V, the input
current is limited to is to 200 mA . After the system rises above 2.2 V, the device limits input current to the value
set by ILIM pin.

As a battery charger, the device deploys a highly efficient 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.

The device switches to PFM control at light load or when battery is below minimum system voltage setting or
charging is disabled.

9.3.3 Boost Mode Operation From Battery

The device supports boost converter operation to deliver power from the battery to other portable devices
through USB port. The maximum output current is up to 1.2 A. The boost operation can be enabled if the
conditions are valid:

1 BAT above VOTG BAT

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

3. Boost mode operation is enabled (OTG pin HIGH)

4. \Voltage at TS (thermistor) pin as a percentage of Vregy is within acceptable range (VghoT < Vs < VecoLb)
5. After 30-ms delay from boost mode enable

During boost mode, the VBUS output is 5.15 V and the output current can reach up to 1.2 A. The boost output is
maintained when BAT is above Vg gar threshold.

When OTG is enabled, the device starts up with PFM and later transits to PWM to minimize the overshoot.
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9.3.4 Power Path Management

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

9.3.4.1 Narrow VDC Architecture

When the battery is below the minimum system voltage setting, the BATFET operates in linear mode (LDO
mode), and the system is typically 180 mV above the minimum system voltage setting. As the battery voltage
rises above the minimum system voltage, the BATFET is fully on and the voltage difference between the system
and battery is the Vpg of the BATFET.

When battery charging is disabled and above the minimum system voltage setting or charging is terminated, the
system is always regulated at typically 50 mV above the battery voltage.

4.5

—— Minimum System Voltage
4.3 | — Charge Disabled

Charge Enabled /

A

4.1 /
3.9 /

3.7

SYS (V)

3.5

3.3

3.1
2.7 2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.3
BAT (V)

Kl 9-1. System Voltage vs Battery Voltage

9.3.4.2 Dynamic Power Management

To meet maximum current limit in the USB specification 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 overloaded, either the current exceeds the input current limit (IINDPM) or the voltage falls below
the input voltage limit (VINDPM). The device then reduces the charge current until the input current falls below
the input current limit or 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 the battery starts discharging so that the system is supported from both
the input source and battery.

9.3.4.3 Supplement Mode

When the system voltage falls below the battery voltage, the BATFET turns on and the BATFET gate is
regulated the 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. The BATFET turns off to exit supplement
mode when the battery is below battery depletion threshold.

9.3.5 Battery Charging Management

The device charges 1-cell Li-lon battery with up to 3.0-A charge current for high capacity tablet battery. The 19.5-
m Q BATFET improves charging efficiency and minimize the voltage drop during discharging.
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9.3.5.1 Autonomous Charging Cycle

With battery charging enabled (CE pin is LOW), the device autonomously completes a charging cycle. The
device default charging parameters are listed in % 9-3.

% 9-3. Charging Parameter Default Setting

DEFAULT MODE BQ25606
Charging voltage VSET controlled
Charging current lcHg controlled
Precharge current 5% of ICHG
Termination current 5% of ICHG
Temperature profile JEITA
Safety timer 10 hours

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

* Converter starts

+ Battery charging is enabled (CE is low)
* No thermistor fault on TS

* No safety timer fault

The charger device automatically terminates the charging cycle when the charging current is below termination
threshold, battery voltage is above recharge threshold, and device not is in DPM mode or thermal regulation.
When a fully charged battery is discharged below recharge threshold, the device automatically starts a new
charging cycle. After the charge is done, toggle CE pin can initiate a new charging cycle.

The STAT output indicates the charging status: charging (LOW), charging complete or charge disable (HIGH) or
charging fault (blinking).

9.3.5.2 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 completed, the BATFET turns off. The converter keeps
running to power the system, and BATFET can turn on again to engage Supplement Mode.

9.3.5.3 Thermistor Qualification
The charger device provides a single thermistor input for battery temperature monitor.
9.3.5.4 JEITA Guideline Compliance During Charging Mode

To improve the safety of charging Li-ion batteries, JEITA guideline was released on April 20, 2007. The guideline
emphasized the importance of avoiding a high charge current and high charge voltage at certain low and high
temperature ranges.

To initiate a charge cycle, the voltage on TS pin must be within the VT1 to VT5 thresholds. If TS voltage exceeds
the T1-T5 range, the controller suspends charging and waits until the battery temperature is within the T1 to T5
range.

At cool temperature (T1-T2), the charge current is reduced to 20% of programmed fast charge current. At warm
temperature (T3-T5), the charge voltage is reduced to 4.1 V. Charge termination is disabled for cool and warm
conditions.
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1001& A

90 VBATREG
41
80 4

70
60

50

40
30

20
10

0 > 0 >
T T2 T3 T5 m T2 I ™

Charging Current (%)
Charging Voltage (V)

_5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Battery Pack Temperature (°C) Battery Pack Temperature (°C)

& 9-2. JEITA Profile: Charging Current [’ 9-3. JEITA Profile: Charging Voltage

J7 3% 1 through J7FE X 2 describe updates to the resistor bias network.

REGN
% RT1
TS
NTC

RT2 103AT

~

& 9-4. TS Pin Resistor Network

R X R X (1_ —_ 1_)
NTC,T1 NTC,T5 VI‘S% VTl%

RT?2 = 1 1
Rurai % (1) = Rwrers * (5 ) 1)
1
|
RT1 = IVHLl
_ + —_—
Rrz ~ Rnrera @)

Select 0°C to 60°C range for Li-ion or Li-polymer battery:

° RTHCOLD =27.28kQ
« RTHuot = 3.02kQ

* RT1=523kQ

* RT2=309kQ

9.3.5.5 Boost Mode Thermistor Monitor during Battery Discharge Mode

For battery protection during boost mode, the device monitors the battery temperature to be within the Vgcop to
Vphot thresholds. When temperature is outside of the temperature thresholds, the boost mode is suspended.
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Temperature Range to Boost

100%

Boost Disabled

VBcoLD
(-=10°C)

Boost Enabled

VBHOT
(65°C)

Boost Disabled
0%

&] 9-5. TS Pin Thermistor Sense Threshold in Boost Mode

9.3.5.6 Charging Safety Timer

The device has built-in safety timer to prevent extended charging cycle due to abnormal battery conditions. The
safety timer is two hours when the battery is below Vgati owy threshold and 10 hours when the battery is higher
than VBATLOWV threshold.

During input voltage, current, JEITA cool or thermal regulation, the safety timer counts at half clock rate as the
actual charge current is likely to be below the register setting. For example, if the charger is in input current
regulation throughout the whole charging cycle, the safety timer will expire in 20 hours.

During the fault, timer is suspended. Once the fault goes away, the timer resumes. If user stops the current
charging cycle, and start again, timer gets reset.

9.3.6 Status Outputs ( PG, STAT)
9.3.6.1 Power Good Indicator (PG Pin)

The PG pin goes LOW to indicate a good input source when:

Vgus above Vygus_uvio

* Vpys above battery (not in sleep)

* Vpys below Vacoy threshold

* Vpus above Vpoosre (typical 3.8 V) when Igapsre (typical 30 mA) current is applied (not a poor source)
+ Completed 7 9.3.2.3

9.3.6.2 Charging Status Indicator (STAT)
The device indicates charging state on the open drain STAT pin. The STAT pin can drive LED.
% 9-4. STAT Pin State

CHARGING STATE STAT INDICATOR
Charging in progress (including recharge) LOwW
Charging termination (top off timer may be running) HIGH
Sleep mode, charge disable, boost mode HIGH
Charge suspend (input overvoltage, TS fault, safety timer fault or system overvoltage) Blinking at 1 Hz
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9.3.7 Protections

9.3.7.1 Input Current Limit

The device's ILIM pin is to program maximum input current when D+/D- detection identifies an unknown adaptor
plugged in. The maximum input current is set by a resistor from ILIM pin to ground as:

KiLim
RiLim 3)

IINMAX =

9.3.7.2 Voltage and Current Monitoring in Converter Operation

The device closely monitors the input and system voltage, as well as internal FET currents for safe buck and
boost mode operation.

9.3.7.2.1 Voltage and Current Monitoring in Buck Mode

9.3.7.2.1.1 Input Overvoltage (ACOV)

If VAC exceeds Vyac ov, HSFET stops switching immediately.
9.3.7.2.1.2 System Overvoltage 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. SYSOVP threshold is 350 mV above minimum system regulation
voltage when the system is regulate at Vgys min- Upon SYSOVP, converter stops switching immediately to
clamp the overshoot. The charger provides 30-mA discharge current (Isysioap) to bring down the system
voltage.

9.3.7.3 Voltage and Current Monitoring in Boost Mode

The device closely monitors the VBUS voltage, as well as RBFET and LSFET current to ensure safe boost mode
operation.

9.3.7.3.1 VBUS Soft Start
When the boost function is enabled, the device soft-starts boost mode to avoid inrush current.
9.3.7.3.2 VBUS Output Protection

The device monitors boost output voltage and other conditions to provide output short circuit and overvoltage
protection. The boost build in accurate constant current regulation to allow OTG to adapt to various types of
load. If a short circuit is detected on VBUS, boost turns off and retries 7 times. If retries are not successful, OTG
is disabled.

9.3.7.3.3 Boost Mode Overvoltage Protection
When the VBUS voltage rises above regulation target and exceeds VOTG_OVP, the device stop switching.

9.3.7.4 Thermal Regulation and Thermal Shutdown
9.3.7.4.1 Thermal Protection in Buck Mode

The BQ25606 monitors the internal junction temperature T; to avoid overheat of the chip and limits the IC
surface temperature in buck mode. When the internal junction temperature exceeds thermal regulation limit
(110°C), the device lowers down the charge current. 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.

9.3.7.4.2 Thermal Protection in Boost Mode

The device monitors the internal junction temperature to provide thermal shutdown during boost mode. When IC
junction temperature exceeds Tgyyt (160°C), the boost mode is disabled and BATFET is turned off. When IC
junction temperature is below TgyyT(160°C) - TsHuT HYs (30°C), the BATFET is enabled automatically to allow
system to restore. -
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9.3.7.5 Battery Protection
9.3.7.5.1 Battery Overvoltage Protection (BATOVP)

The battery overvoltage limit is clamped at 4% above the battery regulation voltage. When battery over voltage
occurs, the charger device immediately disables charging.

9.3.7.5.2 Battery Overdischarge Protection

When battery is discharged below Vgat ppL FaLL, the BATFET is turned off to protect battery from overdischarge.
To recover from overdischarge latch-off, an input source plug-in is required at VBUS. The battery is charged with
IshorT (typically 100 mA) current when the Vgat < VsHorT, O precharge current as set by 5% of ICHG when the
battery voltage is between Vsyortz @and Vear Lowv-

9.3.7.5.3 System Overcurrent Protection

When the system is shorted or significantly overloaded (Igat > Igatop) and the current exceeds BATFET
overcurrent limit, the BATFET latches off. The BATFET latch can be reset with VBUS plug-in.

10 Application and Implementation

Note

PAR RLFR 4 v 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & IR, DI R RS DRE .

10.1 Application Information

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

Input System
3.9Vio 135V fyn SV eV
ﬁ[] VBUS sw T}
1pF 10 pF
47 nF
J:[:I PMID BTST
10 uF REGN
ACDRV 4.7 uF
GND
VAC
SYS SYS
SYS
'y
¥ /PG
] .
STAT BQ25606 saT ] .
10 pF
jm—————— g
I Host i oTG
_______ I
ICHG REGN
1
ICE L 5.23kQ
TS
[] .
:’ ______ '; 30.1kQ 10kQ —
I I D+
: USB : ]
I D
L ! M [ <
240 Q
Float: VREG = 4.208 V VSET
Short : VREG = 4.352 V
Rpp=10 kQ: VREG = 4.400 V R
PD
& 10-1. BQ25606 Application Diagram
10.2.1 Design Requirements
% 10-1. Design Parameters
PARAMETER VALUE
Vpys Vvoltage range 4V1to13.5V
Input current limit (D+/D - detection) 24 A
Fast charge current limit (ICHG pin) ICHG pin
Minimum system voltage 35V
Battery regulation voltage (VSET pin) 42V

10.2.2 Detailed Design Procedure
10.2.2.1 Inductor Selection

The 1.5-MHz switching frequency allows the use of small inductor and capacitor values to maintain an inductor
saturation current higher than the charging current (Icyg) plus half the ripple current (IgippLE):
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Isat = lche + (1/2) IrippLE (4)

The inductor ripple current depends on the input voltage (Vygys), the duty cycle (D = Vgat/Vvsus), the switching
frequency (fs) and the inductance (L).

Vin xD x (1-D)

I =
RIPPLE foxL (5)

The maximum inductor ripple current occurs when the duty cycle (D) is 0.5 or approximately 0.5. Usually
inductor ripple is designed in the range between 20% and 40% maximum charging current as a trade-off
between inductor size and efficiency for a practical design.

10.2.2.2 Input Capacitor

Design input capacitance to provide 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 Ig;, occurs where the duty cycle is closest
to 50% and can be estimated using 77 f£\ 6.

IC|N :ICHG X«[DX(']—D) (6)

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. A rating of 25 V or higher capacitor is
preferred for 15-V input voltage. Capacitance of 22 u F is suggested for typical of 3-A charging current.

10.2.2.3 Output Capacitor
Ensure that the output capacitance has enough ripple current rating to absorb the output switching ripple current.
J7F23( 7 shows the output capacitor RMS current ooyt calculation.

_lrippPLE

lcour ~0.29 xIippLE

(")

The output capacitor voltage ripple can be calculated as follows:

_ _Vour (1_VOUTJ

8LCfs? Vi (8)

At certain input and output voltage and switching frequency, the voltage ripple can be reduced by increasing the
output filter LC.

The charger device has internal loop compensation optimized for <<20- p F ceramic output capacitance. The
preferred ceramic capacitor is 10-V rating, X7R or X5R.
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10.2.3 Application Curves

Tek Prevu

Tek Prevu

©

[’,‘VBUSQ 2
e e

= P S e e =— it
[3vsvs [3vsvs
B{src { E{icH

(@ 500V & @ @ 200V &% @ 200V m)[woms J[:gﬁr\gzﬁ[sM 2 5 600mv] (@ 500V & @ @ 200V &% @ 2.00A Qﬁw)[moms J[:gﬁr\gzﬁ[sM 2 5 600mv]
Vyeus =5V Vygar = 3.2V Vyeus =5V Vygar = 3.2V
. . | =2A
B 10-2. Power Up with Charge Disabled cHe
& 10-3. Power Up with Charge Enabled

Tek Stop Tek Stop
Ey{vsvs-3.6v

b e

& 10-4. PFM Switching in Buck Mode

e e
(@ 1.00A o8 @ 500V @ 100mv Bw)[‘l.oops Jﬁbso(:(csg?mth. 7 400mA] (@ 1.00A o8 @ 500V @ 100mv Bw)[‘l.oops Jﬁbso(:(csg?mth. 7 400mA]
Vveus =5V Vveus =9V
Isys = 50 mA Charge Disabled lsys =50 mA Charge Disabled

A 10-5. PFM Switching in Buck Mode
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& 10-6. PFM Switching in Buck Mode & 10-7. PWM Switching in Buck Mode
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A 10-8. PWM Switching in Buck mode & 10-9. Charge Enable
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Tekstop

Tel

stop

STAT|

(@ 500V & @

@ 5.00v @ 2.00

100MS/s

Vyeus =5V
lche=2A

& 10-10. Charge Disable

AQ )[10.0ms

Il

Vygar =32V

=

10M points

2.50GS/s

Il

2 7 260mA
10M points

Vygar =4V
ILOAD= 50 mA

& 10-11. OTG Switching

PFM Enabled

Tek Prevu

Tel

K Prevu

M\ H\L

—

]

b b 4
UL

2

NWANVAN

AVANVAN

Y

& 10-12. OTG Switching

@ 3
(@ 200V & @ SOOmAQ)[‘lOOns Jﬁbs’\;lmpso/i;[th. 7 2.92vJ (@ 200v & @ @ 20,0 @ 1.00AQ)[2.00ms Jﬁg:\)ﬂr\aps;isms}h. 7 2.44V]
Vveus =5V linppm = 1A
Vygar =4V Isys rom0Ato2 A lchg = 1A
lLoap=1A PFM Enabled Vgar = 3.7V

K] 10-13. System Load Transient
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Tek Prevu

Tel

Prevu

©

©

ICHG

K] 10-14. System Load Transient

(@ 200v & @ @ 500A0 @ 200AQ J[z.ooms Jﬁg:\)ﬂr\aps;isms}h. 7 2.44 v] (@ 200v & @ @ 200A 0 @ 1.00ACQ J[z.ooms Jﬁg:\)ﬂr\aps;isms}h. 7 2.44 v]
Vvgus =5V linppm =2 A Vygus =5V linppm = 1 A
ISYS from0Ato4 A ICHG =1A ISYS from0Ato2A ICHG =2A
VBAT =37V VBAT =37V

& 10-15. System Load Transient

Tel

Prevu

Tel

Prevu

BficHa
BlicHa
3f1svs \;‘lévs“n
(@ 200v & @ @ 500A0 @ 200AQ J[z.ooms Jﬁg:\)ﬂr\aps;isms}h. 7 2.44 v] (@ 200v & @ @ 200A 0 @ 1.00ACQ J[z.ooms Jﬁg:\)ﬂr\aps;isms}h. 7 2.44 v]
Vveus =5V linppm =1 A Vveus =5V linppm = 2 A
Isysfrom0Ato4 A Ichg=2A lsysfrom0Ato2 A Ichg=2A
VBAT =37V VBAT =37V
K] 10-16. System Load Transient K 10-17. System Load Transient
32 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: BQ25606


https://www.ti.com.cn/product/cn/bq25606?qgpn=bq25606
https://www.ti.com.cn/cn/lit/pdf/ZHCSGR3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSGR3C&partnum=BQ25606
https://www.ti.com.cn/product/cn/bq25606?qgpn=bq25606

I3 TEXAS
INSTRUMENTS BQ25606
www.ti.com.cn ZHCSGR3C - MAY 2017 - REVISED SEPTEMBER 2021
Tek Prevu Tek Prevu —
Blvsys ] ————
2 ]
LR
‘ ‘ |
i
BicHe |
1Rt
® LS A A1 1011 L]
3 Isvsm
(@ 200v & @ @ 50,0 @ 2.00AQ)[2.00ms Jﬁg:\)ﬂr\aps;isms}h. 7 2.44V] (@ 200v & @ @ 200V % @ 500V m)[w.oms J[:g’(\)ﬂMps;ismth. 7 2.10vJ
VVBUS =5V IINDPM =2A
lsys from 0 Ato 4 A lone = 2 A Vpar = 3.8V CLoap = 470 pF
Vear =3.7V K 10-19. OTG Start Up
K 10-18. System Load Transient
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11 Power Supply Recommendations

In order to provide an output voltage on SYS, the BQ25606 device requires a power supply between 3.9-V and
13.5-V input with at least 100-mA current rating connected to VBUS and 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.

34 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: BQ25606


https://www.ti.com.cn/product/cn/bq25606?qgpn=bq25606
https://www.ti.com.cn/cn/lit/pdf/ZHCSGR3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSGR3C&partnum=BQ25606
https://www.ti.com.cn/product/cn/bq25606?qgpn=bq25606

TExXAS

INSTRUMENTS BQ25606
www.ti.com.cn ZHCSGR3C - MAY 2017 - REVISED SEPTEMBER 2021
12 Layout

12.1 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 12-1) is important to prevent electrical and
magnetic field radiation and high frequency resonant problems. Follow this specific order carefully to achieve the
proper layout.

1.

2.

8.

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

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.

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

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 0- Q resistor to tie analog ground to power ground.

Use single ground connection to tie charger power ground to charger analog ground. Just beneath the
device. Use ground copper pour but avoid power pins to reduce inductive and capacitive noise coupling.
Place decoupling capacitors next to the IC pins and make trace connection as short as possible.

It is critical that the exposed thermal pad on the backside of the device 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.

Ensure that the number and sizes of vias allow enough copper for a given current path.

Refer to the BQ25601 and BQ25601D (PWR877) Evaluation Module User's Guide for the recommended
component placement with trace and via locations. For the VQFN information, refer to the Quad Flatpack No-
Lead Logic Packages Application Report and QFN and SON PCB Attachment Application Report.

12.2 Layout Example

. o0 ]
® J b
1 | 1

A 12-1. High Frequency Current Path
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Carst - Top layer

2™ layer (PGND)

Crecn

VBUS

Pin 1 ' VEYs

VBAT

PGND

& 12-2. Layout Example
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13 Device and Documentation Support

13.1 Device Support

1311 F=F5= AT AN

T RAGTH S 5 =07 P2 i BURSS A RIS B, ASBEAE B 5 2877 it IR 55 BUORAE (R3& F A SR IR, AN REA Rl
Here S BURSS BB S AT AT T 7= R B S — RS RN BOA T .

13.2 B EHE A

WO EHNER , H SR ti.com LRSI GO R midli 274 2R SATVEN , B RRE R R O™  E E E
B . ARERHTEAE R WA OB SR EE BT P g R
13.3 XRFHEIR
TIE2E™ SCFFRIn 2 TR EESH TR, W BN L ZERGHE . 2 I e R A& st 3 8. R IA
ZrEAR ) CR T AT SR A T G R bR T B
BERN AR BN TTIRE R Rt XEENBIEAMEL T HARMGE |, I HA—E R TI KA ; 555
THE (fEHIZEKD -
13.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
FT A bR BN & H T E Y 7 .
13.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Si. \ 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.
13.6 RiER
TI RiER ARARERFH IR T ARE . BB ia e .
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14 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

BQ25606RGER Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606
BQ25606RGER.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606
BQ25606RGER.B Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606
BQ25606RGERG4 Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606

BQ25606RGERG4.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606
BQ25606RGERG4.B Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606

BQ25606RGET Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606
BQ25606RGET.A Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606
BQ25606RGET.B Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ25606

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® |ead 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 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
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and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e 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 OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
BQ25606RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
BQ25606RGERG4 VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
BQ25606RGET 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

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ25606RGER VQFN RGE 24 3000 367.0 367.0 35.0
BQ25606RGERG4 VQFN RGE 24 3000 367.0 367.0 35.0
BQ25606RGET VQFN RGE 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

@ d 4.1 ]
1 3.9 ‘

// 4.1

PIN 1 INDEX AREA 3.9

1 MAX
J—j: S e T SEATING PLANE
0.05
0.00
02.7+0.1 ———
ki ZXH - (0.2) TYP
= T (] 13
= -
2X Ag,h ,,,,, J,§,7,7<7(;,,78YMM
EI | ¢
> | -
| 1
Y | - T[
opfiR NN nn 24020
24 i 19 01®M[c[alB
T g Floos@le

4219016 / A 08/2017

NOTES:

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

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
| (3.825) |
| ———4444447(527) |
| |
-k 580880
24X (0.24) \

T,i,,

20X (0.5) }

=

}DG%D

}k 2X(1. 1)
SYMM
¢

LAND PATTERN EXAMPLE
SCALE: 20X

0.07 MAX
ALL AROUND ‘_1 r* METAL

U\ SOLDER MASK

OPENING

(
|
| |
|
()

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK DETAILS

SOLDER MASK
DEFINED

¢ fifﬂfff;g% 77777 T CP fﬁfkfffT (3.825)
i \ 2X
(20.2) VIA ‘ ! (1.1)
TYP [j \ ‘ @ L
L S
\
(R0.05) ‘
S I 1

0.07 MIN

‘jr' ALL AROUND

SOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

4219016 /A 08/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments

literature number SLUA271 (www.ti.com/lit/slua271).

5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
- (3.825) -
i 4X (11.188) ‘
i 24 19 i
- 500000
24X (0.24)
11
T 18
20X (05 |

=

)

SYMM __
2

o

(R0.05) TYP

METAL
TYP

—_——

S

p._3

e

@
+

|

12
(0.694)
SYMM TYP
¢

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
78% PRINTED COVERAGE BY AREA
SCALE: 20X

4219016/ A 08/2017

NOTES: (continued)

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

design recommendations..

INSTRUMENTS

www.ti.com



ERBEAMNRREH
THEEFRERARM AU EERE (FER ) . RITER (8FFFRIT ) . NAREMRITRY, WETR, 22FENEMER,
FRIDYAFREEFMEEMARRERNER , SBEFRTEH S, EFEARAENERASRTREEME=F MR~ ERE
ﬁo
XEFRAMEMEA TI = RETRITNBET RARER, SFATREUT2HIRE : (1) HNENEARRESEN TIFR , (2) Rit. B
EHNHEWNA , ) BRENEAFREHAREARTAEMIIERS, FERE. KERHAMBER,
XEFRNMELE , BFZTEH, TI BRVENTRXLERRATRHARTIRARN TI ~ROEXEA, MRUEMEAIXERFRRT
SHARTR, EXRERETEM TI HRFRFEFTE=FDR~R, ENETBERTEXERFRHERATN T REARERNEAR
WE,BE. BAR, BANES , TI WEEFAR.
THRENZRZ T HHERADR ticom EEMERRRT F=REHRHRAEERZFRBAR. TIREXEFRA T RRURMAERER
THEX T FREABHERNERRBRERFHA.

Tl R334 I8 T R 1R VAR A E A SRR B B9 S o

BRZF 4t : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
IRIXPIE © 2025 , EMALER (TI) 28]


https://www.ti.com/zh-cn/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	1 特性
	2 应用
	3 说明
	Table of Contents
	4 Revision History
	5 说明（续）
	6 Device Comparison Table
	7 Pin Configuration and Functions
	8 Specifications
	8.1 Absolute Maximum Ratings
	8.2 ESD Ratings
	8.3 Recommended Operating Conditions
	8.4 Thermal Information
	8.5 Electrical Characteristics
	8.6 Timing Requirements
	8.7 Typical Characteristics

	9 Detailed Description
	9.1 Overview
	9.2 Functional Block Diagram
	9.3 Feature Description
	9.3.1 Device Power Up from Battery without Input Source
	9.3.2 Power Up from Input Source
	9.3.2.1 Power Up REGN Regulation
	9.3.2.2 Poor Source Qualification
	9.3.2.3 Input Source Type Detection
	9.3.2.3.1 D+/D– Detection Sets Input Current Limit in BQ25606

	9.3.2.4 Input Voltage Limit Threshold Setting (VINDPM Threshold)
	9.3.2.5 Converter Power Up

	9.3.3 Boost Mode Operation From Battery
	9.3.4 Power Path Management
	9.3.4.1 Narrow VDC Architecture
	9.3.4.2 Dynamic Power Management
	9.3.4.3 Supplement Mode

	9.3.5 Battery Charging Management
	9.3.5.1 Autonomous Charging Cycle
	9.3.5.2 Charging Termination
	9.3.5.3 Thermistor Qualification
	9.3.5.4 JEITA Guideline Compliance During Charging Mode
	9.3.5.5 Boost Mode Thermistor Monitor during Battery Discharge Mode
	9.3.5.6 Charging Safety Timer

	9.3.6 Status Outputs ( PG, STAT)
	9.3.6.1 Power Good Indicator (PG Pin)
	9.3.6.2 Charging Status Indicator (STAT)

	9.3.7 Protections
	9.3.7.1 Input Current Limit
	9.3.7.2 Voltage and Current Monitoring in Converter Operation
	9.3.7.2.1 Voltage and Current Monitoring in Buck Mode
	9.3.7.2.1.1 Input Overvoltage (ACOV)
	9.3.7.2.1.2 System Overvoltage Protection (SYSOVP)


	9.3.7.3 Voltage and Current Monitoring in Boost Mode
	9.3.7.3.1 VBUS Soft Start
	9.3.7.3.2 VBUS Output Protection
	9.3.7.3.3 Boost Mode Overvoltage Protection

	9.3.7.4 Thermal Regulation and Thermal Shutdown
	9.3.7.4.1 Thermal Protection in Buck Mode
	9.3.7.4.2 Thermal Protection in Boost Mode

	9.3.7.5 Battery Protection
	9.3.7.5.1 Battery Overvoltage Protection (BATOVP)
	9.3.7.5.2 Battery Overdischarge Protection
	9.3.7.5.3 System Overcurrent Protection




	10 Application and Implementation
	10.1 Application Information
	10.2 Typical Application
	10.2.1 Design Requirements
	10.2.2 Detailed Design Procedure
	10.2.2.1 Inductor Selection
	10.2.2.2 Input Capacitor
	10.2.2.3 Output Capacitor

	10.2.3 Application Curves


	11 Power Supply Recommendations
	12 Layout
	12.1 Layout Guidelines
	12.2 Layout Example

	13 Device and Documentation Support
	13.1 Device Support
	13.1.1 第三方产品免责声明

	13.2 接收文档更新通知
	13.3 支持资源
	13.4 Trademarks
	13.5 Electrostatic Discharge Caution
	13.6 术语表

	14 Mechanical, Packaging, and Orderable Information



