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ORDERING INFORMATION

PART NUMBER USB OVP IN OVP NTC MONITORING (TS) JEITA COMPATIBLE Package
bg24165YFFR 6.5V 105V No Yes WCSP
bg24165YFFT 6.5V 105V No Yes WCSP
bg24165RGER 6.5V 105V No Yes QFN
bg24165RGET 6.5V 105V No Yes QFN
bg24166YFFR 6.5V 105V Yes No WCSP
bg24166YFFT 6.5V 105V Yes No WCSP
bg24166RGER 6.5V 105V Yes No QFN
bg24166RGET 6.5V 105V Yes No QFN
bg24167YFFR 6.5V 105V Yes Yes WCSP
bg24167YFFT 6.5V 105V Yes Yes WCSP
bg24167RGER 6.5V 105V Yes Yes QFN
bg24167RGET 6.5V 105V Yes Yes QFN

2 Copyright © 2011-2013, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE/UNITS

Pin voltage range (with respect to PGND) | IN, USB -2Vto20V
PMIDI, PMIDU, BOOT -0.3Vto20V
SW -0.7 Vto 12V
ISET, ILIM, SCL, SYS, BAT, BGATE, DRV, PG, CHG, VDPM, IUSB_, -03Vto7V
CE_,TS

BOOT to SW -03Vto7V

Output current (Continuous) SW 45 A
SYS, BAT 35A

Input current (Continuous) IN 275A
USB 1.75A

Output sink current PG, CHG 10 mA

Operating free-air temperature range

—40°C to 85°C

Junction temperature, T,

—40°C to 125°C

Storage temperature, Tstg

—65°C to 150°C

Lead temperature (soldering, 10 s)

300°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 terminal unless otherwise noted.

THERMAL INFORMATION

bq2416x
THERMAL METRIC® UNITS
49 PINS (YFF) 24 PINS (RGE)
03a Junction-to-ambient thermal resistance 49.8 32.6
83ctop Junction-to-case (top) thermal resistance 0.2 30.5
038 Junction-to-board thermal resistance 11 3.3 .
Wit Junction-to-top characterization parameter 11 0.4 W
Wi Junction-to-board characterization parameter 6.6 9.3
03chot Junction-to-case (bottom) thermal resistance n/a 2.6
(1) BXRESNFHAR EENESEE , BSHIC H#RAEENARE , SPRAIS3,
RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)
MIN MAX| UNITS
Vin IN voltage range 4.2 18M| v
IN operating voltage range 4.2 10
Vuss | USB voltage range 4.2 18(M v
USB operating range 4.2 6
N Input current, IN input 2.5 A
luse Input current USB input 15 A
Isys Quput current from SW, DC 3 A
IgaAT Charging 2.5 A
Discharging, using internal battery FET 2.5 A
T; Operating junction temperature range 0 125 °C

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

layout minimizes switching noise.

Copyright © 2011-2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

Circuit of Figure 1, VgyppLy = Vuss Or Vi (Whichever is supplying the IC), Vyvio < Vsuppry < Vove and Vsyppry > Veat+Vsips
T, = 0°C-125°C and T; = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vuvio < Vsuppry < Vove and Vsyppry > Vear+Vsip, 15
PWM switching
mA
IsuppLY Supply current for control (Viy or Vysg) Vuvio < Vsupeiy < Vove and Vsyppy > Vear+Vsip, 5
PWM NOT switching
0°C < T, < 85°C, High-Z Mode 175 pA
IsATLEAK Leakage current from BAT to the Supply 0°C <T;<85°C, Vgar =4.2V, Vygg =V =0V 5 A
| Battery discharge current in high impedance | 0°C < T, < 85°C, Vgar = 4.2 V, Vgyppy =0 V Or 5V 55 A
BAT_HIZ mode, (BAT, SW, SYS) IUSB1=IUSB2=1USB3=1, High-Z mode H
POWER PATH MANAGEMENT
VSYS(REG) . Vear < Vuinsys 3.6 3.7 3.82
System regulation voltage \%
VSySREGFETOFF Battery FET turned off, Charge disable or termination 4.26 4.33 4.37
Vuinsys Minimum system regulation voltage Vear < Vuinsys, Input current limit or Viyppy active 34 35 3.62 \%
V, —
Vasup1 Enter supplement mode threshold Vgar > 2.5V A%Ar;v \Y
. Viar —
Vasupz Exit supplement mode threshold Vgar > 2.5V 1%‘*%\/ \Y
ILim(Discharge) Current limit, discharge or supplement mode | Current monitored in internal FET only. 7 A
b Deglitch time, OUT short circuit during Measured from(Vgar -Vsys) = 300mV to 250 S
DGL(SCL) discharge or supplement mode Vgcare = (Vear - 600mV) H
t Recovery time, OUT short circuit during 60 ms
REC(SC1) discharge or supplement mode
Battery range for BGATE operation 25 45 \%
BATTERY CHARGER
R Internal battery charger MOSFET on- Measured from BAT to SYS, YFF pkg 37 57 a
ON(BAT-SYS) resistance Vgar = 4.2V RGE pkg 50 70 m
Ta=25°C,CE1=CE2=0 4.179 4.2 4.221
CE1=CE2 = 0 or Viyaru < Vs < Voo 4.160 42 4.24
VBaTREG Battery regulation voltage — v
Ta=25°C, CE1=1, CE2=0 4.04 4.06 4.08
CE1=1, CE2=0 or Vyor < Vs < Viyarm 4.02 4.06 41
| _ Kiset
leharcE Charge current programmable range CHARGE ~ 550 2500 mA
Rser
Ta =0°C to 125°C, CE1=CE2=0 or 450 290 540
Kiser Programmable fast charge current factor Vwarm < V1s < Vool AQ
Ta=0°C to 125°C, CEL = 1, CE2 = 0 or Voup < Vs < Veoor 225 245 270
VEBATSHRT Battery short threshold Vgar Rising 2.9 3.0 3.1 \%
VEATSHRThys Battery short threshold hysteresis Vgar Falling 100 mV
|BATSHRT Battery short current Vgat < VBATSHRT 50.0 mA
t Deglitch time for battery short to fastcharge 32 ms
‘DGL(BATSHRT) transition
leharce € 1 A 7 10 115
lrerm Termination charge current %l cHarGE
leharce >1 A 8 10 11
—_— - Both risil d falling, 2-mV - drive,
tooLrERM) Deglitch time for charge termination oth rising and talling, 2-m\V over- drive 32 ms
trise: tra = 100 ns
Vgren Recharge threshold voltage Below VBATREG 120 mvV
toeL(ReH) Deglitch time VBAT falling below VRCH, tFALL=100ns 32 ms
| Battery detection current before charge done 25 mA
DETECT (sink current) :
toeTECT Battery detection time 250 ms
INPUT PROTECTION
IINUSB=USB100 90 95 100
IINUSB=USB500 450 475 500
| Input current limiting threshold (USB input USB charge mode, Vygg = 5V, Current IINUSB=USB150 135 1425 150 mA
muse only) pulled from PMIDU 1INUSB=USB900 800 850 900
IINUSB=USB800 700 750 800
IINUSB=1.5A 1250 1400 1500
4 Copyright © 2011-2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq24166?qgpn=bq24166
http://www.ti.com.cn/product/cn/bq24167?qgpn=bq24167
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

bq24165
b24166
bq24167

ZHCS433B —DECEMBER 2011-REVISED MARCH 2013

ELECTRICAL CHARACTERISTICS (continued)

Circuit of Figure 1, VgyppLy = Vuss Or Vi (Whichever is supplying the IC), Vyvio < Vsuppry < Vove and Vsyppry > Veat+Vsips
T, = 0°C-125°C and T; = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
s :\gﬁ;tnflé’rplm;i)rl:‘tnj:turrent limit programmable IINLIM = % 1000 2500 mA
Kium Maximum input current factor for IN input 238 251 264 AQ
Vin op_ ml\:ﬁg)uFl’M threshold programmable range for 4.2 10 v
VDPM threshold 1.18 1.2 1.22 \
Vi pPM_USB VIN_DPM threshold for USB Input USB100, USBL50 4175 428 439 %
- USB500, USB800, USB900, 1.5A current limit selected 4.35 4.44 4.52
Vorv Internal bias regulator voltage VguppLy > 5.45V 5 5.2 5.45 \%
Ibrv DRYV Output current 10 mA
Vbo_prv Rzllpzzof%gﬂ\\l;ltage IsuppLy = 1 A, Vsyppry =5V, Ipry = 10 MA 450 mv
Vuvio Under-voltage lockout threshold voltage Vy or Vygg rising, 150mV Hysteresis 3.6 3.8 4.0 \Y
Veip 3';2$’m0de entry threshold, VSUPPLY- 2.0 V £ Vgar < Vores, Vin falling 0 40 100 mv
Vsip_exit Sleep-mode exit hysteresis 2.0 V = Vgar = Vores 40 100 175 mV
\I:;Seglit\c/:ﬂ_n:”for supply rising above Rising voltage, 2-mV over drive, tgise = 100 ns 30 ms
USB, Vg Rising 6.3 6.5 6.7
Vove Input supply OVP threshold voltage \%
IN, Viy Rising 10.3 10.5 10.7
Vove(Hys) Vovp hysteresis Supply falling from Vgyp 100 mV
Veovp Battery OVP threshold voltage Vgar threshold over Vogeg to turn off charger during charge iL/':ﬁiE: V:II;A(')FSE: \l/':ZE’EZ \%
Veatuvio Battery UVLO threshold voltage 25 \%
Ilumim Cycle by Cycle current limit 4.1 4.9 5.6 A
TsHUTOWN Thermal shutdown 10C Hysteresis 165 C
Trec Thermal regulation threshold 120 C
Safety Timer 324 360 396 min
IUSB_, CE_, PG, CHG
Vi Input high threshold 1.3 \%
Vi Input low threshold 0.4 \Y
[ High-level leakage current V che =Vps =5V 1 HA
VoL Low-level output saturation voltage lo = 10 mA, sink current 0.4 \%
PWM CONVERTER
Internal top reverse blocking MOSFET on- lin_Lmir = 500 mA, Measured from Vygg to PMIDU 95 175 ma
resistance I_umir = 500 mA, Measured from Vy to PMIDI 45 80
Internal top N-channel Switching MOSFET Measured from PMIDU to SW 100 175 ma
on-resistance Measured from PMIDI to SW 65 110
Irr;tsei;?:r!:eottom N-channel MOSFET on- Measured from SW to PGND 65 115
fosc Oscillator frequency 1.35 1.50 1.65 MHz
Duax Maximum duty cycle 95%
Duin Minimum duty cycle 0
BATTERY-PACK NTC MONITOR (bq24166, bq24167)
Vyor High temperature threshold Vs falling 29.7 30 30.5 .
Vhys(Ho) Hysteresis on high threshold Vg rising 1 HVory
Vwarm Warm temperature threshold Vs falling, bg24167 only 37.9 38.3 39.6 By
Vihyswarm) Hysteresis on high threshold Vg rising, bq24167 only 1
VcooL Cool temperature threshold V1s rising, bq24167 only 56.0 56.5 56.9 .
Vhys(coo) Hysteresis on low threshold Vs falling, bg24167 only 1 HVory
Vcoio Low temperature threshold Vg rising 59.5 60 60.4 .
Vhys(coLp) Hysteresis on low threshold Vs falling 1 HVory
Tsorr TS Disable threshold Vs rising, 2%Vpry Hysteresis 70 73 %Vpry
toaL(rs) Deglitch time on TS change 50 ms

Copyright © 2011-2013, Texas Instruments Incorporated
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BLOCK DIAGRAM
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PIN CONFIGURATION

49-Ball 2.8mm x 2.8mm WCSP

bq24166/7
YFF Package

bq24165
YFF Package

(Top View)

(Top View)
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24-Pin 4mm x 4mm QFN

bq24166/7
RGE Package

bq24165
RGE Package

(Top View)
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PIN FUNCTIONS

PIN NUMBER
PIN
NAME bq24165 bq24166/7 110 DESCRIPTION
YFF RGE YFF RGE
Input power supply. IN is connected to the external DC supply (AC adapter or
IN Al-A4 21 Al-A4 21 | alternate power source). Bypass IN to PGND with at least a 1uF ceramic
capacitor.
USB Input Power Supply. USB is connected to the external DC supply (AC
UsB A5-A7 22 A5-A7 22 | adapter or USB port). Bypass USB to PGND with at least a 1uF ceramic
capacitor.
Reverse Blocking MOSFET and High Side MOSFET Connection Paint for
High Power Input. Bypass PMIDI to GND with at least a 4.7uF ceramic
PMIDI B1-B4 20 B1-B4 20 (0] capacitor. Use caution when connecting an external load to PMIDI. The
PMIDI output is not current limited. Any short on PMIDI will result in damage
to the IC.
Reverse Blocking MOSFET and High Side MOSFET Connection Paint for
PMIDU B5_B7 23 B5_B7 23 o USB Input. Bypass PMIDU to GND with at least a 4.7uF ceramic capacitor.

Use caution when connecting an external load to PMIDU. The PMIDU output
is not current limited. Any short on PMIDU will result in damage to the IC.

SW c1-C7 18 c1-C7 18 (e} Inductor Connection. Connect to the switched side of the external inductor.

Ground terminal. Connect to the thermal pad (for QFN only) and the ground
plane of the circuit.

PGND D1-D7 | 16,17 | D1-D7 | 16, 17 -

IN Input Current Limit Programming Input. Connect a resistor from ILIM to
ILIM El 15 El 15 | GND to program the input current limit for IN. The current limit is
programmable from 1A to 2.5A. ILIM has no effect on the USB input.

Input DPM Programming Input. Connect a resistor divider from IN to GND
with VDPM connected to the center tap to program the Input Voltage based
VDPM E3 1 E3 1 | Dynamic Power Management (V|\-DPM) threshold. The input current is
reduced to maintain the supply voltage at V\\-DPM. See the Input Voltage
based Dynamic Power Management section for a detailed explanation.

Charge Enable Input. CE is used to disable or enable the charge process. A
low logic level (0) enables charging and a high logic level (1) disables

== charging. When charging is disabled, the SYS output remains in regulation,
but BAT is disconnected from SYS. Supplement mode is still available if the
system load demands cannot be met by the supply. BGATE is high
impedance when CE is high.

IUSB1 E5 4 E5 4 | USB Input Current Limit Programming Inputs. USB1, USB2 and USB3
| program the input current limit for the USB input. USB2.0 and USB3.0 current

IUSB2 E6 3 E6 3 limits are available for easy implementation of these standards. Table 1

IUSB3 E2 5 E2 2 | shows _the settings for these inputs. USB1, USB2 and USB3 have no effect on
the IN input.

CEl E4 24 - - | JEITA Compliance Inputs. CE1 and CE2are used to change battery regulation
and charge current regulation to comply with the JEITA charging standard.

CE2 G5 9 _ _ | The charge voltage can be reduced by 140mV or the charge current may be

reduced to half the programmed value. See Table 2 for programming details.

High Side MOSFET Gate Driver Supply. Connect a 0.01uF ceramic capacitor
BOOT E7 19 E7 19 | (voltage rating > 10V) from BOOT to SW to supply the gate drive for the high
side MOSFETSs.

System Voltage Sense and Charger FET Connection. Connect SYS to the
SYS F1-F4 | 13,14 | F1-F4 13,14 | system output at the output bulk capacitors. Bypass SYS locally with at least
10pF. 47uF bypass capacitance is recommended for best transient response.

External Discharge MOSFET Gate Connection. BGATE drives an external P-
Channel MOSFET to provide a very low resistance discharge path. Connect
BGATE F5 10 F5 10 (0] BGATE to the gate of the external MOSFET. BGATE is low during high
impedance mode and when no input is connected. BGATE is optional. If
unused, leave BGATE unconnected.

Power Good Open Drain Output. PG is pulled low when a valid supply is
5= connected to either USB or IN. A valid supply is between Vgar+Vg p and
Vovp. If not supply is connected or the supply is out of this range, PG is high
impedance.

8 Copyright © 2011-2013, Texas Instruments Incorporated
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PIN FUNCTIONS (continued)

PIN
NAME

PIN NUMBER

bg24165

bq24166/7

YFF RGE

YFF RGE

110

DESCRIPTION

DRV

F7 6

F7 6

Gate Drive Supply. DRV is the bias supply for the gate drive of the internal
MOSFETSs. bypass DRV to PGND with a 1uF ceramic capacitor. DRV may be
used to drive external loads up to 10mA. DRV is active whenever the input is
connected and VsyppLy > Vuvio and VsuppLy > (Veat + Vsip)

BAT

G1-G4 | 11, 12

G1-G4 | 11,12

110

Battery Connection. Connect to the positive terminal of the battery.
Additionally, bypass BAT to GND with at least a 1yF capacitor.

TS

G5 9

Battery Pack NTC Monitor. Connect TS to the center tap of a resistor divider
from DRV to GND. The NTC is connected from TS to GND. The TS function
in the bg24166 provides 2 thresholds for Hot/ Cold shutoff, while the bq24167
has 2 additional thresholds for JEITA compliance. See the NTC Monitor
section for more details on operation and selecting the resistor values.
Connect TS to DRV to disable the TS function.

CHG

G6 8

G6 8

Charge Status Open Drain Output. CHG is pulled low when a charge cycle
starts and remains low while charging. CHG is high impedance when the
charging terminates and when no supply exists. CHG does not indicate
recharge cycles.

ISET

G7 5

G7 5

Charge Current Programming Input. Connect a resistor from ISET to GND to
program the fast charge current. The charge current is programmable from
550mA to 2.5A.

Thermal
Pad

- Pad

- Pad

There is an internal electrical connection between the exposed thermal pad
and the PGND pin of the device. The thermal pad must be connected to the
same potential as the PGND pin on the printed circuit board. Do not use the
thermal pad as the primary ground input for the device. PGND pin must be
connected to ground at all times.

Copyright © 2011-2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq24166?qgpn=bq24166
http://www.ti.com.cn/product/cn/bq24167?qgpn=bq24167
http://www.ti.com.cn

bq24165
bq24166
bq24167

ZHCS433B —DECEMBER 2011—-REVISED MARCH 2013

TYPICAL APPLICATION CIRCUIT
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ADAPTER PR
O Py °* IN SW Tﬁw\ _T_ | |
|
+ l _,__ PMIDI 001”,: | SI)_/stedm |
1uF S 4.7F = el g
1 I soorf] | |
% VDPM svs _T_ | |
| |
ILIM
10uF f—m e —
% PGND |—§ —1 I
— = R = e BGATE T
o l PMIDU - GS\M
D- BAT |
GND 4.7yF J_
™1 w -
1 4l Ll bq24165 T = host |
. +— DRV ) ——nTC
J_ ISET IMONITOR|
1;,|FI | |
y 1
Ty = L
- = I
PG |
oG CE1 : GPIO :
L AW—
CE2 lgpPio |
IUSB1 : GPIO :
1USB2 lGPiO
|
IUSB3 | GPIO :
! I

Figure 1. bg24165, Shown with External Discharge FET, PA Connected to System for GSM Call Support
with a Deeply Discharged or No Battery

ADAPTER -
* » IN SW —I_r‘rW‘ 4 :_ 1
I
l__ PMIDI System
1FJ‘47F _—|_001HF :lf:: Load :
T T BOOT I I
VDPM SYS * | |
ILIM -LOPF L _JI
PGND [—¢_ =
= = BGATE }—
VBbo l USB
o l__ PMIDU BAT
GND Ty 4.7uF l 1uF Vorv
I T bq24166 I r———-=
= = = bq24167 = | HOST |
* _T_ DRV TS ? : I
|
N N |
XN = ISET = ! |
PG : :
——wW—{ cFie ! |
= |
1USB1 : GPIO :
IUSB2 I GPIO |
1USB3 : crio |
CE jGPO |
Figure 2. bg24166 and bq24167, Shown with no External Discharge FET, External NTC Monitor
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TYPICAL CHARACTERISTICS
USB Plug-In with Battery Connected IN Plug-in with Battery Connected
¢ 5 Vidiv ¢ 5 Vidiv
Vuss ~W»/ Vin & WW'J »
“;--—--_—-——-\I 1 V/div {,ﬂh—-—p—' A 1 V/div
Vevs . : ot : i 200 My Veys o 500 mA/div
Vear | Vear “
lgat i lgat
20 ms/div 20 ms/div
Conditions: USB500, 925mA Charge Setting Conditions: 1500mA ILIM, 1300mA Charge Setting
Figure 3. Figure 4.
Adapter Detection USB Battery Insert During Battery Detection
5 V/div [ S S|
Viss 2 Vidiv

1 V/div Vene K

Vsvs ; -j 2 Vidiv]

VSYS
Vear 1 Vear 2
, 50 mA/div 1 A/div
luse Sk IgaT
s s
10 ms/div 200 ms/div
Conditions: Termination Enabled
Figure 5. Figure 6.
Battery Pull During Charging Load Transient into DPPM
: 2 V/idiv
VCHG ‘-‘_—______
i3 : ; Vsvs
) : - ‘ Vear 1 V/div
Vsys : : \‘ - N* \\‘w.
: ﬁ ‘1 2 Vidiv | o
Voo L d i . £ 5 usB 1 Aldiv
BAT
loar 1 A/div4] IgaT i 1 A/div
B el |
20 ms/div . 10 ms/div
Conditions: Termination Enabled Conditions: MINSYS Operation, USB1500, 200mA-1400mA Load Step
on SYS
Figure 7. Figure 8.
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VSYS

VBAT

IUSB

IBAT

TYPICAL CHARACTERISTICS (continued)

Load Transient into Supplement Mode

Ul

—

1 Vidiv

500 mA/div

1 A/div

10 ms/div

Conditions: MINSYS Operation, USB500, 200mA - 1400mA Load

Step on SYS

Efficiency (%)

100
90
80
70
60
50
40
30
20
10

0

Figure 9.

IN Efficiency

— Vn=5V
— Vn=T7V

— V=9V

0.1

System Current (A)

1 3

G001

Conditions: Charge Disabled, SYS loaded, Vgatrec = 3.6V, IN2500

ILIM

SYSREG and MINSYS Regulation (V)

3

3.85

3.8

3.75

3.7

3.65

3.6

3.55

35

3.45

3.4

Figure 11.

SYSREG and MINSYS Regulation vs. Temperature
9

—— SYSREG Regulation

—— MINSYS Regulation

-50 0 50

Temperature (°C)

Conditions: Vgat = 3V

Figure 13.

100 150

G003

OVP Fault
USB Input
U
Vuss 5 V/div
5 V/div
Vene :
5 V/div
2y | 500 mA/div
4 ms/div
Figure 10.
USB Efficiency
100
90 —
80
70
£ 60
>
§ 50
& 40
48}
30
20
— Vysz=5V
10 — V=6V
0
0.1 1 2

System Current (A)

G002

Conditions: Charge Disabled, SYS loaded, Vgatreg = 3.6V, USB1500

ILIM

4.21

Figure 12.

Battery Regulation vs Temperature

4.208

4.206

4.204

4.202

4.2

4.198

4.196

Battery Regulation (V)

4.194

4.192

4.19
0

25 50 75 100 125

Temperature (°C) 004

Conditions: Vgatrec = 4.2V, No load, Termination Disabled

Figure 14.
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TYPICAL CHARACTERISTICS (continued)
6.5V OVP Threshold vs. Temperature

USB Input Current Limit vs. Temperature

700
—— USB100 Current Limit
z 600 | —— USB500 Current Limit
E
= 500
=
-
IS 400
g
5
(@) 300
5
Q.
= 200
o
»
=2 100
0
-50 0 50 100 150
Temperature (°C) G005
Conditions: USB100 and USB500 current limit, Vysg = 5V, Vgat =
3.6V
Figure 15.
10.5V OVP Threshold vs. Temperature
10.7
—— Falling Edge
10.6 | — Rising Edge
>
T 105
o T —
ey
[%]
o 104
o
=
£ 103
(o] -
\
o 102 —
S
—
10.1
10
-50 0 50 100 150

Temperature (°C) 007

6.7

6.6

6.5

6.4

6.3

6.2

6.5V OVP Threshold (V)

6.1

—— Falling Edge
—— Rising Edge

6
-50

50
Temperature (°C)

100 150

G006

Conditions: USB input and IN input (bq24168)

2.09
2.08
2.07
2.06
2.05
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2.02
2.01

Charge Current (A)

Figure 16.

Charge Current vs. Battery Voltage

25

3 3.5
Battery Voltage (V)

4 4.5

G008

Conditions: ICHARGE = 2A, V|N =5V, VBATREG = 4.44V

Figure 17. Figure 18.
IsaTsHRT VS. Battery Voltage
0.055
0.054 \\
< 0053
&
G
& 0.052 \
0.051
\__—
0.05
0 0.5 1 15 2 25 3
Battery Voltage (V) oo
Figure 19.
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DETAILED DESCRIPTION

CHARGE MODE OPERATION

Charge Profile

Charging is done through the internal battery MOSFET. When the battery voltage is above 3.5V, the system
output (SYS) is connected to the battery to maximize the charging efficiency. There are 6 loops that influence the
charge current; constant current loop (CC), constant voltage loop (CV), input current loop, thermal regulation
loop, minimum system voltage loop (MINSYS) and input voltage dynamic power management loop (Vinppm)-
During the charging process, all six loops are enabled and the dominate one takes control. The bq24165/6/7
supports a precision Li-lon or Li-Polymer charging system for single-cell applications. The minimum system
output feature regulates the system voltage to a minimum of Vsysreg), SO that startup is enabled even for a
missing or deeply discharged battery. Figure 20 shows a typical charge profile including the minimum system
output voltage feature.

Precharge Current Regulation Voltage Regulation
Phase Phase Phase
Reguiation | L e L]
voltage &
Regulation
Current
System Voltage
Vsys
(3.6V) 4
o
7’
’
7
7’
VBATSHORT ’
J
P Battery
-
_- - Voltage
- -
» -
Charge Current
Termination
IBATSHORT
Linear Charge
50mA Linear Charge | to Maintain ) Battery
[ to Close Pack ™[ Minimum -»<——— Battery FET is ON —><TFET -
Protector System is OFF
Voltage

Figure 20. Typical Charging Profile of bq24165/6/7

PWM CONTROLLER IN CHARGE MODE

The bg24165/6/7 provides an integrated, fixed 1.5 MHz frequency voltage-mode converter to power the system
and supply the charge current. The voltage loop is internally compensated and provides enough phase margin
for stable operation, allowing the use of small ceramic capacitors with very low ESR.

The bg24165/6/7 input scheme prevents battery discharge when the supply voltages is lower than VBAT and
also isolates the two inputs from each other. The high-side N-MOSFET (Q1/Q2) switches to control the power
delivered to the output. The DRV LDO supplies the gate drive for the internal MOSFETSs. The high side FETs are
supplied through a boot strap circuit with external boot-strap capacitor is used to boost up the gate drive voltage
for Q1/Q2.

Both inputs are protected by a cycle-by-cycle current limit that is sensed through the internal MOSFETs for Q1
and Q2. The threshold for the current limit is set to a nominal 5-A peak current. The inputs also utilize an input
current limit that limits the current from the power source.

14 Copyright © 2011-2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq24166?qgpn=bq24166
http://www.ti.com.cn/product/cn/bq24167?qgpn=bq24167
http://www.ti.com.cn

. b24165

1§ TEXAS
INSTRUMENTS bq24166
bq24167
www.ti.com.cn ZHCS433B —DECEMBER 2011-REVISED MARCH 2013

BATTERY CHARGING PROCESS

Assuming a valid input source has already been attached to IN or USB, as soon as a deeply discharged or
shorted battery is attached to the BAT pin, the bq24165/6/7 applies a 50mA current to bring the battery voltage
up to acceptable charging levels. During this pre-charge time, the battery FET is linearly regulated to maintain
the system output regulation at Vsysreg). Once the battery rises above Vgarsyrt, the charge current increases to
the fastcharge current setting. The SYS voltage is regulated to Vsysres) While the battery is linearly charged
through the battery FET. Under normal conditions, the time spent in this region is a very short percentage of the
total charging time, so if the charge current is reduced, the reduced charge rate does not have a major negative
effect on total charge time. If the current limit for the SYS output is reached (limited by the input current limit, or
V\n-DPM), the charge current is reduced to provide the system with all the current that is needed. If the charge
current is reduced to OmA, pulling further current from SYS causes the output to fall to the battery voltage and
enter supplement mode (see the Dynamic Power Path Management section for more details).

Once the battery is charged enough to where the system voltage begins to rise above Vsysgreg (depends on the
charge current setting), the battery FET is turned on fully and the battery is charged with the charge current
programmed using the ISET input, Icyarce. The slew rate for fast charge current is controlled to minimize the
current and voltage over-shoot during transient. The charge current is programmed by connecting a resistor from
ISET to GND. The value for Riget is calculated using Equation 1:

Kiset

Riset =
lcHARGE )

Where Icyarce IS the programmed fast charge current and Kget is the programming factor found in the Electrical
Characteristics table.

The charger's constant current (CC) loop regulates the charge current to Icyarge UNtil the battery reaches close
to the regulation voltage. Once the battery voltage is close to the regulation voltage, Vgatres, the charge current
step downs sharply as the constant voltage (CV) loop takes over, the internal battery FET turns on full, tying SYS
to BAT and the charger tapers down the charge current as shown in Figure 1. The voltage regulation feedback
occurs by monitoring the battery-pack voltage between the BAT and PGND pins.

The bg24165/6/7 monitors the charging current during the voltage regulation phase. If the battery voltage is
above the recharge threshold and the charge current has naturally tapered down to and remains below
termination threshold, ltggy, Without disturbance from events like supplement mode for 32ms, the bq24165/6/7
terminates charge and turns off the battery charging FET. If Vgys > Vuinsys and the charge current has been
reduced due to V\yppm,the input current loop or thermal protection circuits or USB100mode, the charger disables
termination. The system output is regulated to the Vgarreg) Voltage and supports the full current available from
the input. Battery supplement mode (see the Dynamic Power Path Management section for more details) is still
available for SYS load transients. Supplement mode events occurring repeatedly within the 32ms deglitch
window will prevent termination and can cause the charger to exit termination.

Charging resumes when one of the following conditions is detected:

1. The battery voltage falls below the Vgatres)-Vren threshold

2. VguppLy Power-on reset (POR)

3. CE1 CE2 toggle or CE toggle

4. Toggle Hi-Impedance mode (using IUSB )

A new charge cycle is initiated only in the event of Vg pp y POR or the battery being removed and replaced. If
the battery voltage, Vgar, iS ever greater than Vearreg (for example, when an almost fully charged battery enters
the JEITA WARM state per the TS pin or CE1 and CE2 are configured to reduce Vgatreg) but less than Vgoyp,
the reverse boost protection circuitry may activate as explained later in this datasheet. If the battery is ever

above Vpoyp, the buck converter turns off and the internal battery FET is turned on. This prevents further
overcharging the battery and allows the battery to discharge to safe operating levels.
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BATTERY DETECTION

When termination conditions are met, a battery detection cycle is started. During battery detection, lpgrect iS
pulled from VBAT for tperect to verify there is a battery. If the battery voltage remains above Vpgrect for the full
duration of tpetecT, @ battery is determined to present and the IC enters “Charge Done”. If VBAT falls below
VpetecT, battery detection continues. The next cycle of battery detection, the bg2416x turns on lgatshorT fOr
toetecT- If VBAT rises to Vpereet, the current source is turned offand after tperect, the battery detection continues
through another current sink cycle. Battery detection continues until charge is disabled or a battery is detected.
Once a battery is detected, the fault status clears and a new charge cycle begins. Figures 6 and 7 show the
oscillation on VBAT prior to battery insertion and after battery removal. Battery detection is disabled when
termination is disabled.

DYNAMIC POWER PATH MANAGEMENT

The bg24165/6/7 features a SYS output that powers the external system load connected to the battery. This
output is active whenever a source is connected to IN, USB or BAT. The following sections discuss the behavior
of SYS with a source connected to the supply (IN or USB) or a battery source only.

INPUT SOURCE CONNECTED

When a source is connected to IN_or USB, and the bg24165/6/7 is enabled, the buck converter starts up. If
charging is enabled using CE1 and CE2(bg24165) or CE (bq24166/7), the charge cycle is initiated. When Vgat >
3.5V, the internal battery FET is turned on and the SYS output is connected to Vgat. If the SYS voltage falls to
Vsysree), it is regulated to that point to maintain the system output even with a deeply discharged or absent
battery. In this mode, the SYS output voltage is regulated by the buck converter and the battery FET is linearly
regulated to regulate the charge current into the battery. The current from the supply is shared between charging
the battery and powering the system load at SYS. The dynamic power path management (DPPM) circuitry of the
bg24165/6/7 monitors the SYS voltage continuously. If Vgyg falls to Vynsys, the DPPM circuit adjusts charge
current to maintain the load on SYS while preventing the system voltage from crashing. If the charge current is
reduced to zero and the load increases further, the bg24165/6/7 enters battery supplement mode. During
supplement mode, the battery FET is turned on and the battery supplements the system load. When the charge
current is reduced by the DPPM regulation loop, the safety timer runs at half speed, so that it is twice a long.
This prevents false safety timer faults. See the Safety Timer section for more details.
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2000 mA
1800 mA

lout
800 mA

0 mA

1500 mA

Iy ~850 mA

0 mA

1A

IBAT 0 mA

—-200 mA

Vsvs(reg)
VMiNsys

Vour ~831VfF———————""————————-

Supplement
Mode

Figure 21. Example DPPM Response (Vgyppiy =5V, Vgar = 3.1V, 1.5A Input current limit)

If the Vear(rec) threshold is ever less than the battery voltage, the battery FET is turned off and the SYS output is
regulated to Vsysregretorr)- If the battery is ever 5% above the regulation threshold, the battery OVP circuit
shuts the PWM converter off and the battery FET is turned on to discharge the battery to safe operating levels.

The input current limit for the USB input is set by the IUSB1, IUSB2, and IUSB3 inputs. The bq24165/6/7
incorporates all of the necessary input current limits to support USB2.0 and USB3.0 standards as well as 1.5A to
support wall adapters. Driving IUSB1, IUSB2, and IUSB3 all high places the bq24165/6/7 in High Impedance
mode where the buck converter is shutdown regardless if an input is connected to USB or IN. Table 1 shows the
configuration for IUSB1 — IUSB3. When USB100 mode is selected, termination is disabled.

Table 1. USB1, USB2 and USB3 Input Table

IUSB3 IUSB2 IUSB1 Input Current Limit Vinopm Threshold
0 0 0 100 mA 4.28 V
0 0 1 500 mA 444V
0 1 0 15A 444V
0 1 1 High Impedance Mode None
1 0 0 150 mA 428V
1 0 1 900 mA 444V
1 1 0 800 mA 444V
1 1 1 High Impedance Mode None

The input current limit for IN is programmable using the ILIM input. Connect a resistor from ILIM to GND to set
the maximum input current limit. The programmable range for the IN input current limit is 2000mA to 2.5A. Ry_m
is calculated using Equation 2:

KILIM

Rium = I
IN_LIM )
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Where |y 1 is the programmed input current limit and K,y is the programming factor found in the Electrical
Characteristics table.

The bg24165/6/7 manages the dual input supply paths as well. The IN input has precedence when valid supplies
are connected to both inputs. The two inputs are always isolated from one another. The bq24165/6/7 always
seeks to charge from a valid source. For example, if a valid source is connected to USB and a source is
connected to IN that is greater than the OVP threshold, the USB source is used to charge the battery. In this
case, both the USB source and the battery would be isolated from the OVP source connected to the IN input.

BATTERY ONLY CONNECTED

When the battery is connected with no input source, the internal battery FET is turned on similar to supplement
mode. In this mode, the current is not regulated; however, there is a short circuit current limit. If the short circuit
limit is reached, the battery FET is turned off for the deglitch time. After the deglitch time, the battery FET is
turned on in order to determine if the short has been removed. If not, the FET turns off and the process repeats
until the short is removed.

EXTERNAL BATTERY DISCHARGE FET (BGATE)

The bg24165/6/7 contains a MOSFET driver to drive an external P-Channel MOSFET between the battery and
the system output. This external FET provides a low impedance path to supply the system from the battery.
Connect BGATE to the gate of the external discharge MOSFET. BGATE is on under the following conditions:

1. No valid input supply connected.
2. IUSB1=IUSB2=IUSB3=high (High Impedance Mode)

This FET is optional and runs in parallel with the internal charge FET during discharge. Note that this FET is not
protected by the short circuit current limit.

SAFETY TIMER

At the beginning of charging process, the bq24165/6/7 starts the 6 hour safety timer. This timer is active during
the entire charging process. If charging has not terminated before the safety timer expires, the charge cycle is
terminated and the battery FET is turned off. To clear the safety timer fault, charging must be resumed by using
CE1 and CE2 (bq24165) or CE(bq24166/7) or High Impedance mode or a new charge cycle started by Vsyppy
POR or battery remove and replace.

During the fast charge (CC) phase, several events increase the timer duration by 2X.

The system load current reduces the available charging current.

The input current needed for the fast charge current is limited by the input current loop.

The input current is reduced because the V,yppym l00p is preventing the supply from crashing.

The device has entered thermal regulation because the IC junction temperature has exceeded Tjreg).

The CEXx bits are reducing lcyarce O VBAT.

The battery voltage is less than VgatshorT-

The battery has entered the JEITA WARM or COLD state via the TS pin (bg24166/6) or CE1/CE2
(bg24165)configuration.

During these events, the timer is slowed by half to extend the timer and prevent any false timer faults. Starting a
new charge cycle by VSUPPLY POR or removing/replacing the battery or resuming a charge by toggling the
CE1/CE2(bq24165) or CE(bq24166/7) pins, resets the safety timer. Additionally, thermal shutdown events cause
the safety timer to reset.

No okrwbde

18 Copyright © 2011-2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq24166?qgpn=bq24166
http://www.ti.com.cn/product/cn/bq24167?qgpn=bq24167
http://www.ti.com.cn

. b24165

13 TEXAS

INSTRUMENTS bq24166
bq24167
www.ti.com.cn ZHCS433B —DECEMBER 2011-REVISED MARCH 2013

LDO OUTPUT (DRV)

The bgq24165/6/7 contains a linear regulator (DRV) that is used to supply the internal MOSFET drivers and other
circuitry. Additionally, DRV supplies up to 10mA external loads to power the STAT LED or the USB transceiver
circuitry. The maximum value of the DRV output is 5.45V so it is ideal to protect voltage sensitive USB circuits.
The LDO is on whenever a supply is connected to the IN or USB inputs of the bq24165/166. The DRV is
disabled under the following conditions:

2. VsuppLy - Veat< Vsip
3. Thermal Shutdown

CHARGE PARAMETER SELECTOR INPUTS (CEL1, CE2, bq24165)

The CE1 and CE2 inputs allow the user to easily implement the JEITA standard for systems where the battery
pack temperature is monitored by the host. JEITA requires that several temperatures be monitored and the
maximum charge voltage or charge current be modified based on the battery voltage. A graphical representation
of the JEITA specification is shown in Figure 22.

Maximum Charge Current: 1 C

05C
|
|
|
|
—— ] -

| | Maximum Charge Voltage: 4.25 V |

| : (4.2 V Typical) :
| |
| |
: 4.15 V Maximum :
| | 4.10 V Maximum
| |
| | |
| | |
| | |
| | |

—_— B St —

| | | | |

| | | | |

| | | | |

| | | | |

T T2 T3 T4 T5
(0°C) (10°C) (45°C) (50°C) (60°C)

Figure 22. Charge Current During TS Conditions in Default Mode

In many systems, the battery temperature is monitored by the host and the information is used for several
different operations. For these systems, the bg24165 method is ideal because it does not require the NTC in the
battery to be shared amongst several different ICs. Instead, the CE1 and CE2 pins are driven by host GPIOs to
reduce the charging current or charge voltage as required. This allows the host to decide which temperatures to
change the charging profile and gives the ultimate flexibility to the user. Additionally, CE1 and CE2 are used to
disable charging while not interfering with the main buck converter operation. The configuration table for CE1 and
CE2 is shown in Table 2.

Table 2. CE1, CE2 Input Table

CE2 FUNCTION
Normal Charging

(@]

Rk |lolo|m
=

Charge current reduced by half
VBAT(REG) reduced to 4.06 V

Rrlolkr|lolm

Charging Suspended
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EXTERNAL NTC MONITORING (TS, bg24166/7)

The bg24166 and bg24167 provide a flexible, voltage based TS input for monitoring the battery pack NTC
thermistor. The voltage at TS is monitored to determine that the battery is at a safe temperature during charging.
For the bg24166, two temperature thresholds are monitored; the cold battery threshold (Tytc < 0°C) and the hot
battery threshold (Tytc > 60°C). These temperatures correspond to the Vo p and Vyor thresholds. Charging is
suspended and timers are suspended when Vg < Vot Or V15 > VeoLp.

To satisfy the JEITA requirements, the bgq24167 monitors four temperature thresholds; the cold battery threshold
(Tnte < 0°C), the cool battery threshold (0°C < TNTC < 10°C), the warm battery threshold (45°C < Tytc < 60°C)
and the hot battery threshold (Tyrc > 60°C). These temperatures correspond to the Veoip, Veoor, Vwarm: and
Vot thresholds. As with the bg24166, charging is suspended and timers are suspended when Vg < Vot Of Vg
> Veop- When Vot < Vis < Vwarwms the battery regulation voltage is reduced by 140mV from the programmed
regulation threshold. When Voo, < V1s < Vcolp, the charging current is reduced to half of the programmed
charge current.

The TS function is voltage based for maximum flexibility. Connect a resistor divider from DRV to GND with TS
connected to the center tap to set the threshold. The connections are shown in Figure 24. The resistor values are
calculated using the following equations:

Vpry x RCOLD x RHOT x { L }
RLO = cop  Vhor
Vbrv Vbrv
RHOT x | —/—Y—-1|-RCOLD x |——Y -1
HOT coLD ®)
Vorv_ _
__ Vcowp
RHI = 7 . 3
RLO RCOLD @
Where:

Vcorp = 0.60 x Vpry
Vhor = 0.30 % Vpgry

Where RHOT is the NTC resistance at the hot temperature and RCOLD is the NTC resistance at cold
temperature.

For the bg24167, the WARM and COOL thresholds are not independently programmable. The COOL and
WARM NTC resistances for a selected resistor divider are calculated using the following equations:

RLO x 0.564 x RHI

RCOOL =

RLO — RLO x 0.564 — RHI x 0.564 ®)
RWARM = RLO x 0.383 x RHI

RLO — RLO x 0.383 — RHI x 0.383 ®)
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Figure 23. TS Circuits

THERMAL REGULATION AND PROTECTION

During the charging process, to prevent the IC from overheating, bq24165/6/7 monitors the junction temperature,
T,, of the die and begins to taper down the charge current once T, reaches the thermal regulation threshold, T¢.
The charge current is reduced to zero when the junction temperature increases about 10°C above Tg. Once the
charge current is reduced, the system current is reduced while the battery supplements the load to supply the
system. This may cause a thermal shutdown of the bq24165/6/7 if the die temperature rises too high. At any
state, if T; exceeds Tsytpwn, 0924165/6/7 suspends charging and disables the buck converter. During thermal
shutdown mode, PWM is turned off, and the timer is reset. The charging cycle resets when T; falls below
Tsutown by approximately 10°C.

INPUT VOLTAGE PROTECTION IN CHARGE MODE

Sleep Mode

The bg24165/6/7 enters the low-power sleep mode if the voltage on Vgypp y falls below sleep-mode entry
threshold, Vgar+Vs p, and Vgypp y iS higher than the undervoltage lockout threshold, Vg o. This feature
prevents draining the battery during the absence of Vgyppy. When VgyppLy < VeattVsip, the bg24165/6/7 turns
off the PWM converter, and turns the battery FET and BGATE on. Once VgyppLy > Veatt Vsip, the device
initiates a new charge cycle.
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Input Voltage Based DPM

During normal charging process, if the input power source is not able to support the programmed or default
charging current, the supply voltage decreases. Once the supply drops to V| ppm (set by IUSB_ for USB input or
VDPM for IN input), the input current limit is reduced down to prevent the further drop of the supply. This feature
ensures IC compatibility with adapters with different current capabilities without a hardware change. Figure 24
shows the Vy-DPM behavior to a current limited source. In this figure the input source has a 750mA current limit
and the charging is set to 750mA. The SYS load is then increased to 1.2A.

V. Adapter Voltage Falls due
IN to Adapter Current Limit
5V Adapter

rated for 750 mA
Input Current Reduced by Vy g function

I to Prevent Adapter from Crashing

VSYS G S "‘“—.:.' YT TYEY R e i L T ——
@ 750mA Charging 750mA Charging
I
BAT Supplement Mode
ny
®-
A4 1.2A Load Step
SYS
L
U
i1 B w0 ‘\,‘ 00 & 10A 2 0ma & flnl;mh 20ms  SOMSH 200mapt
1)1 0%y 10 iy 20 oM i Stopped Single Seq
1 By W 20 oM 1 46t RL 100k
(IR LY L R ‘\., o Auto  March 16 2011 15:58 10

Figure 24. bg2416x V,,.DPM

The V-DPM threshold for the IN input is set using a resistor divider with VDPM connected to the center tap.
Select 10kQ for the bottom resistor. The top resistor is selected using the following equation:

10kQ x (Vinopm — Vorm)
Vbpm @

RTOP =

Where Vppwm is the desired Viyppm threshold and Vppy, is the regulation threshold specified in the Electrical
Characteristics table. For the QFN packaged ICs, a small capacitance (10pF-100pF) from the VDPM pin to
ground may be added if the resistor divider from VIN to VDPM is not placed close to the IC pins, thereby causing
significant noise on the VDPM pin.

Bad Source Detection

When a source is connected to IN or USB, the bgq2416x runs a Bad Source Detection procedure to determine if
the source is strong enough to provide some current to charge the battery. A current sink is turned on (30mA for
USB input, 75mA for the IN input) for 32ms. After the 32ms, if the input source is above Vgapsource PIUS
hysteresis, where Vgapsource 1S the user set VINDPM threshold, the buck converter starts up and normal
operation continues. If the supply voltage falls below Vgapsource €SS hysteresis during the detection, the current
sink shuts off for two seconds and then retries. The detection circuit retries continuously until either a new source
is connected to the other input or a valid source is detected after the detection time. If during normal operation
the source falls to Vgap sources the bg2416x turns off the PWM converter, turns the battery FET on. Once a
good source is detected, the device returns to normal operation.

If two supplies are connected, the IN supply is checked first. If the supply detection fails once, the device
switches to USB for two seconds and then retries IN. This allows the supply to settle if the connection was jittery
or the supply ramp was too slow to pass detection. If the supply fails the detection twice, it is locked out and the
USB supply is used. Once the bad supply is locked out, it remains locked out until the supply voltage falls below
UVLO. This prevents continuously switching between a weak supply and a good supply.
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Input Over-Voltage Protection

The bg24165/6/7 provides over-voltage protection on the input that protects downstream circuitry. The built-in
input over-voltage protection to protect the device and other components against damage from overvoltage on
the input supply (Voltage from Vygg or Viy to PGND). When VgyppLy > Vovp, the bg24165/6/7 turns off the PWM
converter, suspends the charging cycle and turns the battery FET and BGATE on. Once the OVP fault is
removed, the device returns to the operation it was in prior to the OVP fault.

Reverse Boost (Boost Back) Prevention Circuit

LeCroy

WEYE

VHAT
iy - T T, it

Figure 25. Reverse Boost

A buck converter has two operating states, continuous conduction mode (CCM) and discontinuous conduction
mode (DCM). In DCM, the inductor current ramps down to zero during the switching cycle while in CCM the
inductor maintains a DC level of current. Transitioning from DCM to CCM during load transients, slows down the
converter's transient response for those load steps, which can result in the SYS rail drooping. To achieve the
fastest possible transient reponse for this charger, this charger's synchronous buck converter is forced to run in
CCM even at light loads when the buck converter would typically revert to DCM. The challenge that presents
itself when forcing CCM with a charger is that the output of the buck converter now has a power source. Thus, if
the battery voltage, Vgat, IS ever greater than Vgatres, the inductor current goes fully negative and pushes
current back to the input supply. This effect causes the input source voltage to rise if the input source cannot sink
current. The input over-voltage protection circuit protects the IC from damage however some input sources may
be damaged if the voltage rises. To prevent this, this charger has implemented a reverse boost prevention circuit.
When reverse current is sensed that is not a result of the supplement comparator tripping, this circuit disables
the internal battery FET and changes the feedback point to Vgysgreg for 1ms. After the 1ms timeout, the BATFET
is turned on again and the battery is tested to see if it is higher than Vgatreg (N€gative current). The reverse
current protection is only active when Vgoyp > VBAT > VBATREG - Vrcy. Having Veovp > Veat > Veatres - VRcH
and termination disabled (e.g., when CE1 = 1 and CE2 = 0 but VBAT > 4.06V) results in an approximately
100mV, 1000Hz ripple on SYS as seen in Figure 25. With termination enabled and ITERM > 150mA or with a
high line impedance to the battery, the likelihood of activating reverse boost protection circuit is greatly reduced
even if Vgat > VBATREG - Vrcy. The IC stops charging and can exit charge done after entering reverse boost
due to a SYS load transient causing a battery supplement event. Charging resumes after Vgat drops below
Veatreg - Vren- Therefore, large SYS load transients may result in the battery reaching slightly less than full
charge.
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STATUS INDICATORS (CHG, PG)

The bg24165/6/7 contains two open-drain outputs that signal its status. The PG output indicates that a valid input
source is connected to USB or IN. PG is low when Vgyppy>Viuvio AND (Veat+Vsip) < Vsuppry < Vovp. When
there is no supply connected to either input within this range, PG is high impedance. Table 3 illustrates the PG
behavior under different conditions.

During new charge cycles, the CHG output goes low to indicate a new charge cycle is in progress or that charge
has been suspended due to a TS pin fault or the thermal protection circuit. A new charge cycle is initiated by
removing and replacing the battery or toggling the input power. CHG remains low until charge termination unless
the battery is removed, there is a timer fault or the input supply is no longer valid. After termination of the new
charge cycle, CHG remains high impedance until a new charge cycle is initiated. CHG does not go low during
recharge cycles. Table 4 illustrates the CHG behavior under different conditions.

Connect PG and CHG to the DRV output through an LED for visual indication, or connect through a 100kQ
pullup to the required logic rail for host indication.

Table 3. PG Status Indicator

CHARGE STATE PG BEHAVIOR
VsuppLy < VuviLo High-Impedance
VsuppLy < (VeaT+VsLp) High-Impedance
(VBat+VsLp) < VsuppLy < Vovp Low
VSyppLy > Vovp High-Impedance

Table 4. CHG Status Indicator

CHARGE STATE CHG BEHAVIOR
New Charge Cycle in progress Low (first charge cycle)
Charging suspend by TS fault High-Impedance (recharge cycles)

Charging suspended by thermal loop
New Cycle Charge Done

Recharge Cycle after Termination

Timer Fault High-Impedance

No Valid Supply

No Battery Present
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APPLICATION INFORMATION
OUTPUT INDUCTOR AND CAPACITOR SELECTION GUIDELINES

When selecting an inductor, several attributes must be examined to find the right part for the application. First,
the inductance value should be selected. The bq2416x is designed to work with 1.5uH to 2.2pH inductors. The
chosen value will have an effect on efficiency and package size. Due to the smaller current ripple, some
efficiency gain is reached using the 2.2puH inductor, however, due to the physical size of the inductor, this may
not be a viable option. The 1.5uH inductor provides a good tradeoff between size and efficiency.

Once the inductance has been selected, the peak current must be calculated in order to choose the current
rating of the inductor. Use Equation 8 to calculate the peak current.

YoRIPPPLE j

lpEak = lLoaD(MAX) % [1 + 5

®

The inductor selected must have a saturation current rating higher than the calculated logac. Due to the high
currents possible with the bq2416x, a thermal analysis must also be done for the inductor. Many inductors have
40°C temperature rise rating. This is the DC current that will cause a 40°C temperature rise above the ambient
temperature in the inductor. For this analysis, the typical load current may be used adjusted for the duty cycle of
the load transients. For example, if the application requires a 1.5A DC load with peaks at 2.5A for 20% of the
time, a A40°C temperature rise current must be greater than 1.7A:

ltemprise = lLoap + D % (Ipeak — lLoap) =1.5A+0.2x (25A-15A) =17 A

The bg2416x provides internal loop compensation. Using this scheme, the bq2416x is stable with 10uF to 200uF
of local capacitance. The capacitance on the SYS rail can be higher if distributed amongst the rail. To reduce the
output voltage ripple, a ceramic capacitor with the capacitance between 10uF and 47uF is recommended for
local bypass to SYS. A 47uF bypass capacitance on SYS is recommended to optimize the transient response.

PCB LAYOUT GUIDELINES

It is important to pay special attention to the PCB layout. Figure 26 provides a sample layout for the high current
paths of the bq2416x.

I A——
™ IN PMIDI - b 153 ©
S B
* TR * .
AL o bt OO ey
- 1
.
Y ¥
*
* +
.I
2 -
* sw YS o,
WCSP Layout QFN Layout

Figure 26. Recommended bq2416x PCB Layout
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The following provides some guidelines:

To obtain optimal performance, the power input capacitors, connected from the PMID input to PGND, must be
placed as close as possible to the bq2416x

The layout between BAT and the positive connector of the battery should be as short as possible to minimize
resistance and inductance. If the parasitic inductance is expected to be significant, the bypass capacitance on
BAT should be increased.

Place 4.7uF input capacitor as close to PMID pin and PGND pin as possible to make high frequency current
loop area as small as possible. Place 1uF input capacitor GNDs as close to the respective PMID cap GND
and PGND pins as possible to minimize the ground difference between the input and PMID _.

The local bypass capacitor from SYS to GND should be connected between the SYS pin and PGND of the
IC. The intent is to minimize the current path loop area from the SW pin through the LC filter and back to the
PGND pin.

Place ISET and ILIM resistors very close to their respective IC pins.

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

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

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

For high-current applications, the balls for the power paths should be connected to as much copper in the
board as possible. This allows better thermal performance as the board pulls heat away from the IC.

26
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WCSP PACKAGE

PACKAGE SUMMARY

CHIP SCALE PACKAGE
(Top Side Symbol For bg24165)

TIYMLLLLS
bq24165

d E [ -
/’ \ s \\ / \\ /’ A\ // \\ // \\ /, \\
! \ ’ \ / A vt ! N \
711 I ;A ;o ' J ;A }
\\ \\ 4 \\ / \\ / \\ / \\ ’ \\ /
S \‘_,’ T \-_// S \__,’ \‘_f/
1 \ ! Y / 7 v vl A A
61 I X il 3 ;i J |
\\s - ! \\\ ,’/ \\‘ - g \\s - ! \\s - ’ \\‘ /’/ \\\ r’/
5 ! \ I N7 A v s v\ \
\ Vo | I L H 'l !
\ ! \ ) \ ! N ! N / \ J \ /
S S S S S~ ~eo-” N
s ™, - / \ /’ A\ // ™ // \\ e \\
/7 Y 7 ! o vt L o \
41 ¢ I i I ! I I / D
\\ \ \\ / \\ / \\ / \\ ’ \\ /
N N~ SN \__,’ \‘_,' N~ \‘_f/
7 \ ! \ /7 A v vt A A
3|1 ;o ;A J 3 ;i it )
\\s - ! \\\ ,’/ \\‘ - g S ! \\s /// \\‘ - 4 \\\ - 4
/’ \ / \\ / \\ /’ \ /’ \\ // \\ ’ \\
! \ I N7 A N T N \
2|t I I il 1 7 ;A J
\, s\ S AN VR VZEAN S N s\ v
/’ \ / \\ / /’ A\ /’ \\ /’ \\ ’ \\
11 ¢ Y i il Pl Pl I }

CHIP SCALE PACKAGING DIMENSIONS

O - Pin A1 Marker

Tl -Texas Instruments Letters
YM - Year Month Date Code
LLLL - Lot Trace Code

S - Assembly Site Code

The bg2416x devices are available in a 49-bump chip scale package (YFF, NanoFreeTM).

The package dimensions are:
e D =278mm +£0.05mm
e E =2.78mm +0.05mm
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REVISION HISTORY

Changes from Original (December 2011) to Revision A Page
* Changed in ELECTRICAL CHARACTERISTICS, in row V|y_ppm_use: Min, typ, max columns, from 4.55 to 4.35, 4.68

t0 4.44 and 4.77 10 4.52 (had DEeN CRANGEA) ...coooi ittt e e e ettt e e e e et bt e e e e e anbae e e e e sanneeeaeean 5
e Changed I jyr MAX fTOM 2.5 A 10 5.6 A .ottt b e et e bt e b et e et bt e s bt e br e e e bb e s e bree s 5
¢ Changed Table 1, last column, @ll 4.68 V 10 4.44 V .......coo ittt e e st e e e e st e e e e st e e e e s saraeeas 17
Changes from Revision A (March 2012) to Revision B Page
L Vo [0 [=To B o U022 T O T TP O PP UPPPPI 23
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (4/5)
(6)

BQ24165RGER ACTIVE VQFN RGE 24 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ R
24165 _—

BQ24165RGET ACTIVE VQFN RGE 24 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ Samnles
24165 _—

BQ24165YFFR ACTIVE DSBGA YFF 49 3000 RoOHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24165 Samples

BQ24165YFFT ACTIVE DSBGA YFF 49 250 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24165 Samples

BQ24166RGER ACTIVE VQFN RGE 24 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ T
24166 _—

BQ24166RGET ACTIVE VQFN RGE 24 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ Samnles
24166 _—

BQ24166YFFR ACTIVE DSBGA YFF 49 3000 RoOHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24166 Samples

BQ24166YFFT ACTIVE DSBGA YFF 49 250 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24166 Samples

BQ24167RGER ACTIVE VQFN RGE 24 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ Samnles
24167 L

BQ24167RGET ACTIVE VQFN RGE 24 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ Samnles
24167 R

BQ24167YFFR ACTIVE DSBGA YFF 49 3000 RoOHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24167 Samples

BQ24167YFFT ACTIVE DSBGA YFF 49 250 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24167 Samples

@ 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
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Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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.

© ead finish/Ball material - Orderable Devices 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 29-Jul-2020
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 [ KO [+—P1—»
Y R P T
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
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O oﬁSprocketHoles
|
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)
BQ24165RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
BQ24165RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24165YFFR DSBGA YFF 49 3000 180.0 8.4 293 | 293 | 0.81 4.0 8.0 Q1
BQ24165YFFT DSBGA YFF 49 250 180.0 8.4 293 | 293 | 0.81 4.0 8.0 Q1
BQ24166RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24166RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24166YFFR DSBGA YFF 49 3000 180.0 8.4 293 | 293 | 0.81 4.0 8.0 Q1
BQ24166YFFT DSBGA YFF 49 250 180.0 8.4 293 | 293 | 0.81 4.0 8.0 Q1
BQ24167RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24167RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24167YFFR DSBGA | YFF 49 3000 180.0 8.4 293 | 293 | 081 | 4.0 8.0 Q1
BQ24167YFFT DSBGA YFF 49 250 180.0 8.4 293 | 293 | 0.81 4.0 8.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 29-Jul-2020
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ24165RGER VQFN RGE 24 3000 367.0 367.0 35.0
BQ24165RGET VQFN RGE 24 250 210.0 185.0 35.0
BQ24165YFFR DSBGA YFF 49 3000 182.0 182.0 20.0
BQ24165YFFT DSBGA YFF 49 250 182.0 182.0 20.0
BQ24166RGER VQFN RGE 24 3000 367.0 367.0 35.0
BQ24166RGET VQFN RGE 24 250 210.0 185.0 35.0
BQ24166YFFR DSBGA YFF 49 3000 182.0 182.0 20.0
BQ24166YFFT DSBGA YFF 49 250 182.0 182.0 20.0
BQ24167RGER VQFN RGE 24 3000 367.0 367.0 35.0
BQ24167RGET VQFN RGE 24 250 210.0 185.0 35.0
BQ24167YFFR DSBGA YFF 49 3000 182.0 182.0 20.0
BQ24167YFFT DSBGA YFF 49 250 182.0 182.0 20.0

Pack Materials-Page 2



MECHANICAL DATA

YFF (R—XBGA—N49) DIE—-SIZE BALL GRID ARRAY
B] E > 2,40
4>‘ 0,40
G@®®$®®@ -
FlODDDDDD
| PODDDD®D
0 -B-D-D P DD+ [
ClDDDDPDDDD
B@@®§®®®—L
Al DD | ® D .
f 1 2 3 4 5 6 7 x
PIN A1 Bottom View
INDEX AREA 49X¢%%
(€% 0,015@[C]A[B]
0,30
0,12
06254MAX| |
Ty OO0 000000 0O— SEATING PLANE

4207625-16/A0 12/13

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.
C. Nanofree™ package configuration.

NanoFree is a trademark of Texas Instruments.
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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.

4204104/H

13 TEXAS
INSTRUMENTS



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.

INSTRUMENTS

www.ti.com




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..
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