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5 Device Comparison

Ron (typ) at QUICK MAXIMUM
DEVICE VIN = 3.3V, OUTPUT OUTPUT ENABLE
VBIAS =5V DISCHARGE CURRENT
TPS22968 25 mQ Yes 4 A Active High
TPS22968N 25 mQ No 4 A Active High
6 Pin Configuration and Functions
DPU PACKAGE
14-Pin WSON DPU PACKAGE
Top View 14-Pin WSON
Bottom View
1 ]
VINL [Z7 . Yourt 1 1
[ ! Ln- VOUT1 VIN1
VIN1 I | L—] VouT1
_ | Do VOUT1 VIN1
ONL L _,! | —jCTl
! = CT1 ON1
VBIAS | _ ! | __]GND
_. ! R GND VBIAS
ON2 [ _7 ! | o_jcT2
! e CT2 ON2
VIN2 [ ! 1 . vouT2
I VOUT2 VIN2
VIN2 [ _) . _| vourt2
VOUT2 VIN2
Pin Functions
PIN
1/0 DESCRIPTION
NO. NAME
VIN1 | Switch 1 input. Bypass this input with a ceramic capacitor to GND
3 ON1 | Active-high switch 1 control input. Do not leave floating
4 VBIAS | Bias voltage. Power supply to the device. Recommended voltage range for this pin is 2.5 V to 5.5
V. See the VIN and VBIAS Voltage Range section
5 ON2 | Active-high switch 2 control input. Do not leave floating
6
p VIN2 [ Switch 2 input. Bypass this input with a ceramic capacitor to GND
8 .
9 VOuUT2 O | Switch 2 output
10 CT2 O | Switch 2 slew rate control. Can be left floating
11 GND — | Ground
12 CT1 O | Switch 1 slew rate control. Can be left floating
13 .
" VOUT1 O | Switch 2 output
__ | Thermal pad (exposed center pad) to alleviate thermal stress. Tie to GND. See the Application
15 Thermal Pad Information section for layout guidelines

Copyright © 2014-2017, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
Over operating free-air temperature (unless otherwise noted)®

MIN MAX | UNIT @
VN2 Input voltage -0.3 6 \%
VBias Bias voltage -0.3 6 \%
Vour12 Output voltage -0.3 6 \%
Voni2  ON voltage -0.3 6 \%
Imax Maximum continuous switch current per channel, Tp = 30 °C 4 A
IpLs Maximum pulsed switch current, pulse < 300 ps, 2% duty cycle 6 A
T, Maximum junction temperature 125 °C
Tstg Storage temperature —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.

(2) All voltage values are with respect to network ground terminal.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 @ +2000
V(esp) Electrostatic discharge - — \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

7.3 Recommended Operating Conditions

MIN MAX| UNIT
Vin1,2 Input voltage 0.8 Vgias \%
Vgias Bias voltage 25 55 \%
Voni,2 ON voltage 0 55 \%
Vouri,2 Output voltage VN \%
Vin, on1,2  High-level input voltage, ON1,2 Vgias =25Vto55V 1.2 55 \%
ViL, ont2  Low-level input voltage, ON1,2 Vgias =25V to55V 0 0.5 \%
Cin2 Input capacitor 1@ F
Ta Operating free-air temperature @ -40 105 °C

(1) See the Application Information section.
In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature [Tamax)] iS dependent on the maximum operating junction temperature [T ymax)], the

maximum power dissipation of the device in the application [Ppmayx)], and the junction-to-ambient thermal resistance of the part/package
in the application (Rqj4), as given by the following equation: Tamax) = Timax) — (Resa % Pp(max))-

@

7.4 Thermal Information

TPS22968
THERMAL METRIC @ @ DPU (WSON) UNIT
14 PINS
Reaa Junction-to-ambient thermal resistance 62.5 °C/IW
Roscop)  Junction-to-case (top) thermal resistance 70.2 °C/IW
Reis Junction-to-board thermal resistance 23.2 °C/IW
Vot Junction-to-top characterization parameter 25 °C/IW

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

report.

(2) For thermal estimates of this device based on PCB copper area, see the TI PCB Thermal Calculator.

4
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Thermal Information (continued)

TPS22968
THERMAL METRIC @ @ DPU (WSON) UNIT
14 PINS
ViR Junction-to-board characterization parameter 23.2 °C/IW
Roscpoyy  Junction-to-case (bottom) thermal resistance 9 °C/IW

7.5 Electrical Characteristics (Vgias =5 V)

Unless otherwise noted, the specification in the following table applies over the operating ambient temperature
—40°C < T, < +105°C (full) and Vgas =5 V. Typical values are for T, = 25°C (unless otherwise noted).

PARAMETER | TEST CONDITIONS \ Ta | MmN TYP  MAX[ UNIT
POWER SUPPLIES AND CURRENTS
Vaias quiescent current (both louts = lout2 = 0, Vin1,2 = Voni2 = Veias =5 V —40°C to +105°C 55 70 HA
| channels)
Q. vBIAS - -
Vaias quiescent current (single loutt = lout2 = 0, Vonz = 0V, Vin12 = Voni = Vaias = _40°C t0 +105°C 55 68| pA
channel) 5V
Isp, vBias Vgias shutdown current Voni2 =0V, Vour12 =0V —40°C to +105°C 1 2 HA
—40°C to +85°C 0.5 8
Ving2 =5V
—40°C to +105°C 10
—40°C to +85°C 0.1 3
Ving2 =33V
' —40°C to +105°C 4
Vi1 2 shutdown current (per _ _ _ —40°C to +85°C 0.07 2
| : V, =0V,V =0V V =18V
SD.VINL2  channel) ON1.2 ouTL2 INL2 20°C 10 +105°C 3 HA
—40°C to +85°C 0.05 1
Vingo = 1.2V
' —40°C to +105°C 2
—40°C to +85°C 0.04 1
Ving2 = 0.8V
' —40°C to +105°C 2
loni2 ON pin input leakage current Von =55V —40°C to +105°C 0.1 HA
RESISTANCE CHARACTERISTICS
25°C 27 36
V=5V —40°C to +85°C 40| mQ
—40°C to +105°C 42
25°C 25 34
Vin=33V —40°C to +85°C 38 mQ
—40°C to +105°C 40
25°C 25 34
V=18V —40°C to +85°C 38| mo
= = —40°C to +105°C 40
Ron On-state resistance lour _200 MA, Veias =5 V
Voni2=5V 25°C 25 34
V=15V —40°C to +85°C 38| mo
—40°C to +105°C 40
25°C 25 34
V=12V —40°C to +85°C 38| mo
—40°C to +105°C 40
25°C 25 34
Vin=0.8V —40°C to +85°C 38 mQ
—40°C to +105°C 40
Rpp @ Output pulldown resistance ViN=5V,Vony =0V, lgyr = 10 mA —40°C to +105°C 270 320 Q

(1) TPS22968 only.

Copyright © 2014-2017, Texas Instruments Incorporated 5
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7.6 Electrical Characteristics (Vgas =2.5V)

Unless otherwise noted, the specification in the following table applies over the operating ambient temperature
—40 °C £ T, < +105 °C (full) and Vg a5 = 2.5 V. Typical values are for T, = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS Ta MIN TYP MQ UNIT
POWER SUPPLIES AND CURRENTS
Vgias quiescent current (both _ _ _ _ _ o °
lout1 = lout2 = 0, Vint2 = Voni 2 = Vaias = 2.5 V —40°C to +105°C 18 27| pA
| channels) . ,
Q, VBIAS R R
Vgias quiescent current (single lout1 = lout2 = 0, Vonz = 0V, Vin12 = Voni = Veias = o o
channel) 25V —40°C to +105°C 18 27 HA
Isp, veias Vgias shutdown current Voni2 =0V, Vour12=0V —40°C to +105°C 0.5 2 HA
—40°C to +85°C 0.1 2
Vini2 =25V
—40°C to +105°C 4
—40°C to +85°C 0.07 2
Viniz =18V —40°C to +105°C 3
Ving,2 shutdown current (per _ _ o0+
'so, vina2 channel) Vonr.z =0V, Vours2 =0V —40°C to +85°C 0.05 1 bA
Vinez = 1.2V
' —40°C to +105°C 2
—40°C to +85°C 0.04 1
Viny2 = 0.8V
—40°C to +105°C 2
lon2 ON pin input leakage current Von =55V —40°C to +85°C 0.1 HA
RESISTANCE CHARACTERISTICS
25°C 30 39
V=25V —40°C to +85°C 44| mQ
—40°C to +105°C 46
25°C 28 36
V=18V —40°C to +85°C 41 mQ
—40°C to +105°C 43
25°C 28 36
Ron On-state resistance lour = 1200 MA, Veias = 2.5V Vin=15V —40°C to +85°C 41| mQ
VONl,Z =5V
—40°C to +105°C 43
25°C 27 36
V=12V —40°C to +85°C 41 mQ
—40°C to +105°C 43
25°C 26 35
Vin=0.8V —40°C to +85°C 39| mQ
—40°C to +105°C 41
Rpp @ Output pulldown resistance ViN=25V, Vony =0V, loyr = 10 mA —40°C to +105°C 270 320 Q

(1) TPS22968 only.

6 Copyright © 2014-2017, Texas Instruments Incorporated
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7.7 Switching Characteristics

PARAMETER | TEST CONDITION MIN  TYP MAX| UNIT
ViN = Von = Vgias =5V, Ta =25 °C (unless otherwise noted)
ton Turnon time R, =10 Q, C. =0.1 pF, CT = 1000 pF 1128
torr Turnoff time R =10Q, C_ =0.1 pyF, CT = 1000 pF 5
tr Vour rise time R =10Q, C_ =0.1 pyF, CT = 1000 pF 1387 us
te Vour fall time R.=10Q, C_ = 0.1 yF, CT = 1000 pF 2
to ON delay time R.=10Q, C_ = 0.1 yF, CT = 1000 pF 455
ViN=0.8V, Von =Vgias =5V, Tp =25 °C (unless otherwise noted)
ton Turnon time R, =10 Q, C. = 0.1 pF, CT = 1000 pF 508
torr Turnoff time R =10Q, C_ =0.1 pyF, CT = 1000 pF 33
tr Vour rise time R =10Q, C_ =0.1 pyF, CT = 1000 pF 273 us
te Vour fall time R.=10Q, C_ = 0.1 yF, CT = 1000 pF 2
to ON delay time R =109, C_ = 0.1 yF, CT = 1000 pF 377
ViN=25V,Von =5V, Vgias = 2.5V, Tp = 25 °C (unless otherwise noted)
ton Turnon time R, =10 Q, C. =0.1 pF, CT = 1000 pF 1718
torr Turnoff time R =10Q, C_ =0.1 pyF, CT = 1000 pF 7
tr Vour rise time R =10Q, C_ =0.1 pyF, CT = 1000 pF 1701 us
te Vour fall time R.=10Q, C_ = 0.1 pyF, CT = 1000 pF 2
to ON delay time R, =109, C_ = 0.1 yF, CT = 1000 pF 859
ViN=0.8V,Von=5V, Vgias =25V, Tp =25 °C (unless otherwise noted)
ton Turnon time R, =10 Q, C. = 0.1 pF, CT = 1000 pF 1117
torr Turnoff time R =10Q, C_ =0.1 pyF, CT = 1000 pF 30
tr Vour rise time R =10Q, C_ =0.1 pyF, CT = 1000 pF 651 us
te Vour fall time R =109, C_ = 0.1 yF, CT = 1000 pF 2
to ON delay time R.=10Q, C_ = 0.1 pyF, CT = 1000 pF 775

7.8 Typical DC Characteristics

60 60
— -40°C — -40°C
— 25°C | ] — 25°C |
50 85°C Z 50 85°C Z
=z |— wsc > Z 2 |— 1w0sc / =
3 =5
= 40 = 40
2 / g
5 e z _——
@ // @ %%
2 | ——— 3 %/
8 20 = 8 20
S = S
o o
10 10
0 0
25 27 29 31 33 35 37 39 41 43 45 47 49 25 27 29 31 33 35 37 39 41 43 45 47 49
Bias Voltage (V) Bias Voltage (V)
ViNe = Vinz = VBias  Vour = Open ViNe=ViN2 =VBias  Vonz =0V
Voni =Vonz =5V Von1 =5V Vout = Open
1. Bias Voltage vs Quiescent Current 2. Bias Voltage vs Quiescent Current
(Both Channels) (Single Channel)
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Typical DC Characteristics (3#TF )

1.2 0.12
— -40°C — -40°C
— 25°C — 25°C
1 85°C ] 01 85°C
z — 105°C = z — 105°C
3 | — 3
= 08 = — = 0.08
3 06 — | 3 006
o . o . —
c |_— /// c
g ///j/ g
el el
5 04 2 0.04
& ] &
/
0.2 0.02 /
0 0 —————————
25 27 29 31 33 35 37 39 41 43 45 47 49 05 1 15 2 25 3 35 4 45 5
Bias Voltage (V) Input Voltage (V)
ViNt=ViN2=VBias  Vour=0V Veias =5V Vour =0V
Voni =Vonz =0V Voni =Vonz =0V
3. Bias Voltage vs Shutdown Current 4. Input Voltage vs Shutdown Current
(Both Channels)
34 29
L 28.5
32 272g
| .
& / L a 27 //;
£ 30 £ 26.5 7
w / 1 L g 26 —
= 28 — | 1 g 255 /’/
7] 3 25 o
? L —T — @ — VIN=5V
5{: " / /// &; 242;51 » uNzsY,
IS — VIN=25V I} P VIN=25V
/// — VIN=18V 25 7 — VIN=18V
2L VIN=15V B — VIN=15V
e — VIN=12V 225 7 — VIN=1.2V
— VIN=0.8V 227 — VIN=0.8V
22 215
40 -20 0 20 40 60 80 100 120 40 -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
VBlAS =25V VBlAS =5V
IOUT =-200 mA IOUT =-200 mA
5. Temperature vs On-Resistance 6. Temperature vs On-Resistance
34 32
— -40°C
— 31
32 — 25°C
L 30 85°C
__ 30 — —— __ 29| — 105°C =
g | — a L—1
— | — 28
% 28 % ”7 —|
5 26 —T 5 26
o — ° | —
¢ 2 — | g 25
@ @
o T s 24
o o
22 — _40°C 23 T
— 25°C 22 —1
20 85°C
— 105°C 2
18 20
08 1 12 14 16 18 2 22 24 26 08 12 16 2 24 28 32 36 4 44 48 52
Input Voltage (V) Input Voltage (V)
VBlAS =25V VBlAS =5V
| ouT = —-200 mA IOUT =-200 mA
7. Input Voltage vs On-Resistance 8. Input Voltage vs On-Resistance
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Typical DC Characteristics (3#TF )

13. Input Voltage vs Fall Time

280 25
— -40°C
— 25°C
_ 85°C >
% 275 | — 105°C
@ s
s Q15
T e g"
7 270 S
[v4 =
—— =] 1
5 —_ | g — VBIAS=25V
3 ¢} — VBIAS =33V
Z 265 VBIAS =3.6V
0.5 — VBIAS =42V
— VBIAS =5V
—— VBIAS=5.5V
260 0
25 2.9 33 3.7 4.1 45 4.9 05 0.6 0.7 0.8 0.9 1 1.1 1.2
Input Voltage (V) ON Voltage (V)
Veias =5V lout =1 mA Ta=25°C
VON =0V VIN =2V
9. Input Voltage vs Pulldown Resistance (TPS22968 Only) 10. ON Voltage vs Output Voltage
(Single Channel)
1200 550
— 40°C — -40°C
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1100 8o 500 85°C
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VBlAS =25V VBlAS =5V
CT=1nF CT=1nF
11. Input Voltage vs Delay Time 12. Input Voltage vs Delay Time
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14. Input Voltage vs Fall Time
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7.9 Typical AC Characteristics

Tek Stop Tek Stop
< <
ON1 ON1
5 : )
_|onz oz
B VvouT2 : X L VOouT2 . .
@ ooy 2 1.00ms 1.00WS/s @ : @ ooy 2 A00ps 2.50M5 /5 @ :
@ 200w @ coomy 10k points 2.52V @ 200w @ coomy 10k points 2.52V
Value Mean Min hax Std Dev Value Mean Min hax Std Dev
-2 1.144ms 1.138m 1.127m 1.144m 9.020p H -2 515.1ps 51504 513.0 516.80 1939 H
2 13 Dec 2013 13 Dec 2013
& 1.086ms 1.086m 1.084m 1.088m 1.9864 03: 56: 49 & 504508 5031 500,64 504,50 2,045 04: 00: 17
@ Fise Time 619.7ps 524.5u 519.71 63170 6.3400 @ Fise Time 270.2ps 2668 25741 27020 7.3010
V|N =08V VBlAS =25V ClN =1 HF V|N =08V VBlAS =5V ClN =1 HF
R =100 CL=0.1pF R =100 CL=0.1pF
21. Turnon Response Time 22. Turnon Response Time
Ll“el('StOP Ll"el('Stop
o
+ Al
ONA / »
2 2
_fone _fone
BFo0Ts VoUT2
@ 20 2 1.00ms 1.00MS/s @ / @ 20 2 1.00ms 1.00MS/s @ /
@ 200y @ 200y 10k points 252V : @ 200y @ 200y 10k points 252V :
Value Mean in helax Stel Dey Value Mean in helax Stel Dey
-2 1.752ms 1.751m 1.736m 1.763m 13.71p L - -2 1.160ms 1.160m 1.154m 1.167m 6.570u L -
2 13Dec 2013 2 13Dec 2013
@@/  1.673ms 1.679m 1.661m 1.707m 24,06 03: 59: 07 @@/ 1.12%ms 1.122m 1.111m 1.129m 9,602 04: 03: 42
@ Fise Time 1.685ms 1.658m 1.587m 1.685m 55174 @ Fise Time 1.363ms 1.364m 1.356m 1.365m 6.691p
VIN =25V VBIAS =25V ClN =1 HF VIN =5V VBIAS =5V ClN =1 HF
R =100 CL=0.1pF R, =100 CL=0.1pF
23. Turnon Response Time 24. Turnon Response Time
Tel Stop. Tel Stop
ON1 ON1
+ +
2 -
ON2 ON2
VOouT2 VouT2
B - : B - :
@ o0V 2 10045 10.0MS/s @ 2 10045 10.0MS/s @
@ >.o0v @ coomy 10k points 2.52 W @ coomy 10k points 2.52 W
Value Mean Min I Std Dev : Value Mean Min I Std Dev :
2
@2 30.42ps 30,43 30,420 30,431 §.918n 13 Dec 2013 33.02us 32,99 32,96 33.0214 44.55n 13 Dec 2013
@l Time 2.300us 2,357 2,300 2.4130 50,280 03: 56: 59 2.380us 2,388 2,390 2.397u 12.17n 04: 00: 27
@@ - 067 30651 30,641 30674 20.65n 33.31ps 33.30p 33.28u 33.31p 24.67n
Vin=08V Vgias = 2.5V Cn=1uF Veias =5V Cn=1uF
R.=10Q C_ =01 MHF C_ =01 MHF

25. TurnOff Response Time

26. Turnoff Response Time
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Typical AC Characteristics (3T )

Telestop . = — m— — _ Tekgiop
ON1 : : ON1
= ON2 B On2
e N oyt N A
vouT2 \ \\ \\
¥ : . B
@ 20 2 2,005 500MS/s @ @ 20 2 2,005 500MS/s @
@ 200y @ 200y 10k paints 252V : - @ 200y @ 200y 10k paints 252V :
Value Mean Min helax St Dey : Value Mean Min helax St Dey
2 - - 2 - -
@ -2 786715 7.860p 7.852n 78671 10.56n 13 Dec 2013 @ -2 5.654us 5.664p 5.654p 5.6751 14.85n 13 Dec 2013
@l Time 1.681s 1.668 16550 16813 18.94n 03:59: 18 @l Time 1.869s 1.864p 1860 1,869 6.918n 04: 03: 53
@ @ 7.820us 7.0 7.795 7.8200 24.58n @ @ 5.622.  5.6L3 5,604 5.6220 13.14n
VIN =25V VBIAS =25V ClN =1 LIF VIN =5V VBIAS =5V ClN =1 LIF
R.=10Q CL=0.1pF R.=10Q CL=0.1pF
27. Turnoff Response Time 28. Turnon Response Time
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8 Parameter Measurement Information

SR

VIN VOUT

Cw = 1pF _|
VBIAS CTL,2

1 —~ Cu
—_
ON ON

GND

_m TPS22968x

— GND — — OFF — — GND

VON

Single channel shown for clarity.

TEST CIRCUIT

Vour

TIMING DIAGRAMS

A. Rise and fall times of the control signal is 100 ns.

29. Test Circuit and Timing Waveforms

Copyright © 2016, Texas Instruments Incorporated
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9 Detailed Description

9.1 Overview

The TPS22968 is a 5.5-V, 4-A, dual-channel ultra-low Rgy load switch with controlled turnon. The device
contains two N-channel MOSFETs. Each channel can support a maximum continuous current of 4 A and is
controlled by an on and off GPIO-compatible input. The ON pin must be connected and cannot be left floating.
The device is designed to control the turnon rate and therefore the inrush current. By controlling the inrush
current, power supply sag can be reduced during turnon. The slew rate for each channel is set by connecting a
capacitor to GND on the CT pins.

The slew rate is proportional to the capacitor on the CT pin. See the Adjustable Rise Time section to determine
the correct CT value for a desired rise time.

The internal circuitry is powered by the VBIAS pin, which supports voltages from 2.5 V to 5.5 V. This circuitry
includes the charge pump, QOD (optional), and control logic. For these internal blocks to function correctly, a
voltage between 2.5 V and 5.5 V must be supplied to VBIAS.

When a voltage is supplied to VBIAS, the ON1 pin goes low, and the ON2 pins go low, the QOD turns on. This
connects VOUT1 and VOUT2 to GND through an on-chip resistor. The typical pulldown resistance (Rpp) is
270 Q.

9.2 Functional Block Diagram

VIN1

ON1 Control Logic R—»—{
<

CT1

— VOuUT1

[
L~
|
[

Not Present in
L _TPS22968N __

GND
VBIAS Charge Pump

Not Present in
L _TPS22968N |

— VOuT2

CT2

ON2 Control Logic D—»—{

VIN2

Copyright © 2017, Texas Instruments Incorporated
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9.3 Feature Description

9.3.1 ON and OFF Control

The ON pins control the state of the switch. Asserting ON high enables the switch. ON is active high and has a
low threshold, making it capable of interfacing with low-voltage signals. The ON pin is compatible with standard
GPIO logic threshold. It can be used with any microcontroller with 1.2 V or higher GPIO voltage. This pin cannot
be left floating and must be tied either high or low for proper functionality.

9.3.2 Input Capacitor (Optional)

When the switch turns on into a discharged load capacitor or short-circuit, a capacitor must be placed between
VIN and GND to limit the voltage drop on the input supply caused by transient inrush currents. A 1-uF ceramic
capacitor (Cyy), placed close to the pins, is sufficient. Higher values of Cy can be used to further reduce the
voltage drop during high-current application. When switching heavy loads, Tl recommends having an input
capacitor 10x higher than the output capacitor to avoid excessive voltage drop.

9.3.3 Output Capacitor (Optional)

TI highly recommends a C,y greater than C,, because of the integrated body diode in the NMOS switch. A C,
greater than C,y can cause the voltage on VOUT to exceed VIN when the system supply is removed. This could
result in current flow through the body diode from VOUT to VIN. Tl recommends a Cy to C, ratio of 10 to 1 for
minimizing Vg dip caused by inrush currents during startup.

9.3.4 QOD (Optional)

The TPS22968 includes a QOD feature. When the switch is disabled, a discharge resistor is connected between
VOUT and GND. This resistor has a typical value of 270 Q and prevents the output from floating while the switch
is disabled.

9.3.5 VIN and VBIAS Voltage Range

For optimal Roy performance, make sure V)y < Vgas- The device is still functional if Viy > Vpas, but it exhibits
Ron greater than what is listed in the Electrical Characteristics (Vgas = 5 V) and Electrical Characteristics (Vgjas
= 2.5 V) table. See 30 for an example of a typical device. Notice the increasing Roy as Viy exceeds Vgas
voltage. Be sure to never exceed the maximum voltage rating for V|5 and Vgas.

50 T
— VBIAS =25V
475] — vBIAS =33V
45 VBIAS = 3.6 V
_ aps|— VBIAS=42V /
g 4% — vBIAS=5V /
E  40|— vBIAS=55V
Q
g 375
8
2 35
Q
T 325
S a0 ~
2‘5 e e e e e
225
08 12 16 2 24 28 32 36 4 44 48 52 56
Input Voltage (V)
-— o -—
Temperature = 25°C lout = 200 MA

30. On-Resistance vs Input Voltage
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Feature Description (3T )

9.3.6 Adjustable Rise Time
A capacitor to GND on the CT pins sets the slew rate for each channel. The capacitor to GND on the CT pins
must be rated for 25 V and above. An approximate formula for the relationship between CT and slew rate with
VBlAS =5 Vs shown in /L}ﬁ 1.
SR =0.32 x CT + 13.7
where
e SRis the slew rate (in ps/V)

e CT is the capacitance value on the CT pin (in pF)
e The units for the constant 13.7 is in ps/V. (2)

Rise time can be calculated by multiplying the input voltage by the slew rate. & 1 contains rise time values
measured on a typical device.

3 1. Rise Time Table

) Typical values at 25°C with a 25-V X7R 10% ceramic capacitor on CT ¥
VIN=5V |VIN=33V|VIN=25V|VIN=18V|VIN=15V|VIN=12V |[VIN=0.8V

0 65 48 41 35 31 29 24

220 378 253 197 152 131 111 83
470 704 474 363 272 234 192 140
1000 1387 931 717 544 449 372 273
2200 3062 2021 1536 1173 991 825 595
4700 7091 4643 3547 2643 2213 1828 1349
10000 14781 9856 7330 5507 4600 3841 2805

(1) RISE TIME (IJS) 10% - 90%, C,. = 0.1 MF, Cn=1 UF, R = 10 Q, Veias =5V

9.4 Device Functional Modes
#k 2 lists the device function table.

3R 2. Functional Table

ONXx VINX to VOUTx VOUTX to GND
L Off On
H On Off

16 MY © 2014-2017, Texas Instruments Incorporated
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10 Application and Implementation

x

/:

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

10.1 Application Information

This section highlights some of the design considerations for implementing this device in various applications. A
PSPICE model for this device is also available on the product page for additional information.

10.1.1 Parallel Configuration

To increase the current capabilities and lower the Roy by approximately 50%, both channels can be placed in
parallel as shown in 31 (parallel configuration). With this configuration, the CT1 and CT2 pins can be tied
together to use one capacitor, CT, as shown in 31. With a single CT capacitor, the rise time is half of the
typical rise-time value. Refer to the ¥ 1 for typical timing values.

VBIAS
Power VIN1 VOUT1 System
Source Module
ON1 CcT1
TPS22968
VIN2 VOUT2
ON2
ucC GPIO CT2
GND

31. Parallel Configuration
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Application Information (#T R)
10.1.2 Standby Power Reduction

Any end equipment that is powered from the battery has a need to reduce current consumption to keep the
battery charged for a longer time. TPS22968 helps to accomplish this by turning off the supply to the modules
that are in standby state, and therefore, significantly reduces the leakage current overhead of the standby
modules. See B 32.

Always ON

Module
; VBIAS
Power VIN1 T VOUT1
Source
TPS22968
ON1 cT

uC GPIO

GND j - Standby
Module

Single channel shown for clarity. — —

32. Standby Power Reduction

10.1.3 Power Supply Sequencing Without a GPIO Input

In many end equipments, there is a need to power up various modules in a predetermined manner. The
TPS22968 can solve the problem of power sequencing without adding any complexity to the overall system. See
33.

uC GPIO |
VBIAS
Power VIN1 -|- VOUT1
Source T —— @ — Module 1
ONT1 cT1
A
TPS22968 L
Power VIN2 VOUT2 L | Module 2 -
Source
ON2
CT2 -
GND

VIN1 must be greater V.

33. Power Sequencing Without a GPIO Input
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Application Information (#T R)
10.1.4 Reverse Current Blocking

In certain applications, it may be desirable to have reverse current blocking. Reverse current blocking prevents
current from flowing from the output to the input of the load switch when the device is disabled. With the following
configuration, the TPS22968 can be converted into a single-channel switch with reverse current blocking. In this
configuration, VIN1 or VIN2 can be used as the input and VIN2 or VINL1 is the output. See & 34.

VBIAS
Power VIN1 T VOUT1
Source
ON1 cT1
TPS22968
System VIN2 VOUT2
N
Module
ON2
o CT2
GND
uC GPIO I

34. Reverse Current Blocking
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10.2 Typical Application

This application demonstrates how the TPS22968 can be used to power downstream modules with large
capacitances. The example in B 35 TPS22968 is powering a 100-uF capacitive output load.

Vint Vour
Dual Power Cin 4L ON ON1 T CT1 c R
Supply OFF cr2 L
= BinS
Or
— GND
Dual DC/DC
converter Vourz =
ON LT
Cin ON2 Co Ru
iﬁ OFF GND
- TPS22968x i

= — GND
Copyright © 2016, Texas Instruments Incorporated

35. Typical Application Schematic for Powering a Downstream Module

10.2.1 Design Requirements
For this design example, use the following & 3 as the input parameters.

% 3. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
VN 33V
Veias 5V
Load current 4 A
Output capacitance (C) 22 uF
Allowable inrush current on VOUT 0.33A

10.2.2 Detailed Design Procedure

To begin the design process, the designer must know the following:
e V) voltage

* Vpas Voltage

» Load current

e Allowable inrush current on VOUT due to C; capacitor

10.2.2.1  VIN to VOUT Voltage Drop

The VIN to VOUT voltage drop in the device is determined by the Rgy of the device and the load current. The
Ron of the device depends upon the Vg and Vg as conditions of the device. Refer to the Ry specification of the
device in the Electrical Characteristics (Vgas = 5 V) and Electrical Characteristics (Vgias = 2.5 V) . After the Rpoy
of the device is determined based upon the V,y and Vgas conditions, use A3 2 to calculate the VIN to VOUT

voltage drop:
AV = ILOAD X RON

where
e AV is the voltage drop from VIN to VOUT
* |l onp is the load current
* Rgy is the On-resistance of the device for a specific V,y and Vgas combination

)

An appropriate |, oap Must be chosen such that the Iy ax specification of the device is not violated.

10.2.2.2 Inrush Current

To determine how much inrush current is caused by the C, capacitor, use 223 3.
dVour
dt

nrusH = Cp x

where

20 MY © 2014-2017, Texas Instruments Incorporated
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*  Iinrush is the amount of inrush caused by C,

e C_is the capacitance on VOUT

e dtis the time it takes for change in Vgt during the ramp up of VOUT when the device is enabled

e dVgur is the change in Vgt during the ramp up of VOUT when the device is enabled 3

The device offers adjustable rise time for VOUT. This feature allows the user to control the inrush current during
turnon through the CTx pins. The appropriate rise time can be calculated using the design requirements and the
inrush current equation ( ‘A3 3). See A% 4 and AR 5.

330 MA =22 uF x 3.3V /dt 4
dt = 220 ps ©)
To ensure an inrush current of less than 330 mA, choose a CT based on 3 1 or 243 1 value that yields a rise

time of more than 220 ps. See the oscilloscope captures in the Application Curves for an example of how the CT
capacitor can be used to reduce inrush current. See % 1 for correlation between rise times and CT values.

An appropriate C; value must be placed on VOUT such that the Iyax and Ip, g specifications of the device are not
violated.

10.2.2.3 Thermal Considerations

The maximum IC junction temperature must be restricted to 125°C under normal operating conditions. To
calculate the maximum allowable dissipation, Ppmay) for a given output current and ambient temperature, use 2

= 6.
_ TJ(MAX) - TA

P, =
(MAX)

RBJA

where

*  Pp(may is the maximum allowable power dissipation

*  Tymay iS the maximum allowable junction temperature (125°C for the TPS22968)

e T, is the ambient temperature of the device

* Ry is the junction to air thermal impedance. See the Thermal Information table. This parameter is highly

dependent upon board layout. (6)

2% 7to 24 10 and 23 11 to 243 13 show two examples to determine how to use this information correctly:

For Vgias = 5V, V|y = 5 V, the maximum ambient temperature with a 4-A load through each channel can be
determined by using A% 7 to 243 10:

Pp = I2 x R x 2 (multiplied by 2 because there are two channels) )
T -T
2xI> xR = JMAX) A
Resa ®)
Ta = Tymax) — Rosa X 2 X I>x R ©)]
T =125°C — 62.5°C/W x 2 x (4 A)? x 27 mQ = 71°C (10)

For Vgias =5V, Viy = 5V, the maximum continuous current for an ambient temperature of 85°C with the same
current flowing through each channel can be determined by using 23 11 to A3 13:

2><|2 <R = TJ(MAX) _TA

Rein (12)
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| = TJ(MAX) B TA

2x R x Rya (12)
| = 125°C —105°C =3.44 A per channel

2x27mQ x 62.5°C/ W (13)

10.2.3 Application Curves

The twp scope captures show the usage of a CT capacitor in conjunction with the device. A higher CT value
results in a slower rise and a lower inrush current.

Tek Run . Trig'_d Tek Run .

Trig'_d

\ A~
- N | [ T~

o)

@fiouT

2 40.0ps 250M5/s 2 7 L ] 2 100us 100M5/5 2 7 L ]
@ 1.00v @ 200mA Q% 100k points  2.60V @ 1.00v @ 200mA Q% 100k points  2.60V

@D Rise Time 58.59us @D Rise Time 224.3ps
@ Amplitude  848maA @ Amplitude  328mA

VBIAS =5V VIN =33V Ta=25°C VBIAS =5V VIN =33V Ta=25°C
CT = Open CT = 220 pF

36. Inrush Current Without CT Capacitor 37. Inrush Current With CT = 220 pF
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11 Power Supply Recommendations

The device is designed to operate from a Vgag range of 2.5 V to 5.5 V and V,y range of 0.8 V to 5.5 V. This
supply must be well regulated and placed as close to the device pin as possible with the recommended 1-uF
bypass capacitor. If the supply is located more than a few inches from the device pins, additional bulk
capacitance may be required in addition to the ceramic bypass capacitors. If additional bulk capacitance is
required, an electrolytic, tantalum, or ceramic capacitor of 10 uF may be sufficient.

12 Layout

12.1 Layout Guidelines

* VIN and VOUT traces must be as short and wide as possible to accommodate for high current.
» Use vias under the exposed thermal pad for thermal relief for high current operation.

* VINx pins must be bypassed to ground with low-ESR ceramic bypass capacitors. The typical recommended
bypass capacitance is 1-uF ceramic with X5R or X7R dielectric. This capacitor must be placed as close to the
device pins as possible.

« VOUTx pins must be bypassed to ground with low-ESR ceramic bypass capacitors. The typical
recommended bypass capacitance is one-tenth of the VINX bypass capacitor of X5R or X7R dielectric rating.
This capacitor must be placed as close to the device pins as possible.

« The VBIAS pin must be bypassed to ground with low-ESR ceramic bypass capacitors. The typical
recommended bypass capacitance is 0.1-yF ceramic with X5R or X7R dielectric.

« The CTx capacitors must be placed as close to the device pins as possible. The typical recommended CTx
capacitance is a capacitor of X5R or X7R dielectric rating with a rating of 25 V or higher.

12.2 Layout Example

VOUT1 capacitor

/

A

VIN1 capacitor

CT1 capacitor

CT2 capacitor

N\

~—

VOUT2 capacitor
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13.8 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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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 ©)
@ )

TPS22968DPUR Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 RB968
TPS22968DPUR.A Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 RB968
TPS22968DPUT Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 RB968
TPS22968DPUT.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 RB968
TPS22968DPUTG4 Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 RB968
TPS22968DPUTG4.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 RB968
TPS22968NDPUR Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 RB968N
TPS22968NDPUR.A Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 RB968N
TPS22968NDPUT Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 RB968N
TPS22968NDPUT.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 RB968N

@ 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 Tl RoHS Statement for additional information and value definition.

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
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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.
OTHER QUALIFIED VERSIONS OF TPS22968 :

o Automotive : TPS22968-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 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)
TPS22968DPUR WSON DPU 14 3000 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
TPS22968DPUT WSON DPU 14 250 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
TPS22968DPUTG4 WSON DPU 14 250 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
TPS22968NDPUR WSON DPU 14 3000 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
TPS22968NDPUT WSON DPU 14 250 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS22968DPUR WSON DPU 14 3000 210.0 185.0 35.0
TPS22968DPUT WSON DPU 14 250 210.0 185.0 35.0
TPS22968DPUTG4 WSON DPU 14 250 210.0 185.0 35.0
TPS22968NDPUR WSON DPU 14 3000 182.0 182.0 20.0
TPS22968NDPUT WSON DPU 14 250 182.0 182.0 20.0
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MECHANICAL DATA

DPU (R—PWSON—N14)

PLASTIC SMALL OUTLINE NO—LEAD

< 510
2,90
B
\

N
S
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PIN 1 INDEX AREA
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0,20 REF.

0,08 74{
o) x 4}{ 5 &SEATNG PLANE

0,00
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0,15 4y 265 $O.7@CA\B\
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EXPOSED THERMAL PAD — | m Y
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-

4211321/8

11/10

NOTES:

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

B. This drawing is subject to change without notice.

C. Small Outline No—Lead (SON) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
E. This package is Pb—free.
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THERMAL PAD MECHANICAL DATA

DPU (R—PWSON-N14) PLASTIC SMALL OUTLINE NO—-LEAD

THERMAL INFORMATION

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

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

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

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

1 7
0,90£0,10— w U U U LiJ
y
A V\\x
E d Th | Pad
m ﬂ ﬂ m (? Xpose ermal Pa
4 8

— 2,500,100 —p

Bottom View

Exposed Thermal Pad Dimensions

4211395/C  04/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DPU (R—PWSON—N14) PLASTIC SMALL OUTLINE NO—LEAD

Example Board Layout Example Stencil Design
0.125mm Stencil Thickness
(Note E)
Note D ——I 12x0,40 _—I |<—12x0,40
} | RO10 R0,10 0,25—= | I=—

1,30 ! 2075 2,75
2w O —- B — O 2w {2

[ o .
I T TN = T

"""" N D |<—14x0,20

/ s 667% solder coverage on center pad
/ N\
/ \.
1 A

Non Solder Mask N\
! Defined Pad AN
j e ~ \\ Center Pad Geometry
|~ N N
p \.
/ RO10 \, Solder Mask Opening , 2,50

(Note F) \

]

|
[ P

1 2x0,90
/@) 0,90
0,75 T 7~ Pad Geometry 1
\ 0,05 / (Note C)
\All around 7/ 3x90,30
4 y
N ,
\\ //
- -

4211454/C  04/15

NOTES: A. All linear dimensions are in millimeters.

. This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,

QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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