] Support & BTGP
Eocl)c(ij:rc t -!_. (l\)lgc\i\?r Documents ’ 4 gg?:jv;e Cl:)?npr(r)lunity — %§*+
i3 TEXAS
INSTRUMENTS TPS22975
JAJSCB5B —MAY 2016—-REVISED SEPTEMBER 2017
TPS22975 5.7V. 6A. 16mQA ViBHMATRAA vF
1 BE 3 H=E

TN s FrRIVEARRA v FENR
ANEEEHE: 0.6V~Vgas
VenasBEEB: 2.5V~5.7V
7 ABH(Ron)
— VIN =0.6V~5.7V, Vgps = 5.7VT

Ron = 16mQ (FZ YEf)
BRKEHRRAA v FEAM: 6A
EOEEER
— Vin = Vaias = SVIZBUWT37UA (FEYE(E)
FHEMAAR Ly a3l RIMEWN=D
1.2V, 1.8V. 2.5V, 3.3VAZ v U #{EMAATEE
B LY ESREZ SR AT RE
Y—<I- vy bFOor
4y EAMEQOD) (A7 aY)
Y—<I) - Ny REEEHL/ZSONSE Y - /Ny
g—=
JESD 22IC7¢ > TESDMREE T R &R
— HBM 2000V, CDM 1000V

77V —23y

Ultrabook™

J/—bhPCBELURY NT D

47y kPC

Ay a—~< Il bO=s/ R

tybbyv7-Ryo R EBATS—bD A

TULAAL - RTA

YUy R -RF—hk - R547(SSD)
LR [E B R

—
T

TPS22075

TPS2297584/L 7 731, TPS22975LTPS22975N D2
DT NARXTHERINET, WTILOT A AL
T TNV DATFAA YT C, SEH B 2L

THENERER/METEET, ZOT A RZIENF v
JLMOSFET2#5#iS41. 0.6V~ 5.7VD A& E#iH T
BEL ., IR K COADEEE AR — N CT&ET, Ay
FIIA A7 AFI(ON)IZ Kol S, KB OFIEE
S LRGN ATRE T, TPS22975121%, Ay F 134
TN g o1 bZN Ay 7 T EZATI T8, 230QD A

T T ARRPIEA TV a TH#ECEET,

TPS2297513/ M TH A—ZD2mmx2mm 8™ D
SON/Xvr—(DSG) THEFAS AL, REZRTHE T /1ITxf
JETELIIP—~ /L Ry RPN TWET, ZOT
INAAE, BB T-40°C~+105°C O E#iPH CENME
TAHIOBRESINTNET,

B RIEHO
5 o=y AARAA R (AFF)
TPS22975
TPS22975N WSON (8) 2.00mmx2.00mm

(1) PR ATEER T _RTOR 7 —IZONWTE, 20T —H L —hDEK
FBAZHHEERES LTSN,

FABEMEANBE LD
40
— -40°C
35 — 25°C
85°C
~ 30 —— 105°C
G
E 25
o
e
820
R
3
12 15
c
© 10
5
0

0.5 1 1.5 2 2.5 3 35 4 4.5 5
Input Voltage (V)

Veias = 5V, lyout = —200mA

A

BRI OTIL DV T O RETIRL 7220 % RHE, R OB Z TR T2 H B TEEAICIRIEL TODL 0T, %% T2 IERAREREROFE i, www.ti.com THITET& 2Dl
BNH RSN ET, TICHERO BB L O YIS EEL UL —UMRGEV oL EE A, FEEEORRGEHeE ORI, ST RO IEGTEE 2 B RLIZSWET IO B WZLET,

English Data Sheet: SLVSDDO


http://www-s.ti.com/sc/techlit/SLVSDD0.pdf
http://www.tij.co.jp/product/tps22975?qgpn=tps22975
http://www.tij.co.jp/product/jp/TPS22975?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/TPS22975?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/TPS22975?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/TPS22975?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/TPS22975?dcmp=dsproject&hqs=support&#community

TPS22975
JAJSCB5B —MAY 2016—REVISED SEPTEMBER 2017

~NOoO OO WN PP
o i
4_l
&
&

7.6 Electrical Characteristics—Vgjas = 2.5V

7.7 Switching CharacteristiCs..........ccocevieeiiiiieinieeereen
7.8 Typical DC CharacteristiCs.........ccceevrvreeiieeesieresennn
7.9 Typical AC CharacteristiCs.........cccocevvveivveeieeneennen.
8 Parameter Measurement Information ................
9 Detailed DeSCrption .......coocueeeeiiiiiiiieiiiiece e
9.1 OVEIVIEW .ottt

Device Comparison Table.........cccoceveeiiiiineennnnns
Pin Configuration and Functions...........ccccceeenee.
SPECIfiCatiONS ...
7.1 Absolute Maximum Ratings .........cccoceeeriveeenieeenennn.
7.2 ESD RaAtiNGS...cccvieeiiiieeiieeiieeeesieeesieeesineesseeeeneeeens
7.3 Recommended Operating Conditions.......................
7.4 Thermal Information ...........ccoceeviiieiiie e
7.5 Electrical Characteristics—Vgjas =5 V.iooiveevvveerennn.

10

11

12

13

14

I3 TEXAS

INSTRUMENTS

www.ti.com

9.2 Functional Block Diagram...........cccoceveniieeniieennnn. 14
9.3 Feature DesCription.........cccocverieerieeiieie e 15
9.4 Device Functional Modes............cocvveuvenieneincneennn. 15
Application and Implementation.............c..c.c..... 16
10.1 Application Information.............ccceeveiieniieeniiiennnns 16
10.2 Typical Application .........cccccveveieeeiiiee e 16
Power Supply Recommendations ..................... 18
LAY OUL....eiieiie e 19
12.1 Layout GUIdElINES .........ceevieeeriiieeiee e 19
12.2  Layout EXample ......cccccveeviee e 19
12.3 Thermal Considerations...........ccceeiveeeiieeesiiennnes 19
THRAAZABLORF2 A DT R =D e, 20
131 T/ARHTR=D e 20
132 BEHHEEL o 20
13.3 R¥aAROBEHLEMEZTIRD T v, 20
134 TI2=T AUV =R e 20
135 BT oo 20
13.6 FFEABEICE T OMEEFE 20
13,7 GIOSSANY c.eviiuiiiiiiieeteiee et 20
AR=TIN RSl —  BEOVESER o 20

4 HETIEREE

Revision A (June 2016) »>5 Revision B (24 Page
e Updated V), in Recommended Operating CONGItIONS .........oooiiiiiiiiiiiiii ettt e e e et e e e s e nabb e e e e e e enbbeeeeeaaeee 4
201645 A HATOL DD LR Page
o TRAADAT =S ARG B T L 2 BB B T TE T oottt 1

Copyright © 2016-2017, Texas Instruments Incorporated


http://www.ti.com/product/tps22975?qgpn=tps22975
http://www.ti.com

13 TEXAS
INSTRUMENTS

www.ti.com

TPS22975

JAJSCB5B —MAY 2016—REVISED SEPTEMBER 2017

5 Device Comparison Table

Ron AT ViN = Vgias =5V QUICK-OUTPUT MAXIMUM OUTPUT
DR (TYPICAL) DISCHARGE CURRENT BN ELE
TPS22975 16 mQ Yes 6A Active high
TPS22975N 16 mQ No 6 A Active high
6 Pin Configuration and Functions
DSG Package DSG Package
8-Pin (WSON) 8-Pin (WSON)
Top View Bottom View
- —— ===
VIN| 1 _: 1 8 |VOUT VOUT| 8 1 |VIN
_——— [—
| ===
VIN| 2 _: ! 7 |VOUT VOUT| 7 2 |VIN
- ——— ————
ON| 3 1 16 |CT cT| 6 3 |ON
_——— [—
- ——— ————
VBIAS| 4 1 i 5 |GND GND| 5 4 |vBlAS
_——— [—
Pin Functions
PIN
110 DESCRIPTION
NO. NAME
1 VIN | Switch input. Input bypass capacitor recommended for minimizing Vy dip. Must be connected to
Pin 1 and Pin 2. See the Application and Implementation section for more information
3 ON | Active high switch 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
5.7 V. See the Application and Implementation section for more information
5 GND — Device ground
Switch slew rate control. Can be left floating. See the Adjustable Rise Time section under
6 CT O L . ;
Feature Description for more information
p VOUT (0] Switch output
Thermal pad (exposed center pad) to alleviate thermal stress. Tie to GND. See the Layout
— Thermal Pad — : Rt
Example section for layout guidelines

Copyright © 2016-2017, Texas Instruments Incorporated
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7 Specifications
7.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT

VN Input voltage -0.3 6 \%
Vout Output voltage -0.3 6 \%
VBias Bias voltage -0.3 6 \%
Von On voltage -0.3 6 \%
Imax Maximum continuous switch current 6 A
IpLs Maximum pulsed switch current, pulse < 300 ps, 2% duty cycle 8 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.

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

7.3 Recommended Operating Conditions

MIN MAX | UNIT
VIN |npUt Voltage 0.6 VBIAS \%
Vgias Bias voltage 25 5.7 \Y
Von ON voltage 0 5.7 \%
Vout Qutput voltage VN \%
Veias = 2.5V 105V, Tp< 85°C 1.05 5.7
Viy High-level input voltage, ON Vgias = 2.5V to 5V, Ta< 105°C 1.1 5.7 \%
Vgias =5 V10 5.7 V, Ta< 105°C 1.2 5.7
Vi Low-level input voltage, ON Vgias =25Vt057V 0 0.5 \%
Cin Input capacitor 1@ uF
Ta Operating free-air temperature @ —40 105 °C

(1) See the Application Information section.

(2) In applications where high power dissipation and-or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated and device lifetime may be affected. 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 (8;4), and can be approximated by the following equation: Ta (max) =

Timax) = (034 X Ppmax))-

4 Copyright © 2016-2017, Texas Instruments Incorporated
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7.4 Thermal Information
TPS22975
THERMAL METRIC® DSG (WSON) UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 74.8 °C/W
Rojctop) Junction-to-case (top) thermal resistance 81 °C/W
Rgis Junction-to-board thermal resistance 44.7 °C/W
WIT Junction-to-top characterization parameter 3.9 °C/W
viB Junction-to-board characterization parameter 45.1 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 16.4 °C/W

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

7.5 Electrical Characteristics—Vgas =5V
Unless otherwise noted, the specifications in the following table applies where Vgas =5 V. Typical values are for T, = 25 °C.

PARAMETER ‘ TEST CONDITIONS Ta ‘ MIN TYP MAX UNIT
POWER SUPPLIES AND CURRENTS
lg, veias Vgias quiescent current I\Z:T::VOONA’: sy —40°C to +105°C 37 45| pA
Isp, vBias Vgias shutdown current Von = Vour =0V —40°C to +105°C 2.3 HA
Vi =5V —40°C to +85°C 0.005 5
—40°C to +105°C 10
Vi =33V —40°C to +85°C 0.002 15
_ _ —40°C to +105°C 3.5
Isp, vin V) off-state supply current Von =Vour =0V 1oy 40°C 10 +85°C 0.002 1 HA
—40°C to +105°C 2
Vi =06V —40°C to +85°C 0.001 0.5
—40°C to +105°C 1
lon On-pin input leakage current Von =55V —40°C to +105°C 0.1 HA
RESISTANCE CHARACTERISTICS
25°C 16 19
Vin=5V —40°C to +85°C 23
—40°C to +105°C 25
25°C 16 19
Vin=33V —40°C to +85°C 23
—40°C to +105°C 25
25°C 16 19
V=18V —40°C to +85°C 23
) _ —40°C to +105°C 25
Ron On-resistance loutr = —200 mA 2550 16 1o mQ
Vin=15V —40°C to +85°C 23
—40°C to +105°C 25
25°C 16 19
Vin=1.05V —40°C to +85°C 23
—40°C to +105°C 25
25°C 16 19
Vin=0.6V —40°C to +85°C 23
—40°C to +105°C 25
Von, Hys On-pin hysteresis ViN=5V 25°C 120 mV
Rpp ® Output pulldown resistance V=5V, Von=0V —40°C to +105°C 230 300 Q
Tsp Thermal shutdown Junction temperature rising 160 °C
Tsp, Hys Thermal shutdown hysteresis Junction temperature falling 20 °C

(1) TPS22975 only

Copyright © 2016-2017, Texas Instruments Incorporated 5
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7.6 Electrical Characteristics—Vgjas =2.5V

Unless otherwise noted, the specifications in the following table applies where Vg a5 = 2.5 V. Typical values are for T, = 25
°C.

PARAMETER \ TEST CONDITIONS | Ta | MIN TYP  MAX| UNIT
POWER SUPPLIES AND CURRENTS
lq, veias Vgias quiescent current I\ZET::VOO,TS’Z.S v —40°C to +105°C 14 20| pA
Isp, vBias Vpias shutdown current Von = Vour =0V —40°C to +105°C 1 HA
V=25V —40°C to +85°C 0.005 13
—40°C to +105°C 2.6
Vi =18V —40°C to +85°C 0.002 1
_ B —40°C to +105°C 2
Isp, viN Vy off-state supply current Von =Vour =0V N T40°C 1o +85°C 0.002 08 HA
—40°C to +105°C 1.5
Vi =06V —40°C to +85°C 0.001 0.5
—40°C to +105°C 1
lon On-pin input leakage current Von =55V —40°C to +105°C 0.1 HA
RESISTANCE CHARACTERISTICS
25°C 20 26
Vin=25V —40°C to +85°C 32
—40°C to +105°C 34
25°C 18 23
Vin=18V —40°C to +85°C 29
—40°C to +105°C 31
25°C 18 22
Ron On-resistance loutr = =200 mA Viy=15V —40°C to +85°C 28 mQ
—40°C to +105°C 30
25°C 17 22
Vin=12V —40°C to +85°C 27
—40°C to +105°C 29
25°C 17 21
Vin=0.6V —40°C to +85°C 26
—40°C to +105°C 27
Von, Hys On-pin hysteresis ViN=25V 25°C 85 mV
Rpp® Output pulldown resistance V=25V, Voy=0V —40°C to +105°C 230 330 Q
Tsp Thermal shutdown Junction temperature rising 160 °C
Tsp, Hys Thermal shutdown hysteresis Junction temperature falling 20 °C

(1) TPS22975 only

6 Copyright © 2016-2017, Texas Instruments Incorporated
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7.7 Switching Characteristics

PARAMETER ‘ TEST CONDITION MIN TYP MAX| UNIT
VN = Vgias =5V, Ta = 25°C (unless otherwise noted)
ton Turnon time R.=10Q,C_=0.1 pF, Cy =1 pF, Cy =1000 pF, Von =5V 1450
torr Turnoff time R, . =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 2
tr Vour rise time R, . =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 1750 ps
te Vour fall time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 2
tp ON delay time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 600
ViN=0.6V, Vgias =5V, Tp = 25°C (unless otherwise noted)
ton Turnon time R.=10Q,C_=0.1 pF, Cy =1 pF, Cy =1000 pF, Von =5V 620
torr Turnoff time R . =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 2
tr Vour rise time R, . =10Q,C  =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 280 ps
te Vour fall time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 2
tp ON delay time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 485
VN = Vgias = 2.5V, Tp = 25°C (unless otherwise noted)
ton Turnon time R.=10Q,C_=0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 2180
torr Turnoff time R, . =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 2
tr Vour rise time R, =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 2150 ps
te Vour fall time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 2
tp ON delay time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 1120
ViN=0.6V, Vgias =2.5V, Tp = 25°C (unless otherwise noted)
ton Turnon time R.=10Q,C_=0.1 pF, Cy =1 pF, Cy =1000 pF, Von =5V 1315
torr Turnoff time R, . =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 3
tr Vour rise time R, . =10Q,C_ =0.1 pF, Cy =1 pF, Cy+=1000 pF, Von =5V 650 ps
te Vour fall time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 2
tp ON delay time R . =10Q, C. =0.1 pF, Cy =1 pF, Cy = 1000 pF, Von =5V 975
Copyright © 2016-2017, Texas Instruments Incorporated 7
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7.8 Typical DC Characteristics

Veias Quiescent Current (uA)

60

50

40

30

20

— -40°C

— 25°C
85°C

— 105°C

A\

=

//

=

10
2.5 3 35 4 4.5 5 55
Bias Voltage (V)
VIN = VBias Von=5V Vour =0V

Figure 1. Vgas Quiescent Current vs Bias Voltage
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Figure 2. Vgas Quiescent Current vs Input Voltage
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Figure 3. Vgjas Shutdown Current vs Bias Voltage
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Figure 4. V,y Off-State Supply Current vs Input Voltage
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Figure 5. On-Resistance vs Ambient Temperature
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Figure 6. On-Resistance vs Ambient Temperature
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Typical DC Characteristics (continued)
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Figure 7. On-Resistance vs Input Voltage Figure 8. On-Resistance vs Input Voltage
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Figure 9. On-Resistance vs Bias Voltage Figure 10. Output Pull Down Resistance vs Bias Voltage
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7.9 Typical AC Characteristics
T = 25°C, C;y = 1000 pF, Cjy =1 WF, C, = 0.1 yF, R, =10 Q
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Figure 11. Delay Time vs Input Voltage Figure 12. Delay Time vs Input Voltage
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Figure 13. Fall Time vs Input Voltage Figure 14. Fall Time vs Input Voltage
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Figure 15. Turnoff Time vs Input Voltage Figure 16. Turnoff Time vs Input Voltage
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Typical AC Characteristics (continued)

T, = 25°C, C; = 1000 pF, Cpy = 1 pF, C, = 0.1 uF, R, = 10 Q

Figure 21. Turnon Response Time
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Figure 17. Turnon Time vs Input Voltage Figure 18. Turnon Time vs Input Voltage
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Figure 19. Rise Time vs Input Voltage Figure 20. Rise Time vs Input Voltage
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Figure 22. Turnon Response Time
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Typical AC Characteristics (continued)

T, = 25°C, C; = 1000 pF, Cpy = 1 pF, C, = 0.1 uF, R, = 10 Q
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Figure 23. Turnon Response Time Figure 24. Turnon Response Time
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Figure 25. Turnoff Response Time Figure 26. Turnoff Response Time
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Figure 27. Turnoff Response Time

Figure 28. Turnoff Response Time
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8 Parameter Measurement Information

VIN ‘ VOUT
Power
Supply
c —) ON —
|N/\ _,— ON /\ CL
CT RL

J_ GND

gowelr VBIAS GND
u
i TPS22975

Copyright © 2016, Texas Instruments Incorporated

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

B. Turnoff times and fall times are dependent on the time constant at the load. For the TPS22975, the internal pull-down
resistance Rpp is enabled when the switch is disabled. The time constant is (Rpp || R.) % C.

Figure 29. Test Circuit
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Figure 30. toy and tore Waveforms

Copyright © 2016-2017, Texas Instruments Incorporated 13


http://www.ti.com/product/tps22975?qgpn=tps22975
http://www.ti.com

13 TEXAS
INSTRUMENTS
TPS22975

JAJSCB5B —MAY 2016—REVISED SEPTEMBER 2017 www.ti.com

9 Detailed Description

9.1 Overview

The TPS22975 device is a single-channel, 6-A load switch in an 8-pin SON package. To reduce the voltage drop
in high current rails, the device implements an N-channel MOSFET. The device has a configurable slew rate for
applications that require a specific rise-time.

The device prevents downstream circuits from pulling high standby current from the supply by limiting the
leakage current of the device when it is disabled. The integrated control logic, driver, power supply, and output
discharge FET eliminates the need for any external components, which reduces solution size and bill of materials
(BOM) count.

9.2 Functional Block Diagram

VIN
Charge
VBIAS Pump
Control
ON Logic
cT ———— _ _
|
>
| TPS22975 Only
— - — —_— —_— —_ -

GND
Copyright © 2016, Texas Instruments Incorporated
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9.3 Feature Description

9.3.1 Adjustable Rise Time

A capacitor to GND on the CT pin sets the slew rate. The voltage on the CT pin can be as high as 15 V;
therefore, the minimum voltage rating for the CT capacitor must be 30 V for optimal performance. An
approximate formula for the relationship between C; and slew rate when Vs is set to 5 V is shown in
Equation 1. This equation accounts for 10% to 90% measurement on Vgt and does not apply for C; < 100 pF.
Use Table 1 to determine rise times for when C; = 0 pF.

SR=0.43xCT1+26

where
¢ SR is the slew rate (in ps/V)
e C;is the capacitance value on the CT pin (in pF)
* The units for the constant 26 are ps/V. The units for the constant 0.43 are ps/(V x pF). 1)
Rise time can be calculated by multiplying the input voltage by the slew rate. Table 1 contains rise time values

measured on a typical device. Rise times shown in Table 1 are only valid for the power-up sequence where Vy
and Va5 are already in steady state condition before the ON pin is asserted high.

Table 1. Rise Time tg vs CT Capacitor

RISE TIME (us) 10% - 90%, C, = 0.1 UF, Cjy = 1 yF, R, = 10 @, Vgiag = 5 V@

Cr (pF)

VIN=5V

VIN=33V

VIN=1.8V

VIN=15V

VIN=1.2V

VIN=1.05V

VIN =0.6 V

0

140

105

75

65

60

55

40

220

520

360

215

185

160

140

95

470

970

660

385

330

275

240

155

1000

1750

1190

700

595

495

435

275

2200

3875

2615

1520

1290

1070

940

595

4700

7580

5110

2950

2510

2075

1830

1150

10000

16980

11485

6650

5635

4685

4110

2595

(1) Typical Values at 25°C with a 25-V X7R 10% Ceramic Capacitor on CT

9.3.2 Quick-Output Discharge (QOD) (Optional)

The TPS22975 includes an optional QOD feature. When the switch is disabled, an internal discharge resistance
is connected between VOUT and GND to remove the remaining charge from the output. This resistance has a
typical value of 230 Q and prevents the output from floating while the switch is disabled. For best results, it is
recommended that the device gets disabled before Vg ag falls below the minimum recommended voltage.

9.3.3 Thermal Shutdown

Thermal shutdown protects the part from internally or externally generated excessive temperatures. When the
device temperature triggers Tgp (typical 160°C), the switch is turned off. The switch automatically turns on again
if the temperature of the die drops 20 degrees below the Tgp threshold.

9.4 Device Functional Modes
The Table 2 lists the VOUT pin states as determined by the ON pin.

Table 2. VOUT Connection

ON TPS22975 TPS22975N
L GND Open
H VIN VIN

Copyright © 2016-2017, Texas Instruments Incorporated
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10 Application and Implementation

NOTE
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

10.1.1 ON and OFF Control

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

10.1.2 Input Capacitor (Cyy) (Optional)

To limit the voltage drop on the input supply caused by transient inrush currents when the switch turns on into a
discharged load capacitor or short-circuit, a capacitor needs to be placed between VIN and GND. A 1-pF ceramic
capacitor, Cyy, placed close to the pins, is usually sufficient. Higher values of Cjy can be used to further reduce
the voltage drop during high current applications. When switching heavy loads, it is recommended to have an
input capacitor about 10 times higher than the output capacitor (C,) to avoid excessive voltage drop.

10.1.3 Output Capacitor (C,) (Optional)

Because of the integrated body diode in the NMOS switch, a C,y greater than C, is highly recommended. A C_
greater than C;y can cause Vg7 to exceed V |y when the system supply is removed. This could result in current
flow through the body diode from Voyt to V|y. A C\ to C, ratio of 10 to 1 is recommended for minimizing Vy dip
caused by inrush currents during startup; however, a 10 to 1 ratio for capacitance is not required for proper
functionality of the device. A ratio smaller than 10 to 1 (such as 1 to 1) could cause slightly more Vy dip upon
turn-on because of inrush currents. This can be mitigated by increasing the capacitance on the CT pin for a
longer rise time (see the Adjustable Rise Time section).

10.2 Typical Application

For optimal Rpy performance, it is recommended to have V)y £ Vgas. The device is functional if V| > Vpgjas but it
exhibits Rgy greater than what is listed in the Electrical Characteristics—Vgas = 5 V and Electrical
Characteristics—Vgas = 2.5 V tables.

Figure 31 demonstrates how the TPS22975 can be used to power downstream modules.

VIN ' VOUT
Power
Supply
e ON —
IN, T~ _,— ON T~ CL
R
OFF CT——I_ L
— ¢ ——
] L o
gg""elf VBIAS GND -
il TPS22975 -

Copyright © 2016, Texas Instruments Incorporated

Figure 31. Powering a Downstream Module
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Typical Application (continued)
10.2.1 Design Requirements

DESIGN PARAMETER EXAMPLE VALUE
Vin 33V
VBias 5V
C. 22 uF
Maximum Acceptable Inrush Current 400 mA

10.2.2 Detailed Design Procedure

10.2.2.1 Inrush Current

When the switch is enabled, the output capacitors must be charged up from 0 V to the set value (3.3 V in this

example). This charge arrives in the form of inrush current. Inrush current can be calculated using Equation 2.
Inrush Current = C_ x dVg/dt

Where:
e C,_is the output capacitance
* dVgur is the change in Vgt during the ramp up of the output voltage when device is enabled.
e dtis the rise time in Vgoyr during the ramp up of the output voltage when the device is enabled. 2)
The TPS22975 offers adjustable rise time for VOUT. This feature allows the user to control the inrush current

during turnon. The appropriate rise time can be calculated using the design requirements and the inrush current
equation as shown in Equation 3.

400 mA = 22 pF x 3.3 V/dt 3)
The value of dt is given by Equation 4.
dt=1815us 4)

To ensure an inrush current of less than 400 mA, choose a CT value that yields a rise time of more than 181.5
us. See the oscilloscope captures in the Application Curves section for an example of how the CT capacitor can
be used to reduce inrush current.

10.2.3 Application Curves

Tel Run Tr\g? Tel Run i Tr\g?

[ZAvouT

mmm

[@iouT
g iSH @ oomd Q ][mHS ﬁkmm .2.45{\/ J[UE:J:Q: 002016} g iSH @ oomd Q ][ZUUHS ?o‘iwﬁi .2.45{\/ J[US:J;T: ogzmﬂ
Vgias =5V Viy=3.3V CL=22 uF Vgias =5V Viy=3.3V CL=22 uF
Figure 32. Inrush Current with CT =0 pF Figure 33. Inrush Current with CT = 220 pF
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11 Power Supply Recommendations

The supply to the device must be well regulated and placed as close to the device terminal as possible with the
recommended 1-uF bypass capacitor. If the supply is located more than a few inches from the device terminals,
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 1 uF may be sufficient.

The TPS22975 operates regardless of power sequencing order. The order in which voltages are applied to Vi,
Vgias: and ON does not damage the device as long as the voltages do not exceed the absolute maximum
operating conditions. If voltage is applied to ON before V), the slew rate of Vo1 can not be controlled.
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12 Layout

12.1 Layout Guidelines

For best performance, all traces must be as short as possible. To be most effective, the input and output
capacitors must be placed close to the device to minimize the effects that parasitic trace inductances may have
on normal operation. Using wide traces for VIN, VOUT, and GND helps minimize the parasitic electrical effects
along with minimizing the case to ambient thermal impedance. The CT trace must be as short as possible to

reduce parasitic capacitance.
Q VIA to GND

12.2 Layout Example

ot
ot

Pin 1
VIN VOUT
©1)
VIN VOUT
ON I CT !
VBIAS : GND ;

S

Figure 34. Layout Recommendation

12.3 Thermal Considerations

The maximum IC junction temperature must be restricted to 125°C under normal operating conditions. To
calculate the maximum allowable dissipation, Ppmax , for a given ambient temperature, use Equation 5 as a
guideline.

T T

_ Nmax) — TA
PD(max) -
eJA

where
*  Ppmay is the maximum allowable power dissipation
*  Tymay IS the maximum allowable junction temperature (125°C for the TPS22975)
e T, is the ambient temperature of the device
e 03, is the junction to air thermal impedance. See the Thermal Information section. This parameter is highly
dependent upon board layout. 5)

In Figure 34, notice that the thermal vias are located under the exposed thermal pad of the device. This allows
for thermal diffusion away from the device.
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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 ©)
@ )

TPS22975DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 13XH
TPS22975DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 13XH
TPS22975DSGR.B Active Production WSON (DSG) | 8 3000 | LARGE T&R = NIPDAU Level-1-260C-UNLIM -40 to 105 13XH
TPS22975DSGRG4 Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 13XH

TPS22975DSGRG4.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 13XH

TPS22975DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 13XH
TPS22975DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 13XH
TPS22975NDSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 14YH
TPS22975NDSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 14YH
TPS22975NDSGR.B Active Production WSON (DSG) | 8 3000 | LARGE T&R - NIPDAU Level-1-260C-UNLIM -40 to 105 14YH

TPS22975NDSGRG4 Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 14YH
TPS22975NDSGRG4.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 14YH

TPS22975NDSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 14YH

TPS22975NDSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 14YH

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS22975DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
TPS22975DSGRG4 WSON DSG 8 3000 180.0 8.4 23 2.3 115 | 40 8.0 Q2
TPS22975DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
TPS22975NDSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
TPS22975NDSGRG4 WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
TPS22975NDSGT WSON DSG 8 250 180.0 8.4 23 2.3 115 | 40 8.0 Q2
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PACKAGE MATERIALS INFORMATION
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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)
TPS22975DSGR WSON DSG 8 3000 182.0 182.0 20.0
TPS22975DSGRG4 WSON DSG 8 3000 182.0 182.0 20.0
TPS22975DSGT WSON DSG 8 250 182.0 182.0 20.0
TPS22975NDSGR WSON DSG 8 3000 182.0 182.0 20.0
TPS22975NDSGRG4 WSON DSG 8 3000 182.0 182.0 20.0
TPS22975NDSGT WSON DSG 8 250 182.0 182.0 20.0
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GENERIC PACKAGE VIEW
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224783/A
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PACKAGE OUTLINE
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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4218900/E 08/2022

NOTES:

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

2. This drawing is subject to change without notice.
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

DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

-~ (0.9) —=
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LAND PATTERN EXAMPLE
SCALE:20X
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ALL AROUND o M UND
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SOLDER MASK/

OPENING

METAL

NON SOLDER MASK

T

METAL UNDERJ j'\*SOLDER MASK

SOLDER MASK
SOLDER MASK

OPENING

DEFINED

(PREFERRED) DEFINED

SOLDER MASK DETAILS

4218900/E 08/2022

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. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X(0.5) SYMM

8X (0.25) — —

Sy ()

77777777 — 49— |- — - J‘; —
—- O
—E3 [
6X (0.5) \ T) \ 0.7)
%;B, \T | 5
4 N 1
(R0.05) TYP | (0.9)
1

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4218900/E 08/2022

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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