Technical
documentation

'E Ordering &

quality

i3 TEXAS
INSTRUMENTS

Design &
development

E Support &
training

TPS22976
JAJSCO4D — NOVEMBER 2016 — REVISED DECEMBER 2023

TPS22976 5.7V. 6A. 14mQ 7 >/3E#i.

717l FrRIVATRS v F

18R

o AT 2T N Ty FNVATTA YT
° ]\jjaf’r .:0-6VNVBIAS
. VBIAS EEAJ_‘ 25V"\‘57V
o I
— Ron = 14mQ (= %E{i)
(VIN =0.6V~5V, VBIAS = 5V)
- RON =18mQ (*%f%'ﬂﬁ)
(VIN =0.6V~2.5V, VBIAS 2. 5V)
o FARNVTEIZ 6A DERERGAA v T > 7 B
« TPS22976, TPS22976N DE I &
— 37pA (R, [T v 1)
(ViN = VBias = 5V)
— 35pA (FEYEME, H—F v L)
(ViN = VBias = 9V)
« TPS22976A D 1L ENR
— 85pA (BEYE(E, [T v 1/L)
(ViN = VBias = 5V)
— 83pA (EYEH, H—F /L)
(ViN = VBias = 5V)
o HIEATILEVMEIZED
1.2.1.8. 25, 3.3V aryraffifHrHE
o B BV A R E R RE
o B — A HEE (TPS22976A)
- tON = 17HS (VIN =1.05V H%‘:)
o Pty
o JAyI7HAE (QOD) (A7 ar)
o P—= L RyRfFE SON 14 B - Ry fr—
« ESD MERERT AR A (JESD 22)
— HBM 2kV, CDM 1kV
277V —=>3y
« PCL/—FPC
o BT RyZA fERMT — = A
o TJFLah AT
* SSD (VYUyRAT—K KTA47)

3=

TPS22976 #5h 7 73Vik 3 DT /342 (TPS22976.
TPS22976A. TPS22976N) 7»H 0 E£d, KT /3 A A
X, A= A A& DT 27 1 - F Y RV ATTAAL T
<4, ASIEEEF 0.6V~5.7V TEI{ETH 2 oD N
F ¥ 3/ MOSFET Zfii 2 THY., &% F v /LI K 6A O
HRE R E TR —NCEET, FAAY T, KEEH A
FRrtEEA X — 7:4’27 BEZe AV ATIEAT AT
(ON1 BET ON2) (LU ChHlEESNET,
TPS22976 I3 A HIRENLEVMEL B X - LI —
<INV MU TAL T R CEET, AR
ENZ B TEETDHE, AT BPEF R 172D
*4, TPS22976 |34 7 a T, AAvF B4 7D LE(IT
IA I M NREEIT 2589, 230Q OA > F AR
PlaWNB cEET,

TPS22976 1%, & Tkt G Al fE/eh—~ L« Ry Rt
T D /NHTCEH AR—Z72 3mm x 2mm 14-SON /3 —
v (DPU) THtkG =L, B BIRE —40°C~105°CCOH)
ERBRESNTOET,

slaEm™
%S Rolr—y YA (AFF)
TPS22976
TPS22976A WSON (14) 3.00mm x 2.00mm
TPS22976N

(1) FIHARER T X TO =TI oW TUE, 20T —F ¥ —hD
KEICHDHEFBRESRLTIES,

Dual
Power
Supply

or =

Dual
DC-DC

Converter Cin 1~

Copyright © 2016, Texas Instruments Incorporated

77V = a  ERE

2 ZOVY—ADTED S FHITHFET Y, TR ELE TR 260 T, ALY —/L (BREIER) 2L CWODZEBY, TI TIERIRRO EMEMEB L 0% Y

PEIZOFEL U —UIRGEN e L EE A, ERROR G2 E ORIIC

I3, ti.com TUT R OUGERE Z B MTZSNET IO BN ZLET,

English Data Sheet: SLVSDE7


https://www.ti.com/applications/personal-electronics/pc-notebooks/overview.html
https://www.ti.com/solution/stb-dvr
https://www.ti.com/applications/communications-equipment/overview.html
https://www.ti.com/solution/solid-state-drive
https://www.ti.com/product/ja-jp/tps22976?qgpn=tps22976
https://www.ti.com/ja-jp/lit/pdf/JAJSCO4
https://www.ti.com/product/ja-jp/TPS22976?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/TPS22976?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/TPS22976?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/TPS22976?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLVSDE7

I3 TEXAS
TPS22976 INSTRUMENTS
JAJSCO4D — NOVEMBER 2016 — REVISED DECEMBER 2023 www.ti.com/ja-jp
Table of Contents
TR e 1 8.1 OVEIVIEW....o.veeiieiiecc s 22
2 T TV =T B e 1 8.2 Functional Block Diagram.............ccccoonninn, 23
B 1 8.3 Feature Description..........coooiiiiiiiiii e 23
4 Device Comparison Table...............cocoevervrroreerererrnen, 3 8.4 Device Functional Modes...........ccccooveeiiciiininecininenn. 24
5 Pin Configuration and Functions................cccccoccouu...... 3 9 Application and Implementation.................................. 25
PiN FUNCHONS oo 3 9.1 Application Information.............cccooiiiiiiiii e 25
6 SPECIfICAtIONS...........eoeeeeeeeeeeeeeeeeee e 5 9.2 Typical Application...........ccoooiiiiiiiiiee e 27
6.1 Absolute Maximum Ratings.............c.ceewreeereerrerrnenn. 5 9.3 Power Supply Recommendations.............cc.ccceevneen. 30
6.2 ESD RAUNGS.c...eeeeeeeeeeeeeeeeeeeeseee e eeeees e seeeeeeenen 5 9.4 LayOUL.....ceeieiie e 30
6.3 Recommended Operating Conditions......................... 5 10 Device and Documentation Support.......................... 31
6.4 Thermal INformMatioN......o oo 5 10.1 Device SUPPOrt.......c..eeiiiiiiiee e 31
6.5 Electrical Characteristics (VBIAS = 5V)..........ooue...... 6 10.2 Documentation SUppOrt........cccccvveriieeiniieeeieeeee 31
6.6 Electrical Characteristics (VBIAS = 2.5V)................... 8 10.3 R¥ 2 A MO FFHAMEZ ST D e 31
6.7 Switching Characteristics (TPS22976)............cccecuu... 9 104 YAR—K- UV —2
6.8 Switching Characteristics (TPS22976A) .................. 11 10.5 Trademarks...........cccevieeeiniiieeee e
6.9 Switching Characteristics (TPS22976N)................... 1 10.6 FFEXUACEICRE T 2IERE T H e 31
6.10 Typical DC Characteristics............coonnininnnncnn. 13 107 FHRBEEE e 31
6.11 Typical AC Characteristics.............c..cccooeiiiiinnnnnn. 16 11 Revision History.............c.cccoooveiiiiiiciccccccce 31
7 Parameter Measurement Information......................... 21 12 Mechanical, Packaging, and Orderable
8 Detailed Description................c.cocoonii 22 INFOrMAtioN..........c.oveeieieieieeeeeeeeeeee e 32
2 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS22976

English Data Sheet: SLVSDE7


https://www.ti.com/product/ja-jp/tps22976?qgpn=tps22976
https://www.ti.com/ja-jp/lit/pdf/JAJSCO4
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSCO4D&partnum=TPS22976
https://www.ti.com/product/ja-jp/tps22976?qgpn=tps22976
https://www.ti.com/lit/pdf/SLVSDE7

13 TEXAS
INSTRUMENTS TPS22976
www.ti.comlja-jp JAJSCO4D — NOVEMBER 2016 — REVISED DECEMBER 2023

4 Device Comparison Table

DEVICE Ron AT Vi = Vgjas =5V QUICK OUTPUT MAXIMUM OUTPUT | TURN ON TIME <65us AT
(TYPICAL) DISCHARGE CURRENT Vi = 1.05V
TPS22976 16 mQ Yes 6A No
TPS22976A 14 mQ Yes 6A Yes
TPS22976N 14 mQ No 6A No

5 Pin Configuration and Functions

| 14 1
VIN1 [, }1 14} L VOUTH VOUT1 VIN1
| [—————— - | |
| |
L LoL_
VING | a2 1131 | vouTt VOUT1 VINT
! I
o, I -
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TTT, ! Pad ===
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|
- I |
oN2 [ 15 ! | 101 cT2 cT2 ON2
! I
L [—
VIN2 - '6 9! __| vourz VOUT2 VINZ
| | |
|
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VIN2 | 7 81 | vout2 VOUT2 VIN2

5-1. DPU Package 14-Pin WSON with Exposed  [®] 5-2. DPU Package 14-Pin WSON with Exposed
Thermal Pad Top View Thermal Pad Bottom View

Pin Functions

PIN
110 DESCRIPTION
NO. NAME
1 Switch 1 input. Recommended voltage range for these pins for optimal Roy performance is 0.6 V to
VIN1 | Vpgias- Place an optional decoupling capacitor between these pins and GND to reduce V|y dip during
2 turnon of the channel. See the Application Information section for more information.
ON1 I |Active-high switch 1 control input. Do not leave floating.
Bias voltage. Power supply to the device. Recommended voltage range for this pinis 2.5V to 5.7 V.
4 VBIAS | S ; f
See the Application Information section.
5 ON2 I | Active-high switch 2 control input. Do not leave floating.
6 Switch 2 input. Recommended voltage range for these pins for optimal Royn performance is 0.6 V to
VIN2 I |Vgias- Place an optional decoupling capacitor between these pins and GND to reduce V|, dip during
7 turn-on of the channel. See the Application Information section for more information.
8
5 VOUT2 O | Switch 2 output.
Switch 2 slew rate control. Can be left floating. Capacitor used on this pin must be rated for a
10 CT2 (0] - ; L
minimum of 25 V for desired rise time performance.
11 GND — | Ground.
Switch 1 slew rate control. Can be left floating. Capacitor used on this pin must be rated for a
12 CT1 (0] . ; L
minimum of 25 V for desired rise time performance.
13
1 VOUT1 O | Switch 1 output.
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 3
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PIN
/10 DESCRIPTION
NO. NAME
Thermal pad (exposed center pad) to alleviate thermal stress. Tie to GND. See the Layout section for
Thermal pad — L
layout guidelines.

4
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
ViNT 2 Input Voltage -0.3 6 \%
Vouti,2 Output Voltage -0.3 6 \%
Von1,2 ON Pin Voltage -0.3 6 \%
Vgias Bias Voltage -0.3 6 \%
IMAx Maximum continuous current per channel 6 A
Maximum pulsed current switch per channel, pulse <300ps, 3% duty
Imax,pL 8 A
PLS cycle
T, Junction temperature 125 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating 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 Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

6.2 ESD Ratings

VALUE UNIT
Human body model (_HBM), per ANSI/ESDA/ +2000
JEDEC JS-001, all pins(!)

V(Esp) Electrostatic discharge - \%
Char_g_ed Qewce model (CDM), per JEDEC +1000
specification JESD22-C101, all pins(?)

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

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

6.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT

ViN12 Input Voltage 0.6 Vgias \%

Vgias Bias Voltage 2.5 5.7 \%

Von1,2 ON Pin Voltage 0 5.7 \%

Vout1,2 Output Voltage 0 VN \%

Viy High-Level Input Voltage, ON 1.2 5.7 \%

Vi Low-Level Input Voltage, ON 0 0.5 \Y

Ta Ambient Temperature —40 105 °C

6.4 Thermal Information

TPS22976
THERMAL METRIC(") DPU (WSON) UNIT
14 PINS

Rgya Junction-to-ambient thermal resistance 50.8 °C/W

Rauc(top) Junction-to-case (top) thermal resistance 52.3 °C/W

Ress Junction-to-board thermal resistance 18.4 °C/W

Yr Junction-to-top characterization parameter 1.6 °C/W

Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 5
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6.4 Thermal Information (%t X)

TPS22976
THERMAL METRIC(") DPU (WSON) UNIT
14 PINS
Y Junction-to-board characterization parameter 18.6 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 6.5 °C/W

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

report.

6.5 Electrical Characteristics (VBIAS = 5V)

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

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
Power Supplies and Currents
Vgias Quiescent Current _ _ _ B -40°C to 85°C 37 49| pA
(TPS22976, both channels) |/oUT? = lour2 = 0mA, Vini2 = Vons 2 = 5V 40°C to 105°C 49| A
laveiAs . .
Vgias Quiescent Current lout1 = lout2 = OmA, Vone = oV, V|N12 = -40°C to 85°C 35 43 “A
(TPS22976, single-channel) |V|yq = 5V -40°C to 105°C 44| pA
Vpgas Quiescent Current -40°C to 85°C 85 106| pA
TPS22976A, both | =1 =0mA, V =V, =5V
E:hannels) out1 = louT2 IN1,2 = Von1,2 40°C 10 105°C 106] A
lq,vBIAS -
Vpgas Quiescent Current | = = 0mA. V. =0V V _ -40°C to 85°C 83 102| pA
(TP822976A, single- VOUT1= 5\?UTZ » VON2 » VIN1,2 0 o
channel) IN1 -40°C to 105°C 102| pA
Vpgjas Quiescent Current -40°C to 85°C 37 48| pA
TPS22976N, both | =1 =0mA, V =V, =5V
S:hannels) outt = lout2 IN1,2 = VON1,2 40°C to 105°C 49| uA
la,veiAs - s .
Vpgas Quiescent Current | =1 = 0mA. V. =0V V _ -40°C to 85°C 35 43| pA
(TPSZZQ?BN, Single- \?UT1= 5\C/)UT2 s VON2 » VIN1,2 0 o
channel) IN1 -40°C to 105°C 44| pA
ISD,VBIAS VBIAS Shutdown Current VON1,2 =0V, VOUT1,2 =0V -40°C to 105°C 1.37 2.3 |JA
-40°C to 85°C 0.005 55| pA
VIN =5V
-40°C to 105°C 11.3] pA
-40°C to 85°C 0.002 14| pA
V|N =3.3V S S
| Vin Shutdown Current (per |\, _ o\ _ gy -40°C to 105°C 34| pA
SD.VIN channel) on = Tout ~40°C to 85°C 0002 05| pA
VlN =1.8V
-40°C to 105°C 14| pA
-40°C to 85°C 0.001 0.3] pA
VIN =0.6V
-40°C to 105°C 0.8| pA
lon ON Pin Leakage Current Von =5.5V  |-40°C to 105°C 0.1 pA

6 BRHCT BT — RS2 (DB RB bt B
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6.5 Electrical Characteristics (VBIAS = 5V) (#tX)

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

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT

25°C 16 18| mQ

VN =5V -40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 16 18| mQ

Vin=3.3V |-40°Cto 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 16 18| mQ

ViN=1.8V  [-40°C to 85°C 22| mQ

Ron On-Resistance (TPS22976) |loyt = -200mA ~40°C 1o 105°C 23| ma
25°C 16 18| mQ

ViN=12V  |-40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 16 18| mQ

Viy =1.05V  [-40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 14 18| mQ

ViN=0.6V  [-40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

Resistance Characteristics

25°C 14 18| mQ

ViN =5V -40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 14 18| mQ

ViN=3.3V [-40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 14 18| mQ

ViN=1.8V  [-40°C to 85°C 22| mQ

On-Resistance -40°C to 105°C 23| mQ

Ron (TPS22976A, TPS22976N) | loUT = “200mA 25°C 14 18| mo
ViN=1.2V  |-40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 14 18| mQ

Viy =1.05V  [-40°C to 85°C 22| mQ

-40°C to 105°C 23| mQ

25°C 14 18| mQ

Vin=0.6V |-40°Cto 85°C 22| mQ

-40°C to 105°C 23| mQ

VoN HYs ON Pin Hysteresis VN =5V 25°C 90 mV
Rpp Output Pulldown Resistance |V|y = VoyuT = 5V, VO\ = 0V -40°C to 105°C 230 280 Q
Tsp Thermal Shutdown Junction Temperature Rising - 160 °C
Tsp Hys L;z:;nrglsihutdown Junction Temperature Falling - 20 °C
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6.6 Electrical Characteristics (VBIAS = 2.5V)

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

PARAMETER ‘ TEST CONDITIONS Ta MIN TYP MAX| UNIT
Power Supplies and Currents
Vpgas Quiescent Current -40°C to 85°C 15 20| pA
(TP822976, TP822976N, IOUT1 = IOUT2 = OmA, V|N1,2 = VON1,2 =2.5V o .
both channels) -40°C to 105°C 20| WA
la,veiAs - . .
Vgias Quiescent Current | = = 0mA V =0V V _ -40°C to 85°C 14 19| pA
(TPS22976, TPS22976N, | \QUT' " /OUT2 P ToNZ T TING.2
single-channel) Ving = 2.5V -40°C to 105°C 19| pA
Vgias Quiescent Current -40°C to 85°C 26 37| pA
TPS22976A, both | =1 =0mA, V, =V =25V
f:hannels) outt = louT2 IN1,2 = VON1,2 40°C to 105°C 37| A
la,vBIAS - . -
Vgias Quiescent Current | - = 0mA. V. =0V V _ -40°C to 85°C 25 36| pA
(TP822976A, single- OUT1_ ouT2 » VON2 » VIN1,2
channel) Vint = 2.5V -40°C to 105°C 36| pA
ISD,VBIAS VBIAS Shutdown Current VON1,2 =0V, VOUT1,2 =0V -40°C to 105°C 0.58 1.1 HA
-40°C to 85°C 0.005 0.8| pA
V|N =2.5V
-40°C to 105°C 21 pA
-40°C to 85°C 0.002 0.5| pA
VlN =1.8V S S
I V)N Shutdown Current (per Ve = OV. Voo - = OV -40°C to 105°C 1.4 pA
SD.VIN channel) ON = FT Yout -40°C to 85°C 0002 03| pA
VIN =1.05V
-40°C to 105°C 1] pA
-40°C to 85°C 0.001 0.3| pA
V|N =0.6V
-40°C to 105°C 0.8] pA
lon ON Pin Leakage Current Von =5.5V  |-40°C to 105°C 0.1] pA
25°C 18 23| mQ
VN = 2.5V -40°C to 85°C 28| mQ
-40°C to 105°C 30| mQ
25°C 16 23| mQ
Viy = 1.8V -40°C to 85°C 28| mQ
-40°C to 105°C 29| mQ
25°C 16 22| mQ
VN = 1.5V -40°C to 85°C 27| mQ
-40°C to 105°C 28| mQ
Ron On-Resistance (TPS22976) |loyt = -200mA
25°C 16 21| mQ
ViN=1.2V -40°C to 85°C 26| mQ
-40°C to 105°C 28| mQ
25°C 16 21| mQ
Viy =1.05V  [-40°C to 85°C 25| mQ
-40°C to 105°C 27| mQ
25°C 16 20| mQ
VN = 0.6V -40°C to 85°C 25| mQ
-40°C to 105°C 26| mQ
Resistance Characteristics
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6.6 Electrical Characteristics (VBIAS = 2.5V) (#tX)

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

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
25°C 18 23| mQ
ViN=2.5V |-40°Cto 85°C 28| mQ
-40°C to 105°C 30| mQ
25°C 16 23| mQ
Vin=1.8V |-40°Cto 85°C 28| mQ
-40°C to 105°C 29| mQ
25°C 16 22| mQ
Vin=1.5V |-40°Cto 85°C 27| mQ
On-Resistance -40°C to 105°C 28| mQ
Ron (TPS22976A, TPS22976N) | loUT = -200mA 25°C 16 21] mQ
ViN=1.2V  |-40°Cto 85°C 26| mQ
-40°C to 105°C 28| mQ
25°C 16 21| mQ
Viy=1.05V |-40°C to 85°C 25| mQ
-40°C to 105°C 27| mQ
25°C 15 20| mQ
ViN=0.6V |-40°Cto 85°C 25| mQ
-40°C to 105°C 26| mQ
VoN HYs ON Pin Hysteresis VN = 2.5V 25°C 70 mV
Rpp Output Pulldown Resistance | V|y = Vout = 2.5V, Von = 0V -40°C to 105°C 250 330 Q
Tsp Thermal Shutdown Junction Temperature Rising - 160 °C
Tsp Hys L;z:gglszmtdown Junction Temperature Falling - 20 °C
6.7 Switching Characteristics (TPS22976)
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
VIN = VON = VBIAS = 5V, TA = 25°C
ton Turn ON Time RL =10Q, C_ = 0.1uF, CT = 1000pF 2390 us
torr Turn OFF Time R =10Q, C_ = 0.1uF, CT = 1000pF 3 us
tr Rise Time R =10Q, C, = 0.1uF, CT = 1000pF 1770 us
te Fall Time R. =10Q, C, = 0.1uF, CT = 1000pF 2 us
tp Delay Time R, =10Q, C, = 0.1uF, CT = 1000pF 620 us
VIN = 0.6V, VON = VBIAS =5V, TA = 25°C
ton Turn ON Time RL =10Q, C_ = 0.1uF, CT = 1000pF 745 us
torF Turn OFF Time RL =10Q, C_ = 0.1uF, CT = 1000pF 3 us
tr Rise Time RL =10Q, C_ = 0.1uF, CT = 1000pF 285 us
tr Fall Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
to Delay Time R =10Q, C, = 0.1uF, CT = 1000pF 460 us
VIN = 2.5V, VON = 5V, VBIAS = 2.5V, TA = 25°C
ton Turn ON Time R. =10Q, C, = 0.1uF, CT = 1000pF 3485 us
torr Turn OFF Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
tr Rise Time RL =10Q, C_ = 0.1uF, CT = 1000pF 2275 us
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6.7 Switching Characteristics (TPS22976) (%t X)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
te Fall Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
tp Delay Time R, =10Q, C, = 0.1uF, CT = 1000pF 1210 us
VIN = 0.6V, VON = 5V, VBIAS = 2.5V, TA = 25°C
ton Turn ON Time R =10Q, C_ = 0.1uF, CT = 1000pF 1730 us
torr Turn OFF Time R =10Q, C_ = 0.1uF, CT = 1000pF 2 ys
tr Rise Time R =10Q, C, = 0.1uF, CT = 1000pF 700 us
te Fall Time RL =10Q, C, = 0.1uF, CT = 1000pF 2 S
to Delay Time R =10Q, C, = 0.1uF, CT = 1000pF 1030 us
VIN = 1.05V, VON = VBIAS = 5V, TA = -40°C to 85°C
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6.8 Switching Characteristics (TPS22976A)

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
VIN = VON = VBIAS =5V, TA =25°C
ton Turn ON Time R, =10Q, C, = 0.1uF, CT = 1000pF 350 us
torr Turn OFF Time R =10Q, C_ = 0.1uF, CT = 1000pF 2 us
tr Rise Time RL =10Q, C_ = 0.1uF, CT = 1000pF 263 us
te Fall Time R =10Q, C_ = 0.1uF, CT = 1000pF 2 us
to Delay Time R. =10Q, C, = 0.1uF, CT = 1000pF 86 us
VIN = 0.6V, VON = VBIAS =5V, TA = 25°C
ton Turn ON Time R =10Q, C, = 0.1uF, CT = 1000pF 100 us
torr Turn OFF Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
tr Rise Time R, =10Q, C, = 0.1uF, CT = 1000pF 41 us
te Fall Time R =10Q, C_ = 0.1uF, CT = 1000pF 2 us
tp Delay Time RL =10Q, C_ = 0.1uF, CT = 1000pF 58 us
VIN = 2.5V, VON = 5V, VBIAS = 2.5V, TA = 25°C
ton Turn ON Time R. =10Q, C, = 0.1uF, CT = 1000pF 612 us
torr Turn OFF Time R, =10Q, C_ = 0.1uF, CT = 1000pF 3 us
tr Rise Time R =10Q, C, = 0.1uF, CT = 1000pF 392 us
te Fall Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
to Delay Time R, =10Q, C, = 0.1uF, CT = 1000pF 221 us
VIN = 0.6V, VON = 5V, VBIAS = 2.5V, TA = 25°C
ton Turn ON Time RL =10Q, C_ = 0.1uF, CT = 1000pF 301 us
torr Turn OFF Time RL =10Q, C_ = 0.1uF, CT = 1000pF 3 us
tr Rise Time R. =10Q, C, = 0.1uF, CT = 1000pF 119 us
te Fall Time R. =10Q, C, = 0.1uF, CT = 1000pF 2 us
to Delay Time R =10Q, C, = 0.1uF, CT = 1000pF 182 us
VIN = 1.05V, VON = VBIAS = 5V, TA = -40°C to 85°C
ton Turn ON Time R. =10Q, C, = 0.1uF, CT = OpF 17 42 us
torr Turn OFF Time R, =10Q, C, = 0.1uF, CT = OpF us
tr Rise Time R =10Q, C_=0.1uF, CT = OpF 25 ps
te Fall Time R =10Q, C_=0.1uF, CT = OpF us
to Delay Time R =10Q, C, = 0.1uF, CT = OpF 11 25 us

6.9 Switching Characteristics (TPS22976N)

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT

VIN = VON = VBIAS =5V, TA = 25°C

ton Turn ON Time R =10Q, C, = 0.1uF, CT = 1000pF 2390 ys
torr Turn OFF Time R, =10Q, C_ = 0.1uF, CT = 1000pF 3 us
tr Rise Time R =10Q, C, = 0.1uF, CT = 1000pF 1770 us
te Fall Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
tp Delay Time R, =10Q, C, = 0.1uF, CT = 1000pF 620 us
VIN = 0.6V, VON = VBIAS = 5V, TA = 25°C

ton Turn ON Time R =10Q, C_ = 0.1uF, CT = 1000pF 745 ps
torr Turn OFF Time RL =10Q, C_ = 0.1uF, CT = 1000pF 3 ps
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6.9 Switching Characteristics (TPS22976N) ($tX)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tr Rise Time R, =10Q, C, = 0.1uF, CT = 1000pF 285 us
te Fall Time R, =10Q, C, = 0.1uF, CT = 1000pF 2 us
to Delay Time R =10Q, C_ = 0.1uF, CT = 1000pF 460 us
VIN = 2.5V, VON = 5V, VBIAS = 2.5V, TA = 25°C
ton Turn ON Time RL =10Q, C_ = 0.1uF, CT = 1000pF 3485 ys
torr Turn OFF Time R =10Q, C, = 0.1uF, CT = 1000pF 4 us
tr Rise Time R =10Q, C, = 0.1uF, CT = 1000pF 2275 us
te Fall Time R. =10Q, C, = 0.1uF, CT = 1000pF 2 S
to Delay Time R, =10Q, C, = 0.1uF, CT = 1000pF 1210 us
VIN = 0.6V, VON = 5V, VBIAS = 2.5V, TA = 25°C
ton Turn ON Time R =10Q, C_ = 0.1uF, CT = 1000pF 1730 us
torr Turn OFF Time R, =10Q, C, = 0.1uF, CT = 1000pF 5 us
tr Rise Time RL =10Q, C_ = 0.1uF, CT = 1000pF 700 ys
te Fall Time R =10Q, C, = 0.1uF, CT = 1000pF 2 us
to Delay Time R =10Q, C, = 0.1uF, CT = 1000pF 1030 us
VIN = 1.05V, VON = VBIAS = 5V, TA = -40°C to 85°C
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6.10 Typical DC Characteristics
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6-1. Vgjas Quiescent Current vs Bias Voltage
Both Channels (TPS22976, TPS22976N)
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6-2. Vgas Quiescent Current vs Bias Voltage
Single Channel (TPS22976, TPS22976N)
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6-3. Vg|as Quiescent Current vs Bias Voltage
Both Channels (TPS22976A)

120
— 40°C
10| — e
= 85°C 1
g 100 Josec
€ 90 —%
8
3 % L
£ 70 >
(5]
3 60 “Z
5 =
50
8 /
5 40
> //
30 §
20
25 3 35 4 45 5 55
Bias Voltage (V)
Vint = VBias Von1 =5V Vout = Open

6-4. Vgas Quiescent Current vs Bias Voltage
Single Channel (TPS22976A)
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6-5. Vgjas Shutdown Current vs Bias Voltage
Both Channels
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Note: —40°C and 25°C curves have similar
values, therefore only one line is visible.

6-6. Off-State V| Current vs Input Voltage Single
Channel
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6.10 Typical DC Characteristics (continued)
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B 6-7. On-Resistance vs Input Voltage Single
Channel - Across Ambient Temperatures
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B 6-8. On-Resistance vs Input Voltage Single
Channel - Across Ambient Temperatures
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B 6-9. On-Resistance vs Ambient Temperature
Single Channel (TPS22976)
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6-10. On-Resistance vs Ambient Temperature
Single Channel (TPS22976)
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Ed 6-11. On-Resistance vs Ambient Temperature
Single Channel (TPS22976A, TPS22976N)
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Ed 6-12. On-Resistance vs Ambient Temperature
Single Channel (TPS22976A, TPS22976N)
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6.10 Typical DC Characteristics (continued)

BJ 6-13. On-Resistance vs Input Voltage Single
Channel - Across Ambient Temperatures
(TPS22976A, TPS22976N)
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6-14. On-Resistance vs Input Voltage Single
Channel - Across Ambient Temperatures
(TPS22976A, TPS22976N)

6-15. Pulldown Resistance vs Bias Voltage
Single Channel
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6-16. High-Level Input Voltage vs Bias Voltage

B4 6-17. Low-Level Input Voltage vs Bias Voltage
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B4 6-18. Voltage Input Hysteresis vs Bias Voltage
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6.11 Typical AC Characteristics
AC Characteristics (TPS22976, TPS22976N)
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6.11 Typical AC Characteristics (continued)
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B 6-25. Turnoff Time vs Input Voltage (TPS22976N)
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6-26. Turnoff Time vs Input Voltage (TPS22976N)
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B 6-29. Rise Time vs Input Voltage
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6-30. Rise Time vs Input Voltage
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6.11 Typical AC Characteristics (continued)

Tek Stop '

Tek Prelu

. .

Tek Stop . I ]

(330N
2 250MS /s @ 250N/ o :
@ 200V @ soomv 1M points 2.00 Y 1M points 2.00¥
Walue Iean Min Max Std Dey Value Mean Min Max Std Dew
2
@ -2 1.297ms 1.297m 1.297m 1.297m 0.000 586.0us 586.0u 586.01 586.0u 0.000
@ fise Time 484,013 484.05, 484,01 484.05, 0.000 10 0ct 2016 212.1ps 212,10 212,15 212,10 0.000 100ct 2016
-8 1.376ms 1.376m 1.376m 1.376m 0.000 211080 11 a8 - £21.8ps 621.8p 621.8p 621.8p 0.000 211 05: 47
Edge Search events found: L ) Edge Search events found: 1 ]
VIN =06V VBlAS =25V VIN =06V VBIAS =5V
6-31. Turnon Response Time B 6-32. Turnon Response Time
Tek Prevu

B :
100MS/s - 2.00% 2 1.00ms LO0MS/s o :
1M points 2,00V @ 2oov @ coov 1M points 2.00V :
Value Ilean Min flax Std Dey Value Mean MMin Max Std Dew :

5 1
@2 2.045ms 2.045m 2.045m 2.045m 0.000 - 1.363ms 1.363m 1.363m 1.363m 0.000 H ]
@ fise Time 1.550ms 1.550m 1.550m 1.550m 0.000 10 0ct 2016 1.610ms 1.610m 1.610m 1.610m 0.000 100ct 2016
[ R 2.078ms 2.078m 2.078m 2.078m 0.000 21:06: 43 @& 1.418ms 1.418m 1.418m 1.418m 0.000 21:04: 47
Edge Search events found: 1 )] Edge Search ewents found: 1 ]

V|N =25V VBIAS =25V V|N =5V VBIAS =5V
B4 6-33. Turnon Response Time B 6-34. Turnon Response Time
Tek Preu Tek Pretiu
M

|

\

S

0N 1 .
VOUT Y,

ik

[35{0N2
ERuouTz . -
@ o0V 2 2.00ps 2.506G5/s @
@ 20V @& soony 1M points 2.00 ¥
Walue Iean Min Max Std Dey
2
@D\ 4.324)s 4,324 4,324 4.324p 0.000
@ F:ll Time 1.405ps 1.405p 1,405 1.405p 0.000 10 0ct 2016
@@ 3901 3.9015 3,901 39014 0.000 210 14157
Edge Search events found: 0 )
VIN =06V VBlAS =25V

6-35. Turnoff Response Time

l

[35{0N
ERuouT2 . T
2.00 ¥ 2 2,003 2.5065/s @ :
@ 200V @ soomy 1M points 2.00¥ .
Value Mean Min Max Std Dew .
2
@D 2.750ps 2.750p 2,750 27500 0.000
@zl Time 1.215us 1.215u 1.215p 1.215u 0.000 100ct 2016
@@ .46 24884 2,468 24630 0.000 21013 44
Edge Search events found: 0 ]
VIN =06V VBIAS =5V

& 6-36. Turnoff Response Time

18

BHEHZBTT 57— o2 (BB EPY) &35

Product Folder Links: TPS22976

Copyright © 2024 Texas Instruments Incorporated

English Data Sheet: SLVSDE7


https://www.ti.com/product/ja-jp/tps22976?qgpn=tps22976
https://www.ti.com/ja-jp/lit/pdf/JAJSCO4
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSCO4D&partnum=TPS22976
https://www.ti.com/product/ja-jp/tps22976?qgpn=tps22976
https://www.ti.com/lit/pdf/SLVSDE7

13 TEXAS
INSTRUMENTS
www.ti.com/ja-jp

TPS22976
JAJSCO4D — NOVEMBER 2016 — REVISED DECEMBER 2023

6.11 Typical AC Characteristics (continued)
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6.11 Typical AC Characteristics (continued)
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7 Parameter Measurement Information
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8 Detailed Description
8.1 Overview

The TPS22976 is a 5.7-V, dual-channel, 14-mQ (typical) Royn load switch in a 14-pin WSON package. Each
channel can support a maximum continuous current of 6 A and is controlled by an on and off GPIO-compatible
input. To reduce the voltage drop in high current rails, the device implements N-channel MOSFETSs. Note that the
ON pins must be connected and cannot be left floating. The device has a configurable slew rate for applications
that require specific rise-time, which controls the inrush current. By controlling the inrush current, power supply
sag can be reduced during turnon. Furthermore, 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 Vgag pin, which supports voltages from 2.5 V to 5.7 V. This circuitry
includes the charge pump, QOD (optional), and control logic. When a voltage is applied to Vgjas, and the ON1 ,
pins transition to a low state, the QOD functionality is activated. This connects Voyt1 and Vgyt2 to ground
through the on-chip resistor. The typical pulldown resistance (Rpp) is 230 Q.

During the off state, the device prevents downstream circuits from pulling high standby current from the supply.
The integrated control logic, driver, power supply, and output discharge FET eliminates the need for any external
components, reducing solution size and bill of materials (BOM) count.
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8.2 Functional Block Diagram
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GND
VBIAS » Charge Pump
— D— — )
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VOUT2
CT2
ON2 Control Logic {\‘\ % E
VIN2

Copyright © 2016, Texas Instruments Incorporated
Eq 8-1. TPS22976 Functional Block Diagram

8.3 Feature Description
8.3.1 ON and OFF Control

The ON pins control the state of the switch. Asserting ON high enables the switch. ON is active high with 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.
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8.3.2 Input Capacitor (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, a capacitor needs to be placed between VIN and GND. A 1-uF ceramic capacitor,
Cin» placed close to the pins is usually sufficient. Higher values of Cjy can be used to further reduce the voltage
drop during high-current application. When switching heavy loads, it is recommended to have an input capacitor
about 10 times higher than the output capacitor to avoid excessive voltage drop.

8.3.3 Output Capacitor (Optional)

Due to the integrated body diode in the NMOS switch, a Cjy greater than C is highly recommended. A C
greater than Cj can cause Voyt to exceed V|y when the system supply is removed. This could result in current
flow through the body diode from VOUT to VIN. A Cjy to C; ratio of 10 to 1 is recommended for minimizing V
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 V|5 dip upon
turnon due to 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).

8.3.4 Quick Output Discharge (QOD) (Not Present in TPS22976N)

The TPS22976 and TPS22976A include a 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 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.

8.3.5 Thermal Shutdown

Thermal Shutdown protects the part from internally or externally generated excessive temperatures. When the
device temperature exceeds 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.

8.4 Device Functional Modes
7% 8-1 lists the TPS22976 and TPS22976A functions.
3R 8-1. TPS22976 and TPS22976A Functions Table

ON VIN to VOUT VOUT
L Off GND
H On VIN

7% 8-2 lists the TPS22976N functions.

2% 8-2. TPS22976N Functions Table

ON VIN to VOUT VOUT
L Off Floating
H On VIN
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9 Application and Implementation
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9.1 Application Information

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

9.1.1 Parallel Configuration

To increase current capabilities and to lower Ry, both channels can be placed in parallel as seen in [%] 9-1. With
this configuration, the CT1 and CT2 pins can be tied together to use one capacitor, CT.

See the TPS22966 Dual-Channel Load Switch in Parallel Configuration application report and Parallel Load
Switches for Higher Output Current & Reduced ON-Resistance Design Guide for more information.

VBIAS
Power Vit voun System
Source Module
ON1 CT1
VIN2 TPS22976 VOUT2
ON2 CT2
uC GPIO
GND

T —

Copyright © 2016, Texas Instruments Incorporated
9-1. Parallel Configuration

9.1.2 Standby Power Reduction

Battery powered end equipments often have strict power budgets, in which there is a need to reduce current
consumption. The TPS22976 significantly reduces system current consumption by disabling the supply voltage
to subsystems in standby states. Alternatively, the TPS22976 reduces the leakage current overhead of the
modules in standby mode as achieved in 9-2. Note that standby power reduction can be achieved on either
channel, as well as dual-channel operation.
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Always ON
Module

i

Eq 9-2. Standby Power Reduction

9.1.3 Power Supply Sequencing without GPIO Input

Single channel shown for clarity.

VBIAS
Power VIN1 VOUT1
Source
TPS22976
L ON1 CT1 L
_ GND _ Standby
Module
uC GPIO J—T

Copyright © 2016, Texas Instruments Incorporated

Sequential startup of several subsystems is often burdensome and adds complexity for several end equipments

9-3.
uC GPIO
VBIAS
VIN1 VOUT1
Power Module 1
Source
ONf1 CT1
TPS22976
Power VIN2 VOUT2 ——
Source Module 2 -
ON2 CT2
GND I

The TPS22976 provides a power sequencing solution that reduces the overall system complexity, as seen in

—

Copyright © 2016, Texas Instruments Incorporated

Eg 9-3. Power Sequencing without a GPIO Input
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9.1.4 Reverse Current Blocking

Reverse current blocking is often desired in specific applications, as it prevents current from flowing from the
output to the input of the load switch when the device is disabled. With the configuration illustrated in [X] 9-4, the
TPS22976 can be converted into a single-channel switch with reverse current blocking. VIN1 or VIN2 can be

used as the input and VIN2 or VIN1 as the output.

VBIAS
VINT1 VOUT1
Power
Source
ON1 CT1
TPS22976
System VIN2 VOUT2
Module
ON2 CT2
GND f
|J.C GPIO -
Copyright © 2016, Texas Instruments Incorporated
9-4. Reverse Current Blocking
9.2 Typical Application

This application demonstrates how the TPS22976 can be used to limit the inrush current when powering on

downstream modules.

VIN1J]
L

VOUT1
|—, CT1
Dual C ON  ON1 C R
Power N —] CcT2 - )
Supply OFF VBIAS
GND
or — =
VIN2 VOUT2
Dual * L ]
DC-DC
Converter | c,, ON oON2 C. RL
I —
OFF GND
TPS22976
— —— GND

Copyright © 2016, Texas Instruments Incorporated

B 9-5. Typical Application Circuit
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9.2.1 Design Requirements
#% 9-1 shows the TPS22976 design parameters.

£ 9-1. Design Parameters

DESIGN PARAMETER VALUE
Input voltage 33V
Bias voltage 5V
Load capacitance (Cy) 22 uF
Maximum acceptable inrush current 400 mA

9.2.2 Detailed Design Procedure
9.2.2.1 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 = 1.

Inrush Current = C x dV/dt (1)

where

» C is the output capacitance
* dVis the output voltage
* dtis the rise time

The TPS22976 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  9-1 and the inrush current equation. See =\
2 and =\ 3.

400 mA =22 uF x 3.3 V/dt (2)
dt=181.5pus (3)

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.
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9.2.2.2 Adjustable Rise Time

A capacitor to GND on the CT pins sets the slew rate for each channel. To ensure desired performance, a
capacitor with a minimum voltage rating of 25 V must be used on either CT pins. An approximate formula for the
relationship between CT and slew rate is shown in Equation 4, and this is valid for TPS22976 and TPS22976N.
The TPS22976A has a faster rise time and is represented by Equation 5.

Equation 4 and Equation 5 account for 10% to 90% measurement on Vgyt and do not apply for CT < 100 pF.
Use # 9-2 to determine rise times for when CT = 0 pF.

TPS22976, TPS22976N:

SR =0.42 x CT + 66 (4)
TPS22976A:

SR =0.0606 x CT + 22 (5)
where

* SRis the slew rate (in pys/V)
» CT is the capacitance value on the CT pin (in pF)
* The units for the constants 66 and 22 are in us/V.

Rise time can be calculated by multiplying the input voltage by the slew rate. Table 10-2 shows rise time values
measured on a typical device. Rise times shown below are only valid for the power-up sequence where V|5 and
Vpgas are already in steady state condition, and the ON pin is asserted high.

& 9-2. Rise Time Values (TPS22976, TPS22976N)

oT (o) RISE TIME (us) 10% - 90%, C, = 0.1 uF, Cjy = 1 pF, R_ = 10 Q)
5V 33V 1.8V 15V 12V 1.05V 0.6V
0 149 112 77 70 60 56 42
220 548 388 236 206 173 154 103
470 968 673 401 342 289 256 169
1000 1768 1220 711 608 505 445 286
2200 3916 2678 1554 1332 1097 949 627
4700 8040 5477 3179 2691 2240 1964 1249
10000 16520 11150 6410 5401 4430 3933 2526

(1)  TYPICAL VALUES at 25°C, Vgias = 5 V, 25 V X7R 10% CERAMIC CAP

9.2.3 Application Curves

Veias=5V;ViN=33V;CL=22F

Tek Stop. i TekStop

[ZHVOUT Lol
e -
® 2o 2 0.0 BESED > ® o0 2 000 TO0MS/s D
E 2.00 Y @ st o ][ 100k points 2.00 Y ] E 2.00 V [ R ][ 100k points 2.00 ¥ J
(@ 610mA ) (@ Max 750mA )
9-6. Inrush Current With CT = 0 pF EJ 9-7. Inrush Current With CT = 220 pF
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9.3 Power Supply Recommendations

The device is designed to operate from a Vgjas range of 2.5V to 5.7 V and a V|y range of 0.6 V to Vgjas.
9.4 Layout

9.4.1 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 V|y, Vout, and GND helps minimize the parasitic electrical effects
along with minimizing the case to ambient thermal impedance.

9.4.2 Layout Example

Notice the thermal vias located under the exposed thermal pad of the device. This allows for thermal diffusion
away from the device.

VOUT1 capacitor
VIN1 capacitor CT1 capacitor

Thermal

lief vi
relietvias CT2 capacitor

N\

~

VOUT2 capacitor

9-8. PCB Layout Example

9.4.3 Power Dissipation

The maximum IC junction temperature must be restricted to 125°C under normal operating conditions. To
calculate the maximum allowable power dissipation, Ppmax) for a given output current and ambient temperature,
use =\ 6.

_ TJ(max) - TA

I:)D(max) - S
0Ja (6)

where

*  Pp(max) is the maximum allowable power dissipation.

*  Tymax) is the maximum allowable junction temperature (125°C for the TPS22976).

* Tpis the ambient temperature of the device.

* 0, is the junction to air thermal impedance. See the Thermal Information section. This parameter is highly
dependent upon board layout.
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10 Device and Documentation Support

10.1 Device Support

10.1.1 Developmental Support

For the TPS22976N PSpice Transient Model, see SLVMBV5.
For the TPS22976 PSpice Transient Model, see SLVMBV6.

10.2 Documentation Support
10.2.1 Related Documentation

For related documentation see the following:
TPS22976 Evaluation Module User's Guide

10.3 RF a2 A2 FOEFBMZRITMSFE

RF 2 A PO EHINZ DOV TOMEIESZ T EDITIL, www.tij.co.jp DT /A AR 7 4 /L2 % BV TLIZEW, %] 27
Vo7 L TRERT D, BRSNIZT R CORBERICBET XAV AN BEZ ITRAZENTEET, EHOFEHIC
ONTHE, WETENTZRF 2 A MIEFN TV A SETERZ B LIZE0,

104 YR—F-VY—X

TEG R A AV LAY E2E™ IR —h e T4 —T AT, T V=T BRREEE SO EIE LR FHIE T A Mg AR
—IPORGERN D EBESAZEN TEXAIGH T, BEFEORIZEEZRKR LD, MEOEME LIV T52LT, it T
e RGN TEET,

V73N TNBar 7703, KB IZID BUROEE RSN H O TT, ZNHIETHH R A AV VALY D
BERRERR T AL DT BT LE TV R A RN ALY O BfRE KL O TRBOER A, THF TR AR
VALY DR ESZ IR TLTEENY,

10.5 Trademarks

THXP R A AV VA Y E2E™ is a trademark of Texas Instruments.
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ZD IC 1%, ESD ICE > TR T A REMERHVE S, TF A AL AV LAY T, IC ZEFOBIILE ICHE B a2 o8
‘ RS ET, ELOBVEWBIORE FIRICHEDRWES | T A AR R TIB8ENNHIET,

A\ ESD ICLBMHRIE, DT RMREIE T DT A ADTE R ECEIGI DIV ET, K72 IC DG, /STA—FHb T
LT BT TARSNTOB NI TTHEME D B0, R AEL T <o TVET,
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11 Revision History
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Changes from Revision C (September 2020) to Revision D (December 2023) Page
* Updated Rpy for TPS22976 in the Device CompariSOn TabIe .............ooooo oo 3
» Updated Iq ygias for TPS22976 in the Electrical Characteristics (VBIAS = 5V) ..., 5
* Updated Rgp for TPS22976 in the Electrical Characteristics (VBIAS = 5V) ....oooooviiiiiiiiieeeeeee e 5
* Updated Rgp for TPS22976 in the Electrical Characteristics (VBIAS = 2.5V) .....cccoovieeiiiiiieeeeiee e 5
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» Updated two turnoff time plots for TPS22976 in the Typical AC CharacterisStiCs ...........ccccceuuecceeeieccieneeenne 16
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12 Mechanical, Packaging, and Orderable Information

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

TPS22976ADPUR Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976A
TPS22976ADPUR.A Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976A
TPS22976DPUR Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976
TPS22976DPUR.A Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976
TPS22976DPUT Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976
TPS22976DPUT.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976
TPS22976DPUTG4 Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976
TPS22976DPUTG4.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976
TPS22976NDPUR Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976N
TPS22976NDPUR.A Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976N
TPS22976NDPUT Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976N
TPS22976NDPUT.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976N
TPS22976NDPUTG4 Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976N
TPS22976NDPUTG4.A Active Production WSON (DPU) | 14 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 22976N

@ 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—>
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 O O OO0 O 00 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)
TPS22976ADPUR WSON DPU 14 3000 180.0 8.4 225 | 325 | 1.05 4.0 8.0 Q1
TPS22976DPUR WSON DPU 14 3000 180.0 8.4 225 | 325 | 1.05 | 4.0 8.0 Q1
TPS22976DPUT WSON DPU 14 250 180.0 8.4 225 | 325 | 1.05 4.0 8.0 Q1
TPS22976DPUTG4 WSON DPU 14 250 180.0 8.4 225 | 325 | 1.05 4.0 8.0 Q1
TPS22976NDPUR WSON DPU 14 3000 180.0 8.4 225 | 325 | 1.05 4.0 8.0 Q1
TPS22976NDPUT WSON DPU 14 250 180.0 8.4 225 | 325 | 1.05 4.0 8.0 Q1
TPS22976NDPUTG4 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)
TPS22976ADPUR WSON DPU 14 3000 182.0 182.0 20.0
TPS22976DPUR WSON DPU 14 3000 210.0 185.0 35.0
TPS22976DPUT WSON DPU 14 250 182.0 182.0 20.0
TPS22976DPUTG4 WSON DPU 14 250 182.0 182.0 20.0
TPS22976NDPUR WSON DPU 14 3000 182.0 182.0 20.0
TPS22976NDPUT WSON DPU 14 250 182.0 182.0 20.0
TPS22976NDPUTG4 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
\

w0
)

PIN 1 INDEX AREA

070 ]

0,20 REF.

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

0,00
oy 225
0,15 4y 265 $O.7@CA\B\
$[070C AlB] r 0,55 | 7 [05®]C
0.5@]C ﬂ %M 0,20
1 |7
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_ } _
ad 714x%
EXPOSED THERMAL PAD — | m Y
14 g 4

-

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.

oOw
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