Product '\- Order

Technical

2 Tools & Support &

Folder o o Now Documents #'N\ Software Community
i3 TEXAS
INSTRUMENTS TPS22966-Q1
ZHCSBZ2B —DECEMBER 2013-REVISED MARCH 2020
TPS22966-Q1 XUiHE . #R% H FH A # o
1 ke 2 NH

o TFEIRTERPIA 2ok
o BHTE AEC-QL100 FrifEf T 514
— PMEELY 2. -40°C F 105°C [ T AF
T
— B AEBOREE R (HBM) e 3R (ESD) 2036
&2 H1C
— BT E R (CDM) ESD 432454 C6
o BERCVURIE 51 E T
o HINHJEVEHE: OV & 5.5V
o HESHEHBEM (Ron)
— Vin=5V (Vgas = 5V) i, Roy = 16mQ
— Vjy=3.3V (Vgas = 5V) I, Roy = 16mQ
— Vv = 1.8V (Vgas = 5V) I, Roy = 16mQ
o FEEIER A 4A ST RHT
o RERSHI
— 80pA (FANIEIE)
— 80pA (HjHIE)
o ARFEHIE N B S FEL
1.2V, 1.8V. 2.5V 1 3.3V ZH #14
o AIECE L THET R
o PEH I H (QOD)
o A BEVERLY SON 14 5| fHiE 4

o ([BREBSR
« ADAS (EZI4BI RS

Tt B
TPS22966-Q1 w4 — ik b FHif (el v Y 45 /AL,
ik Ron XUHEIE T 6. A& PN 7E OV &
5.5V g N\ HL R YEFA T/ER N 7418 MOSFET, J+H
FHBIE S FROR 4A IES . BN — 58
1K (ONL Al ON2) Frpifzd], thf A\ nl 5%E
FE3EHNE 5 HEER: . TPS22966-Q1 45— 230Q
R, T AE TR O OGP B R i TS

TPS22966-Q1 K154 23 [ ) 2mm x 3mm 14-SON
/NRLERE (DPV), A S SGHGEARSE, AT SEIA = 1)
TARFERL. AHETE B SR8 RIREE T A 1 475 B Y [
N —40°C % 105°C.

BEEO
RS ESp R GRFRED
TPS22966-Q1 WSON (14) 3.00mm x 2.00mm

(1) WG TR AT B, T B RO R R

ST N7 FH i P P
VINT VOUT1
Dual
ua 1 oN _I_ 1
Cin ON1 CL
Power ™ cﬁ,_ — o ™ R
Supply —_|
or e cT2 oo
= VBIAS =
Dual
DC/DC
converter -
VIN2 VOUT2
L]
COn T one G
GND
1 TPS22966-Q1 ——IT— T oo

ARG I, SRAEH 6 T dn P SCRA S R, CLA S . A RIE I B 7 SO R BT (5 2, 1507 ) wwweti.com, SN BIRZAMR S . TI ASCRIEBA I ) HE

PERE RE . AESEBRITEZ BT, 5506555 BT RUA IR 35 SURRA

English Data Sheet: SLVSC71


http://www-s.ti.com/sc/techlit/SLVSC71.pdf
http://www.ti.com.cn/product/cn/tps22966-q1?qgpn=tps22966-q1
http://www.ti.com.cn/product/cn/TPS22966-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/TPS22966-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/TPS22966-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/TPS22966-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/TPS22966-Q1?dcmp=dsproject&hqs=support&#community

TPS22966-Q1
ZHCSBzZ2B —DECEMBER 2013—-REVISED MARCH 2020

13 TEXAS
INSTRUMENTS

www.ti.com.cn

1 8.2 Functional Block Diagram .........c.cccceeeieeeniienenineenns
2 8.3 Feature Description..............
3 8.4 Device Functional Modes
4 9 Application and Implementation
5 Pin Configuration and FUNCLIONS ..........cocoevevnn.n.. 3 9.1 Application INfOrMALION. ...oceerssssssvvvvrresssss
6 SPECIFICAIONS. ..vveveeeeeeeeeeeeeerereereereesessesssssssesssse 4 9:2 TYPICAI APPHCALION -vvsvvsvvsvvsvsvsvscsv
6.1 Absolute Maximum Ratings .........cccoceeeeiveeerieeeninnn. 4 10 Power Supply Recommendations
6.2 ESD RAUNGS. .vvveereeeereeereeeseeeeseeesseseeeesssssseeeeeseeees 4 11 Layout............. s s e
6.3 Recommended Operating Conditions...................... 4 111 Layout GUIdENNES ........ooocovvviriviiniiins
6.4 Thermal INfOrmation ..........cccceeveeeereeereeeeereereren e 5 112 Layout EXaMPIE ..o
6.5 Electrical Characteristics: Vaiag = 5 V ..eveeveeererneeen. 5 12 %ﬁﬁiﬂlj{j‘éiﬁ ..................................................... 22
6.6 Electrical Characteristics: Vgiag = 2.5 V .ovcvvevrvenn. 6 121 BBR s 22
6.7 Switching CharaCteristics ............coeeueevereereeceesrnen. 7 12.2 BB S 22
6.8 Typical CharaCteristiCs .........ccovvevrvevreriessersrinnianens 8 12.3 Glossary........ccoceue. .22
7 Parameter Measurement Information ................ 13 124 BlCORSDRNER] ... e 22
e TRy
8 Detailed Description 125 jl?jfﬁﬁ‘—h ................................................. 22
81 Ovemview ... 13 bl FFERFITEER o, 22
4 BEITHRIEx
Changes from Revision A (March 2015) to Revision B Page
¢ Changed Input voltage range from 0.8 V to 0 V in the Recommended Operating Conditions table .............ccccccceieiiiinn.n. 4
Changes from Original (December 2013) to Revision A Page

o CWSINIRINT FMIBC B AT RE ¥Ry« ESD HUEE K. FEVE W B AHFDREREEC. N RIS Ty AR
Wy A W AFRICRISCAF o AR FEERTFT LT TG B BT oo 1

Copyright © 2013-2020, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps22966-q1?qgpn=tps22966-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS22966-Q1
ZHCSBZ2B —DECEMBER 2013-REVISED MARCH 2020

5 Pin Configuration and Functions

DPU Package

14-Pin WSON
o 14 14 1
VINT | _ | . VOUT1 VOUT1 VIN1
i [
VINT [ ____| VOUT1 VOUT1 VIN1
ON1 [ ] L |ct1 CT1 ON1
VBIAS | I el GND VBIAS
ON2 [ ] ] cT2 CT2 ON2
VINZ [ ] -] vouT2 VOUT2 VIN2
,J S | ‘L,,
VINZ |___ L___| vouT2 VOUT2 VIN2
Top View Bottom View
Pin Functions
PIN
110 DESCRIPTION
NO. NAME
1 VIN1 | Switch 1 input. Place an optional decoupling capacitor between this pin and GND for reduce VIN dip during
turnon of the channel. See Application Information section for more information.
2 VIN1 | Switch 1 input. Place an optional decoupling capacitor between this pin and GND for reduce VIN dip during
turnon of the channel. See Application Informationfor more information.
3 ON1 | Active high switch 1 control input. Do not leave floating.
4 VBIAS | Bias voltage. Power supply to the device. See Application Information for more information.
5 ON2 | Active high switch 2 control input. Do not leave floating.
6 VIN2 | Switch 2 input. Place an optional decoupling capacitor between this pin and GND for reduce VIN dip during
turnon of the channel. See Application Information for more information.
7 VIN2 | Switch 2 input. Place an optional decoupling capacitor between this pin and GND for reduce VIN dip during
turnon of the channel. See Application Information for more information.
8 VOUT2 O Switch 2 output.
VOUT2 O Switch 2 output.
10 CT2 o Switch 2 slew rate control. Can be left floating. Capacitor used on this pin should be rated for a minimum of 25
V for desired rise time performance.
11 GND - Ground
12 CT1 o Switch 1 slew rate control. Can be left floating. Capacitor used on this pin should be rated for a minimum of 25
V for desired rise time performance.
13 VOUT1 O Switch 1 output.
14 VOUT1 o Switch 1 output.
15 Thermal Pad o Thermal pad (exposed center pad) to alleviate thermal stress. Tie to GND. See Layout Guidelines for layout
guidelines.

Copyright © 2013-2020, Texas Instruments Incorporated 3
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6 Specifications
6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)® @
MIN MAX UNIT

VN2 Input voltage -0.3 6 \%
Vour12 Output voltage -0.3 6 \%
Voni2  ON-pin voltage -0.3 6 \%
Vgias VBIAS voltage -0.3 6 \%
IMAX Maximum continuous switch current per channel 4 A
IpLs Maximum pulsed switch current per channel, pulse <300 us, 2% duty cycle 6 A

T, Maximum junction temperature 150 °C
TLeAD Maximum lead temperature (10-s soldering time) 300 °C
Tste 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.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +4000
Vesp)  Electrostatic discharge Charg(ze)d-device model (CDM), per JEDEC specification JESD22- +1500 \
c101

(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

MIN  MAX| UNIT
Ving,2 Input voltage range 0 Vgas \%
Vgias Bias voltage range 25 5.5 \%
Voni,2 ON voltage range 0 5.5 \%
VouT1,2 Output voltage range Vin \%
Viy High-level input voltage, ON Vgias =25Vt055V 1.2 5.5 \%
Vi Low-level input voltage, ON Vgias =25Vt055V 0 0.5 \%
Ciny2 Input capacitor 1@ uF
Ta Operating free-air temperature @ —40 105| °C

(1) Refer to Application Information.

(2) 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 (0,4), as given by the following equation: Tamax) = Tamax) — (034 X Ppmax)

4 MRAX © 2013-2020, Texas Instruments Incorporated
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6.4 Thermal Information

TPS22966-Q1
THERMAL METRIC® DPU (WSON) UNIT
14 PINS

03a Junction-to-ambient thermal resistance 52.3
03ctop Junction-to-case (top) thermal resistance 45.9
038 Junction-to-board thermal resistance 115 CIW
WIT Junction-to-top characterization parameter 0.8
viB Junction-to-board characterization parameter 114
03chot Junction-to-case (bottom) thermal resistance 6.9
(1) BEXEENFAERNESEL  ESANAME (FEHERH IC HEAER) (XMBES : SPRASSI ) .

6.5 Electrical Characteristics: Vgas =5V

Unless otherwise noted, the specifications apply 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

MIN TYP MAX‘ UNIT

POWER SUPPLIES AND CURRENTS

lIN(VBIAS-ON) \C/S;Angnzlﬁsisscent current (both {25112 :: I\(;ZLZL:S\TQS sy —40°C to 105°C 80 120| pA
INVBIAS-ON) \C/ﬁgnsngtﬁ)iescent current (single {2:112:: I\(;;Lzl =: (\)/Q:AA;, ;/(;N\Z/ =0V —40°C to 105°C 80 120 LA
Iinveias-oFr)  Veias shutdown current Voni2 =0V, Vouyr12=0V —40°C to 105°C 2 HA
Vini2 =5V 0.5 8
IoF) Egz%%r?;fr;igt)e supply current xgﬂiszoov\,/ z:ziz ; iz x _40°C 10 105°C 0001 z WA
Vinzz = 0.8V 0.04 1
lon ON pin input leakage current | Vony =5.5V —40°C to 105°C 1 HA
RESISTANCE CHARACTERISTICS
25°C 16 19
Vin=5V —40°C to 85°C 21
—40°C to 105°C 23
25°C 16 19
Vin=33V —-40°C to 85°C 21
—40°C to 105°C 23
25°C 16 19
V=18V —40°C to 85°C 21
Ron ON-state resistance (per lout =_—200 mA, —40°C to 105°C 23 mo
channel) Veias =5V 25°C 16 19
V=15V —40°C to 85°C 21
—40°C to 105°C 23
25°C 16 19
V=12V —40°C to 85°C 21
—40°C to 105°C 23
25°C 16 19
Vin=0.8V —-40°C to 85°C 21
—40°C to 105°C 23
Rpb Output pulldown resistance Yg”;:o V. Von =0V, lour = —40°C to 105°C 230 330 Q
MR © 2013-2020, Texas Instruments Incorporated 5
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6.6 Electrical Characteristics: Vgas =2.5V

Unless otherwise noted, the specifications apply over the operating ambient temperature
—40°C < T, < 105°C (full) and Vgas = 2.5 V. Typical values are for T, = 25°C (unless otherwise noted).

PARAMETER | TEST CONDITIONS | I | MIN TYP MAX| UNIT
POWER SUPPLIES AND CURRENTS
liN(vBIAS-ON) l/ﬁg\nsngg)escent current (both {2:1121 I\C/)ZLZL: S \r/n:;s 25V —40°C to 105°C 32 40 HA
liN(vBIAS-ON) Zﬁ;ﬁngﬁlescent current (single {/OIEFZ:: Isngl :: c\)/;?/g' :3“'52\:/ ov —40°C to 105°C 32 40 MA
Iinveias-orrF)  Veias shutdown current Von12 =0V, Voyr12=0V —40°C to 105°C 2 HA
Vini2 =25V 0.13 3
2 = \ =18V 0.07 2
lINVIN-OFF) zgg%r?gnitgt)e supply current xgﬂiﬁz :OOV\’/ V::iz —12V —40°C to 105°C .05 2 HA
Vini2 = 0.8V 0.04 1
lon ON pin input leakage current | Vgny=5.5V —40°C to 105°C 1 HA
RESISTANCE CHARACTERISTICS
25°C 21 24
Vin=25V —40°C to 85°C 27
—40°C to 105°C 29
25°C 19 22
Vin=18V —40°C to 85°C 25
—40°C to 105°C 27
25°C 18 21
Ron ON-state resistance i?UT ==—§%0VmA, V=15V —40°C to 85°C 24| mQ
BiAS —40°C to 105°C 26
25°C 18 21
Vn=12V —40°C to 85°C 24
—40°C to 105°C 26
25°C 17 20
Vin=0.8V —40°C to 85°C 23
—40°C to 105°C 25
Rpp Output pulldown resistance ViN=25V,Von=0V, lgyr=1mA Full 280 330 Q

6 MRAX © 2013-2020, Texas Instruments Incorporated
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6.7 Switching Characteristics

PARAMETER | TEST CONDITION MIN TYP MAX ‘ UNIT
ViN = Von = Veias =5V, Ta = 25°C (unless otherwise noted)
ton Turnon time R.=10Q, C_. =0.1 pF, CT = 1000 pF 1559
torr Turnoff time R, =10Q, C_ =0.1 pyF, CT = 1000 pF 6
tr Vour rise time R . =10Q, C_ =0.1 pyF, CT = 1000 pF 1991 us
te Vour fall time R =109, C_ =0.1 yF, CT = 1000 pF 2
to ON delay time R =109, C_ =0.1 yF, CT = 1000 pF 665
ViN=0.8V, Von = Veias =5V, Ta = 25°C (unless otherwise noted)
ton Turnon time R.=10Q, C_. =0.1 pF, CT = 1000 pF 732
torr Turnoff time R . =10Q, C_ =0.1 pyF, CT = 1000 pF 161
tr Vour rise time R, =10Q, C_ =0.1 pyF, CT = 1000 pF 371 us
te Vour fall time R =109, C_ =0.1 yF, CT = 1000 pF 14
to ON delay time R, =109, C_ =0.1 yF, CT = 1000 pF 544
ViIN=25V,Von =5V, Vgias =2.5V, Tp = 25°C (unless otherwise noted)
ton Turnon time R.=10Q, C_. =0.1 pF, CT = 1000 pF 2410
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 2412 us
te Vour fall time R, =109, C_ =0.1 yF, CT = 1000 pF 2
to ON delay time R =109, C_ =0.1 yF, CT = 1000 pF 1181
ViN=0.8V,Von=5V, Vgias =25V, Tp = 25°C (unless otherwise noted)
ton Turnon time R.=10Q, C_. =0.1 pF, CT = 1000 pF 1575
torr Turnoff time R, =10Q, C_ =0.1 pyF, CT = 1000 pF 124
tr Vour rise time R . =10Q, C_ =0.1 pyF, CT = 1000 pF 927 us
te Vour fall time R, =109, C_ =0.1 yF, CT = 1000 pF 14
to ON delay time R =109, C_ =0.1 yF, CT = 1000 pF 1089
MR © 2013-2020, Texas Instruments Incorporated 7
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Typical Characteristics (T X)
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Typical Characteristics (T X)
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Typical Characteristics (T X)
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1600 | e 105°C ,/ > e 105°C /
// L~ 2500 ,/
1400 /, // = / //
LT =
— _ L=
g 1 1 =~ Z 2000 =
1000 2= = / 1 // 7 //
/// 500 7 /'/'
800 // / =
// A
// 1000 |~
600 =
Vains = 5V Vs = 2.5V
CT = 1nF CT = 1nF
400 500
08 12 16 2 24 28 32 86 4 44 48 52 08 1 12 14 16 18 2 22 24 26
Vin (V) Vin (V)
19. ton VS. Vi (Vaias =5V, CT = 1 nF) 20.tr vs. Viy (VBias = 2.5V, CT =1 nF)
2750 3500
—40°C Vi = 25V —40°C
—_—5C CT = 1nF —250C
. 3000 — 55
2250 85°C - 85°C
 105°C / \ — 105°C
/ P2 2500 \\\
A e \
1750 ]
- - /,// z [~ N
E //// 4 5000 N
3 P y g N
1250 A \\ N
/;/ 1500 \\\\‘\
. ‘/// \\\
s 1000 ~
é Veps = 5V
CT = 1nF
250 500
08 12 16 2 24 28 32 36 4 44 48 52 25 275 3 325 35 375 4 425 45 475 5
Vin (V) Vais (V)
21. tR VS. VlN (VB|AS =5 V, CT=1 nF) 22. tR VS. VBlAS (VlN =25 V, CT=1 nF)
6.8.1 Typical AC Scope Captures at T =25°C, CT =1 nF
Tek Stop Tek Stop
o 4 «
ON1 : / ON1
[z [z
|
I8 / L /
BrveTs BrisuT:
@ 200V 2 ][1.00ms 1.00MS/s [ WAER @ 200V 2 ][400;13 2,50M5/s [ WAER
@ 200V @ so0omv 10k points 2.52V @ 200V @ so0omv 10k points 2.52V
value Mean Min Max std Dev - 1 value Mean Min Max std Dev - 1
[ 1.514ms  1.510m 1.506m 1.514m 5.618H H | [ 729.9u5  728.6M 727.21 729.9u 1.894p H |
2 20 Oct 2013 2 20 Oct 2013
@@ s+ 1.605ms  1.603m 1.601m 1.605m 3.120u 07:24:19 @@/ 7345us 73544 734.5u 736.3u 1.267p 07:27:38
@D Rise Time 965. 1us 960.5M 955.9p 965.1p 6.516p @D Rise Time 384.2us 381.81 379.5pn 384.2p 3.335u

23. Turnon Response Time (Viy = 0.8 V, Vgjas =2.5V,
Cn=1WF C =0.1pF, R =10Q)

24. Turnon Response Time (Vy =0.8 V, Vgias =5V, Ciy
=1WF, C =01pF, R =109Q)
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Typical AC Scope Captures at T, = 25°C, CT =1 nF (#TR)

Tekstop . — ] X X X — . i Tokstop _
: : : : / d
”’M
oNt M : ] oNt !
2 2
_tonz ¢ / : 1 _tonz
|3 iyrrytes BT
@ 200V 2 1.00ms 1.00M578 AR ] @ 200V 2 1.00ms 1.00M578 [ AR
@ 200V @ 200V 10k points 2.52v )1 @ 200V @ 200V 10k points 2.52v )1
value Mean Min Max Std Dev value Mean Min Max Std Dev
[ 2.330ms  2.323m 2.308m 2.339m 21.60n H | [ 1.562ms  1.365m 1.562m 1.567m 3.504p H ]
2 29 Oct 2013 2 29 Oct 2013
@ @sr»  2.398ms  2.396m 2.393m 2.398m 3.432u 07:26:32 @ @sr»  1.540ms  1.542m 1.540m 1.543m 1.995p 07:30:56
@D Rise Time 2.462ms__ 2.474m 2.462m 2.487m 17.754 @D Rise Time 1.906ms _ 1.899m 1.891m 1.906m 10.25u
25. Turnon Response Time (Viy =2.5V, Vgas =2.5V, 26. Turnon Response Time (Viy=5V, Vgias =5V, Cy =
Cn=1pF, C_.=01pyF, R =109Q) 1uF, C . =0.1puF, R. =10 Q)
Tek stop Tek stop
I - — ] - - - — - = . Y
{ 4 4
Y gniz 2% onz
VOUT2 - : ] vouT? -
3| 3|
@ 200V 2 100058 10.0M578 [ AR ] @ 200V 2 100058 10.0M578 [ AR
@ 200V @ 500mv 10k points .52V @ 200V @ 500mv 10k points 252V
Value Mean Min Max Std Dev . 1 Value Mean Min Max Std Dev . 1
2 H 2 H
@ -2 119.7us  110.7 119.71 119.71 0.000 29 Oct 2013 @ -2 154.6ps  154.6 154.60 154.61 0.000 29 Oct 2013
@ rall Time  14.35ps  14.35u 14.351 14.351 0.000 07:24:29 @ rall Time  13.85us  13.85u 13.851 13.851 0.000 07:27:48
@@\ 1203ps  120.3u 120.3p 120.3p 0.000 @@\ 1550ps  155.0u 155.00 155.00 0.000
27. Turnoff Response Time (V)N = 0.8V, Vgias =25V, 28. Turnoff Response Time (V| =0.8V, Vgias =5V, C\
Cn=1pF, C .=01pyF, R =109Q) =1uF, C =0.1puF, R =109Q)
ON1 VouT1

N

EY ong A vouT2
N j : oz ;N
VOUT2 \

=

LN L . L
~ |

S

3| 3|
@ 200V 2 2.00us S00MS/s o - ) @ 200V 2 2.00us S00MS/s o -
@ 200V @ 200V 10k points 2,52V @ 200V @ 200V 10k points 2,52V
Value Mean Min Max Std Dev . 1 Value Mean Min Max Std Dev . 1

2 L 2 L
@ -2 7.160us 7.160p 7.160p 7.160p 0.000 29 Oct 2013 @ -2 5.874us 5.874u 5.874p 5.874p 0.000 29 Oct 2013
@ rall Time 2.334us  2.334p 2.334p 2.334n 0.000 07:26:42 @ rall Time 2.003us  2.093u 2.093p 2.093n 0.000 07:31:05
@@+ 7.232us  7.232u 7.232 7.232n 0.000 @@+ 5.957us  5.957u 5.957n 5.957 0.000

29. Turnoff Response Time (Viy =25V, Vgiags =25V, 30. Turnoff Response Time (Vy=5V, Vgias=5V, C\y =

Cn=1pF, C .=01pyF, R =109Q) 1uF, C . =0.1puF, R. =10 Q)
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7 Parameter Measurement Information

VIN

Cin=1pF

OFF

—

ON
[w N

VBIAS | TPS22966-Q1

Single channel shown for clarity. = =

GND

Vour

VOUT

TEST CIRCUIT

Ry

GND
GND

TIMING WAVEFORMS

(A) Control signal rise and fall times are 100

ns.

31. Test Circuit and Timing Waveforms

te
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8 Detailed Description

8.1 Overview

The device is a dual-channel, 4-A automotive load switch in a 14-pin SON package. To reduce the voltage drop
in high current rails, the device implements a low-resistance N-channel MOSFET.

The device has a programmable slew rate for applications that require specific rise-time. The device has very low
leakage current during off state. This prevents downstream circuits from pulling high standby current from the
supply. 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.

8.2 Functional Block Diagram

VIN1
Control N
ON1 Logic E
A
CT1
VOUT1
L |
GND
VBIAS » Charge Pump
VOUT2
CT2
ON2 Cont'rol I\ E
Logic
VIN2
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8.3 Feature Description

8.3.1 Quick Output Discharge

Each channel of the TPS22966-Q1 includes a Quick Output Discharge (QOD) feature. When the switch is
disabled, a discharge resistor is connected between VOUT and GND. This resistor has a typical value of 230-Q
and prevents the output from floating while the switch is disabled.

8.3.2 ON/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.

8.3.3 Adjustable Rise Time

A capacitor to GND on the CTx pins sets the slew rate for each channel. To ensure desired performance, a
capacitor with a minimum voltage rating of 25 V should be used on the CTx pin. An approximate formula for the
relationship between CTx and slew rate is (the equation below accounts for 10% to 90% measurement on Vgyr
and does NOT apply for CTx = 0 pF. Use % 1 to determine rise times for when CTx = 0 pF):

SR=0.32xCT +13.7

where
e SR =slew rate (in ps/V)
¢ CT = the capacitance value on the CTx 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 shows rise time values

measured on a typical device. Rise times shown below are only valid for the power-up sequence where V,y and
Vpgas are already in steady state condition, and the ON pin is asserted high.

# 1. Rise Time Values

RISE TIME (us) 10% - 90%, C, = 0.1uF, Cy = 1pF, R, = 10Q
CTx (bF) TYPICAL VALUES at 25°C, Vgjas = 5V, 25V X7R 10% CERAMIC CAP

5V 3.3V 1.8V 1.5V 1.2V 1.05V 0.8V

0 124 88 63 60 53 49 42
220 481 323 193 166 143 133 109
470 855 603 348 299 251 228 175
1000 1724 1185 670 570 469 411 342
2200 3328 2240 1308 1088 893 808 650
4700 7459 4950 2820 2429 1920 1748 1411
10000 16059 10835 6040 5055 4230 3770 3033

8.4 Device Functional Modes

5 2. Functional Table

ONx VINx to VOUTx VOUTx to GND
L Off On
H On Off

MR © 2013-2020, Texas Instruments Incorporated 15
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9 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.

9.1 Application Information

9.1.1 Input Capacitor (Optional)

To limit the voltage drop on the input supply caused by transient in-rush 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, C,
placed close to the pins, is usually sufficient. Higher values of C,y can be used to further reduce the voltage drop
in 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.

9.1.2 Output Capacitor (Optional)

Due to 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 Vgt 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 Vy
dip caused by inrush currents during start-up, 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,y 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 Adjustable Rise Time).

9.1.3 V,yand Vgas Voltage Range

For optimal Roy performance, make sure V)y < Vgas. The device will still be functional if Viy > Vgjas but it will
exhibit Roy greater than what is listed in Electrical Characteristics. See B 32 for an example of a typical device.
Notice the increasing Rpy as V) exceeds Vg as Voltage.

50 l l l
= VBIAS = 25V
45 | VBIAS = 3.3V /
e \/BIAS = 3.6V /
40 H=—=VBIAS = 4.2V
e VBIAS = 5V /
— 35 I VBIAS = 5.5V /

25
//

- L
20 ] : \%

T%mper{ature = 25“% lout = —Z#OmA
15

08 12 16 2 24 28 32 36 4 44 48 52 56
Vin (V)

32. Rpn VS. Viy (Single Channel)
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Application Information (#T R)
9.1.4 Safe Operating Area (SOA)

The SOA curves in 33 show the continuous current carrying capability of the device versus ambient
temperature (T,) to ensure reliable operation over 100,000 hours of device lifetime. Each curve represents a
specific percent of time that the switch is on.

The 100% curve represents use for a full 24 hours in a day. The 75% curve indicates 18 hours of use in a day
while the 12.5% curve shows 3 hours of use per day.

Examples on how to use this plot:

e The application has an ambient temperature of 60°C and the switch will be on 100% of the time. The
maximum continuous current that can be applied is approximately 2.1 A.

» The application requires the switch to be on 12.5% of the time and the current while on will be 3 A. The
maximum ambient temperature is approximately 100°C.

» The application requires 2 A and will be operated at 70°C. The switch can be on for a maximum of 75% of the
time.

» It is expected that most applications will not have specific use cases as defined in the examples above.
Different use cases can be combined to generate a more complete view of a specific application. This
example shows use under various conditions simplified to an average use case. The application requires
operation at 4 A for 25% of the time, 1 A for 25% of the time and is off the remaining 50% of the time.
Ambient temperature will vary from 25°C to 50°C. Will there be any limitations? The average current can be
calculated as (4 A x 25% + 1 A * 25% + 0 A * 50%). The average current calculates to be 1.25 A. Assuming
worst case temperature of 50°C, the resulting application is within the safe operating area.

5.00
4.00 \
2 \
§ 3.00 N —
5
(@]
£
S
£ 2.00 N
c
[
o
1.00 —
—100% ON time ‘ \
75% On ti
5% On time VBIAS = 5.0V
e 12.5% On time | |
0.00
-40 15 10 35 60 85 110

Ambient Temperature (°C)

33. Safe Operating Area
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9.2 Typical Application

VIN1 VOUT1
—
Dual N J_ o g —l_ J_ .
Power |™ Y T ) R
OFF
Supply ]
or cT2 GND
= VBIAS __l_ =
Dual
DC/DC
converter =
VIN2 VOUT2
—
O _,ﬂ ONa | ™ G
OFF
GND
1 TPS22966-Q1 - L T o

34. Typical Application Schematic

9.2.1 Design Requirements
For this design example, use the parameters listed in & 3 as the input parameters.

% 3. Design Parameters

DESIGN PARAMETER VALUE
Input voltage 3.3V
Bias voltage 5V
Load capacitance (C,) 22 uF
Maximum acceptable inrush current 400 mA

9.2.2 Detailed Design Procedure

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 2% 2:

Inrush Current = C x dV/dt

where
« C = output capacitance
e dV = output voltage
« dt=rise time (2
The TPS22966-Q1 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 & 3 and the inrush current equation.
400 mA = 22 pF x 3.3 V/dt (3)
dt = 181.5 pus (4)
To ensure an inrush current of less than 400 mA, choose a CT value that will yield a rise time of more than 181.5

us. See the oscilloscope captures in for an example of how the CT capacitor can be used to reduce inrush
current.

18 MRAX © 2013-2020, Texas Instruments Incorporated
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9.2.3 Application Curves
Veas =5V ; V=33V ;C =22 uF

INRUSHW%

100ps 100MS/s 2) F |27 Jan 2015
100k points 1.12V Jl11:25:39

Tek stop
[Ljvb

{oN
[ivouT -—/"-‘N
@iiNRUSH .. . R ;

@ 200V 2 ][40.0;15 250MS/s

@ 200V @ 500mA 100k points

(@ Max 680mA

35. Inrush Current With CT =0 pF

36. Inrush Current With CT = 220 pF
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10 Power Supply Recommendations

The device is designed to operate from a VBIAS range of 2.5 V to 5.5 V and a VIN voltage range of 0 V to 5.5 V.
The power supply should be well regulated and placed as close to the device terminals as possible. It must be
able to withstand all transient and load current steps. In most situations, using an input capacitance of 1 uF is
sufficient to prevent the supply voltage from dipping when the switch is turned on. In cases where the power
supply is slow to respond to a large transient current or large load current step, additional bulk capacitance may
be required on the input.

The requirements for larger input capacitance can be mitigated by adding additional capacitance to the CT pin.
This will cause the load switch to turn on more slowly. Not only will this reduce transient inrush current, but it will
also give the power supply more time to respond to the load current step.

11 Layout

11.1 Layout Guidelines

For best performance, all traces should be as short as possible. To be most effective, the input and output
capacitors should 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 maximum IC junction temperature should be restricted to 150°C under normal operating conditions. To
calculate the maximum allowable power dissipation, Ppmay for a given output current and ambient temperature,
use the following equation:
P _ TJ(max) _TA
D(max) — 9
JA

where
*  Ppmaxy = maximum allowable power dissipation
* Tymay = Maximum allowable junction temperature (150°C for the TPS22966-Q1)
e T, = ambient temperature
* 0jx = junction to air thermal impedance. See Thermal Information section. This parameter is highly dependent
upon board layout. 5)

37 shows an example of a layout. Notice the thermal vias located under the exposed thermal pad of the
device. This allows for thermal diffusion away from the device.
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11.2 Layout Example

VOUT1 capacitor

/

A

VIN1 capacitor

CT1 capacitor

b

CT2 capacitor

N\

™~

VOUT2 capacitor

37. Layout Example
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12.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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125 ZHREIE

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.
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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 ©)
@ ©)
TPS22966TDPURQ1 Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 966TQ1
TPS22966TDPURQ1.A Active Production WSON (DPU) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 105 966TQ1
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS22966TDPURQ1 WSON DPU

14

3000 180.0 8.4 225 | 325 | 1.05 4.0 8.0

Q1

TPS22966TDPUTQL1 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
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS22966TDPURQ1 WSON DPU 14 3000 210.0 185.0 35.0
TPS22966TDPUTQL1 WSON DPU 14 250 210.0 185.0 35.0
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MECHANICAL DATA

DPU (R—PWSON—N14)
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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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