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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION

For the most current package and ordering information, see the Package Option Addendum at the end of this
document, or see the Tl web site at www.ti.com

YZP PACKAGE
c|lO O

Bl O O
Al O O

1 2
Laser Marking View Bump View

TERMINALS ASSIGNMENTS (YZP PACKAGE)

Cc GND ON

B VOUT VIN

A VOUT VIN
1 2

TERMINAL FUNCTIONS

NO. NAME DESCRIPTION
C1 GND Ground
Cc2 ON Switch control input, active high. Do not leave floating
Al, B1 | VOUT Switch output
A2 B2 | VIN Switch inqu. Place a decoupling capacitor from VIN to GND. See Application Information section for details about
' input capacitors.

2 Copyright © 2013, Texas Instruments Incorporated
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BLOCK DIAGRAM

VIN

Charge
Pump

ON Control [\ E

Logic

Vout

GND
FUNCTION TABLE
ON (Control Signal) VIN to VOUT VOUT to GND®
L OFF ON
H ON OFF

(1) See application section Output Pulldown.

Copyright © 2013, Texas Instruments Incorporated 3
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ABSOLUTE MAXIMUM RATINGS®

MIN MAX | UNIT

ViN Input voltage range -0.3 4 \%

Vourt Output voltage range Vin+ 0.3 \%

Von ON pin voltage range -0.3 4 \%

IMAX Maximum continuous switch current, Tp = -40°C to 85°C 2 A

IpLs Maximum pulsed switch current, 100-ps pulse, 2% duty cycle, Tp = -40°C to 85°C 4 A

Ta Operating free-air temperature range -40 85 °C

Tstg Storage temperature range —65 150 °C
L . Human-Body Model (HBM) 5000

ESD Electrostatic discharge protection - \%
Charged-Device Model (CDM) 1000

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATINGS

BOARD PACKAGE Resc

Resa

DERATING
FACTOR
ABOVE
Tp = 25°C

Ta < 25°C

Tp = 70°C

Th = 85°C

High-K® YZP 17.6°C/W

123.36°C/W

- 8.1063
mw/°C

810.63 mW

445.84 mW

324.25 mW

(1) The JEDEC high-K (2s2p) board used to derive this data was a 3- x 3-inch, multilayer board with 1-ounce internal power and ground

planes and 2-ounce copper traces on top and bottom of the board.

RECOMMENDED OPERATING CONDITIONS

MIN MAX | UNIT

VN Input voltage 0.75 3.6 \

Vout Output voltage Vin \
. . VnN=25Vto36V 1.2 3.6

Vi High-level input voltage, ON \%
Vin=0.75V1to25V 0.9 3.6
X V|N =25Vto36V 0.6

Vi Low-level input voltage, ON \%
Vin=0.75V to 249 V 0.4

Cin Input capacitance 1M uF

(1) See the Input Capacitor section in Application Information.

Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS
Vv = 0.75 V to 3.6 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP® MAX| UNIT
VIN =36V 75 160
VIN =25V 42 100
= = Vin=18V 50 350
Ig, VN Quiescent current VOUT = open, Viy N Full HA
' Von Vin=12V 95 200
VIN =10V 65 120
VIN =0.75V 35 80
Isp, vIN Shutdown current Von = GND, VOUT = 0V Full 40| pA
25°C 18.3 228
V|N =36V
Full 26.8
25°C 18,5 23.0
V|N =25V
Full 27.2
25°C 196 24.1
V|N =18V
R ON-stat ist I 200 mA Ful 28.1 Q
-state resistance =- m m
oN out 25°C 19.4 239
V|N =12V
Full 28.0
25°C 20.3 24.8
V|N =10V
Full 29.0
25°C 227 27.2
V|N =075V
Full 34.8
Rpp ggfgf;n‘é‘g'(%own Vin =33V, Von = 0, lour = 1 mA 25°C 450 1400| @
ON-pin input leakage _
lon current Von = 0.9 Vto 3.6 Vor GND Full 0.1 HA

(1) Typical values are at Viy = 3.3 V and T = 25°C.
(2) See Output Pulldown in Application Information.

SWITCHING CHARACTERISTICS
Viy = 3.6V, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ton Turn-ON time R =10Q, C_ = 0.1 pF, Vjy = 3.6V 7400 us
torr Turn-OFF time R =10Q, C_ = 0.1 pF, Vjy = 3.6V 2.5 us
t, Vour rise time R =10Q, C_ = 0.1 pF, Vjy = 3.6V 6200 us
t Vour fall time R =10Q, C_ = 0.1 pF, Vjy = 3.6V 2 us

SWITCHING CHARACTERISTICS
Vv =0.9V, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton Turn-ON time R, =10Q,C_ =0.1 yF, V|y=0.9V 6300 us
torr Turn-OFF time R . =10Q, C.=0.1 yF, V|y = 0.9V 12 us
t, Voyr rise time R, =10Q,C_ =0.1 yF, V|y =0.9V 3200 us
t Voyr fall time R, =10Q,C_ =0.1 yF, V|y =0.9V 3 us

Copyright © 2013, Texas Instruments Incorporated 5
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PARAMETRIC MEASUREMENT INFORMATION

Vin Vour
C|N = 1|JF I—,
JR — ON JR —
O T e T2,
- L
OFF
GND
TPS22924D
— OND — I — O©OND
TEST CIRCUIT
| |
v | |
on 50% 50%
| |
| |
| | | | | |
t, ——» «—p—t
! | '4—>:— torr T | | | !
ton —le—— ! | . | | |
| | | | |
| | | vV, | 190% 90% | |
Vour ! 7‘4, 50% %, 50% T ! !
|

ton/torr WAVEFORMS
A. Rise and fall times of the control signal is 100ns

Figure 2. Test Circuit and ton/toer Waveforms

6 Copyright © 2013, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS

ON-STATE RESISTANCE ON-STATE RESISTANCE

VS VS
INPUT VOLTAGE TEMPERATURE
s -40C % VIN = 0.75V
28 25¢C —VIN=1V
—VIN=12V
26 85T 26 VIN = 1.8V
—VIN =25V
24 \ VIN = 3.6V /
22 22 —
<) | — a
k e ——
18 18
16 \ //
14 T~ ——— 14 /
12
lour = -200mA lour = -200mA
10 10
0.5 1 15 2 2.5 3 3.5 -40 15 10 35 60 85
Vin (V) Temperature (°C)
QUIESCENT CURRENT SHUTDOWN CURRENT
VS VS
INPUT VOLTAGE INPUT VOLTAGE
250 0.6
—— 40T Vour = Open, Voy=Vy — 40T Von = Vour= 0V
25C 25T
85T 0.5 85T
200 /
/ 0.4
-
150 A —
2 zo3
v 5
~ 100 - —t ]
0.2
50 / //: o1
0 0
0.5 1 1.5 2 25 3 3.5 0.5 1 15 2 2.5 3 35 4
Vin (V) Vin (V)
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10000

9000

8000

7000

ton (HS)

6000

5000

4000

VOUT (V)

TYPICAL CHARACTERISTICS (continued)
ON INPUT THRESHOLD

——VIN =0.75V
—VIN =1V

—VIN =12V
——VIN = 1.8V

—— VIN = 2.5V
VIN = 3.6V

Temperature (°C)

0 02 04 06 08

TURN-ON TIME

VS
TEMPERATURE
Vin=36V,C =0.1pF, R =10Q
——VIN = 3.6V
C, = 0.1F, Cy = 1F, R, = 10Q

-40 -15 10 35 60 85

Von (V)

2.8

2.6

torr (US)

2.4

2.2

2

1.2 1.4 1.6 18 2

TURN-OFF TIME

VS
TEMPERATURE
ViN=3.6V,C =0.1uF, R =100Q

——VIN = 3.6V

C, = 0.1F, C,y = 1F, R, = 10Q

-40

-15 10 35 60 85
Temperature (°C)

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps22924d?qgpn=tps22924d
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS22924D

ZHCSAZ5 —-MAY 2013

TYPICAL CHARACTERISTICS (continued)

RISE TIME
VS
TEMPERATURE
ViN=3.6V,C =01pF, R =10Q
10000
—VIN =3.6V
9000
8000
g
‘“a 7000
6000 \
\
5000
C,=0.1pF, C, = 1uF, R = 10Q
4000
-40 -15 10 35 60 85
Temperature (°C)
TURN-ON TIME
VS
TEMPERATURE
Vn=09V,C =01pF, R =10Q
10000
—VIN=0.9V
9000
8000
% 7000
£ \
6000
5000
C, = 0.1pF, C, = 1uF, R = 10Q
4000
-40 -15 10 35 60 85

Temperature (°C)

tean (MS)

torr (HS)

2.6

22

1.8

1.4

15

14

=
w

[
N

11

10

FALL TIME
VS
TEMPERATURE
V=36V, C =0.1pF, R =10Q
—VIN =3.6V
—’/——\\\
C,=0.1pF, C, = 1pF, R, = 10Q
-40 -15 10 35 60 85
Temperature (°C)
TURN-OFF TIME
VS
TEMPERATURE
V=09V, C =01pF, R =10Q
VIN = 0.9V

/

/

C,=0.14F, C,y = 1yF, R, = 100

-40 -15 10 35

Temperature (°C)

60 85
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trise (US)

t (us)

5000

4500

4000

w
a
o
=]

3000

2500

2000

10000

9000

8000

7000

6000

5000

4000

3000

2000

TYPICAL CHARACTERISTICS (continued)

RISE TIME
VS
TEMPERATURE
V=09V, C,=0.1pF, R =100
——VIN=09V
—_—
C,=0.14F, Cyy = 1yF, R, = 100
-40 15 10 35 60 85
Temperature (°C)
RISE TIME
VS
INPUT VOLTAGE
CL=0.1WF, R =100Q, Voy =18V
——-40C
25C
85T
/\\\ // \\\\\”,ff
/ S~
\/ \/ C_ = 0.14F, Cy = 1yF, R, = 10Q
05 1 15 2 25 3 35 4
Vin (V)

ton (HS)

4.5

35

tean (MS)

25

14000

12000

10000

8000

6000

4000

2000

FALL TIME

VS
TEMPERATURE
ViN=0.9V,C =0.1uF, R =100Q

—VIN=0.9V

//

C, = 0.1yF, C,y = 1uF, R = 10Q

-40 -15 10 35 60 85
Temperature (°C)

TURN-ON
TIME
VS
INPUT VOLTAGE
CL=0.1pF, R =10Q, Von=1.8V
\\ //\ /
\ \ \\
Vf\/ -40C
25T
C_ = 0.1pF, Cy = IuF R, = 10Q — 85T
0.5 1 1.5 2 2.5 3 3.5 4

Vin (V)

10
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TYPICAL CHARACTERISTICS (continued)

TURN-OFF TIME

VS
INPUT VOLTAGE
CL=01pF, R =100, Voy=18V

20
—-40C
18 25T
\ —85T
16

= =
N IS
"
/

torr (MS)

=
2] o

N\

6
4
N
2
C, = 0.1yF, Cyy = 1yF R, = 10Q
0
0.5 1 15 2 25 3 35
Vi (V)

TURN-ON RESPONSE

t; (us)

FALL TIME
VS
INPUT VOLTAGE
CL=0.1pF, R =10Q,Von=1.8V
6 ——-40C
25C
5 \\ ——85C
4 \
3 \
2 —
1
C_=0.1yF, Cyy = 1pF, R = 10Q
0
0.5 1 1.5 2 2.5 3 3.5 4
Vin (V)

TURN-OFF RESPONSE

Cn=1WF, C =0.1pF, R =10Q, Viy=0.9V, Ta = 25°C
| —T1 |

Cn=1WF, C =01pF, R =10Q, Viy=0.9V, Ta = 25°C
| —1 |

Stop Stop
.4 4
2 [Z{von
EovouT = {vout
& ool 2.00ms S00kS /s 7 ] @ ooy 10015 100MS/s e ]
10.00 % 10k peints 500mY 10.00 % 10k points 500mY
Value Mean Iolin Max Std Dey 10 May 2013 Walue Mean Ilin Max Std Dey 10 May 2013
[ 2 EEVS 6.046ms £.052m £.046m £.058m 8.812 13: 21: 15 13:29: 52
[ 2 BLSAN 14,605 7.639, -9.9511 17,40 13.551

TURN-ON RESPONSE
Cn=10WF, C =1 puF, R =10Q, Vjy = 0.9V, T, = 25°C
: i E— : —

TURN-OFF RESPONSE
Cn=10WF, C =1 puF, R =10Q, Vjy = 0.9V, Ts = 25°C
E— e — S —

Stop Stop
—- 2k
« <
(2 VON s [Zvon
= vouTe g B PR . B . B :\/UUT . . . . P # : o
& soomy 2.00ms 500kS/s 7 ] & soomy 10.0ps 100M3/5 iy ]
10.00 % 10k peints 500mY 10.00 % 10k peints S00m'
Value Mean Mlin Max Std Dey 10 May 2013 Walue Mean lin Max Std Dev 10 May 2013
[ 2 RS 6.060ms 4.045m —-1.991m 6.060m 4.268m 13: 24: 01 13:27: 38
@O 17,1945 10,461 -9.938 17.40p 14,420
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TYPICAL CHARACTERISTICS (continued)

TURN-ON RESPONSE
Cn=1 UF, C_.=0.1 UF, R = 10 Q, Vin=3.6V, Ty =25°C
[ & |

TURN-OFF RESPONSE
Cn=1 uF, C_.=0.1 uF, R = 10 Q, Vin=3.6V, Ty =25°C
=1 1

Step Stop
g
G «
[V ON e 2 {von- -
= jvout = [vout
& soomv 2.00ms S00kS /s 7 ] & soomy 10.0ps 100MS/s RN ]
10.00 % 10k peints 500mY 10.00 % 10k peints S00mY
Yalue Mean Ilin Max Std Dey 10 May 2013 Yalue MMean flin Max Std Dey 10 May 2013
[ 2 EE=s 7.167ms 7.167m 7.167m 7.167m 0.000 13335458 13:39: 07
[2 BN 2,743 4,312 2,738 9,026 3,685

TURN-ON RESPONSE
Cn=10pF, C =1 pF, R =10 Q, Viy=3.6 V, Ta = 25°C
 —T1 |

TURN-OFF RESPONSE
Cn=10F, C =1pF, R =10 Q, Viy = 3.6 V, Ta = 25°C
| —1 |

Stop Stop
-
.4 .4
(2 VON s [Zvon
Evout = {vout
@ soomy 2.00ms S00kS/s 7 ] a soomy 10.0ps 100MS/s Ay ]
10.00 % 10k points 500mY 10.00 % 10k points 500mY
Value Mean Iolin Max Std Dey 10 May 2013 Walue Mean Ilin Max Std Dey 10 May 2013
[ 2 EES 7.173ms 7.170m 7.167m 7.173m 4.2431 13: 35: 40 13:37: 31
[ 2 BN 9.0264s 9.0264 9,026 9.0261 0.000
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APPLICATION INFORMATION

ON/OFF Control

The ON pin controls 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, 1.8-V, 2.5-V or 3.3-V GPIOs.

Input Capacitor

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 V,y and GND. A 1-yF ceramic
capacitor, Cyy, placed close to the pins is usually sufficient. Higher values of Cy can be used to further reduce
the voltage drop.

Output Capacitor

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 Vy when the system supply is removed. This could result in current
flow through the body diode from Vgout to Vy. A Cy to C, ratio of 10 to 1 is recommended for minimizing Vy dip
caused by inrush currents during startup.

Output Pulldown

The output pulldown is active when the user is turning off the main pass FET. The pulldown discharges the
output rail to approximately 10% of the rail, then the output pulldown is automatically disconnected to optimize
the shutdown current.

Board Layout

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 and short-circuit operation. Using wide traces for V,y, Vout, ahd GND helps minimize the parasitic
electrical effects along with minimizing the case to ambient thermal impedance.

Copyright © 2013, Texas Instruments Incorporated 13
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TPS22924DYZPR ACTIVE DSBGA YzZP 6 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 DL
TPS22924DYZPT ACTIVE DSBGA YZP 6 250 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 DL

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI'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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« PACKAGE OUTLINE
YZP0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

CORNER
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N i S
SEATING PLANE

019 Lewem
019 | BALL TYP [ ]0.05

—oshve

IeNe!
=jolol, §

|
‘ TYP
(OO
|
0.25 1 ! 2
6X 2621 SYMM
[@ o050 [c[a®[®] ¢
4219524/A 06/2014
NOTES: NanoFree Is a trademark of Texas Instruments.

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. NanoFree™ package configuration.
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EXAMPLE BOARD LAYOUT
YZP0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

< (0.5) TYP =]
6X (0.225) |

TifA

(0.5) TYP

LAND PATTERN EXAMPLE
SCALE:40X

(©0.225) 0.05 MAX METAL
METAL 0.05 MIN ___\/ UNDER
y MASK

SOLDER MASK T--t (% 0.225)

OPENING SOLDER MASK
OPENING
NON-SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4219524/A 06/2014

NOTES: (continued)

4. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SBVA017 (www.ti.com/lit/sbva017).
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EXAMPLE STENCIL DESIGN
YZP0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

= (05) TYP |

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:40X

4219524/A 06/2014

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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