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5 Pin Configuration and Functions

A Lo
JO O
qd ©

1 2
5-1. TPS22950 WCSP - 6 Top View

i 5-1. Pin Functions

e PIN o 110 DESCRIPTION

ON A1 | Active high switch control input. Do not leave floating.

FLT A2 O Open-drain output, pulled low during thermal shutdown or reverse current-conditions.
VIN B1 | Switch Input.

VOUT B2 O Switch Output.

GND C1 - Device ground.

ILIM Cc2 (0] Adjusts device current limit through a resistor to ground.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
VN Maximum Input Voltage Range -0.3 6 \Y
Vour Maximum Output Voltage Range -0.3 6 \Y
Von Maximum ON Pin Voltage Range -0.3 6 \Y
VeT Maximum FLT Pin Voltage -0.3 6 \
IMAx Maximum Continuous Output Current 2.7 A
IMax pLS Maximum Pulsed Output Current (T, = 85°C, duty cycle = 2%) 41 A
Tste Storage temperature -65 150 °C
TLeaD Maximum Lead Temperature (10 s soldering time) 300 °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
o JEDEC JS-001, allpins(") -
V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per JEDEC +500
specificationJESD22-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. Manufacturing with
less is possible with the necessary precautions. Pins listed may actually have higher performance.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX| UNIT
ViN Input Voltage Range 1.8 5.5 \%
Vout Output Voltage Range 0 5.5 \%
Viy ON Pin High Voltage Range 1 5.5 \%
Vi ON Pin Low Voltage Range 0 0.35 \Y
ILim Output Current Limit 0.05 3.5 A
Ta Ambient temperature —40 125 °C
TJ Junction temperature -40 150 °C
6.4 Thermal Information

TPS22950

THERMAL METRIC(") YBH (WCSP) UNIT
6 PINS

Resa Junction-to-ambient thermal resistance 135.8 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 39.5 °C/W
Raus Junction-to-board thermal resistance 1.4 °C/W
Wr Junction-to-top characterization parameter 0.9 °C/W
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6.4 Thermal Information (continued)

TPS22950
THERMAL METRIC(") YBH (WCSP) UNIT
6 PINS
Y5 Junction-to-board characterization parameter 39.5 °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

Unless otherwise noted, the characteristics in the following table apply across the recommended operating input voltage
range with a load of C_ = 0.1 uF, R_ = 100 Q. Typical Values are at 5V and T = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Input Supply (VIN)
la, viN VIN Quiescent Current Von 2 Vin, VOUT = Open “40°C o 85°C 44 60| uA
' -40°C to 125°C 60| pA
25°C 02 04| pA
Isp, viN VIN Shutdown Current Von £ V), VOUT = GND -40°C to 85°C 9| A
-40°C to 125°C 46| pA
ON-Resistance (RON)
25°C 34 41| mQ
Ron ON-State Resistance VN =5V, loyt =-200 mA -40°C to 85°C 49| mQ
-40°C to 125°C 54| mQ
25°C 41 51
Ron ON-State Resistance VN = 3.3V, louT = -200 mA -40°C to 85°C 62| mQ
-40°C to 125°C 68
25°C 67 90| mQ
Ron ON-State Resistance Vin = 1.8V, louT = -200 mA -40°C to 85°C 105 mQ
-40°C to 125°C 116| mQ
Output Current Limit (ILIM)
\Fjgb“: f\f/iLO:Qo.sv -40°C to 125°C 154 2 246 A
\F/%LMT =\}": 5=k(§2,3v -40°C to 125°C 0.75 1 125 A
ILim Output Current Limit R = 2.21K0 ] ]
Vour - Vi = 0.3V -40°C to 125°C 0.38 0.5 062 A
\Fj'c;'JMT f\}z'ik&v 40°C10125°C  |0.034 0.05 0.066| A
fum %‘;:;e”t Limit Response | 5 41t hard short (lout > L) -40°C t0 125°C 5 us
Reverse Current Blocking (RCB)
Vecs Activation Threshold Vour Rising; Vout > Vin -40°C to 125°C 44 mV
Release Threshold Vour Falling; Vout > Vin -40°C to 125°C 16 mV
tres Response Time Vour=Vn+ 1V -40°C to 125°C 3 us
louTReB Efg f,rgil}eakage Current zl(l)\lN=so\\//l,LVOUT sy -40°C to 125°C 38| pA
Fault Indication (FLT)
VoL, FLT Output Low Voltage T =1mA -40°C to 125°C 01| V
toFLT Fault Delay Time Von 2 ViH -40°C to 125°C 10 us
leLT Off State Leakage Von = VL -40°C to 125°C 50| nA
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6.5 Electrical Characteristics (continued)

Unless otherwise noted, the characteristics in the following table apply across the recommended operating input voltage
range with a load of C_ = 0.1 uF, R_ = 100 Q. Typical Values are at 5V and T = 25°C.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Enable Pin (ON)
Smart Pull Down o °
RPD, ON Resistance VON < V||_ -40°C to 125°C 500 650 kQ
lon ON Pin Leakage Von 2 Viy -40°C to 125°C 50| nA
Quick Output Discharge | VIN = 5V ane o
Raobp Resistance Von < Vi 40°C to 125°C 100 160| Q
Quick Output Discharge | VIN = 3.3V o o
Raobp Resistance Von < Vi -40°C to 125°C 150 185| Q
Quick Output Discharge VIN = 1.8V o .
Raobp Resistance Von £ Vi -40°C to 125°C 200 355| Q
Thermal Shutdown (TSD)
Rising N/A 170 °C
TSD Thermal Shutdown
Falling (Hysteresis) N/A 150 °C

6.6 Switching Characteristics
Unless otherwise noted, the typical characteristics in the following table applies at 25°C with a load of C| =1 pyF, R_. = 100 Q

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton Turn ON Time VN =5V 800 us
ton Turn ON Time Vin = 3.3V 550 us
ton Turn ON Time Vin = 1.8V 400 us
tr Output Rise Time VN =5V 600 us
tr Output Rise Time VN = 3.3V 320 us
tr Output Rise Time Viny = 1.8V 200 us
to Output Delay Time VN =5V 260 us
to Output Delay Time VN = 3.3V 250 us
to Output Delay Time Vin = 1.8V 260 us
torr Turn OFF Time VN =5V 20 us
torr Turn OFF Time VN = 3.3V 15 us
torr Turn OFF Time Vin = 1.8V 17 us
traLL Output Fall Time VN =5V 118 us
traLL Output Fall Time Vi =3.3V 120 us
teaLL Output Fall Time VN = 1.8V 130 us
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6.7 Typical Characteristics
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6-1. Quiescent Current vs. Input Voltage 6-2. Shutdown Current vs. Input Voltage
85 220
80 AN — -40°C — -40°C
N — 25°C — 25°C
75 N 85°C 200 85°C
70 \ — 125°C - — 125°C
g c
E 65 \\ = 180 N
3 60 N g N \
§ 55 AN N @ 160 AN
b N N 2 N0 NN
2 50— - & \ \
C 45 N \\ ~| 8 140 SN —
s \\ N — 3 —
40 ] —
35 — 120 —
30 ——
= —
o5 —— 100
15 2 25 3 35 4 45 5 55 5 2 25 3 35 4 45 5 55
Input Voltage (V) Input Voltage (V)
Von 2 Vi loutr =-200 mA Von S Vi
6-3. On-Resistance vs. Input Voltage 6-4. QOD Resistance vs. Input Voltage
275 24
—— 4-layer JEDEC PCB
25 —— 4-layer PGB with 0.5in? Cu pad o 22
2.25 = 2
s 2 S e
5§ 175 LV>) 16
g 15 3 1'4
8 125 £
o — S 12
& 075 [~ g 1
05 % 08 <
0.25 > = 06
0 0.4 [~
40 20 0 20 40 60 80 100 120 140 85 95 105 115 125 135 145
Ambient Temperature (°C) Junction Temperature (°C)
6-5. Maximum Power Dissipation vs Ambient Temperature 6-6. Maximum Continuous Current vs Junction Temperature
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6.7 Typical Characteristics (continued)
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6-7. Short Circuit Response

6-8. Reverse Current Blocking
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7 Parameter Measurement Information
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8 Detailed Description
8.1 Overview

This section describes the switch features and functional behavior.

8.2 Functional Block Diagram

Current |X| VOUT

Reverse
VIN X Current
Blocking
~ Control
ON Eﬂ Logic
Smart
Pull
Down

Driver

¢
LIl

Limiting

E— Y

8.3 Feature Description
8.3.1 Current Limiting

GND

The TPS22950 responds to overcurrent conditions by limiting its output current to the Iy level shown in the

Figure below.
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1 1
ON
O —1
Soft Short on Auto Restart Auto Restart
VOUT Into Short (Short Removed)
ILll\/l ]
lout ,
O —
—! < tum
~— jpum——
VOUT
O —1
Ve —
FLT
O —
— K Ippr
TSD
T, TSDuvs
Ty — —/

Time
8-1. Output Current Limit for Short Circuit Protection (t,u)

When an overcurrent condition is detected, the device maintains a constant output current and reduces the
output voltage accordingly. Two possible overload conditions can occur.

The first condition is when a short circuit or partial short circuit is present on the output and the ON pin is
toggled high, turning the device on. The output voltage is held near zero potential with respect to ground and the
TPS22950 ramps the output current to I ;. The TPS22950 device will limit the current to I ;4 until the overload
condition is removed or the internal junction temperature of the device reaches thermal shutdown and the device
turns itself off. The device remains off until the junction temperature has lowered to TSDyys, and the device will
turn itself back on. This will cycle until the overload condition is removed.

The second condition is when a short circuit, partial short circuit, or transient overload occurs after the device
has been fully powered on. The device responds to the overcurrent condition within time t,  (see figure below),
and before this time the current is able to exceed I . In the case of a fast transient, the current-sense amplifier
is overdriven and momentarily disables the internal power FET. The current-sense amplifier recovers and limits
the output current to I ;y. Similar to the previous case, the TPS22950 limits the current to I,y until the overload
condition is removed or the internal junction temperature of the device reaches thermal shutdown and begins
thermally cycling on and off.
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tLIM ILIM

lour \/

8-2. Transient Current Limit Waveform

8.3.1.1 Adjusting the current limit

The current limit is adjusted by connecting an external resistor from the ILIM pin to GND. The current limit
resistor can be chosen using the equation:

Ium = 1.18 x (Rym) 072 (1)
8.3.2 Reverse Current Blocking (RCB)

In a scenario where the device is enabled and Vgt is greater than V), there is potential for reverse current to
flow through the pass FET or the body diode. When the reverse current threshold is exceeded (about 900 mA),
there is a delay time (trcg) before the switch turns off to stop the current flow. The switch will remain off and
block reverse current as long as the reverse voltage condition exists. Once Vot has dropped below the release
voltage threshold (Vrcg) the device will turn back on. When the ON pin is pulled low, the device will constantly
block reverse current.

8.4 Device Functional Modes
The tables below summarize the Device Functional Modes.
£ 8-1. Output Connection Table

ON Fault Condition VOUT State FLT State
L N/A Hi-Z Hi-Z
H None VIN (via Ron) Hi-Z
H Output Short Current Limited Hi-Z
H Thermal Shutdown Hi-Z L
H Reverse Current Hi-Z L

% 8-2. Smart-ON Functional Modes (Rpp on)

ON ON Pin
<V Pull Down Active
=2V No Pull Down
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9 Application and Implementation

Note

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

9.1 Application Information

This section highlights some of the design considerations when implementing this device in various applications.
9.2 Typical Application

This typical application demonstrates how the TPS22950 device can be used to set an adjustable current limit.

VIN vouT
On| Rer CL R.
Y —r .
vin ™ ON FLT ™
I Fault
L
GND
RILIM
9-1. Typical Application
9.2.1 Design Requirements
For this example, the values below are used as the design parameters.
3 9-1. Design Parameters
PARAMETER VALUE
Input Voltage (Vin) 5V
Load Current (mA) 100 mA
Typical Current Limit (mA) 500 mA

9.2.2 Detailed Design Procedure

In this example the nominal load current is 100 mA, so the current limit can be set to 500 mA without disrupting
normal operation. Use 523 2 to calculate the resistor needed on the ILIM pin.

lum = 1.18 x (Rym) 072 (2)

where

* lm = Typical current limit setting
*  Rj_m = Resistor on the ILIM pin

Based on 523 2, a 2.21-kQ resistor should be used on the ILIM pin to set a typical current limit of 500 mA.
9.2.3 Application Curves

The below scope shot shows the device turning on into a fault condition and limiting the current to the specified
amount of 500 mA.
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_ﬂ ; Value : ”“’.‘-ean -r-m m”’- — T Lt i |I|----|4 48 M
||'- Siama 5127 Fh 127 00 |—
RILIM =2.5kQ VOUT =GND
9-2. TPS22950 Turning On into an Output Short
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10 Power Supply Recommendations

The device is designed to operate with a VIN range of 1.8 V to 5.5 V. The VIN power supply must be well
regulated and placed as close to the device terminal as possible. The power supply must be able to withstand
all transient load current steps. In most situations, using an input capacitance (CIN) of 1 yF 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.
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11 Layout
11.1 Layout Guidelines

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

11.2 Layout Example
To GPIO To GPIO

¢ ¢ Via to VIN
AN

’
! \
\ /
~_~

Via to GND R||_||\/|
11-1. TPS22950 Layout Example

-

Rt
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12 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

12.1 BB ERTEA

BRRXHENREA , HSME ticom EMBRHTmXHR, [ JTHAZEH #TEM  USARKKTRESE
AT, AXRESIMFAEE , FERFEASBITXEFIENEITALIER,.

12.2 TREFIR

TIE2E™ TR RERIBIMNEESZERE , TEENETFIRERRE, ESRIIMBENRITHE., BRNEH
ZHEHECHRFEAIIREBFIENIRIRIRITE B

EENARHE I TBMEREFRHE, XENEZHTERE TI HAHAE , HET—ERR TI RS ; HSH T
B (EAZRD -

12.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.
ERRESNEZBEENM~,

124 BEERBES

BB (ESD) 2RMXMERBE. BMNMNE (T)) BUEBLE SNTBELEFEERES, METEFERHLE
A MRERRF | THARFERSE.

RN ESD WIRER N ES BB AR | AEBA BN, BENERSRTLES S SURE  RERNELAUGS
BEUABTELSBRGSERAIARTHEE.

12.5 RiER

TI RiFER AREFERIIEHBRETARE, 5FSBBEANE L.
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13 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 revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OUTLINE
YBH0006-C02 DSBGA - 0.4 mm max height
DIE SIZE BALL GRID ARRAY
BALL A1T—7
CORNER
D
0.4 MAX
0.19
0.13
TYP
|
‘ : ‘
c E } \ { }
1 |
|
o8] . {} ‘+ @7EYMM D: Max = 1.126 mm, Min = 1.086 mm
TYP E: Max = 0.726 mm, Min = 0.686 mm
TYP !
LB O
A |
—
o322 s
[4 00150 [c]A[B]
4226594/A 03/2021
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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YBH0006-C02

EXAMPLE BOARD LAYOUT
DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

"1

(0.4) TYP

0.05 MAX
(@0.2)
" EXPOSED

SOLDER MASK:
OPENING METAL

NON-SOLDER MASK
DEFINED

SOLDER

r (0.4) TYP j
2

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

NOT TO SCALE

SCALE: 50X

METAL UNDER
SOLDER MASK

0.05 MIN T r
EXPOSED/ T @o2)

SOLDER MASK
METAL OPENING

SOLDER MASK
DEFINED
(PREFERRED)

MASK DETAILS

4226594/A 03/2021

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YBH0006-C02 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

(R0.05) TYP

) SYmMm
—¢

SYMM

ﬁ§4444

SOLDER PASTE EXAMPLE
BASED ON 0.075 mm THICK STENCIL
SCALE: 50X

4226594/A 03/2021

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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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 ®3) (4/5)
(6)
TPS22950YBHR ACTIVE DSBGA YBH 6 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40to 125

@ 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: TI 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. TI 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 TI 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

YBHOO006 DSBGA - 0.4 mm max height
DIE SIZE BALL GRID ARRAY
E——
BALL Al—1-
CORNER
D
0.4 MAX
J—i” —~ E/L SEATING PLANE
0.16 _| BALL TYP
0.10
TYP
| ‘ |
I ‘ !
c <€§»
- - |
|
|
| SYMM  D: Max = 1.096 mm, Min =1.036 mm
8 OO '
TYP | E: Max = 0.696 mm, Min =0.636 mm
TYP !
T O
A |
|
1
6X¢8:i§g syMm
[ [0.0150 [c[A[B]
4224514/A 08/2018
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YBHOO006 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP
Tl 7

2 |

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 50X

0.05 MAX 0.05 MIN METAL UNDER
(©0.2) - —\\fSOLDER MASK
METAL \Q / \

\ s
SOLDER MASK—" EXPOSED EXPOSED/ -- @0.2)
OPENING METAL METAL SOLDER MASK
OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED (PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4224514/A 08/2018

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YBHOO006 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

= (0.4) TYP

(R0.05) TYP

6X (10.21) W

SOLDER PASTE EXAMPLE
BASED ON 0.075 mm THICK STENCIL
SCALE: 50X

4224514/A 08/2018

NOTES: (continued)

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