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TPS22950-Q1

5 Pin Configuration and Functions

ON 1 6 FLT
VIN 2 5 VOUT
GND 3 4 ILIM

K 5-1. TPS22950-Q1, DDC Package 6-Pin SOT (Top View)

% 5-1. Pin Functions

e PIN o /o DESCRIPTION
ON 1 | Active high switch control input. Do not leave floating
VIN 2 | Switch Input
GND 3 GND Device Ground
ILIM 4 O Adjusts device current limit through a resistor to ground
VOUT 5 O Switch Output
FLCT 6 O Open-drain output, pulled low during thermal shutdown or reverse current-conditions

(1) Signal Types: | = Input, O = Output, GND = 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 -03 6 \%
Vour Maximum Output Voltage Range -03 6 \%
Von Maximum ON Pin Voltage Range -03 6 \Y
Ve 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)

Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply

functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

Product Folder Links: TPS22950-Q1

VALUE UNIT

Human-body model (HBM), per AEC Q100-002(") £2000

HBM ESD classification level 1C
V(esp) Electrostatic discharge Charged-device model (CDM), per AEC v

Q100-011 +500

CDM ESD classification level C4A
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX| UNIT
VN Input Voltage Range 1.8 5.5 \Y
Vout Output Voltage Range 0 5.5 \%
Viy ON Pin High Voltage Range 1 5.5 \Y
Vi ON Pin Low Voltage Range 0 0.35 \%
Y 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-Q1
THERMAL METRIC(") DDC(SOT) UNIT
6 PINS
R ya Junction-to-ambient thermal resistance 104.8 °C/W
R 0 Jc(top) Junction-to-case (top) thermal resistance 57.6 °C/W
Rous Junction-to-board thermal resistance 36.3 °C/W
wr Junction-to-top characterization parameter 12.8 °C/W
4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.4 Thermal Information (continued)

TPS22950-Q1

THERMAL METRIC(") DDC(SOT) UNIT
6 PINS
LU Junction-to-board characterization parameter 36.0 °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 pF, R_ =100 Q. Typical Values are at 5V and Tp = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
Input Supply (VIN)
lg, viN VIN Quiescent Current Von = Vig, VOUT = Open “H07Closs e 0 50| wA
-40°Cto125°C 60| pA
25°C 02 04| pA
Isp, viN VIN Shutdown Current Von < V|, VOUT = GND -40°Cto85°C 9] pA
-40°Cto125°C 46| pA
ON-Resistance (RON)
25°C 34 41| mQ
Ron ON-State Resistance VN =5V, loyt =-200 mA -40°Cto85°C 49| mQ
-40°Cto125°C 54| mQ
25°C 41 51
Ron ON-State Resistance VN = 3.3V, loyt =-200 mA -40°Cto85°C 62| mQ
-40°Cto125°C 68
25°C 65 90| mQ
Ron ON-State Resistance Vin = 1.8V, louT = -200 mA -40°Cto85°C 105| mQ
-40°Cto125°C 116| mQ
Output Current Limit (ILIM)
S'gl'JMT ?\?|L0=Qo.3v ~40°Cto125°C | 154 2 246| A
RiLm = 1-1~’1k Q -40°Cto125°C | 0.75 1 125 A
ILim Output Current Limit :;OUT :VIN - 03V
i ?\i',flko?sv -40°Ct0125°C | 038 05 062 A
\Fj'gm f\}zikoésv ~40°Ct0125°C |0.034 0.05 0.066| A
tLm current LImitReSPONSe | output hard short (lour > luw) ~40°C10125°C 5 us
Reverse Current Blocking (RCB)
Vece Activation Threshold Vour Rising; Vout > Vin -40°Cto125°C 44 mV
Release Threshold Vour Falling; Vout > Vin -40°Cto125°C 16 mV
trce Response Time Voutr=Vin+ 1V -40°Cto125°C 3 us
louTRCS Efgﬁ/rg%'}eakage Current m“‘fo\){ oo = 5V ~40°Ct0 125 °C 38| pA
Fault Indication (FLT)
VoL, FLT Output Low Voltage lrLr=1mA -40°Cto125°C 01| V
toFLT Fault Delay Time Von = Viy -40°Cto125°C 10 us
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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 yF, R_. =100 Q. Typical Values are at 5V and Tp = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
e Off State Leakage Von < VL -40°Cto 125°C 50| nA
Enable Pin (ON)
Smart Pull Down . o
Rep, on Resistance Von < Vi -40°Cto125°C 500 650| kQ
lon ON Pin Leakage Von = Vi -40°Cto125°C 50| nA
Quick Output Discharge  |VIN =5V e .
Raop Resistance Von < Vi 40°Cto 125 °C 120 160 ©
Quick Output Discharge | VIN = 3.3V ine .
Raop Resistance Von < Vi 40°Cto 125°C 130 185 ©
Quick Output Discharge  |VIN = 1.8V e .
Raop Resistance Von < Vi 40°Cto 125 °C 200 355 ©
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 yF, R_ =100 Q

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton Turn ON Time ViN=5V 1037 us
ton Turn ON Time Vin=3.3V 892 us
ton Turn ON Time Vin=1.8V 730 us
tr Output Rise Time ViN=5V 621 us
tr Output Rise Time Vin=3.3V 474 us
tr Output Rise Time Vin=1.8V 313 us
to Output Delay Time ViN=5V 415 us
to Output Delay Time Vin=3.3V 415 us
to Output Delay Time Vin=1.8V 415 us
torr Turn OFF Time ViN=5V 19 us
torr Turn OFF Time Vin=3.3V 14 us
torrF Turn OFF Time ViN=18V 16 us
traLL Output Fall Time ViN=5V 118 us
teaLL Output Fall Time Vin=3.3V 120 us
teaLL Output Fall Time Vin=1.8V 130 us
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6.7 Typical Characteristics
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6.7 Typical Characteristics (continued)
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7 Parameter Measurement Information
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8 Detailed Description
8.1 Overview

The TPS22950-Q1 is a single channel load switch with a 34-mQ power MOSFET capable of driving loads up to
2.7 A. While on, the device provides protection against fault cases through its adjustable output current limiting
and thermal shutdown. The TPS22950-Q1 responds to overcurrent events with auto-retry behavior. The
TPS22950 also provides reverse current blocking for when VOUT exceeds VIN. The switch ON state is
controlled by a digital input that is capable of interfacing directly with low-voltage control signals, and a smart
pulldown is used to keep the ON pin from floating until system sequencing is complete. When the device is
turned off, quick output discharge is enabled, pulling the output voltage down to 0 V through a resistive path to
GND.

8.2 Functional Block Diagram

Reverse 4
VIN X Current Eﬁ:ﬁ?:t ——e—D<] VOUT
Blocking JLL 9
ON [X] . Control Driver i
Logic
RQ0D§
Smart
Pull
Down |E
v
FLT

GND GND

8.3 Feature Description
8.3.1 Current Limiting

The TPS22950-Q1 responds to overcurrent conditions by limiting its output current to the I level shown in &
8-1.
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ON

Soft Short on Auto Restart Auto Restart
VOUT Into Short (Short Removed)

Vour

FLT

— ot
TSD
T, TSDhys

TJ——/ ;

Time

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

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-Q1 ramps the output current to I . The TPS22950-Q1 device limits the current to Iy 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 TSDpys, and the
device turns itself back on. This action cycles 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 ;; , as shown in
8-2 , and before 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 . Similar to the previous case, the TPS22950-Q1 limits the current to Iy 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. Use 5z 1 to
choose the current limit resistor:

Ium = 1.18 x (Rium) ~ 1072 (1)
8.3.2 Reverse Current Blocking (RCB)

In a scenario where the device is enabled and Vgoyr is greater than V,y, 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 remains off and block
reverse current as long as the reverse voltage condition exists. After Voyr has dropped below the release
voltage threshold (Vrcg) the device turns back on. When the ON pin is pulled low, the device constantly blocks
reverse current.

8.4 Device Functional Modes
% 8-1 summarizes 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 (through Roy) 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
sV Pulldown active
= Viy No pulldown
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9 Application and Implementation

&L
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ 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-Q1 device can be used to set an adjustable current
limit.

VIN VOUT

/N | Rer |G R

Vin T .
ON FLT T
— Fault

p— p— ILIM e p—

GND RILIM

&l 9-1. Typical Application
9.2.1 Design Requirements

For this example, the values in 7 9-1 are used as the design parameters.
% 9-1. Design Parameters

PARAMETER VALUE
Input voltage (V|n) 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 7723 2 to calculate the resistor needed on the ILIM pin.

lum = 1.18 x (Rium) ~ 1072 2)
where
* I m = Typical current limit setting
* Rim = Resistor on the ILIM pin

Based on /72 2, a 2.21-k Q resistor must be used on the ILIM pin to set a typical current limit of 500 mA.
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9.2.3 Application Curves

9-2 shows the device turning on into a fault condition and limiting the current to the specified amount of 500
mA.

RILIM =25kQ VOUT =GND
A 9-2. TPS22950-Q1 Turning On Into an Output Short

9.3 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 u F 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 can be required on the
input.

9.4 Layout

9.4.1 Layout Guidelines

PCB layout is a critical piece of a good power supply design. To maximize the device performance, please use

the following recommendations:

* Place R v as close as possible to the device and minimize the current loop to ground.

* Input and output capacitors must be placed close to the device to minimize the effects that parasitic trace
inductance can have on normal operation.

* Use wide traces for VIN, VOUT, and GND. This helps minimize the parasitic electrical effects and maximizes
the thermal capability of the device.
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9.4.2 Layout Example

VIN
R FLT
From GPIO
~— | ON FLT
VIN VOUT
.3 | GND ILIM
Via to GND
R ILIM
Via to GND
K 9-3. TPS22950-Q1 Layout Example
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10 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.

10.1 B2 RY B i@

RO S TE A , T SHE ti.com BRI RSO e s 27 A EHE ATV, BRI O R S
. ARESTEAE R, W AR SIS T A BT P i k.
10.2 XFFRUR
TIE2E™ SCHbibla @ TR EES Lok | i EH T R . Zoid Bl M2 M BT B R LA AR
Zr B E TR R AT SRAS T G A BRI v B
BERAN AR AT AR RO XEENRIFAMIEL T SORMNE |, I HA—E KRB TI KA 1§55
TIE) (&)
10.3 Trademarks
TI E2E™ is a trademark of Texas Instruments.
P R bR BN & TR R .
10.4 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘9 \ 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.
10.5 RiER
TI RiEE RARTERS W I MR 7 AR 17 BEAENE 15 A€ Lo
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11 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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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 ©)
@ ©)
PTPS22950CQDDCRQ1 Active  Preproduction SOT-23- 3000 | LARGE T&R - Call TI Call Tl -40 to 125
THIN (DDC) | 6
PTPS22950CQDDCRQ1.A Active  Preproduction SOT-23- 3000 | LARGE T&R - Call Tl Call Tl -40 to 125
THIN (DDC) | 6
TPS22950CQDDCRQ1 Active Production SOT-23- 3000 | LARGE T&R Yes Call Tl | Sn Level-1-260C-UNLIM -40 to 125 950Q
THIN (DDC) | 6
TPS22950CQDDCRQ1L.A Active Production SOT-23- 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40to 125 950Q
THIN (DDC) | 6

@ 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 TI RoHS Statement for additional information and value definition.

@ | ead 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.

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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OTHER QUALIFIED VERSIONS OF TPS22950-Q1 :

o Catalog : TPS22950

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
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 O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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)
TPS22950CQDDCRQ1 |SOT-23-| DDC 6 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
THIN

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 30-Dec-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS22950CQDDCRQ1 SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
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PACKAGE OUTLINE

DDCOOO6A SOT-23 - 1.1 max height
SMALL OUTLINE TRANSISTOR
07
12 ]oa[c]
INDEX AREA ] /’*T\\\‘
1 3 :
x[658)
)
r L 0 4
3 4x031§ii“> ¥Lf’fj
L*6X8§ AJ TG

0.12 GAGE PLANE

0’-8" TYP s ]
020 1yp

4214841/E 08/2024

NOTES:

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

2. This drawing is subject to change without notice.

3. Reference JEDEC MO-193.
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EXAMPLE BOARD LAYOUT
DDCOOO6A SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
- BX(1L1) j— ¢
p 1l — ! —+—
6X (0.6) — —— - —— ‘ \ 6
% L } J i |
|
SYMM
— -
4X (0.95) \
N o R ],
3 ‘ I
|
(R0.05) TYP ‘ ‘
‘ @.7) |

LAND PATTERN EXAMPLE
EXPLOSED METAL SHOWN
SCALE:15X

METAL UNDER SOLDER MASK
ggléEIIIE’\ITGMASK‘\ METAL SOLDER MASK\ /OPENING

, ~

EXPOSED METAL oo
J l‘f 0.07 MAX J L 0.07 MIN

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDERMASK DETAILS

4214841/E 08/2024

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DDCOOO6GA SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
— BX(11) | ¢
1 | ‘ -
6X (0.6) — —— - — ‘ | 6
f 4 [ +
J ‘ i SYMM
Tiii’i \77777+77777\777
4X(0.95) !
I - | |
-—t—-— 4
3 I
) )
— i |
[ . 1

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214841/E 08/2024

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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