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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®
Ty PART NUMBER PACKAGE TOP-SIDE MARKING
ULN2003V12DR 16-Pin SOIC Reel of 2500 U2003Vv12
ULN2003V12PWR 16-Pin TSSOP Reel of 2000 U2003Vv12

—40°C to 125°C

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

ABSOLUTE MAXIMUM RATINGS®
Specified at T; = —40°C to 125°C unless otherwise noted.

VALUE
UNIT
MIN MAX
VN Pins IN1- IN7 to GND voltage -0.3 5.5 \%
Vout Pins OUT1 — OUT7 to GND voltage 20 \%
Veom Pin COM to GND voltage 20 \%
| Max GND-pin continuous current (100°C < T; < +125°C) 700 mA
GNP Max GND-pin continuous current (T; < +100°C) 1.0 A
. o 16 Pin - SOIC 0.86 w
Pp Total device power dissipation at Tp = 85°C -
16 Pin - TSSOP 0.68 w
ESD ESD Rating — HBM 2 kv
ESD Rating — CDM 500 \Y
T, Operating virtual junction temperature -55 150 °C
Tstg Storage temperature range —-55 150 °C

(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 conditions is not implied. Exposure to absolute-maximum-rated conditions for
extended periods may affect device reliability.

DISSIPATION RATINGS®®

BOARD PACKAGE 05c 9;,® DERATING TA<25°C |Ta=70°C| Tao=85°C | Ta=105°C
FACTOR
ABOVE Tp =
25°C
High-K 16-Pin SOIC | 46°C/W 75°CIW 13.33 mW/°C 1.66 W 1.06 W 0.86 W 0.59 W
High-K | 16-Pin TSSOP | 49°C/W 95°C/W 10.44 mW/°C 1.31W 0.84 W 0.68 W 0.47 W

(1) Maximum dissipation values for retaining device junction temperature of 150°C
(2) Referto TI's design support web page at www.ti.com/thermal for improving device thermal performance
(3) Operating at the absolute T;_,ax of 150°C can affect reliability— for higher reliability it is recommended to ensure T; < 125°C

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

PARAMETER MIN TYP MAX UNIT
Vout Channel off-state output pull-up voltage 16 \%
Veom COM pin voltage 16 \%
loution) Per channel continuous sink current VINX = 3.3V 100% mA
VINX = 5.0V 140®
T, Operating junction temperature -40 125 °Cc

(1) 1) Refer to ABSOLUTE MAXIMUM RATINGS for T; dependent absolute maximum GND-pin current

2 Copyright © 2012-2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

Specified over the recommended junction temperature range T; = —40°C to 125°C and over recommended operating
conditions unless otherwise noted. Typical values are at T; = 25°C.

PARAMETER \ TEST CONDITIONS | M TYP MAX | UNIT
INPUTS IN1 THROUGH IN7 PARAMETERS
Vion) IN1-IN7 logic high input voltage Voullup = 3-3 V, Rpuiup = L KQ, loyrx = 3.2 mA 1.65 \%
Viorn) IN1-IN7 logic low input voltage Xgﬂ;ip: ;51\,:} Foutap = 11 0.6
lion) IN1-IN7 ON state input current Voulup = 12 V, VIN, = 3.3 V 12 25 uA
liorR) IN1-IN7 OFF state input leakage Voullup = 12V, VIN, =0 V 250 nA
OUTPUTS OUT1 THROUGH OUT7 PARAMETERS
Vink = 3.3V, loutx = 20 mA 0.12 0.15
VoL (vce-saT) OUT1-0UT7 low-level output voltage Viwx =33V, loym = 100 mA 060 0.75 \Y
Vinx = 5.0 V, lourx = 20 mA 0.09 0.11
Vinx = 5.0 V, loytx = 140 mA 0.60 0.75
louron COUL:'L];;(OI)L{;?ato\,/\]_StatE gog\t}nuous Vinx = 3.3V, Vourx = 0.6 V 80 100 A
outx = V. Vinx = 5.0V, Vourx = 0.6 V 95 140
louT(oFF)ICEX) OUT1-OUT7 OFF-state leakage current Vinx =0V, Voutx = Veom = 16 V 0.5 HA
SWITCHING PARAMETERS ®®
tpHL OUT1-OUT?7 logic high propagation delay | Vyx = 3.3V, Vpyiup = 12V, Ry = 1 KQ 50 70 ns
teLH OUT1-OUT?7 logic low propagation delay | Vyx = 3.3V, Vi = 12V, Ryyiyp = 1 kQ 121 140 ns
e Chaml o Chamel ey e ended opertng condtons and s s
Rpp IN1-IN7 input pull-down Resistance 210k 300k 390k Q
4 IN1-IN7 Input filter time constant 9 ns
Cout OUT1-OUT7 output capacitance Vinx = 3.3V, Vourx = 0.4V 15 pF
FREE-WHEELING DIODE PARAMETERS®®
VF Forward voltage drop Ir-peak = 140 MA, VF = Voyrx — Vcom 1.2 \%
Ir-peak Diode peak forward current 140 mA

(1) The typical continuous current rating is limited by Vo = 0.6V. Whereas, absolute maximum operating continuous current may be limited
by the Thermal Performance parameters listed in the Dissipation Rating Table and other Reliability parameters listed in the
Recommended Operating Conditions Table.

(2) Refer to the Absolute Maximum Ratings Table for T; dependent absolute maximum GND-pin current.

(3) Rise and Fall propagation delays, tpy. and tp 4, are measured between 50% values of the input and the corresponding output signal
amplitude transition.

(4) Guaranteed by design only. Validated during qualification. Not measured in production testing.

(5) Not rated for continuous current operation — for higher reliability use an external freewheeling diode for inductive loads resulting in more
than specified maximum free-wheeling. diode peak current across various temperature conditions

Copyright © 2012-2013, Texas Instruments Incorporated 3
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Figure 1. ULN2003V12 PINOUT
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Figure 2. Channel Block Diagram

ULN2003V12 PIN DESCRIPTION

NAME PIN NUMBER
DESCRIPTION
16-SOIC 16-TSSOP
IN1 — IN7 1-7 1-7 Logic Input Pins IN1 through IN7
GND 8 8 Ground Reference Pin
COM 9 9 Internal Free-Wheeling Diode Common Cathode Pin
OUT7 - OUT1 10-16 10-16 Channel Output Pins OUT7 through OUT1
4 Copyright © 2012-2013, Texas Instruments Incorporated
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APPLICATION INFORMATION

TTL and other Logic Inputs

ULN2003V12 input interface is specified for standard 3V and 5V CMOS logic interface. However, ULN2003V12
input interface may support other logic input levels as well. Refer to Figure 10 and Figure 11 to establish VOL
and the corresponding typical load current levels for various input voltage ranges. Application Information section
shows an implementation to drive 1.8V relays using ULN2003V12.

Input RC Snubber

ULN2003V12 features an input RC snubber that helps prevent spurious switching in noisy environment. Connect
an external 1kQ to 5kQ resistor in series with the input to further enhance ULN2003V12’'s noise tolerance.

High-impedance Input Drivers

ULN2003V12 features a 300kQ input pull-down resistor. The presence of this resistor allows the input drivers to
be tri-stated. When a high-impedance driver is connected to a channel input the ULN2003V12 detects the
channel input as a low level input and remains in the OFF position. The input RC snubber helps improve noise
tolerance when input drivers are in the high-impedance state.

On-chip Power Dissipation
Use the below equation to calculate ULN2003V12 on-chip power dissipation Pp:

N
P = Zvou x|
i1

Where:
N is the number of channels active together.
VoL is the OUT,; pin voltage for the load current | ;. 1)

Thermal Reliability

It is recommended to limit ULN2003V12 IC’s die junction temperature to less than 125°C. The IC junction
temperature is directly proportional to the on-chip power dissipation. Use the following equation to calculate the
maximum allowable on-chip power dissipation for a target IC junction temperature:

PD _ (TJ(MAX) - TA)
(MAX) 0,

Where:

Tjmax) is the target maximum junction temperature.

Ta is the operating ambient temperature.

634 is the package junction to ambient thermal resistance. 2)

Improving Package Thermal Performance

The package 6;, value under standard conditions on a High-K board is listed in the DISSIPATION RATINGS. 6;,
value depends on the PC board layout. An external heat sink and/or a cooling mechanism, like a cold air fan, can
help reduce 8;, and thus improve device thermal capabilities. Refer to TI's design support web page at
www.ti.com/thermal for a general guidance on improving device thermal performance.

Copyright © 2012-2013, Texas Instruments Incorporated 5
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Application Examples

Inverting Logic Level Shifter

To use ULN2003V12 as an open-collector or an open-drain inverting logic level shifter configure the device as
shown in Figure 3. The ULN2003V12's each channel input and output logic levels can also be set independently.
When using different channel input and output logic voltages connect the ULN2003V12 COM pin to the
maximum voltage.

VSUP Level Shift Supply(Up to 20V)

.
o v ULN2003V12
IN1 OuUT1 o
IN2 ouT2 REN.
' — IN3 OouT3 STERTEVE
|
; — IN4 OUT4 T
: — | |IN5 ouT5 BN
i —1 | | IN6 ouT6 BN
IN7 ouT? RES.
GND COM
N

Figure 3. ULN2003V12 as Inverting Logic Level Shifter

6 Copyright © 2012-2013, Texas Instruments Incorporated
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Max Supply Selector

Figure 4 implements a max supply selector along with a 4-channel logic level shifter using a single
ULN20003V12. This setup configures ULN2003V12's channel clamp diodes OUT5 — OUT7 in a diode-OR
configuration and thus the maximum supply among VSUP1, VSUP2 and VSUP3 becomes available at the COM
pin. The maximum supply is then used as a pull-up voltage for level shifters. Limit the net GND pin current to
less than 100mA DC to ensure reliability of the conducting diode. The unconnected inputs IN5-IN7 are pulled to
GND potential through 300kQ internal pull-down resistor.

VSUP_MAX (Up to 20V)

Logic Inputs
(18Vto5v) ULN2003V12
IN1 OuT1
| — IN2 ouT2
i
: — | [IN3 OuUT3
IN4 ouT4 VSUP3
— IN5 OouT5 ? VSUP2
— IN6 ouT6 ? VSUP1
— IN7 ouT7 CFvsu P_MAX
GND COM ?
VSUP_MAX = Max of {VSUP1, VSUP2, VSUP3} — VF
VF = Diode forward drop @ Total ground-pin current

Figure 4. ULN2003V12 as Max Supply Selector

Copyright © 2012-2013, Texas Instruments Incorporated 7
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Constant Current Generation

When configured as per Figure 5 the ULN2003V12 outputs OUT1-OUT6 act as independent constant current
sources. The current flowing through the resistor R1 is copied on all other channels. To increase the current
sourcing connect several output channels in parallel. To ensure best current copying set voltage drop across
connected load such that VOUTx matches to VOUT?7.

VSUP

VIN (Up to5.5V)
(f VSUP LED Supply(Up to 20V)

N
B

ﬁ R1 = (VIN-VOUT7)/IREF7
3 Use plot to estimate VOUT? for the desired IREF7

R1

out7 ULN2003V12

ouT7

VSUP

I__II__II__I\_|_IT%\_|:I ’s\’s\

A

Figure 5. ULN2003V12 as a Constant Current Driver
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Figure 6. ULN2003V12 VOUT vs IREF

8 Copyright © 2012-2013, Texas Instruments Incorporated
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Unipolar Stepper Motor Driver

Figure 7 shows an implementation of ULN2003V12 for driving a uniploar stepper motor. The unconnected input
channels can be used for other functions. When an input pin is left open the internal 300kQ pull down resistor
pulls the respective input pin to GND potential. For higher noise immunity use an external short across an
unconnected input and GND pins.

Motor Supply(Up to20V)

VSUP
Motor Control Pulses WT\ ?
(8Vtosv) ULN2003V12 ¢
IN1 OUT1 —
! — [ [ IN2 OUT?2 —
; — | |IN3 ouT3 o
IN4 OUT4 T
— [ |IN5 ouTs| | ——
— | |IN6 ouTe| | ——
— | | IN7 ouT7| | — VSUP
GND COM ?
N

Figure 7. ULN2003V12 as a Stepper Motor Driver

Copyright © 2012-2013, Texas Instruments Incorporated 9
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NOR Logic Driver

Figure 8 shows a NOR Logic driver implementation using ULN2003V12. The output channels sharing a common
pull-up resistor implement a logic NOR of the respective channel inputs. The LEDs connected to outputs OUT5-
OUTY light up when any of the inputs IN5-IN7 is logic-high ( > VIH).

VSUP (Up to 20V)

?
-

Logic Inputs
(1.8V to5V) ULN2003V12 IN1 NOR IN2 IN3 NOR IN4  VSUP
IN1 OuUTA1
IN2 OouT2
: — IN3 OuT3
| =
|
; — | | IN4 ouT4 e
| “
i — IN5 OouT5
i IN1 NOR IN2 NOR IN3
: — IN6 OouT6
GND COM ?

Figure 8. ULN2003V12 as a NOR driver

10 Copyright © 2012-2013, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS
Ta = +25°C
300 1
‘ — 25°C ‘ — 25°C
250 0
R I - .-F'f'—_'-—_____
200 —— Pl 3

- 0.6 |7 Recommended max IOUT = 074 |

SR,
L/ Ll

1T (i)
o
(=)
|
|
|
\
|
|
|
|
|
|
3 _"l
|
[
|
|
QLT (A

0 0
1 2 3 4 5 B 0 1 2 3 4 5 B
IR (V) VIN ()
Figure 9. Load Current 1-Channel; VOL=0.6V Figure 10. Load Current 7-Channels in parallel; VOL=0.6V
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Figure 11. Freewheeling Diode VF versus IF
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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)
ULN2003V12DR ACTIVE SoIC D 16 2500 RoHS & Green SN Level-1-260C-UNLIM -40to 125 u2003Vv12
ULN2003V12PWR ACTIVE TSSOP PW 16 2000 RoHS & Green SN Level-1-260C-UNLIM -40 to 125 u2003v12

® 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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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)

ULN2003V12DR SOIC D

16

2500 330.0 16.8 6.5 10.3 2.1 8.0 16.0

Q1

ULN2003V12PWR TSSOP PW

16

2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0

Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
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/\g\ /)i\
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. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ULN2003V12DR SoIC D 16 2500 364.0 364.0 27.0
ULN2003V12PWR TSSOP PW 16 2000 364.0 364.0 27.0

Pack Materials-Page 2



MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
w3 TExas
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

—

et s Sz
—— ~—16x0,55
——I |<—14x1,27 ‘ ——I |<—14x1,27
AEEEENNENEENENE 16x1.50 L[]
HEERERERRRN * Uuuuogt
5,40 5.40
N
/I_II_I‘\I_II_II_II_II_II_I l L H A &
\|_||_|/"|_||_||_||_||_||_| ooty
N
[_/
|
|
,’ Example
i Non Soldermask Defined Pad Example
! Pad Geometry
i /// (See Note C)
y—
|
1,55 \ Example
UL T s g
——ll~—0,07 /
All Around /
\ /
N e
S 7
4211283-4/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads

Customers should

i3 TEXAS
INSTRUMENTS
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
1] e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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