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5 Pin Configuration and Functions

D, N, J, or W Package

SOIC, PDIP, CDIP, or CFP FK F_’ackage
TOp View 20-Pin LCCC
Top View
|\ = = =
10UT[|1 14]] OUT3 33u33
20UT[] 2 13]] OUT4 QS Zo
Vel 12fenD T
2IN-[] 4 11[] 4IN+ Vee 4 181 GND
2IN+[] 5 10[] 4IN- NC [Is 17[] NC
1IN-[] 6 9] 3IN+ 2IN- [I 6 16[] 41N+
1IN+[] 7 8[] 3IN- NC []7 15[] NC
2IN+ [] 8 14[] 4IN-
9 10 1112 13
[
I+ o |+
zZzzzz
— oo
NC = no internal connection.
Pin Functions
PIN 1
1lo® DESCRIPTION
NAME D,J, W, N FK
1IN+ 7 10 | Positive input pin of the comparator 1
1IN- 6 9 | Negative input pin of the comparator 1
10UT 1 2 0] Output pin of the comparator 1
2IN+ 5 8 | Positive input pin of the comparator 2
2IN—- 4 6 | Negative input pin of the comparator 2
20UT 2 3 0] Output pin of the comparator 2
3IN+ 9 13 | Positive input pin of the comparator 3
3IN- 8 12 | Negative input pin of the comparator 3
30UT 14 20 0] Output pin of the comparator 3
4IN+ 11 16 | Positive input pin of the comparator 4
4IN—- 10 14 | Negative input pin of the comparator 4
40UT 13 19 0] Output pin of the comparator 4
GND 12 18 Ground
Ve 3 4 — Supply pin
NC — 1 — No connect (no internal connection)
15
17
(1) 1= Input, O = Output

Copyright © 2017, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
Vee Supply voltage @ 36 Y,
Vip Differential input voltage ©) +36 Y
\ Input voltage range (either input) -0.3 36 \%
Ik Input current® -50 mA
Vo Output voltage 36 \%
lo Output current 20 mA
Duration of output short circuit to ground ® Unlimited
T, Operating virtual-junction temperature 150 °C
Case temperature for 60 s FK package 260 °C
Lead temperature 1.6 mm (1/16 in) from case for 60 s J package 300 °C
Tstg 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, 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.

(2) All voltage values, except differential voltages, are with respect to network ground.
(3) Differential voltages are at xIN+ with respect to xIN—.

(4) Input current flows through parasitic diode to ground and will turn on parasitic transistors that will increase Icc and may cause output to

be incorrect. Normal operation resumes when input is removed.
(5) Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

6.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 ™ +500
Veeso) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 ) +750 v
(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
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vee Supply voltage 2 30 \%
T, Junction temperature -55 125 °C
6.4 Thermal Information
THERMAL METRIC® LML39A-MIL UNIT
D (SOIC) | N (PDIP) | J (CDIP) | W (CFP) FK (LCCC)
Rosa Junction-to-ambient thermal resistance 98.8 79 89.5 156.2 82.5 °C/IW
RoJc(top) Junction-to-case (top) thermal resistance 64.3 73.4 46.1 86.7 60.7 °C/IW
Ross Junction-to-board thermal resistance 59.7 58.7 78.7 154.6 50.4 °C/IW
LAL Junction-to-top characterization parameter 25.7 48.3 3 56.5 53 °C/IW
Vi Junction-to-board characterization parameter 59.3 58.5 71.8 1335 58.4 °C/IW
RoJc(bot Junction-to-case (bottom) thermal resistance — — 24.2 14.3 9.7 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

4 Copyright © 2017, Texas Instruments Incorporated
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6.5 Electrical Characteristics

at specified free-air temperature, Vqc =5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS® MIN  TYP MAX UNIT
Vee=5Vto 30V, Ta=25°C 1 2
Vio Input offset voltage V\c = Vcr min, Ta =-55°C 4 mV
Vo=14V to +125°C
Ta =825 3 25
lio Input offset current Vo=14V nA
Ta=60.7 100
. Ta =594 -25 -100
Iis Input bias current Vo=14V nA
Tao =53 -300
Oto
Tp=58.4
v Common-mode input-voltage A Vee —1.5 v
ICR  range® _ 0to
Ta=97 Vee -2
Large-signal differential-voltage Vee+ =75V, _ Apo
Avp amplification Vo=-5Vto5V Ta=25°C 50 200 Vimv
Von=5V Ta =25°C 0.1 nA
loH High-level output current Vp=1V Ta =-55°C
Von =30V to +125°C 1 wA
Ta=25°C 150 400
VoL Low-level output voltage Vp=-1V, loL =4 mA Tp = -55°C 200 mV
to +125°C
loL Low-level output current Vp=-1V, VoL =15V Tp =25°C 6 16 mA
Supply current _ _ orpo
Icc (four comparators) Vo=25V, No load Ta=25°C 0.8 2 mA

(1) All characteristics are measured with zero common-mode input voltage, unless otherwise specified.
(2) The voltage at either input or common-mode must not be allowed to go negative by more than 0.3 V. The upper end of the common-

6.6 Switching Characteristics

Vee =5V, Ta=25°C

mode voltage range is Vcc+ — 1.5 V; however, one input can exceed V¢, and the comparator will provide a proper output state as long
as the other input remains in the common-mode range. Either or both inputs can go to 30 V without damage.

PARAMETER TEST CONDITIONS TYP UNIT
) R_ connected to 5 V through 5.1 kQ 100-mV input step with 5-mV overdrive 1.3
Response time Lz ) A . ps
CL=15pF TTL-level input step 0.3
(1) C_includes probe and jig capacitance.
(2) The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
Copyright © 2017, Texas Instruments Incorporated 5
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6.7 Typical Characteristics
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7 Detailed Description

7.1 Overview

The LM139A-MIL is a quad comparator with the ability to operate up to an absolute maximum of 36 V on the
supply pin. This standard device has proven ubiquity and versatility across a wide range of applications. This is
due to very wide supply voltages range (2 V up to 32 V), low Ig, and fast response of the device.

The open-drain output allows the user to configure the output logic low voltage (Vo) and allows the comparator
to be used in AND functionality.

7.2 Functional Block Diagram

L 2 Vce

80-uA
Current Regulator

COMPONENT COUNT
Epi-FET 1
Diodes 2
IN+ Resistors 2
out Transistors 30
IN-
GND

Figure 6. Schematic (Each Comparator)

7.3 Feature Description

The comparator consists of a PNP Darlington pair input, allowing the device to operate with very high gain and
fast response with minimal input bias current. The input Darlington pair creates a limit on the input common-
mode voltage capability, allowing the comparator to accurately function from ground to (V¢ — 1.5 V) differential
input. Allow for (Vcc — 2 V) at cold temperature.

The output consists of an open-collector NPN (pulldown or low-side) transistor. The output NPN sinks current
when the negative input voltage is higher than the positive input voltage and the offset voltage. The VOL is
resistive and scales with the output current. See the Specifications section for Vg, values with respect to the
output current.

7.4 Device Functional Modes

7.4.1 Voltage Comparison

The comparator operates solely as a voltage comparator, comparing the differential voltage between the positive
and negative pins and outputting a logic low or high impedance (logic high with pullup) based on the input
differential polarity.

Copyright © 2017, Texas Instruments Incorporated 7
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8 Application and Implementation

NOTE
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. Validate and test
the design implementation to confirm system functionality.

8.1 Application Information

Typically, a comparator compares either a single signal to a reference, or to two differnt signals. Many users take
advantage of the open-drain output to drive the comparison logic output to a logic voltage level to an MCU or
logic device. The wide supply range and high voltage capability makes LM139A-MIL optimal for level shifting to a
higher or lower voltage.

8.2 Typical Application

VLOG IC VLOG IC

RpuIIup

Figure 7. Single-ended and Differential Comparator Configurations

8.2.1 Design Requirements
For this design example, use the parameters listed in Table 1 as the input parameters.

Table 1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE

Input Voltage Range 0V to Vsup-1.5V
Supply Voltage 4.5V to Ve maximum
Logic Supply Voltage 0V to Ve maximum
Output Current (RpyLLup) 1 pAto 4 mA
Input Overdrive Voltage 100 mV
Reference Voltage 25V
Load Capacitance (C,) 15 pF

8.2.2 Detailed Design Procedure

When using the LM139A-MIL in a general comparator application, determine the following:
* Input voltage range

e Minimum overdrive voltage

* Output and drive current

* Response time

8.2.2.1 Input Voltage Range

When choosing the input voltage range, the input common-mode voltage range (V,cg) must be taken in to
account. If temperature operation is above or below 25°C the V,cg can range from 0 V to Voc— 2 V. This limits
the input voltage range to as high as Vqoc— 2 V and as low as 0 V. Operation outside of this range can yield
incorrect comparisons.

8 Copyright © 2017, Texas Instruments Incorporated
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The following list describes the outcomes of some input voltage situations.

*  When both IN- and IN+ are both within the common-mode range:

— If IN= is higher than IN+ and the offset voltage, the output is low and the output transistor is sinking
current

— If IN-is lower than IN+ and the offset voltage, the output is high impedance and the output transistor is
not conducting

* When IN- is higher than common mode and IN+ is within common mode, the output is low and the output
transistor is sinking current

*  When IN+ is higher than common mode and IN- is within common mode, the output is high impedance and
the output transistor is not conducting

*  When IN- and IN+ are both higher than common mode, the output is low and the output transistor is sinking
current

8.2.2.2 Minimum Overdrive Voltage

Overdrive voltage is the differential voltage produced between the positive and negative inputs of the comparator
over the offset voltage (V,g). To make an accurate comparison, the overdrive voltage (Vop) must be higher than
the input offset voltage (V,g). Overdrive voltage can also determine the response time of the comparator, with the
response time decreasing with increasing overdrive. Figure 8 and Figure 9 show positive and negative response
times with respect to overdrive voltage.

8.2.2.3 Output and Drive Current

Output current is determined by the load and pullup resistance and logic and pullup voltage. The output current
produces a low-level output voltage (Vo) from the comparator, where Vo, is proportional to the output current.

The output current can also effect the transient response.

8.2.2.4 Response Time

Response time is a function of input over-drive. See the Typical Characteristics graphs for typical response
times. The rise and fall times can be determined by the load capacitance (C,), load/pull-up resistance (Rpy. up)
and equivalent collector-emitter resistance (Rcg).

e The rise time (tg) is approximately 1g~ RpyiLup X CL
e The fall time (z¢) is approximately 1 ~ Rcg X C,.

Rce can be determined by taking the slope of Figure 3 in its linear region at the desired temperature, or by
dividing the Vg by lout

Copyright © 2017, Texas Instruments Incorporated 9
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8.2.3 Application Curves
Figure 8 and Figure 9 were generated with scope probe parasitic capacitance of 50 pF.
6 6
5 . 5
S —
;6 4 g 4
- ()
% 3 é’ 3
S 5mV OD >
z 2 " 52 5mV OD
2 3 1
g 20mV OD o 20mV OD
0 — 0
e 100MV OD e 100MV OD
-1 -1
-0.25 0.25 0.75 1.25 1.75 2.25 -0.25 0.00 0.25 0.50 0.75 1.00 125 150 1.75 2.00
Time (usec) Time (usec)
Vec=5V Viogic =5V RpuLLup = 5.1 kQ Vec=5V Viogic =5V RpuLLup = 5.1 kQ
Figure 8. Response Time vs Output Voltage Figure 9. Response Time vs Output Voltage
(Positive Transition) (Negative Transition)

9 Power Supply Recommendations

For fast response and comparison applications with noisy or AC inputs, use a bypass capacitor on the supply pin
to reject any variation on the supply voltage. This variation can affect the common-mode range of the comparator
input and create an inaccurate comparison.

10 Layout

10.1 Layout Guidelines

To create an accurate comparator application without hysteresis, maintain a stable power supply with minimized
noise and glitches, which can affect the high level input common-mode voltage range. To achieve this accuracy,
add a bypass capacitor between the supply voltage and ground. Place a bypass capacitor on the positive power
supply and negative supply (if available).

NOTE
If a negative supply is not being used, do not place a capacitor between the GND pin of
the device and system ground.

10.2 Layout Example

Ground
Bypass i 10UT[]1 “ 14]]30UT
Capacitor
—17-1 WF 20UT(]2 13[]40UT
Positive Supply Vce D 3 12 [@N_D____________:il__f\l_e_ga_t;g gl_pgy_; _G_rO_uﬁi_]

2IN-[]4 11[] 4IN+ = Only needed
2IN+[]5  10[J4IN- —gum pfretviad
1|N—|: 6 9 ]3|N+ Ground
1IN+[]7 8 []3IN-

Figure 10. LMx39 Layout Example

10 Copyright © 2017, Texas Instruments Incorporated
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The following links connect to TI community resources. Linked contents are 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.

TIE2REMA T4 - X154 TINE2E ( Engineer-to-Engineer ) X1 =74, I TREOXLREE
EERETDILEHICHRENEENDTT, e2eticomTlk, tOITVPZTICERBL., MBERE
L. PTAT14T7ZRL T, BERRICIKRITSZ é:?.‘J“Céi?o

RETYR—N TIOREFHYAR—N RICAIDEZET #—F LR, BEAYR—bK YV—IZITERPSREOHFR N
TEET, HMYR—PNAOERERBRESRTEET,
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E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.5 Glossary

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

12 AhZHb. Nyo—2, BLUEXER

uhmm~/a1xw:www%wuaa%;wﬁymﬁféﬁﬁﬁﬁﬁéMTwin:m@m%ﬁmg%ﬁ@?ﬂ
A LRSI TV B D F — 70, 0T — R T T 7 B ESNBIENHD . N 2 AL MARETSNDE &
LHVET, COF L — DT TPV TIE, ERICBH L7 — s as A BTSN,

Copyright © 2017, Texas Instruments Incorporated 11


http://www.tij.co.jp/product/lm139a-mil?qgpn=lm139a-mil
http://www.tij.co.jp
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 2-Jan-2025

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)
5962-87739012A ACTIVE LCCC FK 20 55 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-
& Green 87739012A
LM139AFKB
5962-8773901CA ACTIVE CDIP J 14 25 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-8773901CA
& Green LM139AJB
5962-8773901DA ACTIVE CFP wW 14 25 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-8773901DA
& Green LM139AWB
LM139AFKB ACTIVE LCCC FK 20 55 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-
& Green 87739012A
LM139AFKB
LM139AJ ACTIVE CDIP J 14 25 Non-RoHS SNPB N/ A for Pkg Type -55to 125 LM139AJ
& Green
LM139AJB ACTIVE CDIP J 14 25 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-8773901CA
& Green LM139AJB
LM139AW ACTIVE CFP w 14 25 Non-RoHS SNPB N/ A for Pkg Type -55t0 125 LM139AW
& Green
LM139AWB ACTIVE CFP w 14 25 Non-RoHS SNPB N/ A for Pkg Type -55t0 125 5962-8773901DA
& Green LM139AWB

® 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. 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.
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® 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 Tl'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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MECHANICAL DATA

W (R—GDFP—F14) CERAMIC DUAL FLATPACK

Base and Seating Plane

0.260 (6,60)
0.045 (1,14) 0235 (5,97)
l’ 0.026 (0,66)

y 1 L 0.008 ozo)]:

| 0.080 (2,03 0.004 (0,10)
0.045 (1,14)
«—— 0.280 (7,11) MAX ——»]
0.019 (0,48)
1 14 0.015 (0,38)
4 N\
| | !
[ | |
0.050 (1,27)
[ | | |
0.390 (9,01) | | |
0.335 (8,51

| | | 0.005 (0,13) MIN

4 Places
[ | [ ] i

A
7 8
0.360 (9,14) 0.360 (9,14)
0.250 (6,35) 0.250 (6,35)

4040180-2/F 04/14

NOTES:  A. All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only.

Falls within MIL STD 1835 GDFP1-F14

moow
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GENERIC PACKAGE VIEW
FK 20 LCCC - 2.03 mm max height

8.89 x 8.89, 1.27 mm pitch LEADLESS CERAMIC CHIP CARRIER

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4229370VA\
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GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040083-5/G
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PACKAGE OUTLINE

JOO14A CDIP - 5.08 mm max height
CERAMIC DUAL IN LINE PACKAGE
PIN 11D Al 4X.005MIN
(OPTIONAL) [A] [0.13] ﬁ .81358;.(1)6502 TYP
1 } 1
12><ﬁ) {M } H J‘ ’ T
[2.54] 14X .014-.026
14X .045-.065 :
T {h } RS [0.36-0.66]
|9 [.010 [0.25][c[A[B]
754-.785
{ } [19.15-19.94]
7 { } 8
N Y
-245-.283 J —={ 2MAXTYP 13 MIN TYP
[6.22-7.19] [5.08] 23]
SEATING PLANE
T .308-.314
[7.83-7.97]
T GAGE PLANE
T 015 |GAGE PLANE

‘/ 0°-15°
TYP

[0.38]

»\\—r 14X .008-.014

[0.2-0.36]

4214771/A 05/2017

NOTES:

1. All controlling linear dimensions are in inches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermitically sealed with a ceramic lid using glass frit.

4. Index point is provided on cap for terminal identification only and on press ceramic glass frit seal only.

5. Falls within MIL-STD-1835 and GDIP1-T14.
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EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

e (300 ) TYP
SEE DETAIL A A~ [7.62]
1! \ H @ V14
/

/SEE DETAIL B

\
/

N4 | N
S ‘ —
- @ - O
12X (.100 ) \ ‘
[2.54] | i
& | ©
e -
— — - + —
14X (B .039) ‘
"o | ©
|
© . ©
|
© ) O
SYMM
¢
LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE: 5X
002 MAX ﬂ (.063)
0.05 [1.6]
ALIE AR(])UND I METAL (®.063)
SOLDER MASK [1.6]
L~ OPENING
\METAL JL
/ 002 MAX
(R.002 ) TYP el S A [0.05]
[0.05] ALL AROUND
DETAIL A DETAIL B
SCALE: 15X 13X, SCALE: 15X
4214771/A 05/2017
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