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LP324-N/LP2902-N Micropower Quad Operational Amplifier

Check for Samples: LP2902-N, LP324-N

FEATURES

Low Supply Current: 85uA (typ)
Low Offset Voltage: 2mV (typ)
Low Input Bias Current: 2nA (typ)
Input Vommon Mode to GND
Interfaces to CMOS Logic

Wide Supply Range: 3V <V*'< 32V
Small Outline Package Available
Pin-for-pin Compatible with LM324

Connection Diagram

All trademarks are the property of their respective owners.
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Figure 1. 14-Lead SOIC
See NFF0014A or D Package

DESCRIPTION

The LP324-N series consists of four independent,
high gain internally compensated micropower
operational amplifiers. These amplifiers are specially
suited for operation in battery systems while
maintaining good input specifications, and extremely
low supply current drain. In addition, the LP324-N has
an input common mode range, and output source
range which includes ground, making it ideal in single
supply applications.

These amplifiers are ideal in applications which
include portable instrumentation, battery backup
equipment, and other circuits which require good DC
performance and low supply current.
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Figure 2. 14-Pin TSSOP
See PW Package

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Simplified Schematic
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y'\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings Y@

Supply Voltage LP324-N 32V or + 16V

LP2902-N 26V or + 13V

Differential Input Voltage LP324-N 32v

LP2902-N 26V

Input Voltage® LP324-N -0.3V to 32V

LP2902-N —-0.3V to 26V

Output Short-Circuit to GND (One Amplifier) @ Continuous

V* <15V and T, = 25°C \ ESD Susceptibility ©) +500V
(1) “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for

which the device is functional, but do not ensure specific performance limits.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) The input voltage is not allowed to go more than -0.3V below V™ (GND) as this will turn on a parasitic transistor causing large currents
to flow through the device.

(4) Short circuits from the output to GND can cause excessive heating and eventual destruction. The maximum sourcing output current is
approximately 30 mA independent of the magnitude of V*. At values of supply voltage in excess of 15 Vp¢, continuous short-circuit to
GND can exceed the power dissipation ratings (particularly at elevated temperatures) and cause eventual destruction. Destructive
dissipation can result from simultaneous shorts on all amplifiers.

(5) The test circuit used consists of the human body model of 100 pF in series with 1500Q.
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Operating Conditions

Tamax 150°C
IR PW Package 154°C/W
NFFO014A Package 90°C/W
D Package 140°C/W
Operating Temp. Range See®@

Storage Temp. Range

—-65°C=<T;= 150°C

Soldering Information

Wave Soldering(10sec)

260°C(lead temp.)

Convection or Infrared(20sec)

235°C

(1) For operation at elevated temperatures, these devices must be derated based on a thermal resistance of 6;4 and Ty max. Ty =Tp +

eJAPD-

(2) The LP2902-N may be operated from —40°C < T £ +85°C, and the LP324-N may be operated from 0°C < T < +70°C.

Electrical Characteristics®

Symbol Parameter Conditions LP2902-N® LP324-N
Typ Tested Design Typ Tested Design Units
Limit® | Limit® Limit® | Limit® | Limits
Vos Input Offset 2 4 10 2 4 9 mV
Voltage (Max)
Is Input Bias Current 2 20 40 2 10 20 nA
(Max)
los Input Offset Current 0.5 4 8 0.2 2 4 nA
(Max)
AvoL Voltage Gain R_ = 10k to GND 70 40 30 100 50 40 VimV
V* =30V (Min)
CMRR Common Mode Re;j. VY =30V, 0V £ Vepm 90 80 75 90 80 75 dB
Ratio Vem < V- 1.5 (Min)
PSRR Power Supply Rej. V* =5V to 30V 90 80 75 90 80 75 dB
Ratio (Min)
Is Supply Current R = 85 150 250 85 150 250 MA
(Max)
Vo Output Voltage Swing | I, = 350uA to GND 3.6 3.4 V=19V 3.6 3.4 vi-1.9v \%
VCM =0V (Mln)
I, = 350pA to V* 0.7 0.8 1.0 0.7 0.8 1.0 \%
VCM =0V (Max)
lout Output Source Vo =3V 10 7 4 10 7 4 mA
Source Current V) (diff) = 1V (Min)
lout Output Sink Current | Vg = 1.5V 5 4 3 5 4 3 mA
Sink Vin (diff) = 1V (Min)
lout Output Sink Current | Vg = 1.5V 4 2 1 4 2 1 mA
Sink VCM =0V (Mln)
IsourcE Output Short to GND | Vy (diff) = 1V 20 25 35 20 25 35 mA
35 35 (Max)
Isink Output Short to V* Vin (diff) = 1V 15 30 45 15 30 45 mA
(Max)
Vos Drift 10 10 pvice
los Drift 10 10 pA/C®
GBW Gain Bandwidth 100 100 KHz
Product
SR Slew Rate 50 50 VimS

(1) Boldface numbers apply at temperature extremes. All other numbers apply only at Ty = T; = 25°C, V* = 5V, V¢, = V/2, and R, =100k
connected to GND unless otherwise specified.

(2) The LP2902-N operating supply range is 3V to 26V, and is not tested above 26V.

(3) Specified and 100% production tested.

(4) Specified (but not 100% production tested) over the operating supply voltage range (3.0V to 32V for the LP324-N, LP324-N, and 3.0V to
26V for the LP2902-N), and the common mode range (0V to V* -1.5V), unless otherwise specified. These limits are not used to

calculate outgoing quality levels.
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Typical Performance Curves

Input Voltage Range

Input Current

Product Folder Links: LP2902-N LP324-N

30 I i
> g8 Ty= 125°C S A
R N =4 oV
t <
W20 < VF= 30V,
2 = P
5 to ~~
§ 5 § 1 VE= 15V, \\
o (&)
5 ooc R
= 10 2 1 V=5V ‘\
- z
=z
> 5 _m
>
0 0
0 5 10 15 20 25 30 -55 25 125
V¥ POWER SUPPLY VOLTAGE (=+Vpc) T, TEMPERATURE (°C)
Figure 3. Figure 4.
Supply Current Voltage Gain
150 160
= 120 =
<t
X T 120
~ =z -
e P R = 10kQ TO GND
zZ 9 /§ 3
[ ()
o [T 80
3 T 2
5 07 g
&
> IS 40
%) 30 =z
0 0
0 5 10 15 20 25 0 10 20 30 40
V¥ SUPPLY VOLTAGE (Vpe) VF SUPPLY VOLTAGE (Vp)
Figure 5. Figure 6.
Open Loop Power Supply
Frequency Response Rejection Ratio
80 100
N Vg=£2.5V
70 90 Cro
~ N N T,=25°C
2 —~ + SUPPLY
= % N Vec= 5 Vocr RL= Tko SN il ul
: w v TR RN IS
W ] Ty= 125°C o5 00 i i
() =
S gLl N A 5% 5 N - suppLy LI
= T,= 25°C _»N 33 I I
r AT A =Y a LT
S 20 T,= -55°C 1IN S5 40 i
> A \ 13
! 10 £330
2 h 2E I
< N I
-10 N 10 ”I
-20 0
10 100 1k 10k 100k 1M 10 100 1k 10k 100k
f FREQUENCY (Hz) f FREQUENCY (Hz)
Figure 7. Figure 8.
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Typical Performance Curves (continued)
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Common Mode Large Signal
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Output Characteristics Output Characteristics
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Typical Performance Curves (continued)
Current Limiting
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APPLICATION HINTS

The LP324-N series is a micro-power pin-for-pin equivalent to the LM324 op amps. Power supply current, input
bias current, and input offset current have all been reduced by a factor of 10 over the LM324. Like its
predecessor, the LP324-N series op amps can operate on single supply, have true-differential inputs, and remain
in the linear mode with an input common-mode voltage of 0 Vpc.

The pinouts of the package have been designed to simplify PC board layouts. Inverting inputs are adjacent to
outputs for all of the amplifiers and the outputs have also been placed at the corners of the package (pins 1, 7, 8,
and 14).

Precautions should be taken to insure that the power supply for the integrated circuit never becomes reversed in
polarity or the unit is not inadvertently installed backwards in the test socket as an unlimited current surge
through the resulting forward diode within the IC could destroy the unit.

Large differential input voltages can be easily accommodated and, as input differential voltage protection diodes
are not needed, no large input currents result from large differential input voltages. The differential input voltage
may be larger than V* without damaging the device. Protection should be provided to prevent the input voltages
from going negative more than -0.3 Vp¢ (at 25°C). An input clamp diode with a resistor to the IC input terminal
can be used.

The amplifiers have a class B output stage which allows the amplifiers to both source and sink output currents. In
applications where crossover distortion is undesirable, a resistor should be used from the output of the amplifier
to ground. The resistor biases the output into class A operation.

The LP324-N has improved stability margin for driving capacitive loads. No special precautions are needed to
drive loads in the 50 pF to 1000 pF range. It should be noted however that since the power supply current has
been reduced by a factor of 10, so also has the slew rate and gain bandwidth product. This reduction can cause
reduced performance in AC applications where the LM324 is being replaced by an LP324-N. Such situations
usually occur when the LM324 has been operated near its power bandwidth.

Output short circuits either to ground or to the positive power supply should be of short time duration. Units can
be destroyed, not as a result of the short circuit current causing metal fusing, but rather due to the large increase
in IC chip dissipation which will cause eventual failure due to excessive junction temperatures. For example: If all
four amplifiers were simultaneously shorted to ground on a 10V supply the junction temperature would rise by
110°C.

Exceeding the negative common-mode limit on either input will cause a reversal of phase to the output and force
the amplifier to the corresponding high or low state. Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. Exceeding the positive common-mode limit on a single input will not
change the phase of the output. However, if both inputs exceed the limit, the output of the amplifier will be forced
to a low state. In neither case does a latch occur since returning the input within the common mode range puts
the input stage and thus the amplifier in a normal operating mode.
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The circuits presented in the section on typical applications emphasize operation on only a single power supply
voltage. If complementary power supplies are available, all of the standard op amp circuits can be used. In
general, introducing a pseudo-ground (a bias voltage reference to V*/2) will allow operation above and below this
value in single power supply systems. Many application circuits are shown which take advantage of the wide
input common-mode voltage range which includes ground. In most cases, input biasing is not required and input
voltages which range to ground can easily be accommodated.

Figure 16. Driving CMOS

Figure 17. Comparator with Hysteresis

Vin O

10kQ 10MQ

Figure 18. Non-Inverting Amplifier

Figure 19. Adder/Subtractor
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R
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Vs O Vout
R
Vy
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R

Vour =Vi *V2 = V3 =V,

Figure 20. Unity Gain Buffer

VIN O
p—O Vour

Vour = Vin

Figure 21. Positive Integrator

2
g Vour = Re f"m dt
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Figure 22. Differential Integrator

o Vour

= (2)E)E)

R
FOR AR > Z_‘OAND Ry > 20R,

Figure 25. py Power Current Source

LM385 (1.2V)

Feurorr = 100 Hz
Av=2
Q=10.707
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Figure 27. 1 kHz Bandpass Active Filter
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Figure 30. Window Comparator
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REVISION HISTORY

Changes from Revision B (March 2013) to Revision C Page
¢ Changed layout of National Data Sheet t0 TI fOrMAL .........cooiiiiiiie e 9
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
LP2902M/NOPB ACTIVE SoIC D 14 55 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LP2902M Samples
& no Sh/Br) =
LP2902MX/NOPB ACTIVE SoIC D 14 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LP2902M Samples
& no Sh/Br) =
LP2902N/NOPB ACTIVE PDIP NFF 14 25 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 85 LP2902N Samples
& no Sh/Br)
LP324M/NOPB ACTIVE SOIC D 14 55 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LP324M
Samples
& no Sh/Br)
LP324MT/NOPB ACTIVE TSSOP PW 14 94 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LP324 Eamnles
& no ShiBr) MT Lo
LP324MTX/NOPB ACTIVE TSSOP PW 14 2500 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LP324 camnles
& no ShiBr) MT Lo
LP324MX/NOPB ACTIVE SolIC D 14 2500 Green (RoHS CU SN Level-1-260C-UNLIM Oto 70 LP324M B o
& no Sh/Br) P
LP324N/NOPB ACTIVE PDIP NFF 14 25 Green (RoHS CU SN Level-1-NA-UNLIM 0to 70 LP324N o 1
& no Sh/Br) bl

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

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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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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)

LP2902MX/NOPB SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 Q1
LP324MTX/NOPB TSSOP PW 14 2500 330.0 12.4 6.95 5.6 1.6 8.0 12.0 Q1
LP324MX/NOPB SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LP2902MX/NOPB SoIC D 14 2500 367.0 367.0 35.0
LP324MTX/NOPB TSSOP PW 14 2500 367.0 367.0 35.0
LP324MX/NOPB SOIC D 14 2500 367.0 367.0 35.0
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

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

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExampItENIz(tJ;Jrg)Layout Note D
——  ~—12x1,27 —= =—14x0,55
‘ ‘ ‘ — 12427
AN NEEN 14%1 50 AN
uuguuy * oottt r
5,40 5,40
TN,
monnnon \ NAn A AAn \
\uauudn U0ttt otd
\“//
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

.'/ \ Example
.‘ * / Solder Mask Opening
' ' (See Note E)
\ =007 /
\ All Around /

\. /

\\ /,
. -
N~ - —
4211283-3/E 08/12
NOTES:  A. All 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. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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LAND PATTERN DATA

PW (R—PDSO-G14) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)

|<—1 2x0,65

By s

5,60

(hnanng

/
/
/
j

e =— 140,30
; ——| [=—12x0,65

A
Jouutt

_—l
1
5,60

ittt

Example

Non Soldermask Defined Pad Example
Pad Geometry
"/// (See Note C)
/

Example
Solder Mask Opening
(See Note E)

‘ —f~—10,07 /

4211284-2/G 08/15

All linear dimensions are in millimeters.

Customers should

NOTES: A
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for dlternate 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.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA
NFFO014A

(2} 750+ 005
NOT INCLUDING MOLD FLASH
W e 01 MAX PER END . ]
i e i T o o il
250+ .010
NOT INCLUD NG

;2(:) MOLD FLASH

PIN 1 10— ) L

Vi T oI 0

— f=— 14X .060£.005

*];—TSEATNG PLANE
015 MIN 95°+5™ TYP

TYP 0Le
TYP

L4714x 01871994 LAAA— 325*01

et 12x 100 EINCIRESIES)

.04 MIN TYP

DIMENSIONS ARE IN INCHES
DIMENSIONS IN () FOR REFERENCE ONLY
N14A (Rev G)
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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