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FEATURES

DESCRIPTION/ORDERING INFORMATION

Qualified for Automotive Applications
Low Power Consumption

Wide Common-Mode and Differential
Voltage Ranges

Low Input Bias and Offset Currents

Low Total Harmonic Distortion: 0.003% Typ
High Input Impedance: JFET-Input Stage
Latchup-Free Operation

High Slew Rate: 13 V/us Typ

Common-Mode Input Voltage Range
Includes Ve,
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The TL082 JFET-input operational amplifier incorporates well-matched, high-voltage JFET and bipolar transistors
in a monolithic integrated circuit. The device features high slew rates, low input bias and offset currents, and low
offset-voltage temperature coefficient.

The I-suffix device is characterized for operation from —40°C to 85°C. The Q-suffix device is characterized for
operation from —40°C to 125°C.

ORDERING INFORMATION®

T; PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
—40°C to 85°C SOIC-D Reel of 2500 TLO82IDRQ1 TLO82I
—40°C to 125°C SOIC-D Reel of 2500 TLO82QDRQ1 TLO82Q

@
@

For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

web site at yww.tr.com.

Package drawings, thermal data, and symbolization are available at [vww.fi.com/packagind.

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.

Copyright © 2007, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/packaging

TL082-Q1 ¥ Texas
JFET-INPUT OPERATIONAL AMPLIFIER INSTRUMENTS

www.ti.com
SLOS548—-SEPTEMBER 2007

SYMBOL (EACH AMPLIFIER)

IN+ +

ouT
IN- —-

SCHEMATIC (EACH AMPLIFIER)

& Py

: 7 )

IN+ 1
)
IN— 64Q
ouT
N 128 Q

P e ° 64 Q
3 g :
-

s

% 1080 2 1080 @

Vcc_ A A A S g

A. Component values shown are nominal.

ubmit Documentation Feedbac Copyright © 2007, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS548&partnum=TL082-Q1

{'f TEXAS
INSTRUMENTS

www.ti.com

TL082-Q1
JFET-INPUT OPERATIONAL AMPLIFIER

SLOS548-SEPTEMBER 2007

ABSOLUTE MAXIMUM RATINGS®

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

VALUE
Vces  Supply voltage, positive @ 18V
Vec.  Supply voltage, negative ® -18V
Vip Differential input voltage ©) 30V
vV, Input voltage @ ©) #15V
Duration of output short circuit® Unlimited
Continuous total power dissipation ®
_ _ TLOS2!I —40°C 10 85°C
Ta Operating free-air temperature range
TLO82Q —40°C to 125°C
03a Package thermal impedance, junction to free air(” 97°C/W
Human-Body Model 1.5kV (H1C)
ESD rating® Charged-Device Model 1.5 kV (C5)
Machine Model 200 V (M3)
Operating virtual junction temperature 150°C

Tetg Storage temperature range

—65°C to 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 the midpoint between Vcc, and Vec._.

(3) Differential voltages are at IN+ with respect to IN-.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
(5) The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the

dissipation rating is not exceeded.

(6) Maximum power dissipation is a function of Tj(max), 8;4, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is PD = (Tj(max) — Tp)/0;4. Operating at the absolute maximum T; of 150°C can affect reliability.

(7) The package thermal impedance is calculated in accordance with JESD 51-7.
(8) ESD protection level per JEDEC classifications JESD22-A114 (HBM), JESD22-A115 (MM), and JESD22-C101 (CDM).

Copyright © 2007, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS®
Vces = 215 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TA(Z) MIN TYP  MAX| UNIT
25°C 3 6
Vio Input offset voltage Vo=0,Rs=50Q mV
Full range 9
Temperature coefficient of input _ _ o
Gvio offset voltage Vo=0,Rs=500Q Full range 18 pv/eC
3 25°C 5 100| pA
lo Input offset current® Vo =0
Full range 20| nA
. 3 25°C 30 200| PpA
s Input bias current® Vo =0
Full range 50| nA
Common-mode input o -12
Vicr voltage range 25°C 11 15 v
R_ = 10 kQ 25°C +12  +135
Maximum peak output
Vowm voltage swing R, 210 kQ Full range +12 Y
RL22kQ +10 +12
-si i i 25°C 50 200
Avo Largn_a_&gnal differential voltage Vo=#10V, R 22 kQ Vimv
amplification Full range 15
B1 Unity-gain bandwidth 25°C 3 MHz
f Input resistance 25°C 1012 0
CMRR Common-mode rejection ratio V\c = V\cr(min), Vo =0, Rg =50 Q 25°C 75 86 dB
Supply-voltage rejection ratio Vee =415V to 19V, o
ksvr (AVcea/AV o) Vo =0, Rs =50 Q 25°C 80 86 dB
lcc Supply current (per amplifier) Vo =0, No load 25°C 1.4 28| mA
1 i =
Vo1/Vo2 Crosstalk attenuation Ayp = 100 25°C 120 dB

(1) All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified.
(2) Full range for T, is —40°C to 85°C for I-suffix devices and —40°C to 125°C for Q-suffix devices.
(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as

shown in Figure I4. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as

possible.

OPERATING CHARACTERISTICS

Ve = ¥15 V, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
SR Slew rate at unity gain V=10V, R =2kQ, C_ =100 pF, See 8 13 Vlius
t, Rise time V, =20 mV, R_ =2 kQ, C_ =100 pF, See 0.05 us
Overshoot factor V, =20 mV, R_ =2 kQ, C_ =100 pF, See 20 %
) ] ) f=1kHz 18 nv/\NHz
Vi Equivalent input noise voltage Rs=20Q
f =10 Hz to 10 kHz 4 pv
In Equivalent input noise current Rs=20Q, f=1kHz 0.01 pA~HZ
THD  Total harmonic distortion Vims =6V, f=1kHz, AVD =1, Rg<1kQ, R 22 kQ 0.003 %
4 ubmit Documentation Feedbac Copyright © 2007, Texas Instruments Incorporated



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS548&partnum=TL082-Q1

3 Texas TL082-Q1
INSTRUMENTS JFET-INPUT OPERATIONAL AMPLIFIER

www.ti.com
SLOS548—-SEPTEMBER 2007

PARAMETER MEASUREMENT INFORMATION

ouT
Vi
CL =100 pF RL =2 kQ
Figure 1.
10 kQ
1 kQ
Vi
ouT
RL I CL =100 pF
Figure 2.
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TYPICAL CHARACTERISTICS
Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the devices.

Table of Graphs

FIGURE
vs Frequency 3,4,5
. vs Free-air temperature 6
Vowm Maximum peak output voltage -
vs Load resistance 7
vs Supply voltage 8
. . . o vs Free-air temperature 9
Avp Large-signal differential voltage amplification
vs Frequency 10
Pp Total power dissipation vs Free-air temperature 11
vs Free-air temperature 12
lcc Supply current
vs Supply voltage 13
lig Input bias current vs Free-air temperature 14
Large-signal pulse response vs Time 15
Vo Output voltage vs Elapsed time 16
CMRR Common-mode rejection ratio vs Free-air temperature 17
Vi Equivalent input noise voltage vs Frequency 18
THD Total harmonic distortion vs Frequency 19
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
(See Eiqure J) (See Eiqure J)
+15 T T T TTTTm T T T 1771 +15 TTIT T 11
Vec.==15V RL=10 ko RL=2ko
> Ta=25°C Ta = 25°C
. > Ve =+15V A=
o =125 . +12.5 CCx
(=] o
s g
g s
= =10 =10
2 Vec.==10V ‘g_
3 = Vee. =10V
= +7.5 2 7.5
(] ©
o \ &) \
£
> \ £
£ +5 Vec. =25V = +5
% E Vee: =25V \
= \ ©
: 25 N T .25
s =2 | xé.
o \ =
> (@]
N > N
0 h! 0 N
100 1k 10k 100k M 1oM 100 1k 10k 100k M 10M
f- Frequency - Hz f- Frequency - Hz
Figure 3. Figure 4.
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MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
VS VS
FREQUENCY FREE-AIR TEMPERATURE
(See Eiqure J) (See
+15 T TTTT =18 ok
RL= 10 kQ
Vec.=+15V =
> o RL=2ka '
o 125 |— Ta=25C L g =125
o) N J S—
s \ ) g RL= 2kQ B
3 \ 2
+= +10 5 =10
=] \ o
-3 \ \ Tp =-55°C 5
8 o
X 275 T =75
o o
8 \ ;
£ . \
Ta=125°C 3
Z +5 A E +5
£ \ %
s =
= '
's +25 = =25
g N >O Vec.=+15V
< N
haa |
0 0
10k 40k 100k 400k 1M 4Mm 10M -75 -50 -25 0 25 50 75 100 125
f- Frequenc y- Hz TA - Free-Air Temperature -°C
Figure 5. Figure 6.
MAXIMUM PEAK OUTPUT VOLTAGE
Vs MAXIMUM PEAK OUTPUT VOLTAGE
LOAD RESISTANCE Vs
(See SUPPLY VOLTAGE
+15 T T =15 T T
> Vec. =15V R =10 ko
: Ta=25°C T = Ta=25°C
o =125 —— g =125
= ©
2 ,/ §
5 al = /|
s =10 P g_ +10
=] -
3 : /
s // S /
® .75 S x75
o o
£ / pe //
: / £
£
= 5 E 5
© =
= S /
= ! y
=
>° +2.5 / >O +2.5
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0.1 0.2 04 07 1 2 4 7 10 2 4 6 8 10 12 14 16
R_ - Load Resistance - k @ |Vce=| - Suppl y Voltage - V
Figure 7. Figure 8.
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
1000 106 T T T
700 Vec.=+5Vto =15V
RL=10 ko
_ 400 105 N\ Ta=25°C
z. — z, N
5 £ °° T 5 £ AN
g > — g > 10 0°
£ 100 e — ."‘DE . \ Differential Voltage
= § 70 ~ S5 \ \ Amplification £
= w =
58 40 5 g 103 (left scale) 150 5
n E @ = \ ]
o o S € g
o g 20 g \ o
5 < S o 102 - 90°
) . D
1@ 10 oS \
S =
o 7 zS Phase Shift \
g > 101 (right scale) 135°
4 [ Veg.==15V \
Vo==10V
2R =2k 1 \ 180°
| | 1 10 100 1k 10k 100k iMm  10M
1
-75 -50 -25 0 25 50 75 100 125 f-Frequency - Hz
Ta - Free-Air Temperature - °C
Figure 9. Figure 10.
POWER DISSIPATION SUPPLY CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
250 T T 2.0 | |
Veec: =15V Vec:=%15V
225 No Signal 1.8 No Signal
No Load \\ No Load
= < \
E E ~.
' 175 | 1.4 ~
c - S
] S g
® 150 2 12
2 3 \
@ 125 2 1.0
a z -
g 100 — 7 08
a .
= 75 ——— 4 os
2 — S
' 50 - 04
£
25 0.2
0 0
-75 -50 -25 0 25 50 75 100 125 =75 -50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature - °C Ta — Free-Air Temperature — °C
Figure 11. Figure 12.
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SUPPLY CURRENT INPUT BIAS CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2.0 T T 100 £ T T
| Tp=25C — Vec-.=+15V
1.8 .
No Signal 7
16 No Load /
p T 10 /
: 1.4 - /
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a3 o8 3 -
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|Vee- | - Suppl y Voltage - V Ta - Free-Air Temperature - °C
Figure 13. Figure 14.
OUTPUT VOLTAGE
VS
ELAPSED TIME
VOLTAGE-FOLLOWER LARGE-SIGNAL PULSE RESPONSE (See
6 Vec.==15V 28
-_——T RL =2k
4 / CL =100 pF 24
- Ta=25°C U
@ Output > 20
o £
2 / g Veg.==15V
5 ) RL=2ka
g 0 12 CL =100 pF
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T 5
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-4 \ 0 /\
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0 05 1 15 2 25 3 35 0O 02 04 06 08 10 1.2
t- Time- ps t - Elapsed Time - ps
Figure 15. Figure 16.
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CMRR - Common-Mode Rejection Ratio — dB

89

88

87

86

85

84

83

=75

COMMON-MODE REJECTION RATIO
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Figure 17. Figure 18.
TOTAL HARMONIC DISTORTION
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E
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Figure 19.
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APPLICATION INFORMATION

Re = 100 kQ

—— Output

1 kQ
3.3kQ
J5‘9.1 kQ
1
" 27R.C, =
Figure 20.
Vees
R1 R2 f

Input —cw ——— Output
C3 T Vee-

R3 R1=R2 = 2(R3) = 1.5 MQ

_|C1 052 c1=C2= % =110 pF
fo = S R —————
27 R1 C1
Figure 21.
Vee+
1 Mo )
Vee. TLO82 >—— Output A
+
+ =
1WF TLO82 v
n Il o ce+
put 1T L
- TLO82 »—  OutputB
100 ko 100 ko .
&— " "\—— Ve, e
& —O 100 kQ
v
100 pF—I— iwom CC+
= = TLO82 >——  Output C
+

Figure 22. Audio-Distribution Amplifier
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6 sin wt 1N4148
-15V
18 kQ
4| (see Note A)
— t
88.4 ko 6 cosw
1 kQ
B 15V
1N4148 18 k
= 88.4 ko (see Note A)

A. These resistor values may be adjusted for a symmetrical output.

Figure 23. 100-kHz Quadrature Oscillator

16 ko 16 ka

220 pF
I(
A
43 ko

Vee-

Output A -
Output A Output B
\ T
\\\ 1
2 kHz/div 2 kHz/div
Second-Order Bandpass Filter Cascaded Bandpass Filter
fo =100 kHz, Q = 30, GAIN = 4 fo =100 kHz, Q = 69, GAIN = 16

Figure 24. Positive-Feedback Bandpass Filter
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PACKAGING INFORMATION

Orderable Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ©)
TLO82IDRQ1 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 TLO82I
TLO82QDRQ1 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TLO82Q

@ 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, RoOHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead 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 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.

OTHER QUALIFIED VERSIONS OF TL082-Q1 :
o Catalog : TLO82

Addendum-Page 1
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o Military : TLO82M

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e 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 OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
TLO82IDRQ1 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO82QDRQ1 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLO82IDRQ1 SoIC D 8 2500 356.0 356.0 35.0
TLO82QDRQ1 SoIC D 8 2500 356.0 356.0 35.0

Pack Materials-Page 2



PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
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 .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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www.ti.com




EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
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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.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X
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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.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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 Tl 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, regulatory 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 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
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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