TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOSU uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

® Power Dissipation as Low as 10 pyW Typ Per TLC1078 TLC1079
Amplifier D, JG, OR P PACKAGE D, J, OR N PACKAGE
. . . (TOP VIEW) (TOP VIEW)
® Operates on a Single Silver-Oxide Watch
Battery, Vpp = 1.4V Min out 1 Y sfivep  10uTl: ~ 14f)40uT
® V... 4SQ uV/850 pV Max in DIP and 1UN=T] 2 7[]20UT  1IN-[] 2 13[] 4IN -
Small-Outline Package (TLC1078/79) 1IN+ [l 3 6[]2IN- 1IN+[] 3 12[] 4IN+
® |nput Offset Voltage Drift . .. 0.1 uvV/Month GND [] 4 5[] 2IN+ Vppl[] 4 11[] GND
Typ, Including the First 30 Days 2IN+[] 5 10[] 3IN+
® High-impedance LinCMOSO Inputs 2IN-[l 6 of] 3IN -
lig = 0.6 pA Typ ZOUT[ 7 8 ] 30UT
® High Open-Loop Gain ... 800000 Typ TLC1078
® Qutput Drive Capability > 20 mA FK PACKAGE
® Slew Rate. .. 47 V/ms Typ (Tf" VIEW)
® Common-Mode Input Voltage Range od o880
Extends Below the Negative Rail £ 4 Z>
. /J LILJLJILIL]
® OQutput Voltage Range Includes Negative 3 2 1 2019
Rail NC []a 18[] NC
, : - 1N-1[]5 17[] 20UT
° - -
On-Chip ESD Protection Cl'rcwtry ne [ 6 M ne
® Small-Outline Package Option Also 1N+ 17 15 21N -
Available in Tape and Reel NC [] 8 14 NC
9 10 11 12 13
description -
0o o0+ o0
The TLC107x operational amplifiers offer ultra- = 5 = % =
low offset voltage, high gain, 110-kHz bandwidth,
47-VVIms slew rate, and just 150-uW power TLC1079
dissipation per amplifier. FK PACKAGE
i (TOP VIEW)
With a supply voltage of 1.4 V, common-mode e
input to the negative rail, and output swing to the zl 8 o2 zl
negative rail, the TLC107xC is an ideal solution for S2z29 %
low-voltage battery-operated systems. The Vg | = ) - | - -
20-mA output drive capability means that the 1IN+ ]43 212019 o 4N+
TLC107x can easily drive small resistive and large NC [Is 17[] NC
capacitive loads when needed, while maintaining Vop [ 6 161 eND
ultra-low standby power dissipation. NC []7 =M1 ne
Since this device is functionally compatible as well 2IN+ [] 8 141 3IN+
as pin compatible with the TLC27L2/4 and |_9"i|0 1 12#’)
TLC27L7/9, the TLC107x easily upgrades - O |
existing designs that can benefit from its improved z 2z 8 z
performance. N ®»®

NC — No internal connection

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.

LinCMOS is a trademark of Texas Instruments Incorporated.
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description (continued)

The TLC107x incorporates internal ESD-protection circuits that will prevent functional failures at voltages up
to 2000 V as tested under MIL-PRF-38535, Method 3015.2; however, care should be exercised when handling
these devices as exposure to ESD may result in degradation of the device parametric performance. The
TLC107x design also inhibits latch-up of the device inputs and outputs even with surge currents as large
100 mA.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 125°C. The wide range of packaging options includes small-outline and
chip-carrier versions for high-density system applications.

AVAILABLE OPTIONS

PACKAGED DEVICES CHIP
TA SMALL OUTLINET | CHIP CARRIER | CERAMIC DIP | CERAMIC DIP | PLASTIC DIP | PLASTIC DIP FO$M¢
(D) (FK) 8) (G) (N) (P) )
o o TLC1078CD TLC1078Y
0°Cto 70°C TLC1079CD — — — TLC1079CN TLC1078CP TLC1079Y
s s TLC1078ID
—40°C to 85°C TLC1079ID — — — TLC1079IN TLC1078IP —
o o TLC1078MD TLC1078MFK
—55°C to 125°C TLC1079MD TLC1079MFK TLC1079MJ TLC1078MJG TLC1079MN TLC1078MP —

T The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC1078CDR).
t Chip forms are tested 25°C only.

symbol (each amplifier)

ouT
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TLC1087Y chip information

This chip, when properly assembled, displays characteristics similar to the TLC1078C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips can be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%.

— 4

= VbD

= (C)]

— an+ G S

— ) 10UT
= 1IN- —— =

:: 2IN+ ﬂ +

= (6) 20UT
— 2IN- — =
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= Vpp-/GND

=83

ALL DIMENSIONS ARE IN MILS.
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TLC1079Y chip information

This chip, when properly assembled, display characteristics similar to the TLC1079C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips can be mounted with
conductive epoxy or a gold-silicon preform.

»l

4 ) I I l — Vpb
= — = 0 ) “
—p L‘—I—_’ [ -* R (1)
== 10UT
I |J : 1IN— SO
HH 2IN+ © + )
: o © | 20UT
(10)
H. 3IN+ 22 1 (8)
| JE . © | 30UT
| (12)
4N+ ——+
ﬁ .2 } sout
4N- — _
= (11)
11) Vpp-/GND

F_

= o

M

Rl

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tymax = 150°C

TOLERANCES ARE £10%.

ALL DIMENSIONS ARE IN MILS.

PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

Lnnnbbnnnnbonnnbonnnbnnnnbnnnn s bonnn s b b s o b |
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equivalent schematic (each amplifier)

VbD
l .
Q:g
X > e
o T -
IN— |
Rl |Bb———+« R4 ._‘
— — I
Qs
IN+ RS c1 Q11 Q12
} ) *—] —e
L] -
)_
e ﬁ M
L —e
Q7 ouT
— —
_:L L‘— ‘)— Q10
— —
Q2 Q4 —
Q9 Q13
R2 D1 R3 D2

T

GND
ACTUAL DEVICE COMPONENT COUNT
COMPONENT TLC1078 TLC1079

Transistors 38 76
Resistors 16 32
Diodes 12 24
Capacitors 2 4

3 1,

EXAS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vpp (SE8 NOE 1) ... .ot e e e e 18V
Differential input voltage, Vip (SEE NOE 2) .. ...ttt e +*Vpp
Input voltage range, V| (@ny iNPUL) ... ..ot -0.3VtoVpp
Input current, Ij (aCh INPUL) .. ... +5mA
Output current, Ig (each OUPUL) ... ... + 30 mA
Total current into Vpp (SEE NOtE B) . ..ot 45 mA
Duration of short-circuit at (or below) Tp =25°C (see Note 3) ... unlimited
Continuous total power dissipation ...............cci i see Dissipation Rating Table
Operating free-air temperature range, Tao: CSUffiXx ....... ... . i 0°Cto 70°C

[SUffix ... —40°C to 85°C

Mssuffix ..... ..o —55°C to 125°C
Storage temperature FaNgE . ... ...ttt e e e et e e —65°C to 150°C
Case temperature for 60 seconds: FK package ............ccoiiiiiiiiiii it 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C

T 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.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at IN+ with respect to IN—.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation ratings are not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta £25°C DERATING FACTOR Ta =70°C Ta =85°C Ta =125°C

POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING  POWER RATING

D-8 725 mwW 5.8 mW/°C 464 mw 377 mW 145 mw

D-14 950 mwW 7.6 mW/°C 608 mwW 494 mW 190 mw

FK 1375 mw 11.0 mw/°C 880 mw 715 mwW 275 mwW

J 1375 mW 11.0 mw/°C 880 mwW 715 mW 275 mW

JG 1050 mw 8.4 mWw/°C 672 mwW 546 mwW 210 mW

1150 mw 9.2 mw/°C 736 mW 598 mw 230 mw

1000 mw 8.0 mWwi/°C 640 mwW 520 mw 200 mw

recommended operating conditions

C SUFFIX | SUFFIX M SUFFIX UNIT
MIN  MAX MIN  MAX MIN  MAX
Supply voltage, Vpp 1.4 16 3 16 4 16 \%
. Vpp=5V -0.2 4| -0.2 4 0 4
Common-mode input voltage, V|c \%
Vpp =10V -0.2 9| -0.2 9 0 9
Operating free-air temperature, Ta 0 70 -40 85 -55 125 °C

Q’ TeEXAS
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electrical characteristics at specified free-air temperature

TLC1078C
PARAMETER TEST Tat V =5V Vpp =10V UNIT
CONDITIONS A DD~ DD~
MIN  TYP MAX MIN  TYP MAX
— 25°C 160 450 180 600
Vio Input offset voltage Vo=14V, Y
Rg =50 Q, Full range 800 950
Temperature coefficient of input IC=Y R . .
ayvio offset voltage R|=1MQ 25°Cto 70°C 1.1 1 uv/eC
25°C 0.1 60 0.1 60
llo Input offset current (see Note 4) " pA
Vo =Vpp!/ 2, 70°C 7 300 7 300
, Vic =Vpp/2 25°C 0.6 60 0.7 60
B Input bias current (see Note 4) pA
70°C 40 600 50 600
2500 -02 -03 -0.2 -0.3 v
v Common-mode input voltage to4 to4.2 109 109.2
ICR range (see Note 5) | —0.2 —0.2
Fullrange to 3.5 to 8.5 v
25°C 3.2 4.1 8.2 8.9
VOH High-level output voltage \é:?::lt;)g mv, 0°C 3.2 4.1 8.2 8.9 \%
70°C 3.2 4.2 8.2 8.9
25°C 0 25 0 25
VoL Low-level output voltage |VOIE ; 6100 mv, 0°C 0 25 0 25 mvV
70°C 0 25 0 25
25°C 250 525 500 850
Large-signal differential voltage R =1MQ, S
AVD amplification See Note 6 oc 250 680 500 1010 Vimv
70°C 200 380 350 660
25°C 70 95 75 97
CMRR Common-mode rejection ratio Vic = Vicrmin 0°C 70 95 75 97 dB
70°C 70 95 75 97
25°C 75 98 75 98
Supply-voltage rejection ratio _ S
ksvr (AVDD/AVIO) Vo=14V 0°C 75 98 75 98 dB
70°C 75 98 75 98
Vo =Vpp/ 2, 25°C 20 34 29 46
IDD Supply current (two amplifiers) Vic =Vpp/ 2, 0°C 24 42 36 66 pA
No load 70°C 16 28 22 40

1 Full range is 0°C to 70°C.

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V.Vp=025Vto2V;atVpp=10V,Vo=1Vto6V.

‘9 TEXAS
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electrical characteristics at specified free-air temperature

TLC1079C
PARAMETER TEST CONDITIONS TaT Vpp =5V Vpp = 10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 190 850 200 1150
Vio Input offset voltage uv
Vo=14V, V|c=0, Full range 1200 1500
o Temperature coefficient of | RS =509, Ri=1MQ 25°C to 11 1 VoG
VIO input offset voltage 70°C ' H
| Input offset current 25°C 0.1 60 0.1 60 oA
10 (see Note 4) Vo =Vpp/ 2, 70°C 7 300 7 300
| Input bias current Vic =Vpp/ 2 25°C 0.6 60 0.7 60 oA
B (see Note 4) 70°C 40 600 50 600
-02 -03 -0.2 -03
25°C \Y
v Common mode input o4 1042 09 1092
ICR voltage range (see Note 5) | ~0.2 —0.2
Fullrange to 3.5 to 8.5 v
25°C 3.2 4.1 8.2 8.9
- V|p =100 mV, o
VOH High-level output voltage RL = 1MQ 0°C 3.2 4.1 8.2 8.9 \Y
70°C 3.2 4.2 8.2 8.9
25°C 0 25 0 25
VoL  Low-level output voltage I\g'i ; 5100 mv, 0°C 0 2 0 25| mv
70°C 0 25 0 25
- 25°C 250 525 500 850
Ap  Arge-signal differential RL=1MQ, SeeNote6 0°C 250 700 500 1010 Vimv
voltage amplification
70°C 200 380 350 660
o 25°C 70 95 75 97
CMRR g:i’:mo“ mode rejection  f,  — v, crmin 0°C 70 95 75 o7 dB
70°C 70 95 75 97
25°C 75 98 75 98
Supply-voltage rejection Vpp=5Vto10V, 5
KSVR  ratio (AVpp/AVi0) Vo=14V o°c » % s % dB
70°C 75 98 75 98
| (f / 25°C 40 68 57 92
Supply current (four Vo =Vpp!/ 2, -
'DD amplifiers) Vic = Vpp/ 2, No load oc 48 84 721321 pA
70°C 31 56 44 80

T Full range is 0°C to 70°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp=0.25Vto2V;atVpp=10V,Vo=1V1t0o6 V.
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operating characteristics at specified free-air temperature

TLC1078C
PARAMETER TEST CONDITIONS TA Vpp=5V Vpp=10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 32 47
SR  Slew rate at unity gain \F;IIE;P:; QA?V glée:inguF:gyl 0°C 35 51 Vims
70°C 27 38
Vn Equivalent input noise voltage |f=1 kHz, Rg=20Q 25°C 68 68 nVAHz
25°C 85 110
B1  Unity-gain bandwidth CL=20pF,  See Figure 2 0°C 100 125 kHz
70°C 65 90
25°C 34° 38°
@®m  Phase margin at unity gain CL=20pF, See Figure 2 0°C 36° 40°
70°C 30° 34°
operating characteristics at specified free-air temperature
TLC1079C
PARAMETER TEST CONDITIONS TA Vpp=5V Vpp=10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 32 47
SR  Slew rate at unity gain SIIEFTP:; QA?V glée:inguprgll 0°C 35 51 Vims
70°C 27 38
Vn Equivalent input noise voltage |f=1 kHz, Rgs=20Q 25°C 68 68 nVAHz
25°C 85 110
Bq Unity-gain bandwidth CL=20pF,  SeeFigure 2 0°C 100 125 kHz
70°C 65 90
25°C 34° 38°
@®m  Phase margin at unity gain CL=20pF, See Figure 2 0°C 36° 40°
70°C 30° 34°

‘9 TEXAS
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electrical characteristics at specified free-air temperature

TLC1078I
PARAMETER CONTIDEI§FITONS Tt Vpp =5V Vpp =10V UNIT
MIN TYP MAX MIN TYP MAX
v Input offset volt 25°C 160 450 180 600 v
10 nput offset voltage Vo=14V, o)
Rg =50 Q, Full range 950 1100
Temperature coefficient of input Vic=0,R =1MQ o o o
avio offset voltage 25°C to 85°C 11 1 pv/eC
o Input offset current 25°C 01 60 01 60 pA
(see Note 4) Vo =Vpp/ 2, 85°C 24 1000 26 1000
_ Vic=Vpp/2 25°C 0.6 60 0.7 60
B Input bias current (see Note 4) pA
85°C 200 2000 220 2000
-02 -03 -02 -03
25°C \Y,
v Common-mode input voltage 04 t04.2 09 109.2
ICR range (see Note 5) Full ran -0.2 -0.2 v
ultrange |35 to 8.5
25°C 3.2 4.1 8.2 8.9
VOH High-level output voltage \él_D:lll?A(g))mv‘ —-40°C 3.2 4.1 8.2 8.9 \Y
85°C 3.2 4.2 8.2 8.9
25°C 0 25 0 25
VoL Low-level output voltage ?g'i : 8100 mv, -40°C 0 25 0 25 mV
85°C 0 25 0 25
25°C 250 525 500 850
A Large-signal differential voltage | R =1 MQ, —40°C 250 900 500 1550 vimy
VD amplification See Note 6
85°C 150 300 250 585
25°C 70 95 75 97
CMRR Common-mode rejection ratio V|c = V|crmin —40°C 70 95 75 97 dB
IC ICR
85°C 70 95 75 97
25°C 75 98 75 98
Supply-voltage rejection ratio _ e
ksvr (AVpp/AVio) Vo=14V 40°C 75 98 75 98 dB
85°C 75 98 75 98
Vo =Vpp/ 2, 25°C 20 34 29 46
IDD Supply current (two amplifiers) | Vic =Vpp/ 2, -40°C 31 54 50 86 HA
No load 85°C 15 26 20 36

T Full range is —40°C to 80°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp=0.25Vto2V;atVpp=10V,Vo=1V1t0o6 V.

10
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electrical characteristics at specified free-air temperature

TLC1079I
PARAMETER TEST CONDITIONS TaT VppD=5V Vpp =10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 190 850 200 1150
Vio Input offset voltage uv
Vo=14V, V|c=0, Full range 1350 1650
a Temperature coefficient |RS=50Q  Ri=1MQ 25°C to 11 1 Ve
VIO of input offset voltage 85°C ’ H
| Input offset current 25°C 0.1 60 0.1 60 DA
10 (see Note 4) Vo =Vpp!/ 2, 85°C 24 1000 26 1000
| Input bias current Vic = Vbp/ 2 25°C 0.6 60 0.7 60 oA
1B (see Note 4) 85°C 200 2000 220 2000
. o -0.2 -03 -0.2 -03
Common-mode input 25°C t0d t0d?2 09 1092 \%
VICR voltage range o2 o2
(see Note 5) Fullrange [ 53’5 t0 8.5 v
25°C 3.2 41 8.2 8.9
. V|p =100 mV,
V High-level output volt —40° 2 4.1 2 . \%
OH igh-level output voltage R, = 1MQ 0°C 3 8 8.9
85°C 3.2 4.2 8.2 8.9
25°C 0 25 0 25
VoL Low-level output voltage Y'D - 8100 mv, —40°C 0 25 0 25 mvVv
oL*=
85°C 0 25 0 25
) ) ) 25°C 250 525 500 850
Ayp  LAvge-signaldifferential - f o _ g o seenotes | —a0°C 250 900 500 1550 vimv
voltage amplification
85°C 150 330 250 585
25°C 70 95 75 97
CMRR  Common-mode Vic = Vicrmin —40°C 70 95 75 97 dB
rejection ratio
85°C 70 95 75 97
25°C 75 98 75 98
Supply-voltage rejection |Vpp=5Vto10V,
k —-40°C 75 98 75 98 dB
SVR  ratio (AVpp/AV|0) Vo=14V
85°C 75 98 75 98
| } 25°C 40 68 57 92
Supply current Vo =Vpp!/ 2, -
'DD (four amplifiers) Vic =Vpp/ 2, No load —40°C 62 108 98 172 wA
85°C 29 52 40 72
1 Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vo=0.25Vto2V;atVpp=10V,Vo=1V1to6 V.
b" TEXAS
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operating characteristics at specified free-air temperature

TLC1078I
PARAMETER TEST CONDITIONS TA Vpp=5V Vpp=10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 32 47
SR  Slew rate at unity gain SIIEF?P])- :M?V glée:inguesl —40°C 39 59 Vims
85°C 25 34
Vi, Equivalent input noise voltage | f =1 kHz, Rg=200Q 25°C 68 68 nViHz
25°C 85 110
By Unity-gain bandwidth CL=20pF,  SeeFigure2 |-40°C 130 155 kHz
85°C 55 80
25°C 34° 38°
®m  Phase margin at unity gain CL=20pF, SeeFigure2 |-40°C 38° 40°
85°C 28° 32°
operating characteristics at specified free-air temperature
TLC1079I
PARAMETER TEST CONDITIONS TA Vpp=5V Vpp =10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 32 47
SR Slew rate at unity gain \FjIL(;F; i"‘fv ' (S:'e-ezeiguril —40°C 39 59 Vims
85°C 25 34
Vn Equivalent input noise voltage |f=1 kHz, Rg=200Q 25°C 68 68 nvViHz
25°C 85 110
B1 Unity-gain bandwidth CL=20pF,  SeeFigure2 |-40°C 130 155 kHz
85°C 55 80
25°C 34° 38°
®m  Phase margin at unity gain CL=20pF, SeeFigure2 |-40°C 38° 42°
85°C 28° 32°
I
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electrical characteristics at specified operating free-air temperature

TLC1078M
PARAMETER TEST Tat VDD =5V Vpp = 10 V UNIT
CONDITIONS A DD DD
MIN TYP MAX MIN TYP MAX
— 25°C 160 450 180 600
Vio Input offset voltage Vo =14V, Y
Vic=0, Full range 1250 1400
o Temperature coefficient of R5_= 500, 25°C t0 125°C 14 14 V/°C
VIO input offset voltage RL=1MQ : : H
| Input offset current 25°C 0.1 60 0.1 60| PA
1° (see Note 4) Vo =Vpp!/ 2, 125°C 1.4 15 1.8 15| nA
" Input bias current Vic =Vpp/2 25°C 0.6 60 0.7 60| pA
(see Note 4) 125°C 9 35 10 35| nA
0 -03 0 -03
25°C \
v Common-mode input to4 to4.2 to9 t09.2
ICR voltage range (see Note 5) 0 0
Full range t0 3.5 0 8.5 \%
25°C 3.2 4.1 8.2 8.9
. V|p =100 mV, o
VOH High-level output voltage RL= 1 MQ 55°C 3.2 4.1 8.2 8.8 \%
125°C 3.2 4.2 8.2 9
25°C 0 25 0 25
VoL Low-level output voltage |VO”:L) f 6100 mv, -55°C 0 25 0 25 mvV
125°C 0 25 0 25
25°C 250 525 500 850
Large-signal differential R =1MQ, rro
AvD voltage amplification See Note 6 55°C 250 950 500 1750 Vimv
125°C 35 200 75 380
25°C 70 95 75 97
CMRR Common-mode rejection ratio | V|c = V|crmin —-55°C 70 95 75 97 dB
125°C 70 85 75 91
25°C 75 98 75 98
Supply-voltage rejection ratio _ ~ro
ksvr (AVDp/AVIO) Vo=14V 55°C 70 98 70 98 dB
125°C 70 98 70 98
Vo =Vpp/ 2, 25°C 20 34 29 46
Supply current (two _ 5
DD amplifiers) \N/|(:I = \C;DD/ 2, -55°C 35 60 56 96 HA
0 loa 125°C 14 24 18 30
1 Full range is —55°C to 125°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=0.25Vto2V;atVpp=10V,Vo=1Vto6 V.
b" TEXAS
INSTRUMENTS
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOST] uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

electrical characteristics at specified free-air temperature

TLC1079M
PARAMETER TEST CONDITIONS Tat Vpp =5V Vpp =10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 190 850 200 1150
Vio Input offset voltage uv
Vo=14V, V|c=0, Full range 1600 1900
o Temperature coefficient of | RS =90 Ri=1MQ 25°C to 14 14 VoG
VIO input offset voltage 125°C ' ’ H
| Input offset current 25°C 0.1 60 0.1 60| PpA
0 (see Note 4) Vo =Vpp/ 2, 125°C 1.4 15 1.8 15| nA
| Input bias current Vic =Vpp/2 25°C 0.6 60 0.7 60| pA
B (see Note 4) 125°C 9 35 10 35| nA
0 -03 0 -03
25°C \%
v Common mode input to4 to4.2 to9 t09.2
ICR voltage range (see Note 5) 0 0
Full range t035 085 \%
25°C 3.2 4.1 8.2 8.9
- V|p =100 mV, —tro
VOH High-level output voltage RL =1 MQ 55°C 3.2 4.1 8.2 8.9 \Y
125°C 3.2 4.2 8.2 9
25°C 0 25 0 25
VoL Low-level output voltage lVo“i _ 5100 mv, —55°C 0 25 0 25| mv
125°C 0 25 0 25
o . 25°C 250 525 500 850
Ap  Arge-signal differential RL=1MQ, SeeNote6 | -55°C 250 950 500 1750 Vimv
voltage amplification
125°C 35 200 75 380
o 25°C 70 95 75 97
CMRR gt’i’:mon'm(’de rejection v, = vicgrmin —55°C 70 95 75 97 dB
125°C 70 85 75 91
25°C 75 98 75 98
Supply voltage rejection Vpp=5Vto10V, o
KSVR  ratio (AVpp/AVi0) Vo=14V 55°C 70 % 70 % dB
125°C 70 98 70 98
| , 25°C 40 68 57 92
Supply current Vo =Vpp/2, -
'DD (four amplifiers) Vic =Vpp/ 2, No load —55°C 69 120 1192 A
125°C 27 48 35 60

T Full range is —55°C to 125°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp=0.25Vto2V;atVpp=10V,Vo=1V1t0o6 V.
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LinCMOSU uPOWER PRECISION
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operating characteristics at specified free-air temperature

TLC1078M
PARAMETER TEST CONDITIONS TA Vpp=5V Vpp=10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 32 47
SR  Slew rate at unity gain \F;IIE;P:; QA?V glée:inguprgll —55°C 41 63 Vims
125°C 20 27
Vn Equivalent input noise voltage |f=1 kHz, Rg=20Q 25°C 68 68 nVAHz
25°C 85 110
B1  Unity-gain bandwidth C_L=20pF, SeeFigure2 | —-55°C 140 165 kHz
125°C 45 70
25°C 34° 38°
@®m  Phase margin at unity gain CL=20pF, See Figure 2 —-55°C 39° 43°
125°C 25° 29°
operating characteristics at specified free-air temperature
TLC1079M
PARAMETER TEST CONDITIONS TA Vpp=5V Vpp =10V UNIT
MIN TYP MAX MIN TYP MAX
25°C 32 47
SR  Slew rate at unity gain \F\/’IlEP:P:; iﬂ?v gle_e:ingurizl —55°C 41 63 Vims
125°C 20 27
Vn Equivalent input noise voltage |f=1kHz, Rg=20Q 25°C 68 68 nVAHz
25°C 85 110
. . . B . -55°C 140 165
B1  Unity-gain bandwidth CL=20pF, See Figure 2 Toee e -
25°C 34° 38° kHz
. . . _ . -55°C 39° 43°
@®mn  Phase margin at unity gain CL=20pF, See Figure 2 250 pyn 79°

‘9 TEXAS
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LinCMOST] uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

PARAMETER MEASUREMENT INFORMATION

Vo 10 kQ

\

CL — RL
(see Note A)

NOTE A: Cj includes fixture capacitance.

Figure 2. Unity-Gain Bandwidth and
Phase-Margin Test Circuit

Figure 1. Slew-Rate Test Circuit

TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
ayjo Temperature coefficient of input offset voltage Distribution 3-6
B Input bias current vs Free-air temperature 7
llo Input offset current vs Free-air temperature 7
Vic Common-mode input voltage vs Supply voltage 8
vs High-level output current 9, 10
VoH  High-level output voltage vs Supply voltage 11
vs Free-air temperature 12
vs Common-mode input voltage 13,14
vs Differential input voltage 15
VoL Low-level output voltage vs Free-air temperature 16
vs Low-level output current 17,18
vs Supply voltage 19
AvD Large-signal differential voltage amplification vs Free-air temperature 20
vs Frequency 21, 22
Vom Maximum peak output voltage vs Frequency 23
vs Supply voltage 24
'DD Supply current vs Free-air temperature 25
SR Slew rate 'S Supply voltage 26
vs Free-air temperature 27
Normalized slew rate vs Free-air temperature 28
Vn Equivalent input noise voltage vs Frequency 29
. . . vs Supply voltage 30
B1 Unity-gain bandwidth vs Free-air temperature 31
vs Supply voltage 32
®m Phase margin vs Free-air temperature 33
vs Capacitive load 34
Phase shift vs Frequency 21,22
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Percentage of Amplifiers — %

Percentage of Amplifiers — %

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLC1078
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT

70 T T T T T T T
356 Amplifiers Te;ted From 8 Water Lots

60 VDD =5V
Ta =25°Cto 125°C

P Package
50 - outliers:

(1) 19.2 pv/°C
20 - (1) 12.1 pv/°C
30
20
10

0
-10 -8 -6 -4 -2 0 2 4 6 8

10
ay|o — Temperature Coefficient — uv/°C
Figure 3
DISTRIBUTION OF TLC1079
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT

70 T T T T T T T T

356 Amplifiers Tested From 8 Wafer Lots

Vpp=5V
60 [ Ta =25°Cto 125°C

N Package

| Outliers:

S0 " (1) 19.2 pviec

(1) 12.1 pv/°C
40
30
20
10

l
0
-10 -8 -6 -4 -2 0 2 4 6 8 10

ay|o — Temperature Coefficient — pv/°C

Figure 5

Percentage of Amplifiers — %

Percentage of Amplifiers — %

DISTRIBUTION OF TLC1078
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT

70 T T T T T T T
356 Amplifiers Tested From 8 Water Lots
60 | Vpp=10V
Tp =25°C to 125°C
P Package
50 [~ Outliers:
(1) 18.7 pv/°C
1) 11.6 pv/°C
w0 | @16
30
20
10
0 L_‘
-10 -8 -6 -4 -2 0 2 4 6 8 10
ay|o — Temperature Coefficient — pVv/°C
Figure 4
DISTRIBUTION OF TLC1079
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT
70 T T T T T T T T
356 Amplifiers Tested From 8 Wafer Lots
Vpp=10V
60 [ Tp =25°C to 125°C
N Package
Outliers:
50 " (1)18.7 pvirc
(1) 11.6 pvi/°C
40
30
20
10
0
-10 -8 -6 -4 -2 0 2 4 6 8 10

ay|o — Temperature Coefficient — pv/°C

Figure 6
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOST] uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

TYPICAL CHARACTERISTICS

INPUT BIAS AND OFFSET CURRENTT COMMON-MODE INPUT VOLTAGE POSITIVE LIMIT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
10000 E 16
< E Vpp =10V = | |
= oo Ta = 25°C
b — Vic=5V — u A /
5] A / 1l /
£ 1000 = > o /|
3 = 2 12
@ B 7 S
£ iy T /
@) 100 3 /
° 7 7 £
3 ~ 7~ o © /
0 / / o 8
© e g /
T 10 = =, s /
=] 7 o /
e 7z IS
= 7 Z £ /|
7 y e 4
Z ,1 _ See Note A O /
o 1 > i
© - Q /
c Pid > 2
5 7 /
o P /
- 0.1 0
25 45 65 85 105 125 0 2 4 6 8 10 12 14 16
Ta — Free-Air Temperature — °C Vpp — Supply Voltage — V
NOTE A: The typical values of input bias current and input offset
current below 5 pA were determined mathematically.
Figure 7 Figure 8
HIGH-LEVEL OUTPUT VOLTAGET# HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
5 T 16 I I
V|p =100 mV - V|p =100 mV
- \ Ta = 25°C > TS TA=25°C 7
ql) 4 OI) \\ Vpp=16V
= =2 12 Ny
% \ % \
= ~_| Vob=5V > N
- N - 10 N
= 3 \ 2 \
= =
> >
° ~_ Vop-4v | T~ ° 8
g ] o ~Vpp=10V
Q 2 WD =3V = 9 6 \\
T T
I | 4
T 1 T
XS S
0 0
0 -2 -4 -6 -8 -10 0 -10 -20 -30 —-40
loH — High-Level Output Current — mA loH — High-Level Output Current — mA
Figure 9 Figure 10

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
T The Vpp = 3V curve does not apply to the TLC107xM.
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16

14

12

10

Vo — High-Level Output Voltage — V
o]

700

600

500

400

VoL — Low-Level Output Voltage — mV

300

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGET

V|c — Common-Mode Input Voltage — V

Figure 13

Vic

VS VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
T T Vpp-1.6 T T
V|p =100 mV Y V|p = 100 mV
—R| =1MQ Vhnh—1.7 loH=-5mA
Ta =25°C / > PP N Vpp =5V
/ o N
/ 2 Vbp-18 ‘\
/ : Vpp-1.9 N \\
/ g v N
/ o DD -2 AN
/ % Vpp=10V \
/ E‘ Vpp -2.1
/ I? Vpp 2.2 \\
/ L N
/ L
/ Vpp -2.3
7
Vpp -2.4
2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
Vpp — Supply Voltage -V Tp — Free-Air Temperature — °C
Figure 11 Figure 12
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
VS VS
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
] 70 ]
Vpp=5V Vpp =10V
loL =5mA 7] > loL =5mA
\ Ta = 25°C € 450 |y Ta =25°C —
]
(o))
\ g
o
>
V|p = ~100 mV El 400 \
\ [\ e
T Vip=-1V
NN S 350 D
\ \ - Vip=-25V
2
NG N 3 3
N 0 NN
Vip=-1V \\ L, 300 NN
(@] \
N
S — NN
250
1 2 3 4 0 2 4 6 8 10

— Common-Mode Input Voltage — V

Figure 14

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGET
VS VS
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE
800 T 900 \ \
Vip=-1V
Vic = IVip/2| A
> 700 loL =5mA 2 800 Vic=05V /
£ Ta = 25°C C 00 loL =5mA )
© 600 \ e /
© ©
= 5 600 Vbp=5V A
S 500 S v A
5 \ Vpp=5V 5 / 1
2 N \ 2 500 ~ =
S 400 =) / /
§ \§~ F>, 400 // //
g 300 ~— 3 200 - 1 Vpp =10
3 VDD =10V B -
—L 200 200
o o
> 100 > 100
0 0
0 -2 -4 -6 -8 -10 -75 -50 -25 0 25 50 75 100 125
V|p — Differential Input Voltage — V Tp — Free-Air Temperature — °C
Figure 15 Figure 16
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
VS VS
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
3
! 1
09 I ViD=-1V ViD=-1V )
' Vic=05V | V|c=05V
> . > 25 e
I 08 [~ TA=25C / | Ta=25°C Vpp = 16 V
> Vpp=5V / &
g o7 g b
S VDD =4 Y/ s 2 4
5 06 i Vpp =10V
g Vpp=3V // g e
O 05 V4 7 (@] . / rd
g 0.4 A// %
: /4 -
L /4 g ! 4
: /
3 / 3
l_l 0.2 / / l_] //
o - ¢ O o5
> > 7
0.1
0 0
0 1 2 3 4 5 6 7 8 0 5 10 15 20 25 30
loL — Low-Level Output Current — mA loL — Low-Level Output Current — mA

Figure 17 Figure 18

 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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2000

1800

1600

1400

1200

1000

800

600

Ayp - Large-Signal Differential
Voltage Amplification — VImV

400

200

TYPICAL CHARACTERISTICS

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATIONT

Vpp — Supply Voltage -V

LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATIONT

Tp — Free-Air Temperature — °C

f

— Frequency — Hz

Figure 21

Figure 19 Figure 20
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
VS
FREQUENCY
[
Vpp=5V
106 RL=1MQ 4
_ Tp = 25°C
8 N
& c 105 \ 0°
o .S
5 & 104 \\ 300 .
R AvD =
E’ g 103 \ AN 60° 2
n < 7}
2 |\ N :
= 2 N , o
S5 10 N %
1= Phase Shift \
Q N
> 101 120°
< \\\
1 150°
0.1 180°
1 10 100 1k 10k 100k 1M

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

VS VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2000
o — I
| mi-iwa | TA=-SSC A Cima
o~ —— 1800 1 RL =1 MQ
/ A Ta=-aoc | \
y / =
/ / 3 S \
v Tp =0°C 5 7 1400 \
// A1 5 & 10 \_/Dp=10V
T e 2 8 AN
A /’ +— 2E 1000 \\
%=
Ta=70°C | ¢
Y/ A el SE ol N N
/ // ~ _— L) \\
v =1 TA=85C | }3% 600 ~~ ~
4/// | <7 400 /oD =5V \\ N
/ T \
= ~
- 200
0
4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
I
Vpp=10V
106 RL=1MQ
= N Tp = 25°C
§ o 10° \ 0°
33 N
5 & 104 AN 30° .
ER= \ AvD 5
2 E 193 AN o o
» < 10 60° ©
o 9 \ ©
> g N\ o
1> Phase Shift A
> 101 120°
< “
1 \ 150°
0.1 180°
1 10 100 1k 10k 100k 1M
f — Frequency — Hz
Figure 22
MAXIMUM PEAK OUTPUT VOLTAGE SUPPLY CURRENTT
VS VS
FREQUENCY SUPPLY VOLTAGE
10 90 T T
Vo = Vpp/2
> 9 80 [ No Load //
|
> 8 \\\ Ta = 125°C ] 20 | A A
= Vpp =10V \\\ Ta = 25°C < Ta =-55°C » |
S 7 \\ Ta =—55°Ct | o | TA=-40C yad
5 £ TA=0C—F— A
g 6 \i 2 Tp = 25°C e
3 50 [ =70° -~
(@] \ O Ta =70°C L~
X — o
£ 5 \ > Ta = 125°C % N
o o 40 4 /
£ 4 7 pZaN
E UI) 30 /// >/,///
= 3 [a]
[a] L
2 2 T2 A'//ﬁg/ —
> —
9 1 10
\:Eﬂ"
0 0
0.1 1 10 100 0 2 4 6 8 10 12 14 16
f — Frequency — kHz Vpp — Supply Voltage -V
Figure 23 Figure 24

 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT SLEW RATE
Vs S
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
60 T T 70 T T
\ Vo =Vpp/2 Vipp=1V
\ No Load 60 [~ RL=1MQ //
50 \ CL =20pF /
Ay =1
< \ 2 50 [~ Ta=25C -
| 40 \ S See Figure 1 /
s _ |
2 N \{DD =10V o 40 /’
3 a0 NG g
2 N \ S 30 /
o N 7 d
A I
UI) 20 | \\\ 14
Q VpDD=5V | @ 20
10 10
0 0
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Tp — Free-Air Temperature — °C Vpp — Supply Voltage -V
Figure 25 Figure 26
SLEW RATET NORMALIZED SLEW RATET
Vs VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
70 | | | | 14 N T T
= RL =1MQ Vipp) =1V
60 N ¥.“;F; =%r,(.]5vv — ct =20pF 13 \\\ RL=1MQ
<N Ay =1 \\ VDID:10V CL=20pF |
\\ See Figure 1 12 N Ay=1
2 50 N — o VDD =5 V\
S \\ Vpp = 10V c 11
o 40 ~< ~ \\VIPP Y s
IS < )
E ~— TRx% 3
3 a2 ~~ IS\ N 09
% | Vop=5V ﬁ\\& S 08 ‘\
Vipp=1V / I 07 \ N
: N
10 Vpp =5V \\\
Vipp=25V 0.6 N
0 | | 0.5
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 27 Figure 28

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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300

N

E:

>

c

I 200

(6]

(=]

8

S

[}

@

(o]

P4

3 100

= 9

S 80

T

> 70

=}

O

460

>C
50

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE

VS
FREQUENCY
IR
Vpp=5V
Rg=20Q
Ta =25°C
N
\\
N
\N
\\
NN
10 100 1000

f —Frequency — Hz
Figure 29
UNITY-GAIN BANDWIDTHT

VS
FREE-AIR TEMPERATURE

150 | |
\ Vpp=5V
\ V=10 mV
n 130 CL=20pF — ]
~ \ See Figure 2
I
ey
5 110 N
H \
©
c
@ AN
c N
‘©
Q \
>
= N
2 70
5 N
| \
—
@ 50 \\
30
-75 -50 -25 0 25 50 75 100 125

Tp — Free-Air Temperature — °C

Figure 31

B — Unity-Gain Bandwidth — kHz

®m — Phase Margin

140

130

120

110

100

90

80

70

60

50

42°

40°

38°

36°

34°

32°

30°

UNITY-GAIN BANDWIDTH

VS

SUPPLY VOLTAGE

I I
V| =10 mV
— C_ =20pF
Tp = 25°C

— See Figure 2

/|

/

0 2 4

6 8 10 12 14 16

Vpp — Supply Voltage -V

Figure 30

PHASE MARGIN
VS

SUPPLY VOLTAGE

I

V) =10 mV

CL =20pF

[ Tp =25°C
See Figure 2

0 2 4

6 8 10 12 14 16

Vpp — Supply Voltage -V

Figure 32

 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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40°

36°

32°

28°

®m — Phase Margin

24°

20°

-75

TYPICAL CHARACTERISTICS

PHASE MARGINT

VS

FREE-AIR TEMPERATURE

™~

~N

™~

VD|l=5\/| ]
V| =10 mV

CL =20pF —
See Figure 2

AN

N

AN

N\

-25 0 25

75 100 125

Ta — Free-Air Temperature — °C

Figure 33

®m — Phase Margin

37°

35°

33°

31°

29°

27°

25°

PHASE MARGIN

CAPACITIVE LOAD

I I I
Vpp=5V
V=10 mV

Tp = 25°C
See Figure 2

60 80

CL — Capacitive Load — pF

Figure 34

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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MECHANICAL INFORMATION

D (R-PDSO-G*¥)

PLASTIC SMALL-OUTLINE PACKAGE

14 PIN SHOWN
0.050 (1,27) PINS 8 14 16
DIM
0.020 (0,51)

W “— 0014 (035 L9[0010025 @ A MAX (05-%%; %3745‘; (25??)3)

14
0.189 | 0337 | 0.386
HHHHHH ﬁ T AMING | (480 | (855 | (980)

0.244 (6,20)
0.228 (5,80)

0.157 (4,00)
0.150 (3,81)

-

TO0B 00

o WL TLIL I

'~ 0.069 (1,75) MAX

v

0.010 (0,25)

0.004 (0,10)

Seating Plane #

0.008 (0,20) NOM

|

LU

Gage Plane

v
[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

0°-8°

|~ 0.004 (0,10)

JSE—h

4040047/B 03/95

NOTES:

. All linear dimensions are in inches (millimeters).
. This drawing is subject to change without notice.

. Four center pins are connected to die mount pad.

A
B
C. Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
D
E

. Falls within JEDEC MS-012
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOSU uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

MECHANICAL INFORMATION
FK (S-CQCC-N*)
28 TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

0.010 (0,25)
~ 4 0020051

0.010 (0,25)
0.055 (1,40)
0.045 (1,14) 0.045 (1,14)
; 0.035 (0,89)
¥y

0.028 (0,71) | 0.045(1,14)
0.022 (0,54) "‘ L’ L_’ 0.035 (0,89)

4040140/D 10/96

NO. OF
z 18 17 16 15 14 13 12 TERMINALS
k . MIN MAX MIN MAX
4 ) 42 7

19 1 20 0.3 0.358 0.30 0.358

(8,69) (9,09) | (7.80) (9,09)

20 10 ”8 0.442 | 0458 | 0406 | 0.458
o1 o (11,23) | (11,63) | (10,31) | (11,63)

B SQ 2 0.640 0.660 0.495 0.560
22 8 (16,26) | (16,76) | (12,58) | (14,22)

A SQ

23 7 5 0.739 0.761 0.495 0.560
(18,78) | (19,32) | (12,58) | (14,22)

24 6 o8 0.938 0.962 0.850 0.858

25 5 (23,83) | (24,43) | (21,6) (21,8)

- / 84 1.141 1.165 1.047 1.063
I NN (2899) | (2959) | (266) | (27.0)

26 27 28 1 2 3 4
0.020 (0,51) il 0.080 (2,03)
¢ ’ 0.064 (1,63)

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.

E

. Falls within JEDEC MS-004

{’? TEXAS
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOST] uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

MECHANICAL INFORMATION

J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE
14 PIN SHOWN
PINS **
14 16 18 20 22
DIM
0310 | 0310 | 0310 | 0310 | 0.410
5 AMAX | 787 | @787 | (787) | (7,87 | (10,42)
» . A MIN 0290 | 0.290 | 0290 | 0.290 | 0.390
737 | 737) | 7.37) | (7.37) | (9.91)
MNnnnmnm
T 5 MAX 0785 | 0.785 | 0910 | 0.975 | 1.100
(19,94) | (19,94) | (23,10) | (24.77) | (28,00)
) c
0.755 | 0.755 0.930
B MIN @9.18) | 19.18)| — | @362 |
U 0280 | 0300 | 0.300 | 0.300 | 0.388
1 Z C MAX 7.11) | (7.62) | (7.62) | (7.62) | (9.65)
0.065 (1,65) c MIN 0245 | 0245 | 0245 | 0245 |

(6.22) | (6,22) | 622) | (6.22)

0.045 (1,14)

0.100 (2,54)
— | 0.070(L.78) 0.020 (0,51) MIN |<— A —b‘
0.200 (5,08) MAX
—x ¢ Seating Plane

T 0.130 (3,30) MIN

Oo_ o
J L — L B

N 0.023 (0,58) 0.014 (0,36)
0.015 (0.38) 0.008 (0,20)

4040083/B 04/95

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

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

E

. Falls within MIL-STD-1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22

Q’ TeEXAS
INSTRUMENTS
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOSU uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

MECHANICAL INFORMATION
JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE PACKAGE

| 0.400 (10,20) |

0.355 (9,00)
8 5
ke M el e W ke ;
) 0.280 (7,11)
0.245 (6,22)
NS g s g
1 4
AJ L,o.oes(1,e5)
0.045 (1,14)
0.310 (7,87)
0.020 (0,51) MIN 0.290 (7,37)
f

0.200 (5,08) MAX
- ¢ Seating Plane [

0.130 (3,30) MIN

0.063(160) _ | |o J[\ ) L/ 0°-15°
0.015 (0,38)

0.015 (0,38) 88?2 Eg:g;

0.100 (2,54) 0.008 (0,20)

4040107/B 04/95

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification and/or on pressed ceramic glass frit seal
E

. Falls within MIL-STD-1835 GDIP1-T8

{'} TEXAS
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOST] uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

MECHANICAL INFORMATION

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
PINS **
14 16 18 20
DIM
0.775 0.775 0.920 0.975
“——————— A ————¥ A MAX (19,69) | (19,69) | (23.37) | (24,77)
16 9 A MIN 0.745 0.745 0.850 0.940
A e T T e T e (18,92) (18,92) | (21.59) | (23,88)

D) 0.260 (6,60)

0.240 (6,10)

!

[ S e e s ey gy
1 8
0.070 (1,78) MAX

. 0.310 (7,87)
—> ’« 0.035 (0,89) MAX 0.020 (0,51) MIN 0290 (7 37)

0.200 (5,08) MAX

i Seating Plane

—> ¢

0.125 (3,18) MIN

0.100 (2,54)

0°-15°
\_’ \‘/

0.021 (0,53)

P~ o1 (038 910010025 @]

0.010 (0,25) NOM

14/18 PIN ONLY

4040049/C 08/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.)

Q’ TeEXAS
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TLC1078, TLC1078Y, TLC1079, TLC1079Y
LinCMOSU uPOWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS179A - FEBRUARY 1997 — REVISED MARCH 2001

MECHANICAL INFORMATION
PLASTIC DUAL-IN-LINE PACKAGE

P (R-PDIP-T8)
0.400 (10,60)
0.355 (9,02)
8 5
1 1 r—r
0.260 (6,60)
0.240 (6,10)
o

LT L 1
1 4

0.070 (1,78) MAX

o 0.310 (7,87)
0.020 (0,51) MIN 0.290 (7,37)

?

0.200 (5,08) MAX
v i Seating Plane

f 0.125 (3,18) MIN

I S
0.010 (0,25) N

| 0.021 (0,53)
— b l— 0015 (035) [ ] 0.010(0,25) @]

OM

4040082/B 03/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 8-Dec-2008

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TLC1078CD ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLC1078CDG4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078CDR ACTIVE SOIC D 8 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078CDRG4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078CP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TLC1078CPE4 ACTIVE PDIP P 8 50 Pb-Free CUNIPDAU N/ A for Pkg Type
(RoHS)
TLC1078ID ACTIVE SoIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078IDG4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078IDR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078IDRG4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1078IP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TLC1078IPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
TLC1078MD ACTIVE SOIC D 8 75 TBD CU NIPDAU  Level-1-220C-UNLIM
TLC1078MDG4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079CD ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079CDG4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sbh/Br)
TLC1079CDR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079CDRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079CN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
TLC1079CNE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
TLC1079CNSR ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLC1079CNSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLC1079ID ACTIVE SoIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079IDG4 ACTIVE SoOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079IDR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

Addendum-Page 1




R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 8-Dec-2008
Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TLC1079IDRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC1079IN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TLC1079INE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)

O 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

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 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 TI
to Customer on an annual basis.

Addendum-Page 2
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XD Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 11-Mar-2008
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [¢—P1—
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
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
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O 07—— Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 (mm) BO (mm) KO (mm) P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLC1078CDR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC1078IDR SOIC D 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC1079CDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLC1079CNSR SO NS 14 2000 330.0 16.4 8.2 10.5 25 12.0 | 16.0 Q1
TLC1079IDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

Pack Materials-Page 1




Q? TEXAS
INSTRUMENTS

www.ti.com

PACKAGE MATERIALS INFORMATION

11-Mar-2008

TAPE AND REEL BOX DIMENSIONS

.
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC1078CDR SOoIC D 8 2500 346.0 346.0 29.0
TLC1078IDR SoIC D 8 2500 346.0 346.0 29.0
TLC1079CDR SoIC D 14 2500 346.0 346.0 33.0
TLC1079CNSR SO NS 14 2000 346.0 346.0 33.0
TLC1079IDR SOoIC D 14 2500 346.0 346.0 33.0

Pack Materials-Page 2



MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL—OUTLINE PACKAGE

0.050 (1,27)

L )

Index Area

0.197 (5,00)
DR G0 R
A\
8 5
0.244 (6,20)
0.228 (5,80)

Y - 0.157 (4,00)
\ 0.150 (3,80) AN
: i
sl ,

l 4

0.020 (0,51)
0.012 (0,31)

[-0.010 (0,25) W]

i \ [ \

I v I
I N v J \ ) / k
T 0.010 (0,25)
L 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25)
0.005 (0,15)1
/ \ \
. t K / \ / S [a0e o)
Gouge Plane _4_ D — ? Seating Plane
0.010 (0,25) 0-8"
0050 (127) |,
0.016 (0,40)

4040047-2/1 10/2008

NOTES:

.

All linear dimensions are in inches (millimeters).

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 .006 (0,15) per end.

Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.

Reference JEDEC MS—-012 variation AA.

{? TExAs
INSTRUMENTS
www.ti.com




MECHANICAL DATA

D (R*PDSO*GVH PLASTIC SMALL—OQUTLINE PACKAGE
0.344 (8,75)
) 0.337 (8,55) e
@

14 W 8
0.244 (6,20)
0.228 (5,80)

I < - - 1T 0157 (4,00)

\ \ 0.150 (3,80) A

EEEEE

0.020 (0,51)
0.012 (0,31)
[ ]0.010 (0,25) W]

R R i —
L 0.069 (1,75) Max TOOWO

0.004 (

Pin 1
Index Area 0.050 (1,27)

0.010 (0.25)
0.005 (0,15)1
i \
T \ ) [ G
Gauge Plane 4 D i—— ? Seating Plane
0.010 (0,25) 0-8
0.050 (1,27)
0016 (0.40) 1€

4040047-3/1 10/2008

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

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 .006 (0,15) per end.

Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.
Reference JEDEC MS—012 variation AB.

.
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MECHANICAL DATA

MPDIOO1A — JANUARY 1995 — REVISED JUNE 1999

PLASTIC DUAL-IN-LINE

P (R-PDIP-T8)
0.400 (10,60)
€ 03550002
8 5
A Wadin W llad T
0.260 (6,60)
0.240 (6,10)
o
P NSy
Jyh
0.070 (1,78) MAX
0.325 (8,26)
0.020 (0,51) MIN 0300 (7.62)
I \ ? [—\ f 0.015 (0,38)
0.200 (5,08) MAX Gage Plane
\. v L Seating Plane

* 0.125 (3,18) MIN 0.010 (0,25) NOM

S—
0.430 (10,92)
MAX

0.021 (0,53)
i o 0.38) [ 5] 0.010(0,25) )|

4040082/D 05/98

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to http://www.ti.com/sc/docs/package/pkg_info.htm
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy
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