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� Single-Supply Operation
−  Input Voltage Range Extends to Ground
−  Output Swings to Ground While Sinking

Current

� Input Offset Voltage
−  150 µV Max at 25°C for LT1013A

� Offset-Voltage Temperature Coefficient
−  2.5 µV/°C Max for LT1013A

� Input Offset Current
−  0.8 nA Max at 25 °C for LT1013A

� High Gain . . . 1.5 V/µV Min (RL = 2 kΩ),
0.8 V/µV Min (RL = 600 kΩ) for LT1013A

� Low Supply Current . . . 0.5 mA Max at
TA = 25°C for LT1013A

� Low Peak-to-Peak Noise Voltage . . . 0.55 µV
Typ

� Low Current Noise . . . 0.07 pA/√Hz Typ
     

description/ordering information

The LT1013 devices are dual precision
operational amplifiers, featuring high gain, low
supply current, low noise, and low-offset-voltage
temperature coefficient.

The LT1013 devices can be operated from a
single 5-V power supply; the common-mode input
voltage range includes ground, and the output can
also swing to within a few millivolts of ground.
Crossover distortion is eliminated. The LT1013
can be operated with both dual ±15-V and single
5-V supplies.

The LT1013C, LT1013AC, and LT1013D are characterized for operation from 0°C to 70°C. The LT1013I,
LT1013AI, and LT1013DI are characterized for operation from −40°C to 105°C. The LT1013M, LT1013AM, and
LT1013DM are characterized for operation over the full military temperature range of −55°C to 125°C.

Copyright  2004, Texas Instruments Incorporated
���	
���� ���� ����������� �� ������� �� �� !�"#������� $���%

��$���� ������� �� �!������������ !�� �&� ����� �� ��'�� �����������
����$��$ (������)% 
��$������ !��������* $��� ��� ���������#) ���#�$�
������* �� �## !���������%

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.
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ORDERING INFORMATION

TA

VIOmax
AT 25°C

(µV)
PACKAGE † ORDERABLE

PART NUMBER
TOP-SIDE
MARKING

300 P−DIP (P) Tube of 50 LT1013CP LT1013P

0°C to 70°C
P−DIP (P) Tube of 50 LT1013DP LT1013DP

0°C to 70°C
800

SOIC (D)
Tube of 75 LT1013DD

1013D
800

SOIC (D)
Reel of 2500 LT1013DDR

1013D

P−DIP (P) Tube of 50 LT1013DIP LT1013DIP

−40°C to 105°C 800
SOIC (D)

Tube of 75 LT1013DID
1013DI

−40 C to 105 C 800
SOIC (D)

Reel of 2500 LT1013DIDR
1013DI

C−DIP (JG) Tube of 50 LT1013AMJG LT1013AMJG

150
C−DIP (JGB) Tube of 50 LT1013AMJGB LT1013AMJGB

150
LCCC (FK) Tube of 55 LT1013AMFK LT1013AMFK

−55°C to 125°C
LCCC (FKB) Tube of 55 LT1013AMFKB LT1013AMFKB

−55°C to 125°C
C−DIP (JG) Tube of 50 LT1013MJG LT1013MJG

300 C−DIP (JGB) Tube of 50 LT1013MJGB LT1013MJGB300

LCCC (FKB) Tube of 55 LT1013MFKB LT1013MFKB

800 SOIC (D) Tube of 75 LT1013DMD 1013DM
† Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) †

Supply voltage (see Note 1): VCC+ 22 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
VCC− −22 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Input voltage range, VI (any input, see Note 1) VCC− − 5 V to VCC+. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Differential input voltage (see Note 2) ±30 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Duration of short-circuit current at (or below) 25°C (see Note 3) Unlimited. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Package thermal impedance, θJA (see Notes 4 and 5): D package 97°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

P package 85°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Operating virtual junction temperature, TJ 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Case temperature for 60 seconds: FK package 260°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG package 300°C. . . . . . . . . . . . . . . . . . . . 
Storage temperature range, Tstg −65°C to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

† 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. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC−.
2. Differential voltages are at IN+ with respect to IN−.
3. The output may be shorted to either supply.
4. Maximum power dissipation is a function of TJ(max), θJA, and TA. The maximum allowable power dissipation at any allowable

ambient temperature is PD = (TJ(max) − TA)/θJA. Operating at the absolute maximum TJ of 150°C can affect reliability. Due to
variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be
activated at power levels slightly above or below the rated dissipation.

5. The package thermal impedance is calculated in accordance with JESD 51-7.
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TYPICAL CHARACTERISTICS †
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† 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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† 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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† 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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Figure 13
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TYPICAL CHARACTERISTICS

Figure 17

100

1000

300

1 10

V
n 

− 
E

qu
iv

al
en

t I
np

ut
 N

oi
se

 V
ol

ta
ge

 −
 n

V
/H

z

f − Frequency − Hz

EQUIVALENT INPUT NOISE VOLTAGE
AND EQUIVALENT INPUT NOISE CURRENT

vs
FREQUENCY

30

10
100

VCC± = ±2 V to ±18 V
TA = 25°C

1/f Corner = 2 Hz

In

Vn

V
n

1k

nV
/

H
z

1200

800

400

0
0 2 4 6

V
N

(P
P

) 
− 

N
oi

se
 V

ol
ta

ge
 −

 n
V

1600

t − Time − s

PEAK-TO-PEAK INPUT NOISE VOLTAGE
OVER A

10-SECOND PERIOD
2000

8 10

N
(P

P
)

V
   

 

VCC± = ±2 V to ±18 V
f = 0.1 Hz to 10 Hz
TA = 25°C

Figure 18

V
n 

− 
E

qu
iv

al
en

t I
np

ut
 N

oi
se

 V
ol

ta
ge

 −
 n

V
/H

z
fA

/
H

z
V n

Figure 19

t − Time − µs

0

4 6 8 10

V
O

 −
 O

ut
pu

t V
ol

ta
ge

 −
 m

V

60

80

12 14

40

20

20

VCC± = ±15 V
AV = 1
TA = 25°C

V
O

VOLTAGE-FOLLOWER
SMALL-SIGNAL

PULSE RESPONSE

−40

−60

−80

−20

Figure 20

0

−5

−15

0 50 100 150

V
) 

− 
O

ut
pu

t V
ol

ta
ge

 −
 V

5

15

VOLTAGE-FOLLOWER
LARGE-SIGNAL

PULSE RESPONSE

20

200 250 300 350

−10

10

VCC± = ±15 V
AV = 1
TA = 25°C

V
O

t − Time − µs

−20



������� �������� �������
�	�� 
��
����� �
��������� ��
�������

SLOS018F − MAY 1988 − REVISED FEBRUARY 2004

17POST OFFICE BOX 655303 • DALLAS, TEXAS 75265

TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

single-supply operation

The LT1013 is fully specified for single-supply operation (VCC− = 0). The common-mode input voltage range
includes ground, and the output swings to within a few millivolts of ground.

Furthermore, the LT1013 has specific circuitry that addresses the difficulties of single-supply operation, both
at the input and at the output. At the input, the driving signal can fall below 0 V, either inadvertently or on a
transient basis. If the input is more than a few hundred millivolts below ground, the LT1013 is designed to deal
with the following two problems that can occur:

1. On many other operational amplifiers, when the input is more than a diode drop below ground, unlimited
current flows from the substrate (VCC− terminal) to the input, which can destroy the unit. On the LT1013,
the 400-Ω resistors in series with the input [see schematic (each amplifier)] protect the device, even
when the input is 5 V below ground.

2. When the input is more than 400 mV below ground (at TA = 25°C), the input stage of similar type
operational amplifiers saturates and phase reversal occurs at the output. This can cause lockup in servo
systems. Because of unique phase-reversal protection circuitry (Q21, Q22, Q27, and Q28), the LT1013
outputs do not reverse, even when the inputs are at −1.5 V (see Figure 24).

This phase-reversal protection circuitry does not function when the other operational amplifier on the LT1013
is driven hard into negative saturation at the output. Phase-reversal protection does not work on amplifier 1
when amplifier 2 output is in negative saturation nor on amplifier 2 when amplifier 1 output is in negative
saturation.

At the output, other single-supply designs either cannot swing to within 600 mV of ground or cannot sink more
than a few microamperes while swinging to ground. The all-npn output stage of the LT1013 maintains its low
output resistance and high-gain characteristics until the output is saturated. In dual-supply operations, the
output stage is free of crossover distortion.

(a) VI(PP) = −1.5 V TO 4.5 V (b) OUTPUT PHASE REVERSAL
EXHIBITED BY LM358

(c) NO PHASE REVERSAL
EXHIBITED BY LT1013
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APPLICATION INFORMATION

comparator applications

The single-supply operation of the LT1013 lends itself for use as a precision comparator with TTL-compatible
output. In systems using both operational amplifiers and comparators, the LT1013 can perform multiple duties
(see Figures 25 and 26).
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Figure 26. High-to-Low-Level Output
Response for Various Input Overdrives

low-supply operation

The minimum supply voltage for proper operation of the LT1013 is 3.4 V (three NiCad batteries). Typical supply
current at this voltage is 290 µA; therefore, power dissipation is only 1 mW per amplifier.

offset voltage and noise testing

The test circuit for measuring input offset voltage and its temperature coefficient is shown in Figure 30. This
circuit, with supply voltages increased to ±20 V, also is used as the burn-in configuration.

The peak-to-peak equivalent input noise voltage of the LT1013 is measured using the test circuit shown in
Figure 27. The frequency response of the noise tester indicates that the 0.1-Hz corner is defined by only one
zero. The test time to measure 0.1-Hz to 10-Hz noise should not exceed 10 seconds, as this time limit acts as
an additional zero to eliminate noise contribution from the frequency band below 0.1 Hz.

An input noise voltage test is recommended when measuring the noise of a large number of units. A 10-Hz input
noise voltage measurement correlates well with a 0.1-Hz peak-to-peak noise reading because both results are
determined by the white noise and the location of the 1/f corner frequency.

Current noise is measured by the circuit and formula shown in Figure 28. The noise of the source resistors is
subtracted.



������� �������� �������
�	�� 
��
����� �
��������� ��
�������

SLOS018F − MAY 1988 − REVISED FEBRUARY 2004

20 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265

APPLICATION INFORMATION

10 Ω

100 kΩ

0.1 µF

2 kΩ

4.7 µF

AVD = 50,000

+

−

LT1013 +

−

LT1001

24.3 kΩ

100 kΩ

0.1 µF

4.3 kΩ

2.2 µF

110 kΩ

22 µF
Oscilloscope
Rin = 1 MΩ

NOTE A: All capacitor values are for nonpolarized capacitors only.

Figure 27. 0.1-Hz to 10-Hz Peak-to-Peak Noise Test Circuit

10 kΩ

100 Ω VnLT1013

+

−

In �
[V

no2–(820 nV)2]1�2

40 M� � 100

10 MΩ†10 MΩ†

10 MΩ†10 MΩ†

† Metal-film resistor

Figure 28. Noise-Current Test Circuit 
and Formula

50 kΩ
(see Note A)

15 V

−15 V

VO = 1000 VIO
100 Ω

50 kΩ

(see Note A)

(see Note A)

+

−

LT1013

NOTE A: Resistors must have low thermoelectric potential.

Figure 29. Test Circuit for V IO and       �VIO
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APPLICATION INFORMATION

typical applications

5 V

100 pF

2 kΩ

Q4
2N2222

Q3
2N2905

5 V

68 Ω

4.3 kΩ

LT1004
1.2 V

4 kΩ†

10 kΩ†
1 kΩ
4-mA
Trim

IN
0 to 4 V

4 mA to 20 mA
to Load
2.2 kΩ Max

100 Ω†

10 kΩ†

10 kΩ†

20-mA Trim

100 kΩ5 V

0.33 µF
10 kΩ 10 kΩ 820 Ω

Q2
2N2905

SN74HC04 (6)

820 Ω
Q1
2N2905

1N4002 (4)

10 µF10 µF

T1‡

0.002 µF

1/2
LT1013

1/2
LT1013

80 kΩ†

+

−

+

−

+

+

† 1% film resistor. Match 10-kΩ resistors to within 0.05%.
‡ T1 = PICO-31080

Figure 30. 5-V 4-mA to 20-mA Current-Loop Transmitter With 12-Bit Accuracy
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APPLICATION INFORMATION

To Inverter
Drive

5 V
100 kΩ

10 kΩ†

68 kΩ†

4.3 kΩ
5 V

LT1004
1.2 V

4 kΩ†

2 kΩ
4-mA
Trim

IN
0 to 4 V

1 kΩ
20-mA
Trim

301 Ω†

0.1 Ω
T1

10 µF

4 mA to 20 mA
Fully Floating

1N4002 (4)

1/2
LT1013

+

† 1% film resistor

+

−

+

−

1/2
LT1013

Figure 31. Fully Floating Modification to 4-mA to 20-mA Current-Loop Transmitter With 8-Bit Accuracy
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6

5 V
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−
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7

4
15

1/2 LTC1043

1/2 LTC1043
5 8

2
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NOTE A: VIO = 150 µV, AVD = (R1/R2) + 1, CMRR = 120 dB, VICR = 0 to 5 V

Figure 32. 5-V Single-Supply Dual Instrumentation Amplifier
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APPLICATION INFORMATION

1

LT1013

LT1013

LT1013

LT1013

To Input
Cable Shields

RG (2 kΩ Typ)

200 kΩ 10 kΩ

10 kΩ

10 kΩ†
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10 kΩ†
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5 V

10 kΩ†20 k�

5 V

20 k�

200 kΩ†
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‡

‡
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+

+
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10
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4

11

7
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† 1% film resistor. Match 10-kΩ resistors to within 0.05%.
‡ For high source impedances, use 2N2222 diodes.
NOTE A:  AVD = (400,000/RG) + 1

Figure 33. 5-V Precision Instrumentation Amplifier
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JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.310 (7,87)
0.290 (7,37)

0.014 (0,36)
0.008 (0,20)

Seating Plane

4040107/C 08/96

5

4
0.065 (1,65)
0.045 (1,14)

8

1

0.020 (0,51) MIN

0.400 (10,16)
0.355 (9,00)

0.015 (0,38)
0.023 (0,58)

0.063 (1,60)
0.015 (0,38)

0.200 (5,08) MAX

0.130 (3,30) MIN

0.245 (6,22)
0.280 (7,11)

0.100 (2,54)

0°–15°

NOTES: A. All linear 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.
E. Falls within MIL STD 1835 GDIP1-T8
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FK (S-CQCC-N**)     LEADLESS CERAMIC CHIP CARRIER

4040140/D 10/96

28 TERMINAL SHOWN

B

0.358
(9,09)

MAX

(11,63)

0.560
(14,22)

0.560

0.458

0.858
(21,8)

1.063
(27,0)

(14,22)

ANO. OF

MINMAX

0.358

0.660

0.761

0.458

0.342
(8,69)

MIN

(11,23)

(16,26)
0.640

0.739

0.442

(9,09)

(11,63)

(16,76)

0.962

1.165

(23,83)
0.938

(28,99)
1.141

(24,43)

(29,59)

(19,32)(18,78)

**

20

28

52

44

68

84

0.020 (0,51)

TERMINALS

0.080 (2,03)
0.064 (1,63)

(7,80)
0.307

(10,31)
0.406

(12,58)
0.495

(12,58)
0.495

(21,6)
0.850

(26,6)
1.047

0.045 (1,14)

0.045 (1,14)
0.035 (0,89)

0.035 (0,89)

0.010 (0,25)

121314151618 17

11

10

8

9

7

5

432

0.020 (0,51)
0.010 (0,25)

6

12826 27

19

21
B SQ

A SQ
22

23

24

25

20

0.055 (1,40)
0.045 (1,14)

0.028 (0,71)
0.022 (0,54)

0.050 (1,27)

NOTES: A. All linear 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
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P (R-PDIP-T8) PLASTIC DUAL-IN-LINE

8

4

0.015 (0,38)

Gage Plane

0.325 (8,26)
0.300 (7,62)

0.010 (0,25) NOM

MAX
0.430 (10,92)

4040082/D 05/98

0.200 (5,08) MAX

0.125 (3,18) MIN

5

0.355 (9,02)

0.020 (0,51) MIN

0.070 (1,78) MAX

0.240 (6,10)
0.260 (6,60)

0.400 (10,60)

1

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

Seating Plane

M0.010 (0,25)

0.100 (2,54)

NOTES: A. All linear 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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