LT1002

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage (NOtE 7) .o +22V
Differential Input Voltage ..........cccooveeveeveveveieneee. +30V
Input Voltage Equal to Supply Voltage
Output Short Circuit Duration ......................... Indefinite
Operating Temperature Range
LT1002AM/LT1002M (OBSOLETE) ..—55°C to 125°C
LT1002AC/LT1002C .....cocveveveveveeereee, 0°C to 70°C
Storage Temperature Range
All Grades ......coooveveveeeeeeeeeceecesene -65°C to 150°C
Lead Temperature (Soldering, 10 SeC.)...cccvunv.... 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
NULL (8) 1 [] ~ [ ]14 v+ (A)
NULL (A) 2 [] 113 ouT(A)
-IN(A) 3 [— 112 v-(n)
+IN ) 4 [ 111 +In(B)
V- (8) 5 [ 110 -IN(B)
ouT (8) 6 [ [ ]9 NULL (B)

[ ] 8 NULL(B)

N PACKAGE
14 PIN PLASTIC

Tymax = 125°C, 84a = 100°C/W
NOTE: Device may be operated even if insertion

is reversed; this is due to inherent symmetry of
pin locations of amplifiers A and B. (Note 7)

J PACKAGE
14 PIN HERMETIC
Tymax = 125°C, 6,4 = 100°C/W

OBSOLETE

Consider the N Package

OFFSET
ORDER | VOLTAGE
PART NO. MAX
at 25°C
LT1002ACN 60uV
LT1002CN 100pV
LT1002AMJ | 60uV
LT1002MJ 100V
LT1002ACJ 60pv
LT1002CJ 100pV
PACKAGE
for Alternate Source

Consult LTC Marketing for parts specified with wider operating temperature ranges.

ELECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS

Vg = +15V, Ty = 25°C, unless otherwise noted

LT1002AM/LT1002AC LT1002M/LT1002C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 2) 20 60 25 100 pv
AVos Long Term Input Offset Voltage
ATime Stability (Notes 3 and 4) 0.3 1.5 0.4 2.0 | pV/month
los Input Offset Current 0.3 2.8 0.4 4.2 nA
Ig Input Bias Current +0.6 3.0 +0.7 45 nA
en Input Noise Voltage 0.1Hz to 10Hz (Note 3) 035 07 038 0.75 HWVp-p
en Input Noise Voltage Density fo = 10Hz (Note 6) 103 20.0 105 200 o
fo = 1000Hz (Note 3) 9.6 11.5 9.8 12.0 nVvHz
AvoL Large Signal Voltage Gain RL =2 2kQ, Vg =12V 400 800 350 800 V/mv
RL = 1kQ, Vg =£10V 250 500 220 500
CMRR Common Mode Rejection Ratio Vew = £13V 110 126 110 126 dB
PSRR Power Supply Rejection Ratio Vg =+3Vio£18V 108 123 105 123 dB
Rin Input Resistance Differential Mode (Note 5) 20 100 13 80 MQ
Input Voltage Range +13  +14 +13 14 v
Vour Maximum Output Voltage Swing RL=2kQ +13  +14 +13 14 \
R =1kQ +12  +135 +12 135
SR Slew Rate RL = 2kQ (Note 5) 0.1 0.25 0.1 0.25 V/us
GBW Gain Bandwidth Product (Note 5) 0.4 0.8 0.4 0.8 MHz
Pqg Power Dissipation No load 46 75 48 85 mW
per amplifier No load, Vg = +3V 4 7 4 8
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LT1002

ELECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS

The « denotes the specifications which apply over the temperature range —=55°C < Ty < 125°C, Vg = +15V,unless otherwise noted.

LT1002AM LT1002M
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 2) 30 150 45 230 o\
AVos Average Input Offset Voltage Drift 0.2 0.9 0.3 1.3 Wv/°C
ATemp
los Input Offset Current 0.8 5.6 1.2 8.5 nA
Ig Input Bias Current 1.0 6.0 15 9.0 nA
AvoL Large Signal Voltage Gain RL =2 2kQ, Vg =10V 300 700 200 700 V/mV
CMRR Common Mode Rejection Ratio Vow =213V 106 122 104 120 dB
PSRR Power Supply Rejection Ratio Vg=23Vtio+18V 102 117 96 117 dB
Input Voltage Range +13  +14 13 +14 Y
Vourt Output Voltage Swing RL =2 2kQ +12.5 %135 +12.0 135 Y
Pq Power Dissipation No load 55 90 60 100 mW
per amplifier
The « denotes the specifications which apply over the temperature range 0°C < Ty < 70°C, Vg = 15V, unless otherwise noted.
LT1002AC LT1002C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 2) 20 100 30 160 o\
AVys Average Input Offset Voltage Drift 0.2 0.9 0.3 1.3 WV/°C
ATemp
los Input Offset Current 0.5 4.2 0.6 5.7 nA
I Input Bias Current +0.7 +45 +1.0 6.0 nA
AvoL Large Signal Voltage Gain RL = 2kQ, Vg =10V 350 750 250 750 V/mV
CMRR Common Mode Rejection Ratio Vem =13V 108 124 106 123 aB
PSRR Power Supply Rejection Ratio Vg=+3Vto+18V 105 120 100 120 aB
Input Voltage Range +13  +14 13 14 V
Vout Output Voltage Swing RL =2 2kQ +12.5 £13.8 +125 138 Y
Pqg Power Dissipation No Load 50 85 55 90 mWw
per amplifier
MATCHING CHARACTERISTICS
Vg = +15V, Ty = 25°C, unless otherwise noted.
LT1002AM/AC LT1002M/C
SYMBOL |PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Match - 15 40 - 25 80 v
Ig* Average Non-Inverting Bias
Current - 106 35 - 07 438 nA
los* Non-Inverting Offset Current - 0.6 3.5 - 0.7 6.0 nA
los™ Inverting Offset Current - 0.6 3.5 - 0.7 6.0 nA
ACMRR | Common Mode Rejection Ratio
Match Vem =13V 110 132 - 108 132 - dB
APSRR Power Supply Rejection Ratio
Match Vg=+3Vto£18V 108 130 - 102 128 - dB
Channel Seperation f<10Hz (Note 5) 132 148 - 130 146 - aB

1002fb
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LT1002

MATCHING CHARACTERISTICS

The « denotes the specifications which apply over the temperature range -55°C < Ty < 125°C, Vg = +15V, unless otherwise noted.

LT1002AM LT1002M

SYMBOL |PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Match ° - 50 140 - 60 230 o\

Input Offset Voltage Tracking ° - 0.3 1.0 - 0.4 1.5 Wv/°C
Ig* Average Non-Inverting Bias

Current o -  +15 6.0 - 1.8 %100 nA
los* Non-Inverting Offset Current ° - 1.5 6.5 - 1.8 12.0 nA
log™ Inverting Offset Current . - 1.5 6.5 - 1.8 12.0 nA
ACMRR | Common Mode Rejection Ratio

Match Vem =13V o 106 126 102 124 - dB
APSRR Power Supply Rejection Ratio

Match Vg=+3Vto£18V o 102 122 94 120 - dB
The « denotes the specifications which apply over the temperature range 0°C < Ty < 70°C, Vg = 15V, unless otherwise noted.

LT1002AC LT1002C

SYMBOL |PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Match o - 30 85 - 45 150 ny

Input Offset Voltage Tracking o - 0.3 1.0 - 0.4 1.5 WV/°C
Ig* Average Non-Inverting Bias

Current o - 10 45 - £12 170 nA
lost Non-Inverting Offset Current o - 1.0 5.0 - 1.2 8.5 nA
los™ Inverting Offset Current o - 1.0 5.0 - 1.2 8.5 nA
ACMRR | Common Mode Rejection Ratio

Match Vem = 13V o 108 130 - 105 128 - aB
APSRR Power Supply Rejection Ratio

Match Vg =+3Vto£18V . 105 126 - 98 124 - dB

For MIL-STD components, please refer to LTC 883C data sheet for test
listing and parameters.

Note 1: Absolute Maximum Ratings are those values beyond which the life
of a device may be impaired.

Note 2: Offset voltage measured with high speed test equipment,
approximately 1second after power is applied.

Note 3: This parameter is tested on a sample basis only.

Note 4: Long Term Input Offset Voltage Stability refers to the averaged
trend line of Vg versus Time over extended periods after the first 30 days

of operation. Excluding the initial hour of operation, changes in Vg during
the first 30 operating days are typically 2.5V.

Note 5: Parameter is guaranteed by design.

Note 6: 10Hz noise voltage density is sample tested on every lot.

Devices 100% tested at 10Hz are available on request.

Note 7: The V+ supply terminals are completely independent and may be
powered by separate supplies if desired (this approach, however, would
sacrifice the advantages of the power supply rejection ratio matching). The
V- supply terminals are both connected to the common substrate and
must be tied to the same voltage. Both V- pins should be used.
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Distribution of Offset Voltage of
Individual Amplifiers
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Matching and Individual Amplifier

Bias and Offset Currents vs Temperature
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Channel Separation vs Frequency
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Output Swing vs. Load Resistance

16
//
NEGATIVE SWING /’/
& 12 7
5 N
o
= AN
= POSITIVE SWING
= 8
w
et
>
o
5
S
Vg = 15V
Ta=25°C
0 L LIl
100 300 1000 3k 10k

LOAD RESISTANCE (Q)

1002 G28

Output Short Circuit Current

vs Time
50 |
40 \\ -55°C
R e S 255
=9 o
é% 20 12‘5 C
o
e S
§8 Ll V3‘=115V—z
3g -10 125°C
S -2 25°
wn —
S -3 ~ = —5}5°c
w
-40 //r
-50
0 1 2 3 4

TIME FROM OUTPUT SHORT (MINUTES)

1002 G29

APPLICATIONS INFORMATION

The LT1002 dual amplifier may be inserted directly into
OP-10, 0P207, 0P227 sockets with or without removal of
external nulling potentiometers.

Offset Voltage Adjustment The input offset voltage of the
LT1002, and its drift with temperature, are permanently
trimmed at wafer testing to a low level. However, if further
adjustment of Vg is necessary, nulling with a 10k or 20k
potentiometer will not degrade drift with temperature.
Trimming to a value other than zero creates a drift of (Vgg/
300)uV/°C, e.g. if Vgg is adjusted to 300uV, the change in
drift will be 1uV/°C. The adjustment range with a 10k or
20k pot is approximately £2.5mV. If less adjustment
range is needed, the sensitivity and resolution of the
nulling can be improved by using a smaller potin conjunc-
tion with fixed resistors. The example has an approximate
null range of £100uV.

In matching applications, both amplifiers can be trimmed
to zero, or the offset of one amplifier can be trimmed to
match the offset of the other. Offset adjustment, however,
slightly degrades the gain, common-mode and power-
supply rejection match between the two op amps. Fortu-

nately, the guaranteed offset voltage match of the LT1002
is very low, in most applications offset adjustment will be
unnecessary.

Standard Adjustment

1002 TA03

Improved Sensitivity Adjustment

1002 TA04
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LT1002

APPLICATIONS INFORMATION

Test Circuit for Offset Voltage
and its Drift with Temperature

50k*
A

vvy

15V

100Q

>
100Q* — Vo

S0k * RESISTORS MUST HAVE LOW

THERMOELECTRIC POTENTIAL.

-15V

Vo = 1000 Vps

1002 TAOS

This circuit is also used as burn-in configuration for the
LT1002, with supply voltages increased to £20V.

Unless proper care is exercised, thermocouple effects,
caused by temperature gradients across dissimilar metals
at the contacts to the input terminals, can exceed the
inherent drift of the amplifier. Air currents should be
minimized, package leads should be short, the two input
leads should be as close together as possible and main-
tained at the same temperature.

Channel Separation

This parameter is defined as the ratio of the change ininput
offset voltage of one amplifier to the change in output
voltage of the other amplifier causing the offset change.

At low frequencies the LT1002’s channel separation is an
almost unmeasurable 148dB. As frequency increases, pin
to pin capacitance of the package, between the output of
one amplifier and the inputs of the other, becomes domi-
nant. Since these pins are non-adjacent, the capacitance is
only 0.02pF. To maintain the LT1002’s excellent channel
separation at higher frequencies, the socket and PC board
capacitances should be minimized.

0.1Hz to 10Hz Noise Test Circuit

100k ! VOLTAGE GAIN = 50,000
PEAK TO PEAK NOISE MEASURED IN 10 SEC INTERVAL

SCOPE

4.3k
»—A/\/vf x 1
Rin = TMQ

2.2uF

—A\N\N—¢
110k

- = I I - - 1002 TA06

B
1/2 LT1002

4.7uF
DEVICE W

UNDER
TEST

The device under test should be warmed up for three
minutes and shielded from air currents. Turn the device
180° to measure the noise of side B.

Power supplies

The LT1002is specified overawide range of power supply
voltages from+3Vto +18V. Operation with lower supplies
is possible, down to +1.2V (two Ni-Cad batteries). How-
ever, with £1.2V supplies, the device is stable only in
closed loop gains of +2 or higher (or inverting gain of one
or higher).

The V+ supply terminals are completely independent and
may be powered by separate supplies if desired (this
approach, however, would sacrifice the advantages of the
power supply rejection ratio matching). The V- supply
terminals are both connected to the common substrate
and must be tied to the same voltage. Both V- pins should
be used.

1002fb
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LT1002

APPLICATIONS INFORMATION

Advantages of Matched Dual Op Amps In many applica-
tions the performance of a system depends on the match-
ing between two operational amplifiers rather than the
individual characteristics of the two op amps. Two or three
op amp instrumentation amplifiers, tracking voltage refer-
ences and low drift active filters are some of the circuits
requiring matching between two op amps.

The well-known triple op amp configuration illustrates
these concepts. Qutput offset is a function of the differ-
ence between the offsets of the two halves of the LT1002.
This error cancellation principle holds for a considerable
number of input referred parameters in addition to offset
voltage and its drift with temperature. Input bias current
will be the average of the two non-inverting input currents
(Ig*). The difference between these two currents (lpg*) is
the offset current of the instrumentation amplifier. The
difference between the inverting input currents (lgg™) will
cause errors flowing through R1, R2, and R3. Common-
mode and power supply rejections will be dependent only
on the match between the two amplifiers (assuming
perfect resistor matching).

The concepts of common mode and power supply rejec-
tion ratio match (ACMRR and APSRR) are best demon-
strated with a numerical example:

Assume CMRRp = +1.0pV/V or 120dB,

and CMRRg = +0.75uV/V or 122.5dB,

then ACMRR = 0.25uV/V or 132dB;

if CMRRp = —0.75uV/V which is still 122.5dB,
then ACMRR = 1.75uV/V or 115dB.

Clearly, the LT1002, by specifying and guaranteeing all of
these matching parameters, can significantly improve the
performance of matching dependent circuits.

Three Op Amp Instrumentation Amplifier

0k LT1037 — OUTPUT

+

GAIN = 1000

R7
> 9.76k
> 1%

INPUT T

<

<

; R9
> 200Q

]

N ow

Trim R8 for gain
Trim R9 for DC common mode rejection
Trim R10 for AC common mode rejection

Typical performance of the instrumentation amplifier:

Input offset voltage = 25uV

Input bias current = 0.7nA

Input resistance = 200 GQ

Input offset current = 0.6nA

Input noise = 0.5uV p-p

Power bandwidth (Vo = £10V) = 80kHz
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LT1002

APPLICATIONS INFORMATION

Precision +10V Reference

130k

5% ¢

v

3.3k

15V

N oUT 1
VW 10.000V
af N
112 13
LT1002 ouT2
- A ™ _10.000v
3.3k
1%

The LT1002 contributes less than 5% of the total drift with
temperature, noise and long term drift of the reference.

-15v

1002 TA08

Theaccuracy ofthe—10V output s limited by the matching
of the two 10k resistors.

Dual Limit Microvolt Comparator

15V

UPPER
LIMIT

1k
5%
FLV117
v

1/4 CA3118

20k
5%

INPUT —¢

—

When the upper or lower limit is exceeded the LED lights
up. Positive feedback to one of the nulling terminals
creates 5 to 20uV of hysteresis on both amplifiers. This

1/4 CA3118

1/4 CA3118

1002 TA09

feedback changes the offset voltage of the LT1002 by less
than 5uV. Therefore, the basic accuracy of the comparator
is limited only by the low offset voltage of the LT1002.

1002fb
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LT1002

APPLICATIONS INFORMATION

Two Op Amp Instrumentation Amplifier

RS
2.2kt
MN
R1 R2 R4
100k* 10k 100k
= | R3
" 10k
LT1002 —VW\—
_ + —— OUTPUT
INPUTS
+

* TRIM FOR COMMON-MODE REJECTION
T TRIM FOR GAIN

4

GAIN= R4

R2, R3
R3

R2.+ R3
JACBURLLS FS |
RiTRa) ] 0

R5

1002 TA10

Precision Amplifier Drives 500Q Load to =10V

1.1R¢+ 0.1Rg
110k
NN
Rs 15V
100Q
B
J:_ 1/2 LT1002 p
* 2 0.2R,
8 g S 1000
100k
! )
Rs 15V
100Q
__| —— OUTPUT
SR
15V

INPUT

This application utilizes the guaranteed 10mA load driving
capability of the LT1002. The offset voltage of amplifier A
is the offset of the configuration. Amplifier B provides the
additional 10mA load current. When load resistor R is

15009

1002 TA11

removed, amplifier A sinks this current without affecting
accuracy. In the gain of 1000 configuration shown, ap-
proximately 0.3% gain accuracy can be realized.

12
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LT1002

APPLICATIONS INFORMATION

INPUT

100k**

Q1

2N4393
IN914
L
—W—e—Pp|
100k
| 1
11
15pF
2
6
3
10k
input 1%
~1010 10V

Dead Zone Generator

3
VsET
DEAD ZONE
CONTROL INPUT
03 0to5V
4.7k
15V
4.7k
4.7k 3.3k
05 IN914
1k
* 1% FILM
** RATIO MATCH 0.05%
-15V Q2, 3, 4,5 CA 3096 TRANSISTOR ARRAY

Precision Absolute Value Circuit

10k
0.1%

10k
0.1%

10k
0.1%

IN4148

13

IN4148

10k
0.1%
MV ®

BIPOLAR SYMMETRY IS EXCELLENT
BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS

47pF

—WWV
10k**

Vser

1/2 6

LT1002 — Vour

Vout

1002 TA12

OUTPUT
0to 10V

1002 TA13

1002fb
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LT1002

APPLICATIONS INFORMATION

22k* 15V ..
s Dual Precision Power Supply
100Q (SELECT) I (1) 0to 10V il! 100pV Steps
3 (2) 0 to 100V in 1mV Steps
2
- 13 2N2219 OUTPUT 1
IN914 0-10v
4 25mA
UN-46 s TRIAD TY-90
4' DIODES =
R # SEMTECH #
KVD = FF-15
00000 - - . _ OUTPUT 2
99999 + 1 +] 0V-100V, 25mA
KELVIN-VARLEY VN-46 = 4 .
-15V DIVIDER m ’ _| y 90k
ESI#DP311 o= =
KVD = ESI#DP311 s
* = JULIE RSCH. LABS DI T o o seLECn
#R-44 95k 24F
680pF W ) TRIM-100V
’ = 100Q
Il |_‘ 8 o 2N6533
L LT301A CLK
= [ .
%SSk i
74074 ﬁ
22uF
33k 33k = K
15V
15V = 5

1.8k

cLAMP SET-” 5

IN914

1002 TA14
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LT1002

SCHEMATIC DIRGRAM

OR TIN PLATE LEADS

10.045 - 0.065 0065
(1.143-1. 651)

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP/PLATE

=~ (036

< 0.014-0.026

0 - 0.660)

0.100 0.125
(254) (3.175)
BSC TN

141298

OBSOLETE PACKAGE

Vi D * \ ¢ * * 4 *
6k |
Q27 o 24
A N N N 025
NULL NULL 406 28 N
) 1.5k
- >
“V‘L:““JE:'J b
6 N
* 1 Qi3 Ql4 /
¢ A
3k
‘ 08 I I M —1 s
I o 5?DIF 2|0pF | Q33
| 1 32
30pF
2A P % QZGV out
p —
— ]
s @ M 20
34
010:'—0 4 Q16 ‘
. msg 2 ! 32
2 2% ‘,_FEL/‘Q%
180Q | |a20 Q17 9
1/2 L1002 9 Y N \| Fas Y2
> >
Ve Q19 8k 120 %240
D L 4 L L 3 @ @ @ @ 1002 SS
J Package
14-Lead CERDIP (Narrow .300 Inch, Hermetic)
(Reference LTC DWG # 05-08-1110)
0.785
19.939;
0.300 BSC 0200 0005 | ‘e ( s )
(5.080) (0127)
(0.762 BSC) MAX MIN el ] 2l il o s ]
‘ ‘ 0.015-0.060
‘ ‘ (0.381-1.524) 0025 ) 0.220-0.310
(0.635) (5.588 - 7.874)
Y RADTYP
/< 0.008 —0.018 0°—15° ?
(0.203 - 0.457) - \ J
— L L2 L] [ed [s] [e] [7]

1002fb
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LT1002

PACKAGE DESCRIPTION

N Package
14-Lead PDIP (Narrow .300 Inch)
(Reference LTC DWG # 05-08-1510)

0.770* |

(19.558)
MAX

[14] [1s] [12] [11] [1o] [o] [e]

0.255 + 0.015*
(6.477 £ 0.381)

L] L] L8] [ef [s] [e] [7]

. 0300-0325 0.130 + 0.005 0045-0085 | |_
(7.620 - 8.255) (3.302 +0.127) (1.143-1.651) ‘ ‘ ¢
0020 | -
(0508) § T
MIN T 0.065
0.009-0.015 | (1.651)
(0.229 - 0.381) T TYP
+0.035
o %% -g0i5 | 0125 —»| |<— (8%2) ‘ ‘ 0.018 £ 0.003
0.889 - ~ T 0457+ 0076
8.255 t0.331 ) (3’\-/“7\'5) MIN % L L (0.457 +0.076)
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. (B'sc)
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm) 14 1098
PART NUMBER DESCRIPTION COMMENTS
LT1001 Single LT1002 60pV Vog, 1uv/°C Precision Op Amp
L. T1884/LT1885 Dual/Quad Precision Op Amp with Rail-to-Rail Output 50uV Max Vgg, 400pA Max Ig

1002fb

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417

(408) 432-1900 - FAX: (408) 434-0507 - www.linear.com
Downloaded from AFFOW.COm.

LT/CPI 1101 1.5K REV B « PRINTED IN USA

LY LNEAR

O LINEAR TECHNOLOGY CORPORATION 1985


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

