LT1077

TECHNOLOGY

FERTURES

= 604A Max Supply Current

» 40,V Max Offset Vollage

= 350pA Max Offset Current

u (.5,Vp-p0.1Hz to 10Hz Voltage Noise

u 2.5pAp-p 0.1Hz to 10Hz Current Noise

w 0.4,V/°C Offset Voltage Drift

» 250kHz Gain-Bandwidth-Product

» (.12V/ys Slew Rate

= Single Supply Operation
input Voltage Range Includes Ground
Output Swings to Ground while Sinking Current
No Pull-Down Resistors are Needed

m Qutput Sources and Sinks 5mA Load Current

APPLICATIONS

= Replaces OP-07, OP-77, AD707, LT1001, LT1012
at 10to 60 Times Lower Power
» Battery or Solar Powered Systems
u 4mA to 20mA Current Loops
» Two Terminal Gurrent Source
a Megaohm Source Resistance Difference Amplifier

Micropower. Single Supply,
Precision Op Amp

DESCAIPTION

The LT1077 is a micropower precision operational amplifier
optimized for single supply operation at 5V. +15V speci-
fications are also provided.

Micropower performance of competing devices is achieved
at the expense of seriously degrading precision, noise,
speed, and output drive specifications. The LT1077 reduces
supply current without sacrificing other parameters. The
offset voltage achieved is the lowest of any micropower op
amp. Offset current, voltage and current noise, slew rate
and gain-bandwidth product are all two to ten times better
than on previous micropower op amps.

The 1/f corner of the voltage noise spectrum is at 0.7Hz.
This results in low frequency (0.1Hz to 10Hz) noise perform-
ance which can only be found on devices with an order of
magnitude higher supply current.

The LT1077 is completely plug-in compatible {including nul-
ling) with all industry standard precision op amps. Thus, it
can replace these precision op amps in many applications
without sacrificing performance, yet with significant power
savings.

The LT1077 can be operated from one lithium cell or two
Ni-Cad batteries. The input range goes beiow ground. The
all-NPN output stage swings to ground while sinking cur-
rent~no pull-down resistors are needed.

For dual and quad op amps with similar specifications
please see the LT1078/LT1079 datasheet.
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LT1077

ABSOLUTE MAXIMUM RATINGS
Supply Voitage ......c.oooveiiiiiiiiiiii s =22V
Differential Input Voltage ......................... 30V
tnput Voltage .......... Equal to Positive Supply Voitage
........ 5V Below Negative Supply Voltage
Output Short Circuit Duration.................. Indefinite
Operating Temperature Range
LTI077AMILTIOTIM . .................. ~55°C t0 125°C
LT077AILTI077] ..o -40°Ct0 85°C
LT1077ACILTI077CILTI07788 ............. 0°Cto70°C
Storage Temperature Range
AllGrades .........ccooevvvvenninnnnn - 65°Cto0 150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

PACKAGE/ORDER INFORMATION
Vo TN ORDER PART
NUMBER
LT1077AMH
LT1077MH
LT1077ACH
H PACKAGE LT1077CH
8-LEAD T0-5 METAL CAN
TOP VIEW
e ] [ vesram | LT1O77AMIB LT1077AINS
o A | LT1077MI8  LT1077IN8
] U Eor | LTI077ACI8 LT1077ACNS
[ ] e LT1077CJ8  LT1077CNS
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PART MARKING

1077

ELECTRICAL CHARACTERISTICS vs=5v,0v, voy = 0.1V, Vo = 1.4V, T, =25°C, unless noted.

LT1077AMIAIIAC LT1077MAICIS8
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage ] 40 10 60 WV
LT1077S8 12 150 aV
AVos Long Term Input Offset 0.4 0.4 -]
ATime Voltage Stability !
los input Ofset Current 006 035 006 045 nA
s Input Bias Current 7 9 7 1 nA
€ Input Noise Voltage 0.1Hz 10 10Hz (Note 2) 05 1.1 0.5 wVp-p
Input Noise Voltage Density f,=10Hz {Note 2) 28 43 28 nVivHz
fo=1000Hz (Note 2) 27 35 a7 nVivHz
in Input Noise Current 0.1Hz to 10Hz (Note 2) 25 4.5 25 pApP-p
Input Noise Current Density f,= 10Hz (Note 2) 0065 0.1 0.065 pAivHz
fo = 1000Hz 0.02 0.02 pAiHz
input Resistance {Note 3
Differential Mode 350 700 n 700 M2
Common-Mode 6 6 GO
Input Voitage Range 35 38 35 38 v
0 ~0.3 0 -03 v
CMRR Common-Mode Rejection Vom=0Vio 35V 97 106 94 105 dB
Ratio
PSRR Power Supply Rejection Vg=23Vio 12V 102 118 100 17 dB
Ratio
AvoL Large Signal Voltage Gain Vp=0.03V to 4V, No Load 300 1000 240 1000 Vimv
Vp=0.03V to 3.5V, R, =50k 250 1000 200 1000 VimV
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ELECTRICAL CHARRCTERISTICS vs-=5v,0v, Vo =0.1v, Vo = 14V, Ty = 25°C, uniess noted.
LT107T7AMIAIIAC LT1077TMAICISE
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Maximum Output Voltage Output Low, No Load 35 6 35 6 my
Swing Qutput Low, 2k to GND 07 11 o7 1 mv
Output Low, Igyy = 100pA 90 130 8 130 mv
Output High, No Load 42 44 4.2 4.4 v
Qutput High, 2k to GND 15 39 35 39 Vv
SR Siew Rate (Note 1) 005 (.08 005 008 Vius
aBw Gain Bandwidth Product f,<20kHz 230 230 kHz
Is Suppty Current 48 80 48 88 ph
Offset Adjustment Range Rpot = 10k, Wiperto V+ 500 +900 +500 +900 WV
Minimum Supply Voltage (Note 4) 22 23 22 23 v
V=5V, 0V, Vom=0.1V, Vo = 1.4V, ~55°C <Ta <126°C for AM/M grades, ~ 40°C < T, <85°C for Alll grades.
LT1077AM/AL LT1oreMul
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Vog Input Offset Voltage L 0 200 60 260 WV
AVoglAT Input Offset Voltage Drift {Note 5) ° 04 16 05 20 avI°G
log Input Offset Current o 008 060 0.08 080 nA
Ig Input Bias Current ® 8 1 8 13 nA
CMRR Common-Mode Rejection Vou=008Vio3.2v e ! 92 104 88 103 a8
Ratio
PSRR Power Supply Rejection Vg=3.1Vio 12V e | 98 114 94 113 dB
Ratio
AvoL Large Signal Voltage Gain Vp=0.05V to 3.5V, R =50k ® | 120 800 100 800 VimV
Maximum Output Voitage Output Low, No Load [ 45 8 45 8 mv
Swing Output Low, gk = 1002A ® 120 170 120 170 mv
Qutput High, No Load e 39 42 39 42 v
Qutput High, 2k to GND e 30 37 30 37 v
I Supply Current [ 54 80 5 9% pA
ELECTRICAL CHARRCTERISTICS v =5v,0v, vy = 0.1V, Vo =14V, 0°C <To <70°C, unless noted.
LT1077AC LT1077C/S8
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage ® 3 10 B 150 n
LT107788 [ 40 280 WV
AVgglaT Input Offset Voitage Drift (Note 5) [ 04 18 05 20 aVi°C
LT107788 (Note 5) 07 30 aVI°C
los Input Offset Current [} 007 045 0.07 0860 nA
Ig Input Bias Current [ 7 10 7 12 nA
CMRR Common-Mode Rejection Veu=0V1i034V ®| 94 105 90 104 dB
Ratio
PSRR Power Supply Rejection Vg=26Vio12v e | 100 116 97 115 dB
Ratio
AvoL Large Signal Voltage Gain Vo =0.08V t0 3.5V, R =50k ® | 180 800 150 800 VimV
Maximum Output Voitage Output Low, No Load [ ) 40 7 40 7 my
Swing Output Low, gk = 100xA L] 100 150 100 150 mv
Output High, No Load ® | 41 43 41 43 v
Output High, 2k to GND ®| 33 38 33 38 N
Is Supply Current L] 52 N0 52 8 pA




LT1077

ELECTRICAL CHARACTERISTICS v; - = 15v, 7, =25°C, unless noted.

LT1077AM/A/AC LT1077MIHCIS8
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 20 150 25 200 ny
1T107758 Klij 300 WV
log Input Offset Current 006 035 0.06 0.45 nA
Ia Input Bias Current 7 9 7 1 nA
Input Voltage Range 13.5 13.8 135 138 v
-150 -153 -150 -153 Vv
CMRR Common-Mode Rejection Ratio Vo + 13.5V, ~ 15V 100 109 97 108 dB
PSRR Power Supply Rejection Ratio Vs=5V,0Vio £ 18V 106 122 103 120 dB
Avor Large Signal Voltage Gain Vo= + 10V, R, =50k 1000 8000 800 8000 VimV
Vo= £ 10V,R =2k 400 1500 300 1500 VimV
Vaur Maximum Qutput Voltage Swing | R, =50k +130  £140 £130  +140 v
B =2k 1.0 £132 £110  +132 v
SR Slew Rate 0.07 0.12 0.07 0.12 Vips
I Supply Current 5% 75 5 85 rA
€LECTRICAL CHARACTERISTICS
Vg = +15V, - 55°C <Tp <125°C for AM/M grades, - 40°C <Tj <85°C for Al/l grades.
: LT107TAMIAI LT1077M1
SYMBOL | PARAMETER CONDITIONS i MIN_ TYR MAX MIN  TYP MAX | UNITS
Vos Input Offset Voltage ® 60 330 75 450 gV
AVpg/AT Input Offset Voltage Drift (Note 5) [ 04 18 05 25 avIee
los Input Offset Current [ 0.08 060 0.08 0.80 nA
[ Input Bias Current L] 8 11 8 13 nA
AvoL Large Signal Voltage Gain Vo= £ 10V, R =5k L 300 1000 250 1000 VimV
CMRR Common-Mode Rejection Ratio Vew= +13V, - 149V [ 94 107 90 106 dB
PSRR Power Supply Rejection Ratio Vg=5V,0Vio +18Y ® 100 118 97 116 dB
Maximum Output Voltage Swing Ry =5k ® | =110 =135 110 +135 v
I Supply Current ® 60 9 60 105 wA
€LECTRICAL CHARACTERISTICS v; - = 15v,0°C <15 <70°C, unless noted.
LT1077AC LT1077CIS8 |
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP MAX UNITS
Vos tnput Offset Voltage ® 0N 20 50 320 w
LT107758 o 65 450 ‘ v
AVpg/AT Input Offset Voltage Drift (Note 5) L] 04 18 0.5 2.5 H uVI°C
LT107758 (Note 5) 0.8 35 pViec
log Input Offset Current ® 007 045 0.07 0.60 nA
Iy i input Bias Current L] 7 10 7 12 nA
Avor . Large Signal Voltage Gain Vo= £10V, R =5k [ 500 2000 400 2000 vimy
CMRR | Common-Mode Rejection Ratio Veu=13V, - 18V [d 97 108 94 107 a8
PSHR : Power Supply Rejection Ratio Vg=5V,0Vto £ 18V [ ] 103 120 100 118 48
Maximum Output Voltage Swing Ry =5k ®! +110 =136 +110 136 v
Is Supply Current ® 59 85 59 95 uh

The ® denotes the specifications which apply over the full operating
femperature range.
Note 1; Slew rate at 5V, 0V is guaranteed by inference from the slew rate
measurement at + 15V.
Note 2: This parameter is tested on a sample basis only. All noise
parameters are tested with Vg = £2.5V, Vo= (V.

Note 3: This parameter is guaranteed by design and is not tested.

Note 4: Power supply rejection ratio is measured at the minimum supply
voitage. The op amps actually work at 1.8V supply but with a typical offset

skew of — 300V.

Note 5: This parameter is not 100% fested.
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LT1077

TYPICAL PERFORMANCE CHARARCTERISTICS

Input Bias and Offset Currents vs Input Bias Current vs
Supply Current vs Temperature Temperature Common-Mode Voltage
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LT1077

TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs Frequency Gain, Phase vs Frequency Capacitive Load Handling
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COMMON-MODE RANGE (V)

LT1077

TYPICAL PERFORMANCE CHRRACTERISTICS

INPUT OFFSET VOLTAGE (uV)
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LT1077

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio
vs Frequency
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APPLICATIONS INFOARMATION

The LT1077 is fully specified with V* =8V, V- =0V,
Vom=0.1V. This set of operating conditions appears to be
the most representative for battery powered micropower
circuits. Offset voltage is internally trimmed to a minimum
value at these supply voltages. When 9V or 3V batteries or
+2.5V dual supplies are used, bias and offset current
changes will be minimal. Offset voltage changes will be
just a few microvolts as given by the PSRR and CMRR
specifications. For example, if PSRR = 114dB (= 2,VIV), at
9V the offset voltage change will be 8:V. Similarly,
Vs= £2.5V, Voy =0 is equivalent to a comman-mode volt-
age change of 24V or a Vos change of 7V if
CMRR = 110dB (3xV/V).

A full set of specifications is also provided at + 15V sup-
ply voltages for comparison with other devices and for
completeness.

The LT1077 is pin compatibie to, and directly repiaces,
such precision op amps as the OP-07, OP-77, AD707 and
LT1001 with 30 to 60 times savings in supply current. The
LT1077 is also a direct piug-in replacement for LT1012 and
0P-97 devices with 10 times lower dissipation. Compati-
bitity inciudes externally nulling the offset voltage, as all
of the above devices are trimmed with a potentiometer be-
tween pins 1 and 8 and the wiper tiedtoV+.

The LT1077 replaces and upgrades such micropower op
amps as the OP-20, LM4250, and OP-90, provided that the

external nulling circuitry (and set resistor in the case of
the LM4250) are removed. Since the offset voltage of the
LT1077 is extremely low, nulling will be unnecessary in
most applications.

Single Supply Operation

The LT1077 is fully specified for singfe supply operation,
i.e,, when the negative supply is OV. input common-mode
range goes below ground and the output swings within a
few millivolts of ground while sinking current. All compet-
ing micropower op amps either cannot swing to within
600mV of ground (OP-20, OP-220, OP-420) or need a pull
down resistor connected to the output to swing to ground
{OP-90, OP-290, OP-490, HA5141/42/44). This ditference is
critical because in many applications these competing de-
vices cannot be operated as micropower op amps and
swing to ground simultaneously.

As an example, consider the difference amplifiers shown
as Typical Applications. When the common-mode signal is
high and the output low, the amplifier has to sink current.
in the gain of 10 circuit, the competing devices require a
30k putl down resistor at the output to handie the speci-
fied signals. (The LT1077 does not need pull down resis-
tors.) When the output is high the pull down resistor draws
80xA which dominates the micropower current budget.

This situation is much worse in the gain of one circuit with
V- =0V. At 100V common mode the output has to sink
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LT1077

APPLICATIONS INFORMATION

2uA. At a minimum output voltage of 20mV competing de-
vices require a 10k pull down resistor. As the output now
swings to 10V, this resistor draws 1mA of current.

Since the output of the LT1077 cannot go exactly to
ground, but can only approach ground to within a few
millivolts, care should be exercised to ensure that the out-
put is not saturated. For example, a 1mV input signal will
cause the amplifier to set up in its linear region in the gain
100 configuration shown below, but is not enough to make
the amplifier function properly in the voltage follower
mode.

Gain 100 Amplifier

Voltage Follower

sy

ouTRUT
b SATURATED
=3.5mv

my

Single supply operation can aiso create difficulties at the
input. The driving signat can fall below 0V—inadvertently
or on a transient basis. If the input is more than a few hun-
dred millivolts below ground, two distinct problems can
occur on previous single supply designs, such as the
LM124, LM158, OP-20, OP-21, OP-220, OP-221, QP-420
(a and bj, OP-80/290/490 {b only):

a) When the input is more than a diode drop below ground,
unlimited current will flow from the substrate (V-
terminal) to the input. This can destroy the unit. On the
LT1077, resistors in series with the input protect the device
even when the input is 5V below ground.

b) When the input is more than 400mV below ground (at
25°C), the input stage saturates and phase reversal occurs
at the output. This can cause lock-up in servo systems.
Due to a unique phase reversal protection circuitry, the
LT1077’s output does not reverse, as illustrated below,
even when the inputis at ~ 1.0V,

Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs =5V, 0V)

1ms/ 0N
6Vpp INPUT. —1 070 +50V

ims/DIV

0P-90 EXHIBITS JUTPUT
PHASE REVERSAL

ims/DIV
111077
NO PHASE REVERSAL

Comparator Applications

The single supply operation of the LT1077 and its ability to
swing close to ground while sinking current lends itself to

Comparator Rise Response Time
to 10mV, 5mV, 2mV Overdrives

INPUT {mV)  QUTPUT (V)

V=5V, OV

200,/ DV

use as a precision comparator with TTL compatible
output.

Comparator Fall Response Time
to 10mV, 5mV, 2mV Overdrives

INPUT {mV)  QUTPUT (V)

Vg=5Y, OV
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LT1077

TYPICAL APPLICATIONS

Megachm input impedance
Gain of 10 Difference Amplifier

OUTPUT
0.00570 2.4V

BANDWIDTH = 20kHz
QUTPYT OFFSET = ¢, 7my
QUTPUT NOISE =80uV o (0. 1HZ T0 10HzZ)
2604V RMS OVER FULL BANDWIDTH
SUPPLY CURRENT = 45,A

THE USEFULNESS OF DIFFERENCE AMPLIFIERS IS LIMITED BY THE FACT THAT
THE INPUT RESISTANGE 1S EQUAL TO THE SOURCE RESISTANCE. THE RICO-
AMPERE OFFSET CURRENT AND LOW CURRENT NOISE OF THE LT1077 AL-
LOWS THE USE OF 1M$} SQURCE RESISTORS WITHOUT DEGRADATION IN
PERFORMANCE. IN ADDITION, WITH MEGAOKM RESISTORS MICROPOWER
OPERATION CAN BE MAINTAINED.

Two Terminal Current Source

3.6V TO A0V

>
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MINIMUM CURRENT =504A (R~ o0)
MAXIMUM CURRENT = 10.3mA (Rq =1200)

+250V Common-Mode Range Difference Amplifier (Ay = 1)

Rt RS

OPTIONAL
fe CMRR
TRIM

3V 10 18V

R1-R6 VISHAY 444 ACCUTRACT THIN FILM

L SIP NETWORK
= VISHAY 444 PIN NUMBERS

VISHAY INTERTECENOLOGY. INC.
63 LINCOLN HIGHWAY
MALVERN, PA 19355

COMMON MODE REJEGTION RATIO =7408B (RES!STOR LIMITED)
WITH OPTIONAL TRIM = 10848
QUTPUT OFFSET (TRIMMABLE 70 ZERQ) =500V
QUTPUT OFFSET DRIFT = 25,V/°C
INPUT RESISTANCE = M
COMMON MODE RANGE = 250V, ¥V + =62V TO 18V, V= -4 7V T0 — 18V
=100V V+23.2V V- = -1 8V
= +100V, —13V, V+ 23 2V V=0V

Half-Wave Rectifier

M

QUTPUT

Vom = 6mV
= = NO DISTORTION T0 100Hz
18V 18v
NN
~1.8¥
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LT1077

SIMPLIFIED SCHEMATIC
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