ANALOG
DEVICES

Low Power, Low Noise
Precision FET Op Amp

AD795

FEATURES
Low Power Replacement for Burr-Brown
OPA-111, OPA-121 Op Amp and Tl TLC 2201
Low Noise

2.5 pV p—p max, 0.1 Hz to 10 Hz

10 nV/VHz max at 10 kHz

0.6 fA/\V/Hz at 1 kHz
High DC Accuracy

250 pV max Offset Voltage

1 nV/°C max Drift

1 pA max Input Bias Current

114 dB Open-Loop Gain

Available in Plastic Mini-DIP, 8-Pin Header and Surfaoe (

Mount (SOIC) Packages
Dual Version AD796 also Available

APPLICATIONS

Low Noise Photodiode Preamps
CT Scanners

Precision I-to-V Converters

PRODUCT DESCRIPTION

The AD795 is a low noise, precision, FET input operational
amplifier. It offers both the low voltage noise and low offset
drift of a bipolar input op amp and the very low bias current of
a FET-input device. The 10'*  common-mode impedance
insures that input bias current is essentially independent of
common-mode voltage variations.

The AD795 has both excellent dc performance and a guaranteed
and tested maximum input voltage noise. It features 1 pA maxi-
mum input bias current and 250 pV maximum offset voltage,
along with low supply current of 1.5 mA max.

Furthermore, the AD795 features a guaranteed low input noise
of 2.5 wV p—p (0.1 Hz to 10 Hz) and a 10 nV/\/Hz max noise
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AD795 Voltage Noise Spectral Density

CONNECTION DIAGRAMS

8-Pin Plastic Mini-DIP (N) TO0-99 (H)
Package Package
CASE*
OFFSET ~
nuce L4 ® [e]nc  oprser ©) "
-n 2 [7]+% NULL 'AD795 s

Zl OUTPUT -IN OUTPUT
AD795 5 OFFSET N
(Top.View) NULL

OFFSET
NULL

* NOTE: CASE CONNECTED
TO PIN 8.

-8-Pin SOIC (R) Package

level at 10 kHz. The AD795 has a fully specified and tested
input offset voltage drift of only 1 wV/°C max which is trimmed
at the wafer level to keep device cost low.

The AD795 is useful for many high input impedance, low noise
applications. It is available in five performance grades. The
AD795] and AD795K are rated over the commercial tempera-
ture range of 0°C to +70°C. The AD795A and AD795B are
rated over the industrial temperature of —40°C to +85°C. The
AD7955Q/883B is rated over the military temperature range of
—55°C to +125°C and is processed to MIL-STD-883B.

The AD795 is available in 8-pin plastic mini-DIP, 8-pin header,
and 8-pin surface mount (SOIC) packages.
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AD795 - SPECIFICATIONS (@ +25°C and =15 V de, unless otherwise noted)

AD795)J/A AD79SK/B AD7958
Parameter Conditions Min Typ Max | Min  Typ Max | Min Typ Max | Units
INPUT OFFSET VOLTAGE'
Initial Offset 100 500 50 250 100 500 wv
Offset Tan-Thiax 300 1000 100 400 500 1500 | wv
vs. Temperature 3 10/5 2 31 4 10 wV/rC
vs. Supply 90 110 94 110 90 110 dB
vs. Supply (PSRR) Tar-Tuax 100 90 100 8% 95 dB
INPUT BIAS CURRENT*
Either Input Vem =0V 1 2 1 1 1 4 PA
Either Input @ Tyax = Ve =0V 23/64 23/64 1000 PA
Either Input Vem = 10V 1 1 1 PA
Offset Current Ve =0V 0.1 1.0 0.1 05 0.1 1.0 | pA
Offset Current @ Tyax = Vem =0V 2/6 2/6 100 pA
INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 1.0 33 1.0 2.5 1.0 3.3 uvp-p
f=10Hz 20 50 20 40 20 50 nV/\/Hz
f =100 Hz 10 30 10 20 10 30 nV/\/Hz
f=1KkHz 9 15 9 10 7 15 nV/n/Hz
f = 10kHz 8 10 8 10 8 10 nV//Hz
INPUT CURRENT NOISE f=10.1Hztw 10 Hz 13 13- 13 fApp_
f=1kHz 0.6 9.6 0.6 fA\/Hz
FREQUENCY RESPONSE
Unity Gain, Small Signal G=-1 1.6 1.6 1.6 MHz
Full Power Response Vo =20V pop
Rioap = 2 kQ 16 16 16 KkHz
Slew Rate, Unity Gain Vour = 20V p-p
Reoap = 2kQ 1 1 1 Vius
SETTLING TIME®
To 0.1% 6 6 6 s
To 0.01% 8 8 8 s
Overload Recoverv? 50% Qverdrive 5 5 5 ns
Total Harmonic f=1kHz
Distortion R1 = 2 kQ
Vo =3V ims 0.0006 0.0006 0.0006 %
INPUT IMPEDANCE
Differential Vpgp = 21V 10'41 10131 1011 Q|pF
Common Mode 10M42.2 10142.2 10M)2.2 OfpF
INPUT VOLTAGE RANGE
Differential® +20 +20 0 \
Common-Mode Voltage =10 =1l =10 =11 *1 11 \%
Over Max Operating Range =10 +10 =10 \'
Common-Mode Rejection Ratio | Vo = 210V 90 110 94 110 90 110 dB
T t© Tyax 100 90 100 8 100 dB
OPEN-LOOP GAIN Vo=V
Rioap = 10 kQ 120 120 120 dB
Rioap = 2 kO 100 108 100 108 100 108 dB
Ta-Tmax 114 110 dB
OUTPUT CHARACTERISTICS
Voltage Rioan = 2 kO «10 =11 10 =11 10 =1l A%
Taame-Tmax +10 =10 *10 v
Current Vour = 210V =5 ES] + 10 mA
Short Circuit 15 mA
POWER SUPPLY
Rated Performance =15 =15 +15 v
Operating Range +5 +18 | =5 *18 | #5 +18 |V
Quiescent Current 1.2 1.5 1.2 1.5 1.2 1.5 mA
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AD795

NOTES

'Input offset voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C.

?Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For higher temperature, the current doubles
every 10°C.

3Gain = -1, Rl = 2 k).

*Defined as the time required for the amplifier’s output to return to normal operation after removal of a 50% overload from the amplifier input.

*Defined as the maximum continuous voltage between the inputs such that neither input exceeds +10 V from ground.

All min and max specifications are guaranteed.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS! NOTES

Supply Voltage . .. ... ...ov it +18V IStresses above those listed under “Absolute Maximum Ratings” may cause

Internal Power Dissipati on? (@ T, = +25°C) permanent damage to the device. This is a stress rating only and functional
AT

operation of the devite at these or any other conditions above those indicated

8-Pin Header Package .. .................. 500 mW in the opew $ction of this specification is not implied. Exposure to
8-Pin Mini-DIP Package .................. 750 mW absoluwaﬁp&m rating conditions for extended periods may affect device
Input VOltage . ..o ovovei i e e tVS religbility
Output Short Circuit Duration ;B Pstic MinDIP Package: 8y, - 100°C/Wate
. . . " %iPin Header Rackige: 0,4 = 200°C/Watt
Differential Input Voltage . .............. +Vg and 2V 7 oy Pin sm maﬁckage B, = 155°C/Wart
Storage Temperature Range (H) . ....... —65°G-1e_+ 15@(%
Storage Temperature Range (N, R) . . .. .. . -6§€’C 10*»*‘YZS°C
Operating Temperature Range ; ) :
AD79SI/K ... Gty *70*’& T

ADT9SA/B .. ot «W’C;o +85°C Sy

ORDERING GUIDE

Model Temperature Range Package Option*
AD795]N 0°C to +70°C N-8
AD795KN 0°C to +70°C N-8
AD795]R 0°C 1o +70°C R-8
AD795AH —40°C to +85°C H-08A
AD795BH —40°C to +85°C H-08A
AD7955H-883B —55°C to +125°C H-08A
*N = Plastic mini-DIP; H-08A = Metal can; R = SOIC package. For out-
line information see Package Information section. Offset Null Configuration
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AD795 —Typical Characteristics
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Figure 1. Voltage Noise Spectral Density Figure 2: Current Noise Spectral Density
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AD795
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Preamplifier Applications
The low input current and offset voltage leyg
together with its low voltage noise make tH

cations. In a typical preamp circuit, shown in Figui

it
§O!

will typically drop by a factor of two for every 10°C rise in tem-
perature. In the AD795, both the offset voltage and drift are
low, this helps minimize these errors.

Minimizing Noise Contributions

The noise level limits the resolution obtainable from any pream-
plifier. The total output voltage noise divided by the feedback
resistance of the op amp defines the minimum detectable signal
current. The minimum detectable current divided by the photo-
diode sensitivity is the minimum detectable light power.

Sources of noise in a typical preamp are shown in Figure 9. The
total noise contribution is defined as:

— — - Rf [a— Rf {1+ 5(Cd) Rd\\?
Vour = %“z) (1 Tsien Rf) * ("‘z’(“ R (m))
% pectral density versus frequency plot of each
tribution, shows that the bandwidth of the
age noise contribution is much greater than
idth. In addition, capacitance at the summing
ults in a “peaking” of noise gain in this configura-

. e N > . Thigsgffect can be substantial when large photodiodes with
, L f rrarpurel i lar] citances are used. Capacitor Cf sets the signal
lent choice for preamplifiers used in sensiti phc&7 m and also limits the peak in the noise gain. Each

output of the amplifier is equal to:
Vour = Ip (Rf) = Rp (P) Rf
where:
I, = photodiode signal current (Amps)
Rp = photodiode sensitivity (Amp/Watt)
Rf = the value of the feedback resistor, in ohms.
P

An equivalent model for a photodiode and its dc error sources is
shown in Figure 8. The amplifier’s input current, Iy, will con-
tribute an output voltage error which will be proportional to the
value of the feedback resistor. The offset voltage error, Vg,
will cause a “dark” current error due to the photodiode’s finite
shunt resistance, Rd. The resulting output voltage error, Vg, is
equal to:

Ve = (1 + RARd) Vo + Rf Iy

A shunt resistance on the order of 10° ohms is typical for a
small photodiode. Resistance Rd is a junction resistance which

= light power incident to photodiode surface, in watts.

ct
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Figure 8. A Photodiode Model Showing DC Error
Sources

Ok

s rms or root-sum-square contribution to noise is
obtained by integrating the sum of the squares of all the noise
sources and then by obtaining the square root of this sum. Mini-
mizing the total area under these curves will optimize the
preamplifier’s overall noise performance.

PHOTODIODE

Figure 9. Noise Contributions of Various Sources

An output filter with a passband close to that of the signal can
greatly improve the preamplifier’s signal to noise ratio. The
photodiode preamplifier shown in Figure 9—without a band-
pass filter—has a total output noise of 50 n.V rms. Using a

26 Hz single pole output filter, the total output noise drops to
23 pV rms, a factor of 2 improvement with no loss in signal
bandwidth.

Using a “T” Network

A “T” network, shown in Figure 11, can be used to boost the
effective transimpedance of an I to V converter, for a given
feedback resistor value. Unfortunately, amplifier noise and offset
voltage contributions are also amplified by the “T” network
gain. A low noise, low offset voltage amplifier, such as the
AD795, is needed for this type of application.
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Figure 10. Voltage Noise Spectral Density of the Circuit of
Figure @ with and without an Output Filter
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Figure 11. A Photodiode Preamp Employing a “T”
Network for Added Gain

A pH Probe Buffer Amplifier

A typical pH probe requires a buffer amplifier to isolate its 10°
to 10° £} source resistance from external circuitry. Just such an
amplifier is shown in Figure 12. The low input current of the
AD795 allows the voltage error produced by the bias current
and electrode resistance to be minimal. The use of guarding,
shielding, high insulation resistance standoffs, and other such
standard methods used to minimize leakage are all needed to
maintain the accuracy of this circuit.

The slope of the pH probe transfer function, 50 mV per pH
unit at room temperature, has a +3300 ppm/°C temperature
coefficient. The buffer of Figure 12 provides an output voltage
equal 1o 1 volt/pH unit. Temperature compensation is provided
by resistor RT which is a special temperature compensation
resistor, part number Q81, 1 k(1, 1%, +3500 ppm/°C, available
from Tel Labs Inc.

Vos ADJUST

v, 15v
100k Vs I *

0.1uF

COoM
O.1uF
Vg 4—1—

=15V

O 1VOLT/pH UNIT

19.6kQ

RT
Qe
+0.3500ppm/ °C

Figure 12. A pH Probe Amplifier

Circuit Board:Notes

The ‘AID795 1s designed for through hole mount into PC boards.
Maifitaining picoampere level resolution in that environment
require‘s*ﬁv lot #f*¢are. Since both the printed circuit board and
the ampliffer’s package have a finite resistance, the voltage dif-
férence between the amplifier’s input pin and other pins (or
traces on the PC board) will cause parasitic currents to flow into
(or out of) the signal path. These currents can easily exceed the
1 pA input current level of the AD795 unless special precau-
tions are taken. Two successful methods for minimizing leakage
are: guarding the AD795’s input lines and maintaining adequate
insulation resistance.

Guarding the input lines by completely surrounding them with a
metal conductor biased near the input lines’ potential has two
major benefits. First, parasitic leakage from the signal line is
reduced, since the voltage between the input line and the guard
is very low. Second, stray capacitance at the input terminal is
minimized which in turn increases signal bandwidth. In the
header or can package, the case of the AD795 is connected to
Pin 8 so that it may be tied to the input potential (when operat-
ing as a follower) or tied to ground (when operating as an
inverter). The AD795’s positive input (Pin 3) is located next to
the negative supply voltage pin (Pin 4). The negative input (Pin
2) is next to the balance adjust pin (Pin 1) which is biased at a
potential close to that of the negative supply voltage. Note that
any guard traces should be placed on both sides of the board. In
addition, the input trace should be guarded along both of its
edges, along its entire length.

Contaminants such as solder flux, on the board’s surface and on
the amplifier’s package, can greatly reduce the insulation resis-
tance and also increase the sensitivity to atmospheric humidity.
Both the package and the board must be kept clean and dry. An
effective cleaning procedure is to: first, swab the surface with
high grade isopropyl alcohol, then rinse it with deionized water,
and finally, bake it at 80°C for 1 hour. Note that if either poly-
styrene or polypropylene capacitors are used on the printed cir-
cuit board that a baking temperature of 70°C is safer, since both
of these plastic compounds begin to melt at approximately
+85°C.
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