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T -79-15-
Low Power, Low Noise

Precision FET Op Amp

AD793

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/VHz at 1 kHz
High DC Accuracy
250 pnV max Offset Voitage
1 wV/°C max Drift
1 pA max Input Bias Current
114 dB Open-Loop Gain Q2
Available in Plastic Mini-DIP, 8-Pin Header and Surfa
Mount (SOIC) Packages :
Dual Version AD796 also Avaifable’

APPLICATIONS

Low Noise Photodiode Preamps
CT Scanners

Precision l-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" Q 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 .V 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/A/Hz max noise
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CONNECTION DIAGRAMS
8-Pin Plastic Mini-DIP (N) TO0-99 (H)
Package Package
CASE*
\ %

OFFSET
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[7]+% NULL

A - AD795 OFFSET
<7 {Top View, NULL

* NOTE: CASE CONNECTED
TOPIN 8.

[ ] (8]NC
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E OUTPUT
Apres [BINC

level at 10 kHz. The AD795 has a fully specified and tested
input offset voltage drift of only 1 pV/°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 T-79-4
- (@ +25°C and =15 V dc, unless otherwise noted) -
AD795)J/A AD795K/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 | nV
Offset Tramn-Tmax 300 1000 100 400 500 1500 | pV
vs. Temperature 3 10/5 2 31 4 10 wvrC
vs, Supply 90 110 94 110 90 110 dB
vs. Supply (PSRR) Tan-Tamax 100 90 100 86 95 dB
INPUT BIAS CURRENT? _
Either Input Veu =0V 1 2 1 1 1 4 pPA
Either Input @ Taax = Veu =0V 23/64 23/64 1000 pA
Either Input Vou = +10V 1 1 | pA
Offsct Current Veu =0V 0.1 1.0 0.1 1.0 | pA
Offset Current @ Tpax = Veu =0V 2/6 100 PA
INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 1.0 1.0 33 wWpp
=10 Hz 20 50 -| nVA/Hz
f =100 Hz 10 30 nV/v/Hz
f=1kHz 7 15 nV/v/Hz
f=10kHz .8 . 10 nV/\/Hz
INPUT CURRENT NOISE f=0.1Hzto 10 Hz 13 fApp_
f=1kHz 0.6 fAIN/Hz
FREQUENCY RESPONSE
Unity Gain, Small Signal =-1 ¥ 1.6 MHz
Full Power Response Vo=20Vpp- -
Ryoap = 2kQ - 16 kHz
Slew Rate, Unity Gain Vour = 20 V pp
Rioap = 2 k02 1 1 1 Vius
SETTLING TIME?
To 0.1% 6 6 6 s
To 0.01% 8 8 8 ps
Overload Recovery* 50% Overdrive 5 5 5 us
Total Harmonic f=1KkHz
Distortion Rl =2kQ
Vo=3Vrms 0.0006 0.0006 0.0006 %
INPUT IMPEDANCE
Differential Vowrr = 1V 10%4L 101 10'3j1 OfpF
Common Mode 10422 1042, 10%2.2 QipF
INPUT VOLTAGE RANGE
Differential® +20 20 +20 A
Common-Mode Voltage *10 =xl11 10 =*11 =10 =11 v
Over Max Operating Range +10 =10 *10 v
Common-Mode Rejection Ratio | Ve = =10V 90 110 94 110 90 110 dB
Taan 10 Taax 100 % 100 86 100 dB
OPEN-LOOP GAIN Vo==z=10V
Rioap = 10 kQ 120 120 120 dB
Rpoap = 2 kQ 100 108 100 108 100 108 dB
Trane-Trax 14 110 dB
OUTPUT CHARACTERISTICS
Voltage Rioap = 2 k2 =10 %11 10 =11 10 =11 v
Tann-Tmax +10 =10 =10 - v
Current Vour = 210V +5 =10 =5 +10 5 +10 mA
Short Circuit 15 +15 *15 mA
POWER SUPPLY
Rated Performance =15 =15 =15 A
Operating Range *5 %18 | =5 ; *18 | =5 %18 | V
Quiescent Current 1.2 L5 1.2 1.5 1.2 1.5 mA

This information applies to a product under development, Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

2-262 OPERATIONAL AMPLIFIERS

REV.0




ANALOG DEVICES INC S51E D WM 031LA00 003b134 419 EMANA

T-79-15 A5

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 T4 = +25°C. For higher temperature, the current doubles
every 10°C.

3Gain = ~1, Rl = 2 kQ.

“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 ta change without notice.

ABSOLUTE MAXIMUM RATINGS! NOTES
Supply VOItage + . v v v iv e e een e +18V TStresses above those listed under “Absolute Maximum Ratings” may cause

PRSP R permanent damage to the device. This is a stress rating only and functional
Internal Power Dissipation® (@ Ty = +25°C) operation of the devite at these or any other conditions above those indicated

8-Pin Header Package . .. ......00vvnunen + 4 500 mW in the opergtidpal Rttion of this specification is not implied, Exposure to
8-Pin Mini-DIP Package ......... e iae e 750 mW absglute:gléﬁx\ﬁm rating conditions for extended periods may affect device
Input Voltage ... .vvvvvuveinnnnnns R Sl G
seput Shot Ciren n ' S\ Pt Mini- DIP Package: 8,5 = 100°
Output Short Gircuit Duration . . . . . e Indefinite ™\ o Fstc A ackage: 6y = 100°C/Watt
Difforential Inemt Vol W dk&l\x &:Piit HeaderPackdge; 0,4 = 200°C/Watt
erenti put Voltage ........... . s and\) SE “3-Pin Spiall fjﬁ‘;ﬂgé ckage: 0;4 = 155°C/Watt
Storage Temperature Range () ........ Otg.HIEC T (( L9 iy

Storage Temperature Range (N, R)

Operating Temperature Range

AD795JK ...

AD795A/B . ............ s

ORDERING GUIDE
Model Temperature Range Package Option*
AD795IN.- 0°C to +70°C N-8
AD795KN ~ 0°C to +70°C N-8
AD795]R~ 0°C to +70°C R-8
AD795AH —40°C to +85°C H-08A
AD795BH —40°C to +85°C H-08A
AD795SH-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

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD795—Typical Characteristics TS
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Figure 1. Voltage Noise Spectral Density

re 2. Current Noise Spectral Density
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AD795

1°II:F will typically drop by a factor of two for every 10°C rise in tem-
1f perature. In the AD795, both the offset voltage and drift are
1090 low, this helps minimize these errors.
] — v—
) Minimizing Noise Contributions =79 15

The noise level limits the resolution obtainable from any pream-

\ OUTPUT plifier. The total output voltage noise divided by the feedback
\ —— resistance of the op amp defines the minimum detectable signal
PHOTODIODE current. The minimum detectable current divided by the photo-
r ----- ot iy | diode sensitivity is the minimum detectable light power.
|
I OUTPUT | Sources of noise in a typical preamp are shown in Figure 9. The
,' } total noise contribution is defined as:
i i
| | z
f Rf {1+ s(CGd) R
| oOPTIONAL26Hz | Vour = \/ v *?‘\*‘ i (mﬁ) * (o '(” Rd (m )
! FILTER I {
__________ - J-‘ e, 11), 4 spectral density versus frequency plot of each
" - . \ ' noise ciintribution, shows that the bandwidth of the
Figure 7. The AD795 Used as a Sensitive Preampli ; \ggﬁphﬂer ’s mput VQltage noise contribution is much greater than

; 1t§\s§gn’gl ba‘mf idth. In addition, capacitance at the summing
s }unehq\n “Fésults in a “peaking” of noise gain in this configura-

\ \gon" This-gffect can be substantial when large photodiodes with
large” shuhtfapacnances are used. Capacitor Cf sets the signal

“RE
cations. In a typical preamp circuit, shown in Flgum 75 the ,/*\ ib?n(\iviidtﬂ and also limits the peak in the noise gain. Each

Preamplifier Applications ) S
The low mput current and offset voltage levels" théAD795 a

output of the amplifier is equal to: N \\\f\ UFCE’s IMS Or root-sum-square contribution to noise is
/ obtained by integrating the sum of the squares of all the noise
Vour = Ip (Rf) = Rp (P) Rf sources and then by obtaining the square root of this sum. Mini-
where: mizing the total area under these curves will optimize the

Ip = photodiode signal current (Amps) preamplifier’s overall noise performance.

Rp = photodiode sensitivity (Amp/Watt) 1gfp .
Rf = the value of the feedback resistor, in ohms. | —
P = light power incident to photodiode surface, in watts. ﬂgﬂ

An equivalent model for a photodiede 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, 1
will cause a “dark” current error due to the photodiode’s finite :
shunt resistance, Rd. The resulting output voltage error, Vg, is 1
equal tb: :
|
i

PHOTODIODE

7\

&

2
—e
4

[ S |

(-—

x|

+

i

k5 §0pF
Vg = (1 + RfIRA) Vo5 + Rf Iy g
A shunt resistance on the order of 10° ohms is typical for a a
small photodiode. Resistance Rd is a junction resistance which
ct
10pF Figure 9. Noise Contributions of Various Sources
1L
1t
An output filter with a passband close to that of the signal can
) 1090 ! greatly improve the preamplifier’s signal to noise ratio. The
RHOTODIODE photodiode preamplifier shown in Figure 9—without a band-
oS — e ——y Vos pass filter—has a total output noise of 50 WV rms. Using a
} : 26 Hz single pole output filter, the total output noise drops to
1 i 1a ‘ — 23 uV rms, a factor of 2 improvement with no loss in signal
| Sra b =k | outeut bandwidth.
: : Using a “T” Network
: : A “T” network, shown in Figure 11, can be used to boost the
1 I effective transimpedance of an I to V converter, for a given
L e T T - feedback resistor value. Unfortunately, amplifier noise and offset
Figure 8. A Photodiode Model Showing DC Error voltage contributions are also amplified by the “T** network
Sources gain. A low noise, low offset voltage amplifier, such as the

AD?795, is needed for this type of application.
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Figure 10. Voltage Noise Spectral Density of the Circuit of
Figure 9 with and without an Output Filter

N

PHOTODIODE
Vour= IpRf (1+ 2—"’ )

\Y

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 108
to 10° Q source resistance from external circuitry. Just such an
amplifier is shown in Figure 12. The low input current of the
AD?795 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 to 1 volt/pH unit. Temperature compensation is provided
by resistor RT which is a special temperature compensation
resistor, part number Q81, 1 k2, 1%, +3500 ppm/°C, available
from Tel Labs Inc.

"SLED W

UB]J(:BUU UDBE]:B? ]sEB -ANA
T~79-15
Vog AuST +VS<TMPF+15V
‘I&-cou
0.1uF
_vsq—l—-ﬁv
OUTPUT
O 1VOLT/pH UNIT

19.6kQ

AT
1kQ
+ 0,3500ppny/ °C

2. A pH Probe Amplifier

& AD79S is designed for through hole mount into PC boards.
ﬁmntammg coampere level resolution in that environment
requm?sr 2lo ‘ﬁ"care Since both the printed citcuit board and
the amphf‘er s package have a finite resistance, the voltage dif-
fference 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 resistarnce.

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’ 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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