
ANALOG Ultra Low Bias Current
DEVICES Varactor Bridge 0perational Amplifiers

FEATURES
Guaranteed Low Bias: 10-taA max
Low Voltage Drif t :  10gVf C max (310K, 31 1Kl
Versati l i ty: Noninvert ing, model 31 1JlK

Invert ing, model 31OJ/K
High Input  lmpedance:  t0 toO (311J ,311K)

APPLICATIONS
Femto-ammeter
Electrometer
Long-Time Integrator
Small-Rate Differentiator
Flame Current Detector
Phototube Amplifier
Log Compressor
pH Meter

GENERAL DESCRIPTION

The Analog Devices'models 31O and 311 are operational ampli-
fiers with extremely low input bias currents and high input
impedances. As such, they are applicable to a large number of
elecnometer amplifier applications which have traditionally
been fulfilled (not without difficulty) by vacuum electrometer
tubes. These specialized requirements are characterized by
extremely high source impedances or where infinitesimal cur-
rents must be measured or amplified. Because of varactor bridge
inputs, the al l  sol id state 31O and 31 1 ampli f iers are ideal ly
suited to this type of requirement. Voltage drifts are small,
noise is minimized, and the cost is low. In principle, the opera-
tion of varactor bridge amplifiers is similar to that of vibrating
reed electrometers (parametric), but also includes the inherent
advantages of solid state design.

VOLTAGE SOURCE OR CURRENT SOURCE?
Model 310 - The model 310 is designed such that the high
quality signal input is the inaerting input terminal, and is most
appropriate for measurements of current signals. This rype of
signal source is common to gas chromatograph flame detectors,
photomultiplier tubes, radiation detectors, etc. The inverting
model 31O is also useful for logarithmic compression over an
extremely wide dynamic range and in the construction of
veryJong-time-constant integrators or differentiators. Input
signals from picoamps to milliamps may be accornmodated
with femtoamp current resolution.

Informat ion furnished by Analog Devices is  bel ieved to be accurate
and rel iable.  However,  no responsibi l i ty  is  assumed by Analog Devices
for  i ts  use;  nor for  any infr ingements of  patents or  other r ights of  th i rd
part ies wtr ich may resul t  f rom i ts  use.  No l icense is  granted by impl ica-
t ion or  otherwise under any patent  or  patent  r ights of  Analog Devices.

Model 311- The 311 is similar to the 310 but the high quali ty
input is the positive or non-inaerting inplut. It is primarily in-
tended for measurement of voltages from very high source
impedances. Such sources are found in the glass electrodes of
pH cells and other scientific measurement apparatus. Another
such source is charge stored on the plates of a capacitor, as is
found in long-time track-and-hold applications.

Table l. Comparison of ElectrometerTypes

l

VARACTOR
BRIDGE

VIBRATING
CAPACITOR

ELECTROMETER
MOSFET TUBES

difficult

fair poor
good poor
fast slow
small large
medium medium

I-Stability
V-Stability
Bandwidth
Overload

Protection
CMR
Microphonics
Wam-Up
Size
Price

good
excellent
narrow

easy

excellcnt
fair
f*t
small
low

excellent
excellent
narrow

e6y

excellent
fair
fut
l"rge
hrCh

good good
fair poor
wide wide

The chart above shows the relative advantages of various elec-
trometer types. The best performance possible is given by the
vibrating reed electrometer. It should be remembered, however,
that this is a large, expensive laboratory instrument not gener-
al ly suitable for instrument construction.

P.O. Box 280; Nowood, Mersrdrul.tt3 020,62 U.S.A.
Telex: 92tf491 CaHar: ANALOG NORWOODMASS

r
,  

"- t  
t '



SPECIFICATI(|IIS (typicar @ +2b"c and trsvDc unress otherwise noted)
MODEL 3 r0J/K 3 l u / K

OPEN LOOP CAIN
DC 2kQ Load l0s  min

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm)

BOTTOM VIEW

*  =  - l N ,  M O D E L  3 1 0
+IN.  MODEL 311

WEIGHT:  150 grams

RA'I 'ED OUTPUT

Voltage,  2kCl Load
Current
Load Capaci tance

110V min
t5mA min
up to lnF'

FREQUENCY RESPONSE
Unity Gain, Small  Signal
Ful l  Power ResDonse
Slew Rate

Over load R

INPTTT OFFSET VOLTAGE
In i t ia l ,  @ +25"C
Wirh External Trim Pot

vs. Temp (O to +7O"C) max

vs. Supply Voltage
vs. Time

\\'arm-Up Drift

2kHz
7Hz min
0.4Vlms min
10ms

t lOmV max
Adj .  to zero
t3Opv/"c (J)
r logv/"c (K)
llOOpV /o/o
t100prV/mo
75pV (15  min)

!3opv /o c
l1opv/oc

(J)
(K)

I \PU- f  B IAS  CURRENT
In i t i a l  B i as ,  +25oC

Invert ing Input
Non- lnvert ing Input
vs.  Temp (Signal  Input  Only) t
vs.  Supply Vol tage

I  Inpu t  On ly )

I \PU- I  IMPEDANCE

[) i t  fe ren t ia l
lnvert ing lnput  (To Common)
\on- lnvert ing Input  (To Common)

110fA2 max
t lnA max
x  2 /+7o  C

!2f Alo/o

3  x  l o t t Q l l 3 o p F  *

t lnA max
t lOfA max

10e c2l l2OnF
lo '4  Ct l l2pF

o . 2 5  t 6  3 5 1

MATING SOCKET
AC1017

o l4o  .  (5 )  TUFRET LUGS O 14O {3  55)  DIA
{ 3 . 5 5 )  D I A  - ,  F O R  M T G  F E E O A A C K  C ' S N X
4 HOTES /  NEruONK 2  HOL€S

3 44 la1  371

3 A2 197 O2l

I

I
I \ P U T  N O I S E

Vol tage,  0 .01  to
1  to  100H2

( -ur ren t ,  0 .01  to
I  to  l00Hz

lHz

lHz

1OpV p-p
lOpV rms
lfA p-p
2fA rms

{44  451

1 2 5
{ 3 1 . 7 5

Il�

(  ( ) \ I }1ON MODE CHARACTERISTICS
\1ax Safe Differential Voltage
\1ar Common Mode
( . , ,m6en  Mode  Re iec t i on  @ 125V

I

6.4211300v
NA
NA

t 2 5 V
l o s SHIELD AC1l1A

P0\\  I . -R SUPPLY
Voltage,  Rated Performance
\-ol tage,  Operat ing
(-urrent ,  Quiescent

! 1 5 V
t ( 1 2  t o  1 8 ) V
+15,  -6mA max

I  F  \ IPERATURE RANGE
Rated Performance
(  ) pe ra r i ng
\  t ( ) rage

o to  +7o"C
-25"C to  +85"C
-55oC to  +85oC

3 "  x 7 . 6 "  x 0 . 6 9 "
A C 1 0 1 7
A C 1 1 1 8

(  I I A N I C A L
( . r se  S i ze
\ l a t i ng  Socke t
\ t r c kg l  5h1 .14 0

6 12O

z 1OO

u 8 0

F
r 6 0

3 + o
J

G z o

\

\ t [ r -
\

\
10-3  10r  1O- '  1  10 '

F R E O U E N C Y  -  H z

Frequency Response

1 0 3t 0 ?

'  \egat ive input  for  31O, posi t ive input  for  311.' l i . {  ( f em toamp)  =  1g - t so .
' rpeci f icat ions same as 31OJ/K.

Spccifications zubject to chmge without notice.

0.20 MtN. (5.6)
0.25 MAX. (6.4)

+l F--0.04 DtA. (1.021
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APPLICATION CONSIDERATIONS

The relatively large capacitance between inputs of varactor

bridge amplifiers is a cause for stabiliry problems when large

feedback resistors are used. These stabiliry problems can usually

be cured at the expense of bandwidth by judiciously adding

an external capacitor.

For the current amplifier (Figure 1) this capacitor, C1, is added

in parallel with Rg. A value of o to 5pF for C6 is normally

required for the 31o, but to optimize bandwidth a square wave

should be applied at the input and C1 should be adjusted for

the desired output transient response. Where bandwidth is not

required, Cg should be increased to limit the bandwidth and

thus reduce noise.

Note that bandwidth is sacrificed when C1 is made arbitrarily

large since bandwidth is proportional to 1/R1Cg.

C 9

[ e o 3 + i o n 1 ]  r [ e x + i r z l ]
\-------r- \-------

D R I F T  N O I S E

Figure l. lmproving Closed Loop Stability lnverting

Conf iguration

To improve stability for the noninverting amplifier (Figure 2),

a capacitor Ci is required from the plus input to ground. Al-

though the value for Ci depends primarily on the source imped-
ance , Rg, in most cases a few picofarads should be adequate.
In this configuration the use of C1 degrades bandwidth since

Rg and C1 form a low pass filter and reduce the dynamic input

impedance.'

Remember when choosing a capacitor tyPe that the leakage

resistance of the capacitor can.be very cri t ical.  The capacitor
chosen should have at least 10'* ohms insulat ion. The type
SX polystyrene capacitor manufactured by Mallory is suitable.

Figure 2. lmproving Clored Loop Stability
N on i nverti ng Conf igu ration

LEAKAGE RESISTANCE

In working with picoamp signals and/or impedance values in

the range from 1o7 to 1011 ohms, attention to insulation and
guarding techniques is extremely important. For example, a
leakage resistance of 10ra ohms from the 15 volt  power supply
to the negative input of the 31O wil l  cause a 150fA error cur-

rent which is 15 times greater than the 10fA bias current guar-

anteed for this amplifier. The insulation resistance of most
commercial wire, connectors, printed circuit boards, switches

and other interconnection devices fall considerably short of
1o1a ohms, particularly on a humid day. Teflon and ceramic
are about the only reliable insulators in applications where one

is serious about measuring fractions of picoamps or in obtain-

ing maximum input impedance. Teflon wire and ceramic

switches are available with acceptance insulator properties.

Analog Devices offers mating sockets for model 310 and model

311 amplifiers which use teflon-insulated receptacles.

HIGH VALUE RESISTORS

Frequently very large resistance values are required with the

300 series. Metal film resistors are recommended. One source

of these resistors is Electra Mfg. Co.* which specializes in metal

film resistors which are available up to 10/ ohms. A source for

higher value resistors is Victoreen.** This firm offers special
."rbott resistors up to lola ohms. The high value carbon resis-

tors have a relatively large temperature coefficient, about
1OoOppm, and the tolerance of resistance values is 1 to 1O%.

Moreover, these devices also have a substantial voltage coef-
ficient, which means that the resistance will vary with applied

voltage, particularly for large voltages; also, the long term

stability is poor. As a rule, degradation in performance increases

with increasing resistance value.

By contrast, metal film resistors have much better coefficients,

about looppm, accuracy to O.1%, and better long term stabi l i ty.

From this discussion it is apparent that smaller errors due to

feedback resistors are obtained with lower resistance values.

Figure 3 shows a technique for circumventing the use of very

large value resistors for a current amplifier.

This circuit multiplies the effective value of Rr, by the ratio
(R2 + R3)/R2. For example, i f  one requires a sensit ivi ty of

lOmV/pA, the value for Rg in Figure 1 (lnverting Configura-

t ion) would be 10ro ohms. However,. in Figure 3, the same

sensit ivi ty is obtained when R1 = 1On ohms and (R^2 + R3)/

Rz = lod. Reasonably well behaved resistors of 108 are available

tAddress' 3151 Fiberglas Rd., Kansas City, Kansas 66115.
t*Address: 1o1o1 Woodland Ave., Cleveland, Ohio 44114.
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INSTALLATION NOTES
Because of the phenomenal sensit ivi ty of models 310 and 311,
they must be installed and used with more care than is required
for more conventional operational amplifiers.

Insulation and shielding of all components and wiring asso-
ciated with the "hot" input terminal ( invert ing input of model
310, non-invert ing input of model 311) must be near perfect.
Insulators of clean teflon are preferable, but polyethylene, or
glass types are also suitable. Dirt and moisture do not adhere
to teflon, but if required it may be cleaned with methy alcohol.

Models 310 and 311 are enclosed in metal-shielded cases. The

shield model AC1118 is also avai lable for complete shielding
of the circuitry. Where the hot input terminals must be con-
nected to a signal source outsiCe the shield, a coaxial cable with
a graphite coating between insulation and braid should be used.
This type is required to minimize the generation of noise cur-
rents due to any changes in the relative position of shield and
conductor. Amphenol type 2l-5 37 is suitable.

Changes in capacity across a high-impedance voltage source
cause voltage fluctuations. For this reason, wiring should be
rigid, as short as possible, and spaced as far from other objects
as possible. Similarly, current fluctuations result from the
motion of a conductor in an electrostat ic f ield. The same pre-
cautions are effective.

.  US VICTOR€EN RX-I OR EOUIV

U S E  C O R X I N G  C Y F U l G L A S S )
OR I  LLORY SX(POIYSIYRETf  )

SCITOM VIEW
0f lctoT
SCETS H I € L D  C O V E R  C O N X E C I

TO GiO TERI INAL

-  ss rELD COVER COTECI
TO GND I€RYIXAL

C O A X I A L  C A & E
AtP[ rc1  2 t ,537

I i V E R T I I G  C U R R E X I  U P L I F I E R

Connection Diagram for Model 310
Used with ACl0l7 Socket

I lONIW€RTING VOLTreE AIDLIF IER

Connection Diagram for Model 311
Used with ACl017 Socket

HOW VARACTOR BRIDGE AMPLIFIERS WORK
Amplifier input, e1p, varies varactor capacitances, un-
balances bridge, and develops pump volt4ge output
proport ional to bridge unbalance.

After low noise AC amplification, the output pump
voltage is phase-sensitively demodulated to restore
correc-t polariry, then further boosted by the DC
amplif ier.

Final output is a replica of the original signal, ampli-
fied by the open loop gain.

Matched low leakage var&ctors inherently eliminate
1/f noise, give excellent offset and drift specs, and
provide 3 x 10'' ohrns differential input impedance.
Transformer coupling is responsible for the ampli-
fier's advanced common mode characteristics.

^ o o _
V U O a

or o Ct.�

25O kHz CARRIER OSCILLATOR
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ATTLILA I IL' i\ D

TRANSISTOR PROVIDES
LOGARITHMIC RESPONSE

Nine Decade Logarithmic Amplifier

SIGNAL

PERI\4ITS
DAY-LONG TI[4E
CONSTANTS
(RC \  TO5SECS)

Long Term lntegrator

MAx rNrrrAL Bras CuRRENT rs rdraal,,tp. NorsE
S O.zrl0a) Atr4P Rlvls PER ROOT Hz BELOW lHz

vOLTAGE DR1FT AND NOISE NEGLIGIBLE FOR R.'losn

Ultra Sensitive Current Amplifier

\ lODEL 310 ( INVERTTNG)

Applications where the high sensitivity of the 310 as a current
amplifier is important include flame detectors, photomultiplier
tubes, semiconductor testing, ionization detectors, vacuum
gauges and reactor controls. The low bias current of the 3 10 is
also useful in long term, high accuracy integrators or as a nine
decade logarithmic amplifier.

Ultra High lmpedance Buffer

High I mpedance Non inverting Ampl ifier

to-r4AMp B|AS CURRENT
ENABLES CIRCUIT TO USE

: : PICOFARAD VALUES FOR C

Low Capacitance Sample-Hold Amplifier

MODEL 311 (NONINVERTING)

The mooel 311 is primarily useful as a high input impedance

voltage follower for unloading high source impedances. Typi-

cal applications are sample-and-hold and pH amplifiers and/or
measuring other chemical reactions.

R - lolon

Ro = 3 ' lo"n

C  =  lOsF e6. *- l . l re5 ot

N . +q \
> s
. " z

E &
o o

u @

o 2
Z l

lHz .lHz lHz lOHz looHz

FREQUENCY

Calculated Noise Per Root Hertz

HANU-ES
9 DECADE
SIGNAL RANGE
FROM lpA
TO lmA

rN rT rAL  ,F rAS
ib ts to-''A

N= 2rlol4rr 
"

LOW DRIFT AND NOISE
PERMITS MICROVOLT
RESOLUTIONlsE

INPIJT

.LOW VALUE RESISTORS
:  SPECIFY GAIN
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