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DESCRIPTION

The Model 144 FET Operational Amplifier was specifically designed to
trade-off high performance in order to achieve the lowest possibie cost.
As such, the Mode! 144 is ideal for most general purpose applications,
specifically where the bias current, input impedance and/or frequency
response of transistor input op amps is not adequate. Analog Devices
offers a broad line of other FET op amps for specialized and high per-
formance applications which offer tighter specifications on key para-
meters. Examples are: low voitage drift (Model 148), high common
mode rejection {Model 143), ultra fast response {(Models 148/149), and
miniature hybrid construction {Model P501).

The Model 144 presents an economically attractive alternative for en-
gineers who are now using 1C op amps preceded by an FET pair. Addi-
tionally, the performance of the Model 144 exceeds that of most “IC
plus FET" designs, and unlike many in-house designs, performance is
guaranteed by testing.

Frequency response, slewing rate and noise characteristics are outstand-
ing features of the Model 144. Two versions of the Model 144 are de-
signated A and K. The Model 144K has improved voltage drift of
30uV/°C {max.}).

WHERE TO USE THE MODEL 144

FET op amps are usually the best choice when the amplifier is to be
driven from a high-impedance source, where an extremely high-input
impedance is desired to minimize loading of the driving circuitry, or for
the measurement of very small currents, The benefits of FET op amps
in these applications manifest themselves in two ways:

1. The input impedances {differential and common mode} are extremely
high. The common mode impedance is particularly important for
“buffer’’ amplifiers {noninverting connection), as this largely determines
the input impedance in this configuration.

2. Bias currents {the small currents flowing into or out of the input
terminals of all differential amplifiers) are extremely low. This allows
high-accuracy measurement of very small currents. It is also important
because bias currents develop equivalent voltage offset errors across the
resistance “‘seen’”” by each input with respect to ground. This is usually
the input resistor in inverters, or the source impedance in noninverting
buffer applications. This means that bias currents must be low for use
with high-value resistances in order that the equivalent voltage ofisets
remain within reasonable limits. Another area of application in which
low bias currents are required is capacitor charge circuits. These include
integrators, differentiators, sample-and-hold circuits, ete. The accuracy
of this class of circuits is dependent on-the magnitude of bias current.

SOME DISADVANTAGES

FET amplifiers {ike the Model 144 do have certain {imitations. Among
these is CMRR which is usually compromised in low-cost FET op amps

"as compared to bipolar transistor types. This is not at all important

when the amplifier is to be connected as an inverter. However, when
connected as a noninverter the amplifier will exhibit a common mode
error which is inversely proportional to the specified CMRR.,

Another compromise generally made in low-cost FET op amps is in the
voitage drift specifications. Typically, voltage drift of FET types exceeds
that of bipolar transistor amplifiers. This can usually be tolerated be-
cause, im high-impedance circuits, the equivalent voltage drift due to bias
current is the major factor in overall drift performance.

MODEL 144A/K
GENERAL PURPOSE

LOW COST FET OP—-AMP

FEATURES

Bias Current 100pA max
Bandwidth 4MHz

Slew Rate 6V/usec
Low Noise 3uV rms

Model 144 A (1—24) £ 9/—/~.
Model 144 K (1—24) £ 4 /—/—.
Socket AC 1003 £1/2/6.

APPLICATIONS

.High-Impedance Buffer Amplifiers
Precision Integrators
Sample-and-Hold Circuits
Pico-Amp Current Measurements
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MODEL 144A/K

MODEL 144A
"OPEN LOOP GAIN
de rated load, min 5 x 19_4 )
RATED OUTPUT T
Voitage, min 10V
Current, min +BmA
. Load capacitance range _ O1uF _
FREQUENCY RESPONSE ,
Unity gain, small signal AMHz
Full power response, min 100kHz
Slewing rate, min 6V /usec
~ Overload recovery ) 100usec
INPUT OFFSET VOLTAGE
External trim pot 50012

Initial offset, 25°C £2mV {adj to 0)
Avg. vs. temp (—25 to +85°Clmax +100uV/°C

vs. supply voltage +100uV/%
vs. time +260uV/month
INPUT BIAS CURRENT '
tnitial bias, 256°C, max (0,—) 100pA

Awvg. vs. temp
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GENERAL PURPOSE
LOW COST FET OP-AMP

SPECIFICATIONS (typical @ 25°C and £16VDC unless otherwise notet;ﬂ): -

144K

*

B

X ¥ x &

+30uV/°C
*

doubles every +10°C *

vs. supply voltage E1pA/%H
INPUT DIFFERENCE CURRENT
tnitial difference, 25°C +25pA *
Avg. vs. temp doubles every +10°C*
INPUT IMPEDANCE
Differential 101152)13.5pF *
~ Commeon mode ~ 1011$2)|3.6pF * )
INPUT NOISE
Voltage, .01 to 1Hz, p-p 3uv
BHz to bOkHz, rms 3uV
_ Current, .01 to 1Hz, Pp ApA
iNPUT VOLTAGE RANGE -
Common mode voltage, min +7, —10V
“ Common mode rejection @ 5V 60dB *
.. _Max. safe differential voltage  +15V L
POWER SUPPLY -
: Voltage, rated specification +16V
Voitage, derated specification {12 to 18}V
Current, quiescent, typ *4.5mA__

TEMPERATURE RANGE

Operating, rated specifications

Storage
MEGHARIEAL R
Case style - pin configuration M—1
Mating socket AC1003
. Weight 520z

e e m— — - [

* Spacifications same as for Model 144A,
Specifications subject 1o change without notice.

» -_— - —

—25°C to +85°C
—55°C to +126°C * :
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+10°C to +60°C
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FET INPUT OPERATIONAL AMPLIFIERS B

Analog Devices manufactures one of the most complete
lines of operational amplifiers in the industry. Other FET
op amps in the 140 series include the new Model 146 which
boasts a low voltage drift of 2uV/°C, 10V/usec slew rate,
20mA output, and an 80d8 CMRR. :

Cheoose the 148 FET op amp for wideband operation
(10MHz), fast settling times {.01% in lusec), and high
slew rates {50V /usec). ’

Finally, consider the microcircuit hybrid Model P501 , one of
our interesting newer amplifiers. The P501 boasts wide band-
width (4MHz), —10pA input bias current (PS01B), and
CMRR of 10,000 {@+5V CMV). All.non-essential connec-
tions to the P01, such as power supply cogihon, have been
eliminated so that just five pin connections remain, and the
P501 will not use up valuable PC card-“floor space’ with
frequency compensation components as with |G op amps.
The P501 is internally compensated and 'is packaged in a
unigue miniatureepoxy case measuring .Gﬁfsquare x .25" high.

LOW DRIFT FAST SETTLING HYBHID
21N/°C 01% in 1usee MICROCIRCUIT
MODEL 146J/K MODEL 148A/C MODEL P501A/B
Open Loop Gain, min. 100k 30K 25k
Rated Output, min. +10V @ 20mA 10V @ 20mA +10V @ 5mA
Bias Current, max. +30/20pA +50/25pA +25/10pA
Voltage Drift, max. _ £7/2uv/C +50/15uV/°C +75/25uV/°C
Unity Bandwidth 5MHz 10MHz 4MH2z
Siew Rate, mirn. 10V /usec - B0V /usec 3V/usec
Common Mode Rejection 10,000 2,000 10,000
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DESCRIPTION

The new Model 148 is the latest in a series of third generation FET in-
put operational amplifiers which offer outstanding performance at new
low prices. The 146 is a premium guality amplifier which incorporates
special new design techniques to overcome inherent shortcomings of
conventional FET designs {CMRR and voltage drift), yet still retains
the superior input impedance and bias current characteristics for which
FETunits are most often chosen. The 146 is a moderately fast amplifier
{6MHz small-signal-cpen-loop bandwidth; 10V/usec slewing rate) with
substantial output capability (*10V, 20mA). It is encapsulated in a
rugged epoxy module of ‘‘Low Profile” design {just 0.4 high} and is
priced for the OEM.

TWO MODELS AVAILABLE

Two models are available in the 146 series, differing only in input char-
acteristics and price. Model 146J is least expensive, offers 7uV/°C vol-
tage drift, and 30pA initial bias current. Where still higher performance
is required, the 146K is available. Voltage drift isjust 2uV/°C and bias
current is specified at 20pA max. The two models are otherwise identi-
cal.

ABOUT FET AMPLIFIERS

FET amplifiers are primarily characterized by superior input bias cur-
rent characteristics. {The 1486, for example, is specified at just 20pA
max}. Input bias current {the tiny currents which flow into and out of
the amplifier input terminals) may be important in many applications.
It contributes to error in two ways: 1) In current measuring configura-
tions, the bias current limits the resolution of a current signal and 2) the
bias current produces a voltage offset which is proportional to the in-
put resistor {in the case of an inverting configuration) or the source im-
pedance {when the non-inverting “buffer’” connection is used). FET
amplifiers, therefore, are of interest where tiny currents are to be mea-
sured or when low voltage drift is necessary despite farge values of
source resistance.

Unfortunately, most conventional FET arhp!ifier types_are limited in
application because of their generally poor common mode characteris-
tics {1000:1 is not untypicall and relatively large temperature drift

compared to bipolar-input amplifiers. As we have mentioned, the 146

utilizes special circuitry and physical design techniques to all but elim-
inate these shortcomings. Common mode rejection of 80dB specified
for the 146 is comparable to CMR of most bipolar transistor input amp-
lifiers and 2uV/°C (146K} almost rivals voltage drift performance of
chopper stabilized amplifiers.

WHERE TO USE THE 146

The combination of FET input characteristics {20pA bias current) and
low voltage drift (2uV/°C) makes the 146 applicable to a very large num-
ber of circuit requirements. It is particularly useful where both voltage
drift and current drift must be minimized. Although chopper stabitized
amplifiers are also useful in this class of circuits, they are typically lar-

ger, mork expensive, and generally suffer somewhat higher noise levels |
than the 146. In addition, most chopper stabilized types are inherent-

ly timited to the inverting configuration. The 146 is recommended
where high accuracy is required from high impedance sources {parti-
cularly bridge circuits which require differential inputs) or where pA
current fevels are to be measured. For source {or input) resistances below
10k, a bipolar-type “chopperless differential”” amplifier {Model 180 or
183) may be a better choice. Further, when femtoamp {10—15A) re-
solution is necessary or for input resistances above 10 megohms, a var-
actor bridge amplifier (Analog Devices’ Model 310 or 311} is recom-
mended. Between these extremes the 146 will be found to have wide
application flexibility where premium performance is required.

CO22-50-6j69
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MODEL 146J/K

HIGH PERFORMANCE
DIFFERENTIAL FET OP AMP

— . el

FEATURES

Voltage Drift 2uVilC
Low Bias Current . 20pA

Low Profile 0.4"" Height
Output Current 20mA

Price (1-24) £ 28, 3, 3 (146))

APPLICATIONS

Picoamp Measurements

High Impedance Buffers
Differential Detectors

High Accuracy Bridge Amplifier

© 221 Fifth Strect
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MODEL 146J/K
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HIGH PERFORMANCE

DIFFERENTIAL FET OP AMP

SPECIFICATIONS (typical @ 25°C and
MODEL

+15VDC unless otherwise noted)

OPEN LOOP GAIN

dc rated load, min 108 *

"RATED OUTPUT =
Voltage, min 10V *

Current, min 20mA *
Load capacitance range 1000pf *

‘FREQUENCY RESPONSE = ’
Unity gain, smal! signal SMHz *

Full power response, min 150kHz *
Slewing rate, min ]0Vl,useq *
Overload recovery 1.5msec *

‘INPUT OFFSET VOLTAGE - ’
Initial offset, 25°C +0.7mV Adj. 0 01.2  *

Avg.vs. temp (+10° to +60°C) max  +7uV/°C +2uV/C
vs. supply voltage +15uV/°C
vs. time +100¢V/month *

INPUT BIAS CURRENT——~ — - = — - -
Initial bias, 25°C, max 30pA 20pA
Avg. vs, temp {+10° to +80°C) doubles every 10°C *

Vs, suppiv voltage +0, 75pA/% *

INPUT DIFFERENCECURRENT -~ —
Initial difference, 25°C, max +10pA *

Avg. vs. temp (+10° 10 +60 C} doubles euery 10 C *

INPUT IMPEDANCE - T
Differential 101752 || 3.6pf *
Common mode 01 1Q !l 3. 5pf *

INPUT NO'SE Vol‘[age 01 to '|HZ p p GHV - - -
Voltage, GHz to b0kHz, rms 16uV *

Current, 0.01 to 1.0Hz, p-p 0.1pA *

INPUT VOLTAGE'RANGE ' I -2
Common mode voltage, min 10V *
Commeon mode rejection 80dB @ +5, — 10V *

Max. safe dn‘ferenna[ vo!tage 15V ' *

POWER SUPPLY™ ™ e = T
Voitage, rated specification +15V *

Voltage, derated specification (12 to 18}V .
Current, quiescent +5mA *

TEMPERATURE RANGE T—— —
Operating, rated specifications +10°C to +60°C *

Storage -55°C to +125°C *

MECHANICAL = — =
Case style - pin configuration F-1 *

Mating socket ACT1ON0 *
Weight Toz. : .
—

1. Special biasing techniques required. See Appi

ication notes Page 3.

2. Modet J: Use 499 ohm, 1% metaf-film trim resistor. Model K: Trim resistor supplied.

*Specifications same as for Model J.

Specifications subject to change without notice.
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APPLICATION NOTES FOR MODEL 146

INITIAL OFFSET VOLTAGE

Most differential operational amplifiers have provisions for
adjusting initial offset to zero with an external trim pot. It
is not usually realized that there is a second order increase in
voltage drift which accompanies the change in offset caused
by the initial offset adjustment. This increased voltage drift
can be safely ignored in conventional amplifiers since it is
a small fraction of the specified voltage drift. But the voltage
drift of the Mode! 146 is so small that this effect cannot be
ignored. For example, if a 1k pot were used to balance the
initial offset voltage of the 146, voltage drift over the range
of adjustment could change by as much as 21uV/°C. This
error is in addition to the normal drift specification of 7 and
2uV/°C. This trimming error may be minimized by using
the circuits shown in Fig. 1-3 as outlined helow,

The voltage drift of the Model 1486 is measured and guaran-
teed when using a selected trim resistar. This resistor is
sup;ﬁ!ied with the 146K and the value for this resistor is
marked on the unit. The specified voltage drift holds only
when this value of resistance is externally connected betwesn
the amplifier's TRIM terminal and +15V. In this case initial
offset voltage is guaranteed to be less than the specified
value at +25°C. The 146 can aiso be supplied on special
order with the trim resistor connected internally. For fur-
ther information, consult your focal Analog Devices repre
sentative or the factory directly.

INITIAL OFFSET ADJUSTMENTS

If, for a given application, it is desirable to zerc the initial -

offset of the amplifier, an external bias network is recom-
mended to accemplish this purpose without increasing vol-

tage drift of the 146. For the inverting configuration in Fi-
gure- 1, the amplifier can be easily zeroed by summing an’

additional bias voltage {Ey) which is set equal to the initial
offset ‘of the amplifier, so as to bring the output to zero.

an additional 7.5uV change of offset vo!tage (where Rb
equals ten ohms).

Rz +R1+Rp
Ry +Ry

FIGURE 2. BIASING CIRCUIT FOR
NONINVERTING CONFIGUHATION

Figure 2 shows a blasmg circuit which can be used for the
noninverting configuration. :

A large value for R ¢ as compared to Ry, is anly necessary for
low closed loop gains {less than 10} to prevent the gain
from changing as a function of the bias adjust setting vol-
tage. For gains greater than 10, the minimum value for R4

" can be reduced proportional to gair.

Of course, the circuit in Figure 2 will not-work for unity
gain. For this case, to avoid such. complicated and costly
schemes as a diode in series with a current source, a ik-ohm
pot may be substituted for R to zero the amplifier. But it
must be realized that the voltage-drift will be |ncreased to
as much as 28uV/°C under the worst conditions.

A similar circuit to Figure 2 can be used to buas dlfferentlai

. configurations, as shown i in Flgure 3

Ry~
ANA-

Ri
a; O——AAA——4

trim

+15v R,

-50K

=15V

FIGURE 1. BIASING CIRCUIT FOR

INVERTING CONFIGURATION

Rg+Ryp,
AP

Ry

) O——AAA-
+R)y
tom{—p——ag -y}
Ry

292 0—AN—S

RH{SUPPLIED)
R} 10K +iay
—
LY S0 K

00
Rb —15v

-l B,
SET R, = 10 tR +R2}

FIGURE 3. BIASING CIRCUIT FOR
DIFFERENTIAL CONFIGURATION

The stabahty of the components or the *+18V bias voltages
is only moderately critical. For example, a change in value :
of components or supply voltages as large as 1% would cause

&

For very large gains (Ro/R 1) it may be necessary to use a
larger value of Rb in the bias circuit in order 1o make the
offset voltage adjustment more effectwe -
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NOISE

The Model 146 has exceptionally low noise. As with other
operational amplifiers, the noise content at the output is
infiuenced by the signat source impedance, and varies with
frequency. Therefore, meaningful low noise circuit design
must account for all these facters by properly applying the
graphical data presented below.

Specifically, the noise versus source resistance curves show
that voltage noise is the predominant noise infiuence at low
source impedances {left side of graph, Figure 6}. Moving
to the right, equivalent noise voltage due to current noise
predominates and increases in proportion to source imped-
ance.

VOLTAGE AND CURRENT NOISE

Theamplifier's input stages have independent random voltage
and current noise generators in series and paralie! respectively
with the input impedance. The voltage noise of the amp-
lifier, being in series, is independent of impedance level, but
the voltage drift across the input impedance caused by cur-
rent noise, effectively adds to voltage noisz, and, above a
given impedance level, becomes dominant.

For more complete information on the treatment of amp-
tifier noise, see “"Noise and Operational Amplifier Circuits,”
in Vol. 3 Ng. 1 of Analog Dialogue, available upon request,

OTHER FETS AVAILABLE FROM
ANALOG DEVICES

The 146 FET op amp is complemented by other low bias
amplifiers in the 140 FET series. These include the new
Model 144, a high speed, low noise differential op amp.
Models 141, 142, and 143 span the performance gap be-
tween the 144 and the tep of the FET line, the Model
147, The 147 displays 10MHz bandwidth, low 2uV/°C vol-
- tage drift and a common mode rejection of 300,000, Add-
itionally, the 148 and 149 op amps offer high speed, fast
settling (1-1.5usec to 0.01%) operation.

The tiny {0.6” sguare x 0.25" high) Modet P501 rivals
“IC plus FET' {and frequency compensation components)
combinations in size and performance. It is a completely
self-contained hybrid microcircuit unit having low bias cur-
rents typical of FET inputs (S5pA), excellent bandwidth
(4MHz), and 80dB CMRR _{® CMV_from —10V 10 15V),
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MODEL 147 A/B/C

DESCRIPTION ULTRA LOW DRIFT
_ Most FET operational amplifiers offer advantages of high input imped- FET DIFFERENTIAL
_ance and low input current but sacrifice other specifications — usually OPERATIONAL AMPLIFIER
.' “voltage drift and common mode rejection (CMR). The Model 147 is the

- | . first general purpose FET op amp which excels in every major perform-
“ance category. For minimizing errors the 147 provides low current and
voltage drift, low noise and high common mode rejection; for circuit
stability the 147 provides high open loop gain; and, for application flexi- FEATURES
bility the 147 provides high slewing rate, high output curreat, fast settling

Bias Current 15 pa. max.
‘time, wide bandwidth and good overload recovery. P
Voltage Drift 2uv/°C max.
‘ Common Mode
THREE MODELS Rejection 300,000
A selection of the models A, B, and C is offered, which differ only in their Input Impedance 102 ohms, C.M.

voltage drift and input bias current specifications. Model A has 30pA

. . ; Open Loop Gain  10¢ min.
maximam bias custent and 15, V/ °C voltage drift, Model B and C have

15pA (max) bias carrent while drift is respectively 5, V/°Cand 2uV/°C Slewing Rate 10v/u sec
over the temperature range from 10 to 60°C. The voltage drift of only Bandwidth 10mHz
2uV/°C (Model C) and input bias current of 15 pA (max) approach Price (1-9) $ 95. (A)
the performance of chopper stabilized amplifiers and, for many applica- $115. (B)
tions the 147 offers comparative advantages of small size, lower price, $135. (C)

lower noise and the versatility of differential inputs. Special circuit tech-
niques are used to overcome inherently poor common mode rejection
characteristics of FET 5. CMRR of 300,000 for the Model 147 is an order
of magnitude higher than most FET amplifiers.

Open loop gain of 10¢, input impedance of 10 ohms 2nd output rating
of #=10 volts and 10mA round out the specifications of an almost ideal
. operational amplifier which will satisfy high performance requirements
on several parameters simultaneously.

FAST RESPONSE

In addition to exceptional voltage drift, bias current and CMR specifica-
tions, the Model 147 also offers fast response on both the inverting and
non:inverting inputs. Unity gain bandwidth is 10MHz, while full power
response andgsleaing ratet);ri respectively 150kHz and 10V/ ,usec.P Thus APPLICATIONS
the 147 is ideally suited for such applications as A to D and D to A con- Precision Integrators
verters, sample and hold amplifiers as well as wideband, high impedance A to D Converters

* voltage followers.
D to A Converters

S —

Sample and Hold Amplifiers

HIGH INPUT IMPEDANCE : Picoamp Current Measurements
In the non-inverting configuration, input impedance is greater than 1012
ohms and input capacitance is only 3 pf. When amplifying signals from
large source impedances, the 147 provides better accuracy than operational
amplifiers now available since every source of error—voltage drift, bias .
current and CMR — has been minimized.

High Impedance Buffers

ANALOG
COMMON MODE REJECTION

The high common mode rejection ratio of 300,000 minimizes the output
error in differeatial and non-inverting circeits. For example, a 10 volt
i common mode signal applied to the 147 would result-in a maximum
error of only 30,V (10V/300,000). DEVICES

221 FIFTH STREET
CAMBRIDGE, MASS. 02142

PHONE: 617/492-6000
www.Electrojumble.org.uk
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ULTRA LOW DRIFT
MODEL 147 A/B/C FET DIFFERENTIAL

OPERATIONAL AMPLIFIER OPEN LOOP RESPONSE
SPECIFICATIONS (typical @ 25°C and £15VDC unless otherwise noted)

OPEN LOOP GAIN
dc, rated load, min. 10t ? 100 wazEL 17
—_ e T e e e e — = Z go A
RATED OUTPUT & |
Voltage, min. +10V g &0 \
Curtent, min. +10mA g 40
FREQUENCY RESPONSE 2o \
Unity gain, small signal 10MHz . n . " . .
Full power response, min. 150kHz RO
Slewing rate, min. 10V / usec
Overload recovery 400usec
f—————— S n — =S — —
INPUT OFFSET VOLTAGE
Initial offset, 25°C, max, “+1mV
Avg. vs, temp, Model A Model B Model C MATING SOCKET AC1001
(10 to 60°C) max. =15xV/°C  x5,V/°C *=2uV/°C (PRICE: $3.00)
(—25to 85°C) max. +15V/°C +10.V/°C i5‘u.V/°C
vs. supply voltage +30uV/%  £30uV/%  E£30uV/%
vs. time (after warm-up) 425,V /day +25,V/day £25,V/day e
e : — = l'— = —‘:’ "
INPUT BIAS CURRENT o 1
Initial bias, 25°C, max. (0,—) 30pA* (0,—) 15pA* (0,— )15pA* r O__e 2 . ‘IJ 2——! 1
Avg, vs, temp. @ 25°C =2pA/S°CH =1pASeCH +1pA/°C* 0 : S g —| 42t
vs. supply voltage OIpA/ % 01pA/ % O1pA/ % f c—© & ° 3—,',—1
INPUT DIFFERENCE CURRENT ”
Initial difference, 25°C =10pA* =3pA* F3IpA*
@ 85°C +=1inA +300pA *300pA
Avg. vs. temp. @ 25°C S1pA/SoCH xO.jPAi"_(?:jO.SpAPC* l i L
INPUT IMPEDANCE ’ w3 TT P '
Between inputs 1010 || 3pf I
Commeon Mode 101202 | | 3pf 1
anm== = e e e ——
INPUT NOISE l
Voltage, .01 to 1Hz, p—p 3uV
SHz to 50kHz, rms 12uV
Current, .01 to 1Hz, p—p 0.1pA - OUTLINE DIMENSIONS
COMMON MODE CHARACIERISTICS -
Common mode rejection 300,000
Max. Common mode voltage E£9V(=10V on request) I
Max. Voltage between inputs +15V f
: — = = : - - 0620
POWER SUPPLY n
Voltage, rated specification +={15t0 16)V — 0 U1 U
Voltage, derated specifications =+ (10to 17)V oM. 23 A ~Ila0s o,
Current, quiescent 22mA R [ SO
TEMPERATURE RANGE T l EIEOE B |
Operating, rated specifications —25t085°C 1135 | JINPUTL 21 8. covmby o=t
Operating, derated specifications —355 to 85°C 1 i iy ! l_ﬁ' P e
Storage —653to125°C — R
PRICE Model A Model B Model C BoTTOM ViEW
(1-9) $95.00 $115.00 $135.00
(10-24) £90.00 $109.00 $128.00
*doubles each 10°C www.Electrojumble.org.uk

Specifications subject to change without notice
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INITIAL OFFSET VOLTAGE ~ T

Most differential operational amplifiers have provis%ons for
adjusting initial offset to zero with an external trim pot. It is

not usually realized that there:is a second order increase in’

voltage drift which accompanies the ipitial offset adjustment.
The increased voltage drift due to balancing the amplifier can

be safely ignored in conventional amplifiers since it is a small .

percentage of the specified voltage drift. But the voltage drift
of the B and C units is so small that this effect’ cannot be
ignored..For example, if a 10K pot were used to balance the
initial offset voltage, voltage drift could change by as much

as =4V /?C and thus voltage drift would exceed the specx-

fication by a large measure. E S

The voltage drift of the B and C units is measured and guar-

aniteed when using a selected trim resistor, In the case of the.

C units this resistor is supplwd with:- the amphﬁe{ and the
value of the resistor is Inscribed on the side’of the unit. For
the B tinits a2 4.99k ohm resistor is nsed, while 2 5k ohm
-resistor is used:for the A units. The specxﬁed voltage driff
hoids oniy when these values of resistance are externally
connected betweéen the trim balance terminals of these: ampli-
fiers as shown in the outline dimension drawing. The 147
can also be suppheé on special order, with the trim* resxstor
connected internally.

w .

INITIAL OFFSET ADJLS’{ME‘ITS 0
A 10k ochm potentwmeter may be used to zero the mmal 0&

set voltige of the A units, but an external biasing nemork s

required to zero the B and C units.  * E _

R¢

FIGURE 1. BIASING CIRCUIT FOR
INVERTING CONFIGURATION

EXTERNAL BIASING NETWORK

An external biasing network is required to balance the :n:t:alﬁ
offset of the B and C units of the Model 147 For the invert:

ing conﬁgurat;on in Figore 1, the ang_phﬁer can be easily

zeroed by summing an- addat;onal bias*voltage as show

The stability of the components or the = iﬁV bias’ \zeltagesE

are not partlculariy critical. For example-a 1% change of -

components or supply. voltages would cause Oﬂ[y about” a’
L15uV change of offset \oltage -and likewise.a 0.1G¢control
of these values will maintain a'1.5,:V offset. This Gm.ut alsc)
zeroes the oﬁset due to initial offset current ;

kS
w

:thure 2’ shows a biasing circuit which can:be useci for the_?

aon-inverting configuration.

A large value for R; as tompared to 10 ohms is only necessary :
for low closed Toop giins (less than 10) to tgeri'vent the bias®

voltage € from changing as a-function of input voltage:

For gains greater than 10, the minimum valu¢ for R can be _
o WWw. EIe&fro;umble;g;g-g{@e stab: .

reduced propostional to gain.

-add’ resistor R}?

; Wwww.Elettrojumble.org. qﬁk i
L *APPE.ICATION NOTES FOR: MODELS 147 A / B /C

+

%

£

PRLILD FOR barc)

R A0
R +:0

8o €1

Ag AR, IR,

FIGURE 2. BIASING CIRCUIT FOR
NON-INVERTING CONFIGURATION

Of couzse the circuit in Figure 2 will not-work for un:ty
gain, For this case a 10K ohm pot may be substituted  for Ry
-to zero the amplifier, But it'must be realized that the voltage

- drift will be increased by as much as ?mV/ C under the

worst cendmons kS

A similir circuait to Fsgule 2 an be used to bias the differen-
:tial configuration of Figure 3:

44
L eae,)

[
+ —0 g+

e —
SEY Ry =10 lR"ﬁll

FIGURE 3. BIASING CIRCUIT FOR
d DIFFERENTIAL CONFIGURATION

For \efy latge gains (R;/Ry) it may be necessa;") to use

Jarger-than 100 ohmg'in the bias cu'cmt in-order not to and
the bias voitage supplies.

;CLOSRD LOOP - S'I‘,ABILITY

A feedback cap&cztor "C;, is generally reqmred across the
feedback resistor; as shown in Flgure 4, to Pronde propér.
Phase margm for stabiilty and to improve transient response.

In the'case of, 1nvertmg clr(ults employmg large- feedback

" resistors, greafer than one megohm,; the feedback capacitor is
very necessary but resules in limiting the bandwidth. “Lypically

a one megohm feedback resistor requires a 3pf capacitor. As
Shown in Figure 4, capaatance loads of 500pf or more can be

~isolated to improve stability by inserting the resistor R, Whid’l
.generaﬂ}, has values. between 20 and 100 ohms. -

Empirically, the optimum value of C; for any, closed loop gam
“«and feedback resistance can be readily selected by feeding-a

square wave into the closed loop amplifier circuit and adjust-
fing a variable capac:tor to produce the desired trannent

I ESPOﬂSE

e non-inverting c;rcuxt of Fxgm’e ; is a better chaice when
‘both high input impedance and fast response is srequired,

-$ince smaller values can be used for R, and therefore C; will
-inot limit the banciw:dth For large sorce im
-<than one megohm it may be necessary to add a capacitor <y

Sedances, greater

(of a few pf actoss the source as shown in Figuret>: If capaci-
tance loads greater than'500 pf are used it may be necessary to
isolate the*f{)ad_capacxtance,and therefore




[ S —_ - —

P PN

FIGURE 4. IMPROVING CLOSED LOOP STABILITY

FIGURE 5. ISOLATING CAPACITIVE LOADS

§ e mme e S - i = _—
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SELECTION GUIDELINES

The 147 versus Chopper Amplifiers

The 147 has equivalent current drift but slightly higher voltage drift
specifications than chopper stabilized amplifiers in the same price
range. Also the 147C's current noisc performance is a hundred fold
better than most chopper amplifiers and has lower 1/f voltage noise
from D.C. to 10Hz, A prime advantage of the 147 is its ability to
be used in noninverting and differential configurations as compared
to chopper amplifiers whose single ended inputs limit them to only

the inverting configuration. The 147 also offers higher input imped-

ance and lower input capacitance in the inverting configuration.
Thus the Model 147 offers not only an excellent alternative to
chopper amplifiers where low offset and drift are required, but is
also suited to many applications which are impractical for
chopper amplifiers.

The 147 versus the 301

Where the utmost sensitivity for low level current signals is required,
the Model 301 (varactor bridge amplifier) achieves better current
drift and noise performance than the 147. However the 301 costs more
and has higher voltage drift than the 147C. Since for a given tempera-
ture range, source or input resistance determines whether current drift
or voltage drift is the predominant error source, there is a crossover
point where the 147 is a hetter choice than the 301. In fact for input
resistance below 50 megohms the 147 is the best choice. This is true
since the 50uV{°C voltage drift fgure of the 301 exceeds 1pa/°CxR,
of the 147 only below 50 megohms,

The 147 versus the 180

The Model 180 offers lower voltage drift and noise but higher current
drift and noise than the Model 147. Thetefore the 180 is best used for
low impedance while the 147 is better for higher impedance. Specific-
ally, for input impedances less than 10k ohms the 180 is the best
choice. This follows since the current drift of the 180, (.2na/°C),
multiplied by R;, or R, is higher than the 2;1VIOC voltage drift of the
147 for input resistance values above 10k chms.

TO SUMMARIZE — The 147 is the best choice when compared
to the 180 and 301 when the input resistance is greater than 10k ohms
but less than 50 megohms.
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APPLICABLE AMPLIFIER
SPECIFICATION

S
&)

HIGH INPUT IMPEDANCE

a) Very High Z;,
— io12Q || 3pf

b} Fast Response — 10MHz
¢) Low CMR Error — 003%

d) Low Drift
— I5uV/°C & 2pA/°C

a) Low Current Noise

DIFFERENTIAL

R —.1pA, p-p
@b &) Low Current Drift
—1pA/oC
¢) Low Initial Bias Curvent
— 15p4
CURRENT TO VOLTAGE 4) High Ousput Current
CONVERTER — 10m4
R ;|CF a} Low Current Drift
W ——1pA/°C
\TC 4> | 4) High Gain— 10
Qo ¢) High Differential
Impedance — 10110 b
1 d) Low Voltage Drift
= = —2v°C
INTEGRATOR
107 A

a) Low Current Drift
—ipA/°C

b) Low Voltage Notse
— 3V, pp

¢} Low Voltage Drift
— 2y /°C

d) High CMR — .003%

s
()

SAMPLE AND HOLD

a) Very High Z,,
— 1022 1| 3pf

b} Fast Response — I0MHz
¢) Low CMR Error — .003%

d) Low Drift
— 15V /°C & 2pA/°C

¢) Fast Settling Time
— Spsec (to 1%}

ANALQG DEVICES, Inc.
221 FIFTH STREET
CAMBRIDGE, MASS. 02142

PHONE: 617/492-6000
TWX 710/320-0326
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DESCRIPTION T
The new generation chopperless 153 optimaily combines manfgf the
most desired features of operational amplifiers in an inexpensive. low
profile modular package. While specifically designed for portable and
low power applications, the Model 163 displays an across-the-bbard
set of exemplary characteristics. This performance is achieved by using
proven circuitry throughout, with careful attention paid to the drift
compensation design of the input stages. o

. ' FEATURES
Other important features are: low drift, low noise, choice of differen-

tial operation, low profile size and minimal cost. Since no single oper-
ational amplitier can solve all application problems simultaneousty, cer- .
tain compromises must be made in some parameters as “trade-offs’” 4
to achieve superior performance in other selected key parameters.
Therefore, while the 153 performs very successfully in most moderate
performance applications, it should not be recommended where wide
‘bandwidth, high slewing rates, or fast settling times are required. Add-
itionally, in applications involving extremely high input source resis- i
tances {above, say, 100k{2), which necessitate very low bias currents,
the Mode! 153 again would not be considered the best choice. The user -
encountering such application problems will be well-advised to refer to oo N
Analog Devices’ complete line of extremely fast amplifiers and the wide N

variety of FET input and varactor bridge ampiifiers available. '

Battery Powered — 2.7V to +15V
Low Current Drain — 70pA @ £2.7V
Low Voltage Drift — 2uV/°C, max
Low Profile Size — 0.4"" Height

LOW DRIFT
OPERATIONAL
AMPLIFIER

ANALGG

DEVICES

The 153 achieves its superior voltage drift with isothermal shielding of
the selected dual chip input transistor, This produces very close Vpe
tracking, resulting in ultra tow drift. This simplified direct approach
to achieving low drift differs from the more complicated chopper sol-
ution. The chopperless 153 approaches voiiage drift specs of choppers,
| but without the noise and the inherent limitation of single-ended in-
puts of chopper types.

PORTABLE OPERATION

The Model 153 combines several essential features of a portable envir-
onment amplifier, such as operation off of +2.7V batteries and ex-
tremely low quiescent current drain. But battery voltages are unragula-
ted and vary with temperature and other environmental factors. Their
increasing internal impedances tend to loosen an amplifier's specs. The
153 anticipates deterioration of rated specifications due to battery oper-
ation and portable environments by including tighter temperature com- .
pensation, and a remarkable power supply voltage operating range. [n i
addition, AVs rejection is high, placing less reliance on constancy of
supply voltages and greater reliance on the basic circuit integrity of the

APPLICATIONS

Portable Instrumentation
Remote Preamplifier
Isolated Null Detector

High impedance Buffer :
153. L -J
PERFORMANCE VS, SUPPLY VOLTAGE
OPEN LOQP] POWER [FULL QUTPUT ANALOG
VOLTAGE { SUPPLY PEAK
DC OUTPUT | QUTPUT GAIN QUIESCENT| FREQUENCY ||
SUPPLY |VOLTAGE JCURRENT]FULL LOAD] CURRENT | RESPONSE
TV H/(MIN)  [EmA(MIN) {MIN) HIA kHz(MIN)
2.7 1 1 50k 70 5
45 2 2 75k a0 5 DEVICES
6 3 3 100k 100 5
9 5 4 200k 130 5 59 EDEN STREET
12 8 4 300k 150 5 KINGSTON-UPON-THAMES
15 10 4 400k 170 S SURREY, ENGLAND
l TEL: 01-546-6636

wwweElrelrpiunilie eeauk




MODEL 153J/K BATTERY POWERED QP -AMP _ OPEN LOQP RESPONSE

SPECIFICATIONS ({typical @ 25°C and +2.7VDC unless otherwise noted)

I MODEL R R S ==
OPEN LOOP GAIN 1
100 V=2 15VDC —
| dc rated load, min - 5 x 104* oL "‘\\ s
I RATED OUTPUT - T TN
Voltage, min +1v4 * 8 ol \\\

) Current, min 1mA% ¥ [ A N
| Load capacﬂance range 1000pF ® _ 40
' "FREQUENCY RESPONSE ! \\
]w' Unity gain, small signal 150k Hz * 20
$ Full power response, min BkHz{peak) *
; Slewing rate, min 02V /usec * , P 108 0 1t 00 -k
. Overload recovery _2msec M . FREQUENCY
E INPUT OFFSET VOLTAGE
i Initial offset, 256°C, max +1mv +250uv 1
: Avg. vs. temp {10° to 60°C) max2 +5uV/°C £2uv/°C

vs. supply voltage +1uV/% *
! vs. time iSﬁV/month * QUTLINE DIMENSIONS
: Warm-up drift less than 1uV *

| INPUT BIAS CURRENT

Initial bias, 25°C, max +3nA * i l-——l.SO—'i

!
} Avg. vs. temp {10° to 60°C) max? +0,1nA//C *
vs. supply voitage 7 7+£ 1nA/% - * B 400 MODEL 153

‘ INPUT DIFFERENCE CURRENT ' 200 |} U

. Initial difference, 25°C, max +3nA ¥ ; -+ [—.040 DIA,

‘ Avg. vs. temp {10° to 60°C)2 +0.05nA/°C *

i — T oo S — —

; INPUT IMPEDANCE { [ f { i .
Differential 1111194 * { gty |
Common mode 200M82 * L Heom o - :

1 - T ———— — —= e ——— 1.50 ‘P — '- Vg ¢___ (’

INPUT NOISE & i fonrans < ext

. Voltage, .01 to 1Hz, p-p v * "T;"'m____ <> TRiM

BHz to 10kHz, rms 2uv * =Hr I ﬁ%ECTED
CUI’I’EI’II 0O1to 1HZ p-p 10pA * L] - : SUPPLIED}
.01 to 100Hz, p-p 15pA * —{ - 0.1 GRID "

INPUT VOLTAGE RANGE BOTTOM VIEW WEIGHT: 8.90z.

Common mode voltage, min3 1V *

Common mode rejection @ 1V 50,000 *

M fe diff + *
7#3)(‘.__..#53 e dl E.eg-;rE'alLonfage — ‘[OV_ PR [ - MAT'NG SOCKET

POWER SUPPLY AC 1010
Voltage, rated specification +2 7v4 * PRICE (1—9)

Voltage, derated specification +{2.5 to 18}V *
Current, quiescent - E70pA 77*7” -

TEMPERATURE RANGE o 0.140 DIA
Operating, rated speclflcatu}ns2 +10°C to +60°C * e06eese /C;SNK '
Storage : —~55°C to +125 c * | =, ey

-~ P . e A -y S P e At e e el == = L. 40 ?_ '@ '@' 4 HOLES

.  MECHANICAL oro
Case style - pin configuration F—1 * * e
Mating socket AC1010 *

- B i |-—| .06 ——| ~—0.17

|.40Q

1. Refer to the Appllcatlon N:;t;s ;or adjustment ﬁf zar.;wn?s‘_at-:i::ri T f . o SOLDER

2. Models also availsble for operation fram —25 to +B6 C. &0 LUGS

3. XCommeon mode voltage range equals rated output voltage range. M_A}i | I

4. See Page 1 for speclfications at higher power supply voltages.

* Specifications same as for Model J. 093 | F [

Specifications subject to change without notice. www.Electrojumble.org.uk
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APPLICATION NOTES FOR MODEL 153

INITIAL OFFSET VOLTAGE

Most differential operational amplifiers have provisions for
adjusting initial offset to zero with an external trim pot. It
is not usually realized that there is a second order increase
in voltage drift which accompanies the initial offset adjust-
ment, The increased voltage drift due to balancing the
amplifier can be safely ignored in conventional . amplifiers
since it is a small percentage of the specified voltage drift.
But the voltage drift of the Model 153 .is so small that this
effect cannot be ignored. For example, if a 100k pot were
used to balance the initial offset voltage of the 153J {ImV
initial offset), voltage drift could change by as much as
+3uV/°C and thus would nearly double the rated drift of
SuV/°C.

The voltage drift of the Model 153 is measured and guaran-
teed when using a selected trim resistor. This resistor is sup-
plied with the amplifier and the value for this resistor is
inscribed on the unit. The specified voltage drift holds only
when this value of resistance is externally connected between
the amplifier's TRIM terminal and +2.7V. In this case, ini-
tial offset voitage is guaranteed to be less than the specified
value at +26°C. Model 153K guarantees initial offset voltage
to be less than £250uV. In this case, an external 100k trim
pot used to zero initial offset will not degrade voltage drift
by more than +.75uV/°C. The 153 can also be supplied on
special order with the trim resistor connected internally.

INITIAL OFFSET ADJUSTMENTS

In some applications it may be desirable to zero the initial
offset of the amplifier and an external bias network is rec-
ommended which will accomplish this purpose and allow the
153 to obtain lowest voltage drift. For the inverting config-
uration in Figure 1, the amplifier can be easily zeroed by
summing an additional bias voltage (ey) which is set equal
to the initial offset of the amplifier.

Ry

bonn B
+2.7V
(SUPPLIED)
30K
-2TV Rb225ﬂ FOR MODELS IS3K

RbXIDOQ FOR MODELS 1534

FIGURE 1. BIASING CIRCUIT FOR
INVERTING CONFIGURATION

tage change of less than 3uV when R, equals 2582, and like-
wise a 0.1% control of these values will maintain a .3uV
offset. These figures should be multiplied by a factor of 4
for the case where Ry, equals 10082. This circuit will also
zero the offsat due to initial difference current for values of
Ry up to about 20k£. For larger values of R the value of
R, may have to be increased with the resultant higher sus-
ceptibiiity of offset to supply voitage changes.

Figure 2 shows a biasing circuit which cart be used for the
non-inverting configuration.

2TV

Ry + Ry +fy
Ry +H,

eor 0 1

Ry-250 FOR MODELS 133K
Ry:1000Q FOR WODELS 1534

FIGURE 2. BIASING CIRCUIT FOR
NONINVERTING CONFIGURATION

A large value for R as compared to Ry, is only necessary for
low closed loop gains {less than 10} to prevent the bias voi-
tage, e,,, from changing as a function of the input voltage.
For gains greater than 10, the minimum value for R can be
reduced proportional to gain.

Of course, the circuit in Figure 2 will not work for unity
gain. For this case a 100k{} pot may be substituted for
R; to zero the amplifier, But it must be realized that the
voltage drift will be increased by as much as 3uV/°C for
the 153J under the worst conditions.

A similar circuit to Figure 2 can be used to bias the dif-
ferential configuration of Figure 3.

Ry +Ay,
44

+ Ry
Ry

R.
—onge ! Itep-a,)

trim.
R (SUPPLIED)

42,7V

3
3
$L0]

Rp=253 FOR MODELS 133K

ﬂh-IODﬁ FOR MODELS |55
-21V

Ry
) +Rg

SET R, « 105 )

FIGURE 3. BIASING CIRCUIT FOR
DIFFERENTIAL CONFIGURATION

The stability of the components or the 2,7V bias voltages
is only moderately critical. For example: a 1% change of
components or supply voltages would cause an offset vol-

For very large gains (Ro/R4), it may be necessary to use a
larger value of Ry in the bias circuit in order not to load
the bias voltage supplies.

www.Electrojumble.org.uk
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TEMPERATURE GRADIENTS

Most differential operational amplifiers are critically sensi-
tive to thermal gradients. The dual input transistor used in
the Model 153 together with careful design and layout
greatly reduces the unit’s sensitivity to thermal gradients.
The graph in Figure 4 shows the transient offset voltage
(referred to the input} resulting from a thermal shock
when the amplifier's temperature is abruptly changed from
25°C to 50°C by dipping it into a hot silicone oil bath.
This very severe test is rarely encountered in practice but it
dees illustrate the amplifier's performance under warst
conditions.

N T I : T
1 i ;
L]
[N R
. - H * T
“Lakad (17 Il
| | ‘
) 13, ' == 5
R =it
r : I . i ttTvec |
i i .1 H 1 i
= ; — 1
* * m‘.:’" : / T W lll rom erie-Ta- |
ol o it L he PEAR — FICENDED LESS FHAN |
L =+ i + 1 ws o e T .
* R ; s
e T l‘- -+ ; 1 e o
oor L L L L I
10® 0% 10° 10° 10" o

SOURCE RESISTANCE - OHMS

FIGURE 6. EQUIVALENT NOISE AS A FUNCTION OF
INPUT RESISTANCE FOR CONSTANT BANDWIDTH
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FIGURE 7. VOLTAGE AND CURRENT NOISE
PER ROOT Hz OF BANDWIDTH
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LOW NOISE

Voltage noise of the 153 is extremely low for a transistor
input amplifier. Low frequency or ’‘flicker” naisé is less
than 1uV p-p, over a bandwidth of .01Hz to 1Hz. This is
contrasted with 5-20 uV p-p for chopper types. Addi-
tionally chopper amplifiers often exhibit high peak to peak
values of chopper noise at and around the chopper fre-
quency. This “spike” noise is, of course, absent in the
chopperless 153. The accompanying graphs represent actual
data taken on the 153 showing .01 Hz to 1 Hz noise, total
voltage and current noise as a function of input resistance,
and a plot of voltage and current noise per root cycle of
bandwidth,

ABOUT BATTERIES

Four 1.35V mercury "D’ cells will power a 153 at full out-
put continuously for over 3 years! Further calculations
may be made with the information below.

Mallory Milliamp- Wt.
No, Volts | Hours Size Oz. Remarks
TR152R 2.7 | 380 A7"dia. x 1.125 }0.42 §"Button cell”:
use 2 per 153
RM42R 1.35] 14000 [1.2" dia.x 2,375}5.8 [ D" cell: use
4 per 153
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MODEL 180A/B/J/K

CHOPPERLESS DIFFERENTIAL
SDESCRIPTtON : OPERATIONAL AMPLIFIER

£

Based on considerable production experience, performance of the now
familiar Model 180 operational amplifier series has been improved, and
simultaneously, cost has been reduced. Drift of only 0.5uV/°C makes

the Madel 180 the highest performance differential input chopperless FEATURES

op amp currently available. While chopper stabilized types still offer

the ultimate in voltage drift performance, certain limitations are in- Voltage Drift - 0.5uV/°C max
herent in their application. ’ Long Term Drift - 5uV/month

Initial Offset Voltage - 100pV
Warm-up Drift - 5uV
Commeon Mode Rejection - 100,000

Specifically, since chopper stabilized amplifiers are nearly always sing- B"_is Current Drift - 0.05nA/°C
le ended devices, they are limited to inverting applications. Since many Price - £37. to £55.
applications require access to the non-inverting input, {high impedance
followers, differential bridge circuits, etc) the 180 is of wide interest.
Furthermore, it has additional advantages in smaller size, fess weight,
and lower cost than most chopper types. “‘Flicker’” noise, common
1o choppers, is lower in the 180 and chopper “spikes” are, of course,
totally absent.

@HERE TO USE THE 180

Because no single operational amplifier can solve all problems simul-
‘taneously, certain compromises must be made as “‘trade-offs’ for sup-
erior performance in other key parameters, [n this regard it will be
found that the 180 is not the best amplifier for use in applications re-
quiring high speed {i.e. wide bandwidth, high slew rates, fast settling
time, etc). Additionally, where extremely high source resistances {a-

bove, say, 100k} require the consideration of very low bias currents APPLICATIONS

the 180 should not be considered the best choice. Analog Devices )

manufactures a wide variety of extremely fast amplifiers and has a very High Impedance Buffer
compiete collection of FET and varactor bridge types for these spec- Bridge Amplifier

ialized applications, Stable Voltage Source

Low Level Amplifier

The 180 series is the best choice where very small signal levels {less
than 1mV), from moderate source impedances {below 100k £2), with
modest frequency requirements {DC-5kHz) must be observed, measured
or manipulated. Also in this group are larger signal levels that must be
operated upon with a very high degree of accuracy, e.g. Tvolt to .01%
accuracy. Low voltage drift and noise specifications are the prime re-
quisites for proper solution to this class of ap-amp application prob- DEVICES
lems. Another application is the fow drift/high input impedance buffer

o 38-40 FIFE ROAD

.mp!lfler. KINGSTON-ON-THAMES
/ SURREY
01-546-6636
01-549-0811
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CHOPPERLESS DIFFERENTIAL OPERATIONAL AMPLIFIER

SPECIFICATIONS (typical @ 26°C ur_ﬂess'otherwise noted)

MOLC DEL 180A 1808 1804 180K
OPEN LOOP, GAIN, rated load, min,_ 300,000 ,
RATED QUTPUT
Voltage, min 10V
Current, min +2 5mA
__Load capacitance range _ 1000pf
FREQUENCY RESPONSE
Unity gain, small signal 1.0MHz
Full power response, min 10kHz
Slewing rate, min ) 0.6V/us ¢
Overload recovery 2 2ms
- - S " ]
INPUT OFFSET VOLTAGE
Initial offset 26°C, max* £imvV** £100uV £250uV +100uV
Avg. vs. temp(10 to 60°C) - - +1.5uM/°C +0.5uVv/°C
vs. temp(-25 to 25 to B5°C)  +1.5uV/°C +0.5uV/°C - -
vs. supply voltage 2uV /%
vs. time +5uV/month
—Warm up drift {5 min} SuV -
INPUT BIAS CURRENT
Initial bias, 26°C.max +4nA
Avg. vs. temp(10 to 60°C)max - - £Q.1nA/°C +0.05nA/C
vs. temp{-26 t0 85°C)max  £0.2nA/°C +0.2nA/°C - -
vs_ supply voltage £0.2nA/% \
{NPUT DIFFERENCE CURRENT
Initial difference, 25°C £1nA
Avg. vs. temp(10 ta 60°C) -~ - $0.020A/°C +0.02nA/°C
—Ava._vs. temp(:26 10 86°C).____ *0.05nA/;C___+0.05nA/C = = \
INPUT IMPEDANCE . .
Differential M8 '
:Cgmmon mode 1.000ME2 -
INPUT NOISE
Voltage, .01 to 1Hz, pp uv
.01 to 100Hz, pp 2uv
5Hz to B0kHz, rms auv
Current, .01 to 1Hz, pp 50pA
————.01,10.100Hz,p-p. _.100pA —_
INPUT VOLTAGE RANGE
Common mode voitage, min 210V
Common mode rejection @ £10V 100,000
!__,I\Ilﬁafx._sgf‘e_cj‘iffgrgn_ﬁal voltage 215V -
_POWER SUPPLY
Voltage, rated specification +{15 to 16V}
Voltage, derated specification {10 to 18V}
Quiescent current, max BmA
—Quiescent current 5.5mA .y
TEMPERATURE RANGE
Operating, rated specification -25 to +85°C  -25 1o +85°C 10 to 60°C 10 to 60°C
Operating, derated specifications -85 to +85°C
—.Storage -65 ,to +85°C =
MECHANICAL
Case Style - Pin Configuration Qi1
Mating Socket AC1003
—Weight 8BS0z, .
PRICE .
. 1-24 £40.0.0. £55.0.0. £37.0.0. £47.0.0. '
*External resistor supplied.
+»+2500V max; add £2.10.0. and specify 130AEcr . .
Spacificatians subject to change withaut ndY¥. ectrojumble.org.uk
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CHOPPERLESS DIFFERENTIAL AMPLIFIERS

£

,..Until- the':ad\rent of thgé new generatién choppgriessdiffer-
‘entia! op“amps {pioneered by the Analog Devices-Model

180); design- engineers had been ‘forced to eitﬁer compro-
~mise stheir requirements and use exrstmg d:fferentsa! amp-
imers or-apply the .more costly - chopper stabilized. typss,
- notwithout encountermg certain other difficulties. The 180

is contrasted wrth_ these alternative approaches below.

*

'VERSUS CHOPPER TYPES

"HIGH INPUT IMPEDANCE—Chopper amplifiers, while ex-

ceptionally good for low voltage drift, are generally single-

ended input devices, and are only applicable as inverting =

amplifiers. The chopperless 180 provides:-the flexibility-of
true differential inputs and hence may be connected in
the 'noninverting_ configuration. This connection “boot-
straps’ input impedance to 1000MS2 {the common mode
impedance). Most chopper amplifiers can achieve input im-
pedances of only a few megohms. The 180 can also be con-
nected in all other op-amp configurations requiring differ-
ential inputs.

LOW NOISE-~The 180 is specified at 1uV p-p noise ievel
in a bandwidth of .01Hz to-1Hz, an order of magnitude less

.:han the “flicker noise” of most chopper types. Addi-

ionally, chopper amplifiers have high level “‘spikes” at the
chopping frequency which are, of course, totally absent
in the chopperless 180.

VERSUS CONVENTIONAL DIFF AMPS

THERMAL GRADIENTS~The superior drift and noise per-

. formance of the.180 is based on the use of special dual

monolithic input transistors and proprietary thermal de-
sign techniques. One of the major limitations of previcus-
Iy available differential amplifiers has been their acute sen-
sitivity to drift and noise errors introduced by thermal grad-
ients. This means that while these amplifiers might be spec-

" ified with 5;1V/°C drift coefficients, it is implied in this

specification that the amplifier is subjected to a totally
isothermal environment. In practice, however, this is rarely
the case. Installation of the amplifier near cooling fans,
transformers, power ti’*ansistors,: or other gctive devices will
almost .always produce a temperature difference between
opposité sides of the amplifier and therefore, a thermal
gradient across it. Since differential amplitiers depend on
cancellation of VBE voltages for their drift performance,
this results in offset errors {and low frequency noise} far in
excess of the published specifications and the designer's
P expectations. The aforementioned attention to special mon-
olithic transistors and thermal des:gn reduce this effect in
the 180 by at least anforder of magnitude.

- LONG :-[EF\'M AND WARM-UP DRIFT=Special high stab-

ility metal film resistors are used at critical points in the
design of the 180. Since resistor aging is the major cause
of long term drift in operational amplifiers, the 180 spec-
ification of 20uV/year is several times better than amp-

- lifiers designed with carbon composition resistors [most -

low-cost op amps). Further, the ¢ombination of special
components and thermal design limit warm-up drift to less
than 5uV, two orders of magnitude less than is found in
maost conventional differential op amps.

MONOLITHIC PAIR ELIMINATES
THEAMAL GRADIENTS BETWEEN
INFUT TAANSISTORS, PAOYIDES
IMMUNITY AGAINST 240,V OFFSET
EAROAS FOR EVERY 1/10°¢
TEMPERATURE DIFFERENCE

GIVE Suv / MONTH

METAL FiLM RESISTORS
LONG TERM STASILITY/

DUAL INPUT

f +15v OC
TAANSISTOA |

Q.Ind/>C

CONVENTIONAL
CIRCUITRY

LSV *C Max )
Zowe ZMILMIN
Z (W lOGOM L MIN

100,000 CMAR J

Yo
+1gv
+2 5ra

[ XETYE

MINOLITHIC PATR REDUCES 2400uv/°C
ORIFT TO BETTER THAN i.5aVv/"C;
BIAS CURRENTS ALSD TRACK TO
Q02raltC

CONSTANT
CURRENT
SOURLE

=15y DC

HOW THE MODEL 180 WORKS

The advanced performance of the Model 180 is based on a pro-
prietary technique for closely matching the dual input transis
tors together with refined circuit design which minimizas every
passible source of drift. Since the voltage offset of diffarential
amplifiers depends on cancellation of the 2,400UV/ C drift of
each input transistor, 8 very small temperature difference be-
wween the junctions of the input pair caused by tharmal grad-
ients can cause a sighificant offset errar, In the 180, the use
of a monolithic pair at the amplifier input greatly reduceas this
source of error. As an illustration, an abrupt temperature shock
from 25 to 50°C generates a transient offset voltage of lass than
100UV, which is an order-of-magnitude improvement over con-
verttional differential ampiifiers.

www.Electrojumble.org.uk
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TEMPE RATURE GRADI ENTSQ

. t:ve to!gtherma! gradnents The dual- -input; :transnsto

: the Model - 180 stogether Mth careful design and: !ayo t
: greatly reduces the uniit's sens:twlty ‘to- thermal graal

the amplefler s ”temperature Jis abruptiy changeé
25°C to 50°C by dlpping it .into a hot- suhcon oal* .
This very severe ‘test is rarelv encountered in practlce butit
daes tI!ustrate the amplifler s performance under worst con-
: -ditlons‘ w0
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FIG. 4 TRANSIENT OFFSET VOLTAGE RESPONSE
TO THERMAL SHOCK

s Mcst drfferen‘tlal operatlonal ampllﬁers are critically Sensi;
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FIG. 5 TYPICAL WARM-UP DRIFT

'_ vo!tage ‘and current ncuse as’a functton of mput resistan
{Fig: 6} and 2 ptot of voitage and current notse per ro
Lﬁcy(ﬁe of»nbandmdth (Fig. 7). ;

V chopper!ess 180 'fhe éccompanymg graphs represent actual
¥ data taken on the: 180 showing {01Hz to 1Hz ,noise total

k '=f %

- The. graph in Figure 4 shows the transient offset voltage
(referred to:the input): resultmg from'a thermal: shock when :
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| operational ampilflers have prows:ons forf .
|:offset to zero W|t31 an external tram pot* !t

T O TR .
APPLICATION NOTES S R R S

‘nomnvertmg conflguratlon

+15v

Rt
(SUPPLIED}

B> I00R

&) €

Rp

50K
I Q
Re=Rg-R; HIR; _i5v

=100 (I80A}
Rb | =250(80J}
<I00{IB0BAK)

FIG. 2 BIASING CIRCUIT FOR NON-INVERTING
CONFIGURATION

v

+15v
T 50K

—I5v

trim
Rt
(SUPPLIED}

gy +I5V
<1000 {190A)
Ry

225 N(180J)
=IO 01808 &K)

FIG. 1 BIASING CIRCUIT FOR INVERTING

CONFIGURATION

R t
+>10K (SUPPLIED)

50K

=2501(1B0J; R

p
<1000 1BDA)
Rp
=I00 (IBOB & K}

=I5V

SET Ry =10°]{ RdI-R,)

----- | FiG. 3BIASING CIRCUIT FOR DIFFERENTIAL
CONFIGURATION
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A number of additional low drift amplifiers are available
from Analog Devices. Among these is a complete line of
chopper stabilized types including Models 230 (0.12V/°C,
0.5pA/°C, $139 unit quantltles} and Model 210 {0.5uV/°C,
1.0pA/°C, $157).

For high impedance applications where ultra low bias cur-
rent is required, Models 141, 142, 143, 147 and 501 feat-
ure FET inputs. Models 301, 302, 310 and 311 are var-
actor bridge types with femto-amp bias currents.

The Model 183 is a chopperless differential amplifier sim-
ilar to the 180 series with somewhat relaxed specifications
and reduced cost,

www.Electrojumble.org.uk
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DESCRIPTION

The Maodel 184 is a third generation improvement in a series of ultra low
drift, chopperless, differential input operational amplifiers from Analog
Devices. By using new design techniques and improved components,
performance has been upgraded and drift reduced to only Q,26uV/°C,
Combining this with an initial offset voltage of only 100uV" and input
difference current drift of 0.02na/°C, the Model 184L achieves the best
drift performance of any differential input op amp currently available.
Prices, however, have been reduced to a point where the Model 184 will
be an attractive solution for many low level, high accuracy instrumenta-
tion applications.

WHERE TO USE THE MODEL 184

While chopper stabilized amplifiers, such as Models 232 and 233, still
offer the very lowest levels of voltage and current drift, their range of
possible applications is limited by their single-ended input design. By
contrast,owing to its differential inputs,the Model 184 may be connect-
ed as a non-inverting amplitier with input impedance of 109 ohms, or as
a bridge circuit differential amplifier. In addition, flicker noise {often
observed in chopper amplifiers} is reduced, and chopping spikes are, of
course, totally absent.

The Model 184 is the best choice where small signal levels, less than
1 millivolt, from source impedances up to 100k ohms, must be observed,
measured , or manipulated. Other applications include large signals which
must be buffered with extremely high accuracy, such as 1 volt with
0.01% accuracy.

LONG TERM STABILITY

Special attention has been paid to minimizing the long term aging drift
of the Model 184. Since little industry data is available on long term
drift, the circuits and components of the Model 184's predecessor have
been tested and monitored for more than one year to verify their aging
and stability characteristics. The remarkable long-term stability of the
dual monolithic transistors and other input stage components used in
the Model 184 is illustrated by actual data taken on a group of similar
amplifiers, as shown in Fig. 6.

OFFSET AND DRIFT

Initial offset voltage is adjusted and fixed at less than 100uV to remove
any possibility of disturbing the drift characteristics of the amplifier
due to second order effects of standard external trim operations. [f
desired, the remaining offset may be reduced to zero by external bias
networks, as shown on page 3. Warmup drift and offsets caused by dis-
sipation and thermal gradients are essentially negligible. The Model 184
embodies the most exotic low-drift performance ever achieved in differ-
ential op-amps and represents the culmination of over four years of in-
tensive research and development in this area of amplifier design.

www.Electrojumble.org.uk
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MODEL 184J/K/L
ULTRA LOWDRIFT

CHOPPERLESS DIFFERENTIAL
OPERATIONAL AMPLIFIER

FEATURES

Initial Offset—under 100z V
Voltage Drift— .25:V/°C max

Long Term Drift—3uV /month,
10uV /year

Common Mode Z—2000 Megohms

Difference Current Drift—.02 nA/°C

ANALOGH
DENICES Z

CLERRBEL - MIISACUNLL' IS

SOCEL
1LOW

184 eee
AMPUFIER

APPLICATIONS

High Impedance Buffer
Bridge Amplifier
Stable Voltage Source
Low Level Preamplifier

Precision Voltage Comparator

ANALOGII
DEVICES 2

PASTORIZA DIVISION

59 Eden Street, Kingston-oﬁ-_Thnmes
Surrey, ENGLAND

Telephones _
01-546 6636 01-549 0311 01-549 1277/8



Models 184A and 1848 are identi-
MODEL: 184 ELECTRICAL SPECIFICATIONS cal to Models 184J and 184K re-
spectively, except that listed spec-
SPECIFICATIONS (typical @25°C and =15V DC unless otherwise noted) ifications are met over the E)gtend-
ed temperature range of ~25°C to
. L] . .
MODEL 184 184K 184L +85°C. F)ffset voltage drift is Egased
. : - - on 3 point measurement: ~25°C to
OPEN LOOP GAIN +25°C and +25°C to +85°C.
with 2k€2 de load, min 300,000 * *
with 10k$2 dc load 1,000,000 * *
"RATED OUTPUT
Voltage, min +10V * * 6 .
Current, min *5mA * * T .
Load capacitance range 0 to 1000pF * * 0.4
FREQUENCY RESPONSE ’ 4 i 0
Unity gain, small signal 1.0MHz * * —
Fuli power response, min EkHz * * k0.4 Dia.
Slewing rate, min 0.3V /usec * * L_0.20 MIN., 0.25 MAX.
—_— T s N il »
INPUT OFFSET VOLTAGE
Initial offset, 25°C, max +260uV 100V +100uV oo
vs. temp (+10° to +60°Cmax  +1.5uV/°C +0.5uV /°C +0.26uV /°C Ei
vs. supply voltage +5uV /% * * 6 PINCHA- 3
vs. time +3uV /month * * . ¢ING+ :Inm» ‘%
Warm-up drift _20 minutes +10puV * ¥ LT
INPUT BIAS CURRENT
initial bias, 256°C, max (0, +) 256nA *
vs. temp (rated temp. range) max. (0, -} 0.25nA/°C  * BOTTOM VIEW  —« [+—0.1 GRID
vs. supply voltage +0.1nA /% * * *TRIM CONNECTION — the amplifier
X INPUT ij—iFI;EREN-éE CUBRENT - » is internally trimmed as explained on
.. . a * . page 3. It requires no external trim con-
Initial difference, 25°C 2nA nection. Though the TRIM terminal is
— Avg._vs. temp, rated temp. range __*0.02nA/°C * * \ brought out, no connection should be .
INPUT IMPEDANCE made to it.
D ifferential aML ]| 4pF * * OUTLINE DIMENSIONS
_—Common mode 2000MQ2 i 4pF___ * . , (IN INCHES) 023
INPUT NOTSE L 4 RER
Voltage, .01 to 1Hz, pp 1Y * . | l ;?;
5Hz to 10kHz, rms 3uv * * SOLDER ___ MAX,
__Current, 0110 1Hz, pp ___10pA * * _ LUGS '
INPUT VOLTAGE RANGE
Common mode rejection ratio * * 1.40 i
at+10vDC 100dB 17— = ]
Max. safe differential voltage 15V * * | .
POWER SUPPLY ” PODOD 140 DIA
Voltage, rated specification +15V . * |F$8 758 1 2woLes
V oltage, derated specification +{10 10 18)V * * 140 ‘T_ -@ TE o
Current, quiescent +9mA * ¥ 20 Z Z
TEMPERATURE RANGE 1 ©®
Operating, rated performance +10 to +60°C
Operating -55 to +85°C *
Storeoe LR — | MATING SOCKET Acioln
MECHANICAL " |
Mating socket ’ AC 1010 * » Ultra-low drift chopper stabilized
Weight 0.9 oz. . . amplifiers with 0.1uV/°C voitage
Ferice ] drift and 50pA input current —
Analog models 230, 231, 232, 233,
1-24 £93.00 £3000 £37.00 260, for both inverting and non-
S inverting applications are available
; ! at low cost.
*Specifications same as for Modal 1844 .
Specifications subject to change without notice.
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INITIAL OFFSET VOLTAGE COMPENSATION

Most differential input operational amplifiers have provisions
for compensating initial offset voitage to zero using an ex-
ternal trim potentimeter. It is not usually realized that there
is a second order increase in voltage drift which accompanies
the initial offset adjustment, since perfect trim normally

requires unbalanced collector load resistances in the first
differential stage. This second aorder drift can be ignored in
most operational amplifiers, since it is only a small percent-
age of the total drift. In the Model 184, however, the basic
drift is so low that this additional component could be signif-
icant. Therefore, initial offset voltage at 25°C has been inter-
nally trimmed to the lowest practical level during production

of the Model 184, and the amplifier's “‘trim” connection

must NOT be used. For many applications, the initial offset
of the amplifier is indeed so low that the expense and

inconvenience of an external trim is not necessary. In some

applications, however, it may be desired to reduce the

remaining initial offset voltage to zero. For the inverting

configuration, Figure 1 itlustrates the technique for providing

an additional bias voltage (Ep} to reduce the initial offset

1o zero.

Ry

e =

> onen 3

+

+I15V :b {R; lIR{)-25
>
.

50K =
>

Rp =250
—IsV

Fig.1 Biasing Circuit for Inverting Configuration

The stability required of the trim components and of the £15
volt supply is only moderately critical. For example, a 1%
change on the 15V supply would only result in a 4.0uV
shift of offset voltage, and likewise, a 0.1% change in the
circuit values will maintain a 0.40uV offset limit. This cir-
cuit may also be used to zero the net offset resulting from
initial input difference current.Figures 2 and 3 show similar
circuits for zeroing the offset voltage, for both the non-
inverting and differential configurations.

R;> 2500
Ep

RytRg-R, URs

Fig.2 Biasing Circuit for Non-Inverting Configuration

Re425

ey (1%‘55'- Jea-e)

-5y

ST Ryt ()

Fig.3 Biasing Circuit for Differential Configuration

HOW THE MODEL 184 ACHIEVES ULTRA
LOW DRIFT

The advanced performance of the Model 184 is based on
the use of a dual monolithic input transistor in a highly-
refined circuit design utilizing extensive matching and se-
lection to minimize every possible source of drift. Since the
stability vs. temperature of the Model 184 depends critically
on the cancellation of the 2400uV/°C drift at each of the
base-emitter junctions in the differential input stage, an
extremely small thermal gradient between these junctions
can cause a significant drift error. The special dual input
transistor and proprietory design techniques reduce the
resultant drift of the 184 to a level previously unobtainable
with chopperless amplifiers.

METAL FILM RES|
GIVE JaV/ MONTH
LONG TERM STABILITY

DUAL INPUT +18v DC
TRANSISTOR
Q25nA G
b CONVENTIONAL
CIRCUITRY
Zowr 0L 7 "
2o 2000M0
100,000 CMR 1 tiov
2400 aoo.o 3 3ma
i T
O280A7C
e
MONCLITHC PAIR REQUCES 2400V/*C
CONSTANT DRIFT TO BETTER THAN 0.25:0/%C;
CURRENT EIAS CURRENTS ALSO TRACK TO
SOURGE 0.02nA /%
-8V oC

HOW THE MODEL 184 WORKS
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TEMPERATURE GRADIENTS

Most differential operational amplifiers are critically sensi-
tive to thermal gradients. The dual monolithic input transis-
tor used in the Model 184 (together with careful design and
layout) greatly reduces the unit's sensitivity to thermal gra-
dients. The graph in Figure 4 shows the transient offset
voltage {referred to the input} resulting from a thermal
shock when the amplifier’s temperature is abruptly changed
from 25°C to 50°C by dipping it into a hotsilicone oil bath.
This very severe test is rarely encountered in practice but
it does illustrate the amplifier's performance with violent
temperature changes.

10uV | 5 min

Fig.4 25°C Thermal Shock for Modef 184J

WARM-UP DRIFT

The amplifier has exceptionally low warm up drift follow-
ing the application of power supply voltage. Initial warm up
drift is typically less than 10uV over a period of 10 minutes.

LONG TERM DRIFT

Life tests run on Models 180 and 183, the predecessors of
the 184, have shown that long term drift over a year will be
only 10uV, The performance of the Model 184 should equal
or improve on this data. Figure 6 shows data taken on a
group of Model 183 amplifiers over a one year pericd.

L1 1]

>
1 RESULTS OF 5 UNITS
- TESTED N TEMR RANGE
w OF 219 TO 344°C
e WORST UNIT
S5 +15 e —
W 40 LT . T_
+5 %:"" BEST UNIT -
] e~
o - O Nt e i
o] 40 80 120 16O 200 220 260 300
TIME —-DAYS
Fig.6 Long Term Stability
120 120
100 / 100
_ Phase -
g 80 80 g.
£
R4 g
g &0 60 £
3 G &
c % H]
- 0 £
20 20

"] 0
10° 10 10! 100 10! 0% 10°
Frequency (Hz}

Fig.7 Frequency and Phase Response of Model 184

I NOISE 5pA

T e |
//
TURN ON 15 min3)
Y
Fig.5 Typical Warm-Up Drift
LOW NOISE

Voltage noise of the 184 is extremely low for a transistor
input amplifier. Low frequency or “flicker” noise is less than
1V p-p, over a handwidth of .01Hz to 1Hz. This is con-
trasted with 2-6uV p-p for chopper types. Additionally,
chopper amplifiers often exhibit high peak-to-peak values of
chopper noise in the vicinity of the chopper frequency and
its harmonics. This “spike” noise is, of course, absent in the
chopperless 184.

i 1A A

! WY d oAl

20 slec

]T' [ 1
E NOISE 1w

Fig.8 Voltage and Current Noise 0.01—1 Hz

10 10 10? 10 10* 10 0"
Fraquency (Hz)

Fig.8 CMR vs. Frequency

s
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DESCRIPTION Model 183 J/JK/L

The new generation chopperless 183 series operational amplifiers are designed to
solve application problems where low drift, low noise, small size and low cost
are primary design considerations, Because no single operational amplifier can LOW COST / LOW DRIFT
solve all problems simultaneously, certain compromises must be made as “trade- :

?ffs’;lfor superior performance in other ltg_ey arameters. Iin this regard it willillgﬁ CHOPPERLESS DIFFERENTIAL
ound that the 183 is not the best amplifier for use in applications requiring hi

speed (ie., wide bandwidth, high slew rates, fast settling times, etc.). Addi- OPERATIONAL AMPLIFIER
tionally, where extremely high source resistances (above, say, 100K$2)require
the consideration of very low bias currents the 183 should not be considered the
best choice. Analog Devices manufactures a wide vatiety of extremely fast ampli-
fiers and has a very complete collection of FET and varactor bridge types for
these specialized applications.

WHERE TO USE THE 183 FEATURES

The 183 series is the best choice where very small siﬁna! levels (less than 1mV}),
from moderate source impedances (below 100K£2}, with modest frequency require-
ments (DC-5KHz} must be observed, measured or manipulated. Also in this

group are larger signal levels that must be operated upon with a very high d?gree Voltage Drift 1.5uV/°C
of accuracy, e.g., 1 volt to .01% accuracy. Low voltage drift and noise specifica

tions are the prime requisites for proper solution to tI}is class of op-amp gggli- Input Impedance 1000MQ
cation problems. Another application is the low driftfhigh input impedance .

buffer fmp]iﬁer. PP high inp P Low Noise TuV PP
Until the advent of the new generation chopperless-differential op amps (pio- i ” i
neered by the Analog Devices Model 180}, design engineers have been forcecf to qu Profile 4" Height
either compromise their requirements and use existing differential amplifiers or Price {1-9) $35 {J)
apply the more costly chopper stabilized types, not without encountering certain

other difficulties. The 183 is contrasted with these alternative approaches below. $45 (K)

VERSUS CHOPPER TYPES $65 (L)

HIGH INPUT IMPEDANCE — Chopper amplifiers, while exceptionally good
for low voltage drift, generally single-ended input devices, and are only applicable
as inverting amplifiers. The chopperless 183 provides the flexibility of true differ-
ential inputs and hence may be connected in the noninverting configuration.
This connection “bootstraps” input impedance to 1000MS2 (the common mode
impedance). Most chopper amplifiers can achieve input impedances of only a few
megohms. The 183 can also be connected in all other op-amp configurations re-
quiring differential inputs.

LOW NOISE — The 183 is specified at 14V p-p noise level in a bandwidth of
.01Hz to 1Hz, an order of magnitude less than the “flicker noise” of most chop-
per types. Additionally, chopper amplifiers have high level “spikes” at the chop-
ping frequency which are, of course, totally absent in the chopperless 183,

LOW COST AND SIZE —The high performance of the 183 is available at a
fraction of the cost of most chopper stabilized op amps. The .4 height also
allows the 183 to be designed in where large and heavy chopper types could not
be considered.

VERSUS CONVENTIONAL DIFF AMPS

THERMAL GRADIENTS — The superior drift and noise performance of the
183 is based on the use of special dual input transistors and proprietary thermal
design techniques, One of the major limitations of previously available differential
amplifiers has been their acute sensitivity to drift and noise errors introt}lutczled by
thermal gradieats. This means that while these amplifiers might be specified with

5uV{°C %:lrrift coefficients, it is implied in this specification that the amplifier is APPLICATIONS
subjected to a totally isothermal environment. In practice, however, this is rarely
the case. Installation of the amplifier near cooling fans, transformers, power . e .
transistors, or other active devices will almost always produce a temperature Low Leve! Signal Conditioning
difference between opposite sides of the amplifier and therefore, a thermal gradi- .
ent across it. Since differential amplifiers depend on cancellation of Vgg voﬁages Precision Voltage Comparators
for their drift performance, this results in offset errors (and low frequency Mi D .
noise} far infexcess of tl'l::‘1 published speciﬁca;ilons and the dedsig:{:er’s expecta- icrovolt DC Amplifier
tions. The aforementioned attention to special transistors and thermal design H

reduce this effect in the 183 by at least an order of magnitude. High Impedance Buffers

BIAS AND DIFFERENTIAL CURRENT ERRORS — Al differential
amplifiers are subject to an equivalent voltage error developed by the bias current
across the input resistance {in the case of the inverting connection), or the source
impedance (for the noninverting configuration}. It is not always realized that the
+ and — bias currents tend to “track” one another and by balancing the imped-
ances “seen” {with respect to ground) by the + and — inputs, the eqguivalent
voltage offset may be calculated on the basis of the difference current {I3) ANALOG
specified for the amplifier, The 183 difference current is specified with a guaran-
teed maximum value of .05nA/ C, The engineer who employs the abave tech-
nique by means of a compensating resistor may confidently predict drift per-
formance of his design. The 10 to 1 improvement of difference current over bias
current means that the maximum allowable impedance (to remain within any
given limit of error) may be extended by a full decade of resistance,

LONG TERMdAND WARM-UP DRhIIZ{T—SpeEiglh high stability metal film DEVICES

resistors are used at critical points in the design of the 183, Since resistor aging is

the major cause of long-term drift in operational amplifiers, the 183 specification 221 FIFTH STREET,

of 100UV} year is several times better than amplifiers designed with carbon com- CAMBRIDGE, MASS. 02142
position resistors (most low-cost op amps). Further, the combination of special PHONE: 617/492-6000
components and thermal design limit warm-up drift to less than 20UV, an order TWX: 710/320-0326

of magnitude less than is found in most convential differential op amps.

www Flectrojumble org uk
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- : . LOWCOST / LOW DRIFT
Model 183 J/K/L CHOPPERLESS DIFFERENTIAL
OPERATIONAL AMPLIFIER
SPECIFICATIONS {tvpical @ 257C unless noted)

OPEN LOOP GAIN
dc rated load, min. 2 105 .

RATED OUTPUT R *
Voltage, min. # +10V

Current min. SmA

FREQUENCY RESPONSE

Unity gain, small signal 0.5MHz
Full power response, min. 5kHz
Slewing rate, min. 0.3V/ psec
Overload recovery 2msec

-

INPUT OFFSET VOLTAGE Model ] ModelK  Model L
Initial offset, 25°C max. J 3mV t.5mV £5mV
Avg. vs. temp. max.* +5uV/SC  *3pV/°C  £1.5u4V/°C
vs, supply voltage +10uVi% T10uV/i% +10uV/i%
vs. time = +10uVIday +10ﬂV/day +10pV/day

INPUT BIAS CURRENT

Initial bias, 25°C max. (0,+) 40nA

Avg. vs. temp. max.* 10.50A/°C

vs. supply voltage +0.2nA/%
e L W
INPUT DIFFERENCE CURRENT

Initial difference, 25°C, max. t4nA

Avg. vs, temp max.* . OSnA/ C

e e R e e e L

INPUT IMPEDANCE

Differential M0

Common mode ' 1000MS2

L e S R =R e S e e
INPUT NOISE

Voltage, .01 to 1Hz, p-p uv
[ 01t0100Hz,pp 2V
SHz to S0kHz, rms 12uv ‘
' Current, .01 to 1 Hz, pp 50pA -
.01 to 100Hz, PP 75pA
[ S T = e e S i S i g
INPUT VOLTAGE RANGE ‘ i
Common mode voltage, min. 110V
Common mode rejection 100,000
Max safe dlfferennal voltage 15V

T S e e

\"/‘——— MODEL 183
~N

<)
a8

VOLTAGE GAiIN-=-db
& o @
(=] (&) =]

/

150 |
—
40
— I
Wb oao o
L 020 MIN.,0.25 MAX
T ! H —
H ] Ld-1] !
dom |
INC) Ry é Ry
150 L Y S lied
NH) ouTiR ; {Supplied}
TRIM * i
I EE| '
3 NN -

WEIGHT — 90z -o - O1 GRID

*There must be an electrical connection be-
tween this terminal and +15V supply for
proper operation.

OUTLINE DIMENSIONS

POWER SUPPLY
Voltage, rated specification t(15t016)V
Voltage, derated specification +{10t0 18) V
Cu.rrent qulescent max. * 10mA .

S = e T e IR o

TEMPERATURE RANGE )
Operating, best performance®* —25to 85°C
Operating, derated performance —55 to 85°C

b Storage 55 to 125°C

PRICE Model] ModelK Madel L !
(1-9) $35.00  $45.00  $65.00 '
{10-24) $33.00 £43.00 $62.00

*Models J, K, L are tested for operation from +10°C to +60°C. ;
For operation from —25 °C to +85 °C specify models A, B, C (respectively) and add 85 each. j

L Specifications subject to change without notice. __ __www.Elecirojumble,ora.uk ...

.93
L REF.
SOLDER . MA)(.
LUGS
h 1.40
T
|%%)@(E%D 140 DIA,
I37 5& 1 2HoLes
140 4—|-@" o 0 TS
RS

Price — $3.00 {1-9)

MATING SOCKET AC1010
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APPLICATION NOTES FOR MODEL 183

INITIAL OFFSET VOLTAGE

Most differential operational amplifiers have provisions for
adjusting initial offset to zero with an external trim pot. It
is not usually realized that there is a second order increase
in voltage drift which accompanies the initial offset adjust-
ment. The increased voltage drift due to balancing the
amplifier can be safely ignored in conventional amplifiers
since it is a small percentage of the specified voltage drift.
But the voltage drift of the Model 183 is so small that this
effect cannot be ignored. For example if a 100K pot were
used to balance the initial offset voltage of the 183] {3mV
initial offset), voltage drift could change by as much as
+9uV/°C and thus would exceed the specification by a
large measure.

The voltage drift of the Model 183 is measured and guaran-
teed when using a selected trim resistor. This resistor is sup-
plied with the amplifier and the value for this resistor is
inscribed on the unit, The specified voltage drift holds only
when this value of resistance is externally connected between
the amplifier’s TRIM terminal and +15V, In this case initial
offset voltage is guaranteed to be less than the specified
value at +25°C. Models 183K and 183L guarantee initial
offset voltage to be less than +500uV. In this case, an ex-
ternal 100K trim pot used to zero initial offset will not
degrade voltage drift by more than +2uV/°C. The 183 can
also be supplied on special order with the trim resistor
connected internally.

INITIAL OFFSET ADJUSTMENTS

In some applications it may be desirable to zero the initial
offset of the amplifier and an external bias network is rec-
ommended which will accomplish this putpose and allow
the 183 to obtain lowest voltage drift. For the inverting con-
figuration in Figure 1, the amplifier can be casily zeroed by
summing an additional bias voltage (ey) which is set equal
to the initial offset of the amplifier.

necessary to balance the 183K and 183A. This circuit will
also zero the offset due to initial difference current for
values of Ry up to about 100K ohms. For larger valuesof R,
the value of Ry may have to be increased.

Figure 2 shows a biasing circuit which can be used for the
noninverting configuration.

+15v

Ry +Ry+Ry

O %omw { Ry+Ry

R,=i00Q FOR MODELS 182 K.L.B.C
R, =500 FOR MODELS 183 J.4,

FIGURE 2. BIASING CIRCUIT FOR

NONINVERTING CONFIGURATION |

+15V

50K

—15v .
Rb= 100 FOR MODELS 183 X L B,C

Ry, =304 FGR MODELS 183 )4,

FIGURE 1. BIASIENG CIRCUIT FOR

INVERTING CONFIGURATION

A large value for Ry as compared to Ry, is only necessary for
low closed loop gains (less than 10} to prevent the bias
voltage, ey, from changing as a function of the input voltage.
For gains greater than 10, the minimum value for R, can be
reduced proportional to gain.

Of course, the circuit in Figure 2 will not work for unity
gain. For this case a 100K ohm pot may be substituted for
R to zero the amplifier. But it must be realized that the
vchtage drift will be increased by as much as 9uv/°C for
the 183-] under the worst conditions. Alternatively, it is
recommended that the Model 183-K or 183-L be ordered
with lower initial offset voltage (*500uV) in which case
the depradation due to zeroing with R will be six times less

A similar circuit to Figure 2 can be used to bias the differ-
ential configuration of Figure 3.

The stability of the components or the 215V bias voltages
is only moderately eritical. For example: a 1% change of
components or supply voltages would cause only about a
7.5uV change of offset voltage (where Ry, equals ten ohms)
and likewise a 0.1% control of these values will maintain a
.75uV offset. These figures should be multiplied by a factor
of five for the case where Ry, equals 50 ohms. This value is

Rz +Rp
A

Ry
" AN

2 +Rp
Ry

—0!01[ ".2-0‘)
R
! trim

Ry (SUPPLIED)

.2

Rp310K +15v >
-—

o 25K
RDI MO fi FOR MQCELS 183 k.L.8,C

Rb F!b=50.ﬂ FOR MODELS 183 1,4,

-tsv

Ry

=108
SET Ry =108 (5

'

FIGURE 3. BIASING CIRCUIT FOR

DIFFERENTIAL CONFIGURATION

For very large gains (Ra/R;) it may be necessary to use a
larger value of Ry in the bias circuit in order not to load

the bias voltage supplies.
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TEMPERATURE GRADIENTS

. 1]
Most differential operational amplifiers are critically sensi- I
tive to thermal gradients. The dual input transistor used in ]
the Model 183 together with careful design and layout . o gt L+
greatly reduces the unit’s sensitivity to thermal gradients. g' —— 1
The graph in Figure 4 shows the transient offset voltage ® # I
. . > 01-10CH: //r
(referred to the input) resulting from a thermal shock 2 FETrEm| v o
when the amplifier’s temperature is abruptly changed from . T—r—r=r
25°C to 50°C by dipping it into a hot silicon oil bath. This | l |
very severe test is rarely encountered in practice but it does . I'(a:um:a, by 68 far Posk o Fock Values L
illustrate the amplifier’s performance under worst conditions. of IRV 7" . T}Pm:!' }" ‘!‘?{“ “? mfr":\"?;hfl !
100 1ong K000 100,000 1,006,000
' SOURCE RESISTANCE -OHMS
FIGURE 6. EQUIVALENT VOLTAGE NOISE AS A
I FUNCTION OF INPUT RESISTANCE
a3y | min— 2°r“ FOR CONSTANT BANDWIDTH
[~ THERMAL
TRANSIENT
FE L\
™ swock 0 c\\‘_ § " o
1 8 N ¢
25°C 28V = L1avreC W = I g
= =<3 z
M o i | =
g G T~ | o
2. - ' 5
g N ST T 1] g
FIGURE 4. TRANSIENT OFFSET VOLTAGE RESPONSE g, 5 PSR , 2
TO THERMAL SHOCK Ta s e T TRe | Tien | iose  reacs

FREQUENCY ~ Hr
FIGURE 7. VOLTAGE AND CURRENT NOISE

WARM.UP DRIFT PER ROOT CYCLE BANDWIDTH

The amplifier has exceptionally low warm up drift follow-
ing the application of power supply voltage. Initial warm

up drift is typically less than 20V over a period of 10 to
20 minutes, e— 30 sec—e
i
MW-V}IMMU WA
N 1
[ v e ZiLV
Vd
I Z5min -
TURN ON

i

[ FIGURE 8. TYPICAL VOLTAGE NOQISE .01Hz to 1Hz
10 uV

|

FIGURE 5. TYPICAL WARM-UP DRIFT
100 g

LOW NOISE 70 \\\
Voltage noise of the 183 is extremely low for a transistor *® \\
input amplifier. Low frequency or “flicker” noise is less than o AN
14V p-p, over a bandwidth of .01Hz to 1 Hz. This is con- g so \\
trasted with 5-20uV p-p for chopper types. Additionally 50
chopper amplifiers often exhibit high peak to peak values P .
of chopper noise at and around the choppe:r frequency. 0 h
This “spike” noise is, of course, absent in the chopperless N
183. The accompanying graphs represent actual data taken ZG.D 60 000 10000 | 100,000

Hz

on the 183 showing .01 Hz to 1 Hz noise, total voltage and
FIGURE 9. CMRR VS. FREQUENCY

current noise as a function of input resistance, and a plot
of voltage and current noise per root cycle of bandwidth.
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