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Introduction

This Data Book contains a complete summary of technical
information covering Exar's entire line of monolithic IC oper-
ational amplifier products. In addition, several design and
applications articles are also included, along with a review of
fundamentals of IC op-amps. To help the designer to choose
the right op-amp for his application, a number of convenient
cross-reference charts are also included which show the key
features of each of the products discussed, in terms of differ-
ent classes of applications.

Exar's innovativeness, product quality and responsiveness to
customer needs have been the key to its success. Exar today
offers a broad line of linear and interface circuits. In the field
of standard linear IC products, Exar has extended its circuit
technological leadership into the areas of communications and
control circuits. Today Exar has one of the most complete
lines of IC oscillators, timing circuits and phase-locked loops
in the industry. Exar also manufactures a large family of tele-
communication circuits such as tone decoders, compandors,
modulators, PCM repeaters and FSK Modem Circuits. In the
field of industrial control circuits, Exar manufactures a broad
line of quad and dual operational amplifiers, voltage regulators,
radio-control and servo driver IC's, and power control circuits.

Exar's experience and expertise in the area of bipolar IC
technology extends both into custom and standard IC products.
In the area of custom IC's, Exar has designed, developed, and
manufactured a wide range of full-custom monolithic circuits,
particularly for applications in the areas of telecommunica-
tions, consumer electronics, and industrial controls.

In addition to the full-custom capability, Exar also offers a
unique semi-custom IC development capability for low to
medium-volume custom circuits. This semi-custom program,
is intended for those customers seeking cost-effective solutions
to reduce component count and board size in order to com-
pete more effectively in a changing marketplace. The program
allows a customized monolithic IC to be developed with a
turnaround time of several weeks at a small fraction of the
cost of a full-custom development program.

Exar quality starts in Engineering where higWy qualified
people are backed up with the advanced instruments and
facilities needed for design and manufacture of custom, semi-
custom and standard integrated circuits. Exar's engineering
and facilities are geared to handle all three classes of IC design:
(1) semi-custom design programs using Exar's bipolar and
I2L master chips; (2) full-custom IC design; (3) development
and high-volume production of standard products.

Some of the challenging and complex development programs
successfully completed by Exar include analog compandors
and PCM repeaters for telecommunication, electronic fuel-
injection, anti-skid braking systems and voltage regulators for
automotive electronics, digital voltmeter circuits, 40-MHz
frequency synthesizers, high-current and high-voltage display
and relay driver ICs, and many others.

Through company sponsored research and development
activities, Exar constantly stays abreast of all technology
areas related to changing customer needs and requirements.
Exar has recently completed development efforts in Integrated
Injection Logic (I2L) technology, which offers unique ad-
vantages in the area of low-power, high-density logic arrays.
Exar has a complete design engineering group dedicated to
this new technology, and is currently supplying over twenty
different custom and semi-custom I2L products.

From incoming inspection of all materials to the final test of
the finished goods, Exar performs sample testing of each lot
to ensure that every product meets Exar's high quality stan-
dards. Exar's manufacturing process is inspected or tested in
accordance with its own stringent Quality Assurance Program,
which is in compliance with MIL-Q-9858A. Additional special
screening and testing can be negotiated to meet individual
customer requirements.

Throughout the wafer fab and assembly process, the latest
scientific instruments, such as scanning electron microscopes,
are used for inspection, and modern automated equipment is
used for wafer probe, AC, DC, and functional testing. En-
vironmental and burn-in testing of finished products is also
done in-house. For special environmental or high reliability
burn-in tests outside testing laboratories are used to comple-
ment Exar's own extensive in-house facilities.

Exar has the ability and flexibility to serve the customer in
a variety of ways from wafer fabrication to full parametric
selection of assembled units for individual customer require-
ments. Special marking, special packaging and military screen-
ing are only a few of the service options available from Exar.
We are certain that Exar's service is flexible enough to satisfy
99% of your needs. The company has a large staff of Applica-
tions Engineers to assist the customer in the use of the product
and to handle any request, large or small.

Exar reserves the right to make changes at any time in order
to improve design and to supply the best product possible.

Exar cannot assume responsibility for any circuits shown or
represented, as being free from patent infringement.
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Fundamentals of Operational Amplifiers

The "ideal" operational amplifier can be defined as a voltage-
controlled voltage amplifier circuit which offers infinite
voltage gains with an infinite input impedance, zero output
impedance, and infinite bandwidth. The advantage of such
an idealized block of gain is that one can perform a large
number of mathematical "operations", or generate a number
of circuit functions by applying passive feedback around
the amplifier.
The key features of operational amplifier application can be
illustrated using the simple feedback circuit of Figure 1,
and assuming that the operational amplifier has infinite gain
and infinite input impedance. Then, the following two condi-
tions have to be satisfied:

a) Since the voltage gain is infinite, the net voltage across
the input terminals of the operational amplifier must
be zero, if the operational amplifier output voltage is
to be finite. In the circuit of Figure 1, this causes the
inverting input terminal of the operational amplifier to
behave as a "virtual ground".

b) Since the input impedance of the ideal operational
amplifier is infinite, no input current is drawn by the
operational amplifier, the total current going into the
circuit node connected to the inverting input of the
operational amplifier (node Q in Figure 1) must be
equal to the total current coming out, i.e.:

VIN VoIs= -IF and -Rs

Av = VOUT =
VIN

Because of this property, the noninverting input of an
operational amplifier is often referred to as its "summing
input".

+
l~OUT

In the case of actual operational amplifiers, both the voltage
gain and the input impedance are quite high, but still finite.
Figure 2 shows the same basic feedback circuit assuming that
the amplifier now has a finite input resistance, RIN, and a
finite voltage gain A. For simplicity, the output impedance

of the operational amplifier is assumed to be negligible.
~;~e overall voltage gai~ of cthe circuit can ~ow be expreJssed

AV=VOUT/VIN=- R_ 1 (3)
''S I + A (1 + Rp/Rs + Rp/RIN)

+
VOUT1-

Figure 2. BasicFeedback Configuration Usingan Operational Ampli-
fier WithFinite Input Impedance and Gain.

It should be noted that, for large values of RIN, as the voltage
gain increases (i.e. A ~ 00), this expression rapidly converges
to that given in equation 2; and the circuit performance becomes
solely determined by the external components.

In addition to having finite gain and input impedance, an
actual operational amplifier circuit also has finite input bias
currents as well as input offset voltage and currents. A more
complete model of a practical operational amplifier is shown
in Figure 3 where IB indicates the finite input bias currents;
Vio and lio represent the voltage and current offsets associ-
ated with the circuit and Ro is the output resistance. Due
to non-zero values of Vio and lio in a practical operational
amplifier circuit, VOUT =1= 0 for VIN = O.

1'.....I .
I .
I .

.•.••.. .•.•.. .•.•..
AV1 ~
,- RO .

Figure 3. Equivalent Circuit of a Practical Operational Amplifier
Showing the Effects of Finite Input Impedance, Current and Voltage
Offsets.



Definitions of Operational
Amplifier Terms
Since the operational amplifier has become a universal building
block for circuit and system design, a number of widely accepted
design terms have evolved which describe the comparative
merits of various operational amplifiers. Some of these terms
are defined below:

Input Offset Voltage: The input voltage which must be applied
across the input terminals to obtain zero output voltage.

Input Offset Current: The difference of the currents into the
two input terminals with the output at zero volts.

Input Common-Mode Range: Maximum range of input
voltage that can be simultaneously applied to both inputs
without causing cutoff or saturation of amplifier gain stages.

Common-Mode Rejection Ratio: Ratio of the differential
open-loop gain to the common-mode open-loop gain.

Supply Voltage Rejection Ratio: Input offset voltage change
per volt of supply voltage change.

Input Resistance: The ratio of the change in input voltage to
the change in input current on either input with the other
grounded.

Supply Current: The current required from the power supply
to operate the amplifier witli no load and the output at zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.

Large-Signal Voltage Gain: The ratio of the output voltage
swing to the change in input voltage required to drive the out-
put from zero to this voltage.

Full-Power Bandwidth: Maximum frequency over which the
full output voltage swing can be obtained.

Unity-Gain Bandwidth: Frequency at which the open loop
voltage gain is equal to unity.

Slew Rate: The maximum time rate of change of the output
voltage, for a voltage step applied to the input. It is normally
measured at the zero crossing point of the output voltage
swing with the amplifier frequency compensated for unity gain.

Overload Recovery Time: Time required for the output stage
to return to active region, when driven into hard saturation.

Gain Margin: The amount by which the voltage gain is below
the unity (0 dB) level, at the frequency where the excess phase
shift across the amplifier is exactly 1800

• It is measured in
decibels, and must be positive for unconditional stability.

Phase Margin: 1800 minus the excess phase shift at the fre-
quency where the magnitude of the open loop voltage gain is
equal to unity. It is measured in degrees and must be positive
for unconditional stability.



Basic Applications of
Operational Amplifiers
The general usefulness of the operational amplifier stems
from the fact that when used in a feedback loop, its overall
performance and transfer characteristics are determined
almost totally by the choice of feedback components. To be
universally useful in such an application, the "ideal" opera-
tional amplifier should exhibit infinite gain, infinite input
impedance and infinite bandwidth. Although these are all
idealized characteristics, the practical monolithic operational
amplifiers closely approximate these features, particularly for
low frequency applications.

The availability and the low-cost of the integrated operational
amplifier makes it an extremely versatile building block for
analog system or equipment design. Therefore, it is manda-
tory that the circuit designer be familiar with the fundamental
applications of operational amplifiers. This section of Exar's
Operational Amplifier Data Book is intended to familiarize
the designer with some of the simple but fundamental circuit
configurations using IC operational amplifiers. The discussion
is slanted toward the practical applications of operational
amplifiers, as controlled by the external feedback circuitry.
The particular operational amplifier parameters will be dis-
cussed as they effect the circuit performance and accuracy.

The integrated operational amplifiers shown in the figures are
for the most part internally compensated, so frequency stabili-
zation components are not shown; however, other amplifiers
using external compensation may be utilized to achieve
greater operating speed in many circuits.

The basic operational amplifier cirCUlI is shown in Figure 1.
This circuit gives closed-loop gain of R2/R1 when this ratio
is small compared with the amplifier open-loop gain and, as
the name implies, is an inverting circuit. The input impe-
dance is equal to R1• The closed-loop bandwidth is equal to
the unity-gain frequency divided by one plus the clOsed-loop
gain.

The only cautions to be observed are that R3 should be
chosen to be equal to the parallel combination of R1 and R2

to minimize the offset voltage error due to bias current; and
that there will be a DC offset voltage at the amplifier output'
equal to closed-loop gain times the offset voltage at the
amplifier input.

Offset voltage at the input of an operational amplifier is
comprised of two components, these components are iden-
tified in specifying the amplifier as input offset voltage and
input bias current. The input offset voltage is fixed for a
particular amplifier; however, the contribution due to input
bias current is dependent on the circuit configuration used.
For minimum offset voltage at the amplifier input without
'ircuit adjustment, the source resistance for both inputs

should be equal. In this case, the maximum offset voltage
would be the algebraic sum of amplifier offset voltage and the
voltage drol-' across the source resistance due to offset current.
Amplifier offset voltage is the predominant error term for
low source resistances, and offset current causes the main
error for high source resistances.

In high source resistance applications, offset voltage at the
amplifier output may be adjusted by adjusting the value of
R3 and using the variation in voltage drop across it as an input
offset voltage trim.

Offset voltage at the amplifier output is not as important in
AC coupled applications. Here the only consideration is
that any offset voltage at the output reduces the peak-to-peak
linear output swing of the amplifier.

The gain-frequency characteristic of the amplifier and its
feedback network must be such that oscillation does not
occur. To meet this condition, the phase shift through ampli-
fier and feedback network must never exceed 1800 for any
frequency where the combined gain of the amplifier and its
feedback network is greater than unity. In practical applica-
tions, the phase shift should not approach 1800 since this is
the situation of conditional stability. Obviously, the most
critical case occurs when the attenuation of the feedback
network is zero.

Amplifiers which are not internally compensated may be
used to achieve increased performance in circuits where
feedback network attenuation is high, i.e., the amount of
feedback around the amplifier is low. The compensation
trade-off for a particular connection is stability versus band-
width. Larger values of compensation capacitor yield greater
stability and lower bandwidth and vice versa.



Figure 2 shows a high input impedance non-inverting circuit.
This circuit gives a closed-loop gain equal to the ratio of
(R1 + Rz) to R1• Its closed-loop 3-dB bandwidth is equal to
the amplifier unity-gain frequency divided by the closed-loop
gain.

The primary differences between this connection and the
inverting circuit are that the output is not inverted and that
the input impedance is very high and is equal to the differ-
ential input impedance multiplied by loop gain (open-loop
gain/closed-loop gain). In DC coupled applications, input
impedance is not as important as input current and its voltage
drop across the source resistance. To minimize the output
error due to the input bias current of the operational ampli-
fier, (R1 + Rz) should be chosen equal to the source impe-
dance of the input signal. Applications cautions are the
same for this amplifier as for the inverting amplifier with one
exception: the -amplifier output will go into saturation if
the input is allowed to float. This may be important if the
amplifier must be switched from source to source. The com-
pensation trade off discussed for the inverting amplifier is
also valid for this connection.

The unity-gain buffer is shown in Figure 3. The circuit gives
the highest input impedance of any operational amplifier
circuit. Input impedance is equal to the differential input
impedance multiplied by the open-loop gain, in parallel
with common mode input impedance. The gain error of this
circuit is equal to the reciprocal of the amplifier open-loop
gain or to the common-mode rejection, whichever is less.
Input impedance is a misleading concept in a DC coupled
unity-gain buffer. Bias current for the amplifier will be

supplied by the source resistance and will cause an error at
the amplifier input due to its voltage drop across the source
resistance.

The cautions to be observed in applying this circuit are as
follows: the amplifier must be compensated for unity-gain
operation, and the output swing of the amplifier may be limited
by the amplifier common-mode range. The input signal swing
should not exceed the input common-mode range, since this
may cause a latch-up condition.

The summing amplifier, a special case of the inverting ampli-
fier, is shown in Figure 4. The circuit gives an inverted output
which is equal to the weighted algebraic sum of all three inputs.
The gain of any input of this circuit is equal to the inverse
ratio of the appropriate input resistor to the feedback resistor,
R4• Amplifier bandwidth may be calculated as in the invert-
ing amplifier shown in Figure 1 by assuming the input resistor
to be the parallel combination of R1 , Rz, and R3• Application
cautions are the same as those for the inverting amplifier. If
an uncompensated amplifier is used, compensation is calcu-
lated on the basis of this bandwidth as is discussed in the
section describing the simple inverting amplifier.

V1
R1 R4

V2
R2

v3
R3

vOUT



The advantage of this circuit is that there is no interaction
between inputs, therefore, operations such as summing and
weighted-averaging are implemented very easily.

The difference amplifier is the complement of the summing
amplifier and allows the subtraction of two voltages or, as
a special case, the cancellation of a signal common to the
two inputs. This circuit is shown in Figure 5 and is useful as
a computational amplifier, in making a differential to single-
ended conversion, or in rejecting an unwanted common-mode
signal.

Circuit bandwidth may be calculated in the same manner
as for the inverting amplifier, but input impedance is some-
what more complicated. Input impedance for the two inputs
is not necessarily equal: inverting input impedance is the
same as for the inverting amplifier of Figure 1 and the non-
inverting input impedance is the sum of R3 and R4• Gain for
either input is the ratio of R1 to Rz for the special case of a
differential input single-ended output where R1 = R3 and
Rz = R4. The general expression for gain is given in the figure.
Compensation should be chosen on the basis of amplifier
bandwidth.

Care must be exercised in applying this circuit since input
impedances are not equal for minimum bias current error.

The basic principle of a differentia tor circuit is shown in the
simplified connection diagram of Figure 6. However, although
mathematically accurate, this particular connection is not
directly useful in practice because it is extremely suscepti-
ble to high frequency noise since AC gain increases at the rate
of 6 dB per octave. In addition, the feedback network of the
differentiator made up of the resistor R3 and the capacitor

C3 is an RC low pass filter which contributes 90° phase shift
to the loop and may cause stability problems even with an
amplifier which is compensated for unity-gain.

A practical differentiator which corrects the high frequency
noise problem is shown in Figure 7. Here both the stability
and noise problems are corrected by addition of two addi-
tional components, R1 and Cz. Rz and Cz form a 6 dB per-

VINo---i
Cl

fC=__ l-
21TRl C1

octave high frequency roll-off in the feedback network, and
R1 C1 form a 6 dB per octave roll-off network in the input
network for a total high frequency roll-off of 12 dB per
octave, to reduce the effect of high frequency input and
amplifier noise. In addition R1 C1 and RzCz form lead
networks in the feedback loop which, if placed below the
amplifier unity-gain frequency, provide 90° phase lead to
compensate the 90° phase lag of Rz C1 and prevent loop
instability.



Figure 8 shows the basic circuit connection for performing c,
the mathematical operation of integration. This circuit
is essentially a low-pass fIlter with a constant frequency
roll-off of -6 dB per octave. R3

vlN R1
The circuit must be provided with an external method of
establishing initial conditions. This is shown in the figure as
the double-pole, single-throw switch SI. When SI is in posi-
tion 1, the amplifier is connected in unity-gain configuration,
and capacitor CI is discharged, setting an initial condition of
zero volts. When SI is in position 2, the amplifier is connected
as an integrator, and its output will be the time-integral of the
input voltage.

r - - - - - - - - ..,51 B
I I
I I 2

I
I
I
I
I

51AI

2

+
V - -'-OUT - - R1C1

f =--'-C 21TR1C1

The cautions to be observed with this circuit are two: the
amplifier used should generally be stabilized for unity-gain
operation and R2 must equal RI for minimum error due
to bias current.

The simple low-pass filter is shown in Figure 9. This circuit
has a 6 dB per octave roll-off after a closed-loop 3-dB point
defined by fC. Gain below this corner frequency i~ defined
by the ratio of R3 to Rio The circuit may be consIdered as
an AC integrator at frequencies well above fC; however, the
time domain response is that of a single RC rather than an
integral.

A gain vs. frequency plot of circuit response is shown in
Figure 10 to illustrate the difference between this circuit and
the true integrator. Note that the frequency response is flat
for frequencies below fC

I
where fC = 21TR

3
C I

-20
0-1

Current may be measured in two ways with an operational
amplifier: the current may be converted into a voltage with
a resistor and then amplified or it may be injected directly
into a summing node. Converting into voltage is undesir-
able for two reasons: first, an impedance is inserted into the
measuring line causing an error; second, amplifier offset
voltage is also amplified with a subsequent loss of accuracy.
The use of a current-to-voltage converter avoids both of
these problems.



The current-to-voltage converter is shown in Figure 11.
The input current is fed directly into the summing note, and
the amplifier output voltage changes to extract the same
current from the summing node through Rl. The scale
factor of this circuit is Rl volts per ampere of current. The
only conversion error in this circuit is the bias current of the
operational amplifier input which is summed algebraically
with the input current, lIN• The main design constraints are
that scale factors must be chosen to minimize errors due to
bias current and since voltage gain and source impedance are
often indeterminate (as with photocells) the amplifier must
be compensated for unity-gain operation.

Figures 12, 13, and 14 show three simple circuit configura-
tions for voltage-controlled constant-current stages. The
circuit of Figure 12 is a basic current-sink circuit which
uses a pair of Darlington connected NPN transistors external
to the operational amplifier. Assuming that the base current
of T 1 is negligible compared to the controlled current 10, the
current of the output transistors is equal to VIN /Rl .

Figure 13 shows a current-source circuit which uses a composite
connection of external PNP and NPN transistors and produces
a constant output current which is proportional to the net
voltage drop across the sensing resistor, Rl.

Figure 14 shows an alternate approach to obtaining a voltage-
controlled current source which does not require additional
active devices. The circuit provides an output current propor-
tional to the input voltage VIN. If the resistors R 1 through
R4 are chosen to be equal and much larger than Rs, then
the output current is:

The above expression assumes that the current through R3
is much smaller than 10.

Figure 14. A Voltage-Controlled Current Source Circuit Which Does
Not Require External Active Devices.

This circuit can supply an output current of either polarity,
up to the maximum positive or negative output current avail-
able from the operational amplifier. The maximum voltage
compliance of the output is limited by the output swing of
the operational amplifier minus the voltage drop across the
sensing resistor, Rs .



A constant amplitude triangular wave generator is shown
in Figure IS. This circuit provides a variable frequency
triangular wave whose amplitude is independent of frequency.
This entire circuit can be built inexpensively, using a dual
operational amplifier IC, such as the XR-4558.

INTEGRATOR
C1

THRESHOLD
DETECTOR

The generator embodies an integrator as a ramp generator
and a threshold detector with hysterisis as a reset circuit.
The integrator has been described in a previous section and
requires no further explanation. The threshold detector
IS similar to a Schmitt trigger in that it is a latch circuit with
a large dead zone. This function is implemented by using
positive feedback around an operational amplifier. When the
amplifier output is in either the positive or negative saturated
state, the positive feedback network provides a voltage at the
non-inverting input which is determined by the attenuation
of the feedback loop and the saturation voltage of the am-
plifier. To cause the amplifier to change states, the voltage
at the input of the amplifier must be caused to change polarity
by an amount in excess of the amplifier input offset voltage.

When this is done, the amplifier saturates in the opposite
direction and remains in that state until the voltage at its
input again reverses. The complete circuit operation may be
understood by examining the operation with the output of
the threshold detector in the positive state. The detector
positive saturation voltage is applied to the integrator summing
junction through the combination R3 and R4 causing the cur-
rent IA to flow.

The integrator then generates a negative-going ramp with a
rate of lAIC I volts per second until its output equals the
negative trip point of the threshold detector. The threshold
detector then changes to the negative output state, and supplies
a negative current, IB' at the integrator summing point.
The integrator now generates a positive-going ramp with
a rate of IB/CI volts per second until its output equals the
positive trip point of the threshold detector, where the de,ector
again changes output state and the cycle repeats.

Triangular wave frequency is determined by R3, R4 and CI
and the positive and negative saturation voltages of the ampli-
fier AI. Amplitude is determined by the ratio of Rs to the
combination of RI and R2 and the threshold detector satu-
ration voltages. Positive and negative ramp rates are equal
and positive and negative peaks are equal if the detector has
equal positive and negative saturation voltages. The output
waveform may be offset with respect to ground if the inverting
input of the threshold detector, AI, is offset with respect to
ground.

The generator may be made independent of temperature
and supply voltage if the detector is clamped with matched
zener diodes.

The integrator section should be compensated for unity-gain,
The detector section may require compensation if power
supply impedance causes oscillation during its transition time.
The current into the integrator should be large with respect to
the input bias current for maximum symmetry; and offset
voltage should be small with respect to peak output voltage
swing.



Active Filter Design with Ie Op-Amps

Frequency selective networks for use in the frequency range
below 100 kHz have always been a problem. In this area
of operation the inductors and capacitors required are large,
both in value and physical size. Also, at these frequencies
inductors and capacitors become quite lossy and the circuit
Q's begin to suffer.

The answer to this problem is to exchange the large inductor
and capacitor for a large block of gain, and use well known
feedback principles to achieve selectivity with R-C active
fllters. Previously, to achieve a high degree of accuracy and
circuit stability, a large number of active components was
required in a fairly sophisticated circuit. Consequently,
the design time and number of active components required
made the use of active fllters quite expensive.

The solution to this problem came with the advent of inte-
grated circuits which allowed transistors to be "less expen-
sive" than resistors. Now, excellent gain blocks can be fab-
ricated at fairly reasonable costs. And as technology improves,
the performance will continue to improve and the costs will
continue to decline, making the use of active fllters very
economical.

The availability of low cost dual or quad operational ampli-
fier Ie's have made the operational amplifier based active
fllter techniques cost effective over conventional passive
fllters. The recent availibility of programmable quad opera-
tional amplifiers such as the XR-4202 or the XR-346 have
provided the active fllter designer with the flexibility to
externally program gain-bandwidth product, supply current,
input bias current, input offset current, input noise and the
slew rate. The user, therefore, can trade off bandwidth for
supply current or optimize the noise figure. Likewise, other
amplifier characteristics can be programmed for a specific
need.
Since the operational amplifier plays such a key role in the
active fllter, its characteristics are of prime importance.
By using operational amplifiers as the basic gain stage of
the active fllter, problems previously encounter-ed due to low
input impedance, high output impedance and low gain are
virtually eliminated. Operational amplifiers provide the
required response for various fllter types. Some of the more
popular fllters are multiple feedback, state variable, bi-quad
and SaIIen Key which can be used to obtain high pass, band
pass and low pass fllter functions (and which are capable
of giving the designer all of the standard fllter responses,
Le., Butterworth, Chebychev, Bessel, etc.)

This application article is intended to assist the designer in
selecting the optimum fllter for his application. It begins with
a table of transfer functions and network defining equations
for the high pass, low pass, band pass and the band reject
fllters. A guide to the three types of fllter responses will
be presented, also several fllter realizations are illustrated
with their respective merits and limitations. Finally, the
entire contents are brought together to provide the designer

a complete working schematic of an active fllter in a modem
configuration utilizing the XR-4202 Quad Programmable
Operational Amplifier along with the XR-2206 Waveform
Generator and the XR-2211 Precision Tone Decoder.

TRANSFER FUNCfIONS AND EQUATIONS
Table 1 is intended to give the designer a brief review of the
basic transfer functions, and network defining equations.
It is noted that a family of curves exists for all cases except
first order low pass and high pass. This is due to the presence
of a, the damping coefficient. This point will be expanded
upon in the next section of fllter responses.

Once the transfer function has been determined, the next
step in fllter design is to decide upon the desired response.
As previously mentioned the damping of the fllter determines
it's characteristics near cut off. There are three basic types
of responses which are depicted in Table 2 along with their
characteristics. In the case of the Butterworth and Bessel,
the response has been fixed. However, for the Chebychev
the a is chosen for the particular response desired. This
is done by using a nomograph such as the one shown in
Figure 1. To use a nomograph the information required is:
Amax (maximum ripple in the passband), Amin (minimum
attenuation in the stop band), and Ds (ratio of the Amin
bandwidth to the Amax bandwidth). These terms are illus-
trated in Figure 2. Once these terms are known the nomo-
graph is used by locating Amax and drawing a straight line
through Amin to the left hand side of the graph. From
this point a horizontal line is drawn to the intersection of Ds.
The minimum order of the transfer function will be the
number of the curve passing above this point. Once this
is done the a and wo for each stage is found by consulting
the Chebychev network parameter tables for the desired
passband ripple, and the number of poles. Such tables can
be found in standard fllter handbooks.

There are numerous ways of realizing the transfer functions
discussed. Each of these methods have their own relative
merits. The configuration selected depends primarily on the
specific application and the desired sensitivity parameters.
Sensitivity parameters are a means of relating the resultant
change in the transfer function due to an element change.
Although these parameters are only directly applicable to
an infinitesimal change they are easily used to evaluate per-
formance for I% changes, and many times are used for ele-
ment changes up to 10%. Examples will be given later in this
section that will help clarify this parameter.

The fllter realizations presented here are to be used as a
basic guide to help the designer to become more adept at
designing fllters. State-variable and multiple-feedback fllters
will be discussed and the relative merits of each will be given.
It will also be shown that many of the commonly used fllters
are actually specific cases for the filters mentioned.
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TABLE 2

Filter Type " Basic Features Amp. Response

Bessel .,f3 Best time delay
Smoothest phase response

Butterworth .j2 Maximally flat amplitude
response

Chebychev Can Passband ripple
Vary Fast cutoff slope
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Figure 3 illustrates a typical multiple-feedback connection
with the non-inverting input grounded. To minimize offset
this point should be returned to ground via a resistor whose
value is equal to the impedance at the inverting input. The
transfer function for this circuit is given by E-l. Each element
represents a single resistor or capacitor. To realize the transfer
function each admittance parameter is replaced by l/R for a
resistor and sC for a capacitor. An example will help to
clarify this point. If the desired response is a high pass, the

EO1-

E -Y\ Y3

E ~ (s) = Y 5 (Y \ + Y 2 + Y 3 + Y 4) + Y 3 Y 4

form of the characteristic equation is given in Table 1. To
transform E-l into the high-pass characteristic, then Y1,

Y3, and Y4 become capacitors and Y2 and Y5 resistors. (It
should be obvious that a low-pass function could have been
fabricated by letting Y2 and Y5 be capacitors, and similarly
a bandpass function could have been realized by making Y3

and Y4 capacitors.) The terms of the network function of the
high-pass filter shown in Figure 4 are given in Table 3 along
with their sensitivity parameters. The transfer function for
Figure 4 is given by E-2.

1-
E-2

Eo -(C\/C4)S2
~ (s) =-s2-+-s(-1-/-R-s )-(-C-

1
/-C-3-C-4-.J.-. -1/-C-4-+-1-/C-3-)-+-1/-R-2-R-s-C-3-C-4

As can be seen from the sensitivity parameters, there is a
high degree of circuit sensitivity due to the component
tolerances. Due to the interaction of components the tuning
of this circuit may be rather involved. However, with tight
component tolerances, these circuits give the designer very
predictable results. Due to the high input impedance and low
output impedance, several of these stages may easily be
cascaded to achieve a higher order function. What is desired
is to have a lower sensitivity to component tolerances. The
most commonly used filter for this purpose is the state-variable.

The state-variable synthesis approach is used in most present
day Universal Active Filters (U.A.F.). With this method
the actual nth order polynomial of the transfer function is
simulated as it would be with an analog computer. When
using the state-variable approach all three outputs (high-pass,
low-pass and band·pass) are all available simultaneously.
The sensitivities with respect to component tolerances are
typically less than or equal to one, and the sensitivity of Q
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with respect to amplifier gain is nearly zero, if the amplifier
gain is high. Because of the high amplifier gain requirement
these fl1ters tend to be limited to audio range. The cost of re-
ducing the circuit element sensitivities is the need to use (n + 2)
operational amplifiers to synthesize an nth order transfer func-
tion. For this reason, this type of configuration may not be
cost effective in the synthesis of low Q high-pass and low-pass
fl1ters.

Figure 5 shows a typical state-variable configuration whose
characteristic equations are given by E-3, E-4, and E-5.
It is noted that these equations all have the same denominators;
and the numerator is determined by the point at which the
output is taken. This form may also be used to simulate
a band-reject function by summing the high-pass and low-
pass outputs. The defining equations and sensitivity para-
meters are given in Table 4. It is noted here that the bi-quad
is actually a slight variation of a second order state-variable.

Note: The sensi-
tivity of HO with
This implies that if
C 1 changes by 1%
HOwili also change
by 1%. The de-
fining equation for
a sensitivity para-
meter is

Y
xdY

Sx =--
Ydx

A typical application for an active fl1ter is the input stage of
a frequency demodulator. Any noise or spurious signals at
this point would affect the overall quality of the output. A
more specific example can be cited by considering the F.S.K.
system shown in Figure 6. (Frequency shift keying is a means
of transmitting digital information, primarily through telecom-
munications links.) This type of system is thoroughly covered
in Exar Application Note, AN-Ol and will only be briefly dis-'
cussed here.

In this system, the digital data to be transmitted is used to
key the XR-2206. The frequency shift keyed output of the
XR-2206 is then sent through the hybrid and out on to the
line. (The hybrid is used to obtain isolation between data
transmitted and data received, and also may be used to amplify
the received signal.) In full duplex operation this system must
be able to receive and transmit simultaneously. Due to line
losses, the received signal may range from -12 dBm to -48 dBm.
The output level of the transmitter is typically -6 dBm
(allowing for a 6 dB loss in the hybrid), due to line mismatch,
the hybrid may only provide 10 dB of isolation to the fIlter.
(Therefore, the levels at the input of the fl1ter, assuming a
gain of 6 dB from the line through the hybrid is -6 and
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-42 dBm for the desired signal and -16 dBm from the local
oscillator.) This means that in a worst case situation, the input
level of the received signal is -42 dBm with the level of the
local oscillator 26 dB above this. For the XR-2211 to operate
with a low bit error rate, the input should be 6 dB higher than
the interfering signal. This implies that the stopband Amin
from Figure 2 is 32 dB. The XR-2211 has an internal preampli-
fier with a dynamic range of greater than 60 dB, and requires
a minimum input level of -38 dBm to cause limiting. If we
choose a mter to have a passband ripple of 1 dB and an overall
gain of 5 dB, the input conditions of the XR-221I will be
satisfied. The mters introduce a phase shift that is only linear
for approximately 1/2 to 1/3 of the passband, therefore, a
bandwidth of 400 Hz is used for the mter. The general shape
of the mter is shown in Figure 7.

o
-1dB

Note: The values used in this mter are based on a modem using
an XR-2206 as the modulator and XR-2211 as the demodulator.
If digital techniques are used, the mter parameters may be
different due to the harmonics generated by digital synthesis
of a sine wave and higher signal to noise requirements of the
demodulator.

To find the minimum number of poles required for this response
the nomograph in Figure 1 is used. The point falls between
a 2 and 3 pole mter. The values of Wo + ex are determined
from the tables for a 3rd order chebychev response with
I dB ripple.
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M = 1.0955
fl=2317.6
f2 = 1931.1Wo = .997098 }

Q = .495609
Wo = .494171

complex pole

- real pole.
for Section 3 the real pole is transformed into a complex pole
pair.
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E-6
QA=

fl=2317.6
f2 = 1931.1
f3 = 2115.56

QI = 21.49
Q2 = 21.49
Q3 = 10.7

In this example the multiple-feedback approach is used since
3 pole pairs can be generated with 3 op-amps, 6 capacitors
and 9 resistors; an equivalent filter could have been designed
with the state-variable techniques, but this would have required
9 op-amps to realize. The actual fIlter is shown in Figure 8. All
capacitor values are chosen to be .01 J.1f, 5% and all resistors
are 1%. The values for this fIlter and a low band fIlter are
shown in Table 5.

QI = 21.49 = Q2 Section 2 is a reflection of section one about
fa. The center frequencies are found by E-7.

fo Wo Qo R1 R2 R3 C1 C2 Ho

A 1931.1 12.1335K 21.49 88.6K 192 354K .01 .01 2
Originate B 2317.6 14.562K 21.49 74K 160 295K .01 .01 2

C 2115.6 13.293K 10.7 40K 355 161K .01 .01 2

1 2
Answer A 1362.26 10.l15K 11.827 58.5K 421 234K .01 .01 2

B 975.51 6129.3 11.827 96.5K 695 386K .01 .01 2
C 1152.78 7.243K 5.832 40.3K 1219.5 161K .01 .01 2



Choosing the Right Op Amp

Because of its versatility and ease of application, the op-amp
is often the easiest active component to design into the circuit.
However, once the initial "paper design" is accomplished, the
user is faced with the key question: which op-amp is the best
choice for the particular application? The availability of a very
wide choice of IC op-amps of varying part numbers, types and
features does not make the answer to this question an easy one.
If the op-amp characteristics are not carefully considered, the
total system performance may be degraded: similarly if each
op-amp is overspecified with an excessive amount of "overkill"
for the particular application, then the system cost will increase
unnecessarily. The key selection criteria is finding the lowest
cost operational amplifier which will be sufficient to meet the
system performance requirements. This section provides a
brief summary of various classes of IC op-amps, their features
and key applications, to assist the user in choosing the most
cost-effective operational amplifier for his application.

A wide variety of op-amp applications such as low-frequency
amplifiers, active filters, voltage-to-current converters and
voltage regulators are most economically accomplished using
the low-cost general purpose IC op-amps. Theseop-amps are
almost all variations of the basic 741-type op-amp, and offer
significant cost savings over any special-purpose op-amps. They
are commercially available in single, dual or quad versions.
The dual and quad op-amps are particularly cost-effective
for applications such as active filters which require a multi-
plicity of op-amps. The cost per op-amp is usually lower if one
can use multiple op-amp IC's rather than single op-amps.

The single and dual general purpose op-amps are available in
both internally compensated and uncompensated versions. The
quad op-amps are almost invariably internally compensated,
to reduce the IC package pin count. Most general purpose IC
op-amps have comparable electrical characteristics, namely
open loop gain of;;;;' 20 mV/V, small-signal unity gain band-
width of 1 to 2 MHz and a slew rate of ~ 1V/p.sec.

Exar manufactures a wide choice of dual or quad general pur-
pose op-amps. All of these op-amps are internally compensated
to make them cost-effective and reduce the external parts
count. Exar's general purpose op-amps recommended for most
applications are XR-1458 and XR-4558 for duals, and XR-4136,
XR-4212 and XR-4741 for quad op-amps.

Ground Sensing Op-Amps

These types of op-amps have an input stage common-mode
range which extends all the way to the negative supply rail.
This is obtained by using Darlington-connected PNP transis-
tors at the input stage of the op-amp. The key advantage of
this class of op-amps is that they can be operated with a
single positive supply, and still be able to detect or sense
small signals near ground potential. The particular circuit
recommended for this application is Exar's XR-3403 quad
operational amplifier.

Programmable op-amps allow the user to "program" or set the
operating current levels within the IC op-amp by means of an
external setting resistor, and thus be able to trade-off power
dissipation for slew-rate or signal bandwidth. These circuits are
normally available in quad form, where the power levels of all
or some of the op-amps in the package can be programmed by
one or two external setting resistors. The key areas of applica-
tions for programmable op-amps are active filters and telecom-
munication channel filters where the user is normally concerned
with power dissipation. These op-amps can also be programmed
to operate at micro-power levels, by the choice of external
setting resistors.

The programmable quad operational amplifiers are available
with either one or two separate setting controls. Those with a
single setting control have all four of the operational ampli-
fiers programmed from same current setting control. Those
with two setting controls have the four op-amps on the chip
programmed either in groups of two, or in groups of one and
three op-amps. The advantage of partitioned programming is
that some of the op-amps in the IC package can be operated at
a different power or bandwidth level than the rest of the op-
amps in the same chip. For example, in an active filter applica-
tion, the three op-amps performing the filtering can be operated
at a low-power level, yet the fourth op-amp which may be
serving as an output buffer can be operated at a higher power
level to provide load-drive capability.

Exar offers the broadest product line of programmable op-amps
in the industry: The XR-4202, XR-146 and the XR-346-2
families of op-amps are all-bipolar programmable quad op-amp
circuits. The XR-4202 offers a single current-setting control
for all of the four op-amps on the chip; the XR-146 and the
XR-346-2 offer partitioned programming of the four op amps.
The XR-094 and XR-095 families are programmable FET-
input quad op-amps which have the same pin configuration as
the XR-146 and the XR-346-2 families, respectively. These
programmable FET-input quad op-amps are fabricated using
Exar's ion-implanted bipolar/FET or BIFET process technology
which combines matched junction FETs and high-performance
bipolar transistors on the same chip.

Finite input impedance or input bias currents associated with
conventional bipolar op-amps can be a problem in specific
applications such as sample-hold circuits or signal sensing
applications from high-impedance signal sources such as trans-
ducer systems. For such applications, op-amps with junction-
FET input stages offer significant performance advantages
since they offer input resistances of the order of 1012 ohms,
and input bias currents in the low pico-ampere range. Another
unique feature of FET-input op-amps is their high slew-rate
and wide bandwidth. For example, most FET-input op-amps
offer slew-rates in excess of 10 V/p.sec and unity gain band-
width of 3 MHz.



The FET-input op-amps offer somewhat higher offset voltages
and input noise than all-bipolar op-amps; however some
specially designed FET input op-amps, such as Exar's XR-On
and XR-074 series have input noise voltages comparable to
conventional bipolar op-amps.

Exar offers a wide selection of FJ;:T-input dual and quad op-
amps which are manufactured- using Exar's ion-implanted
BIFET process. The XR-082/XR-083 and the XR-On are
dual op-amps; the XR-074 and the XR-084 are quad FET-input
op-amps. The XR-094 and the XR-095 are programmable quad
FET-input op-amps. Because of their low power capability,
the programmable BIFET op-amps are particularly suitable for
low-power active filter designs.

These op-amps are particularly suited for audio amplifier and
mixer applications, where low noise is of prime importance.
The noise characteristics of an op-amp are determined by
the noise generated at the input stage, since the noise gen-
erated at this point is amplified by the full open-loop gain
of the ~lifier. In most cases, input noise voltages of
IOn V/yHz or less is required to be suitable for high quality
or professional audio signal processing applications. Such
low noise characteristics are normally obtained by careful
device design and manufacturing processing of the Ie chips.
In general, all-bipolar operational amplifiers tend to have
better low noise characteristics than the FET-input op-amps.

Exar manufactures a number of low noise op-amp circuits
uniquely suited to audio applications. Among Exar's family of
low noise op-amps, the XR-5534 operational amplifier, and its
dual versions, the XR-5532 and the XR-5533 offer the best
noise performance.

In addition to low noise characteristics, another key perform-
ance requirement for audio applications is low distortion. The
distortion characteristics of op-amps are normally determined
by the design of the output stage as well as the amplifier
bandwidth characteristics. The total harmonic distortion
(THD) is made up of three components: (a) intermodulation
distortion; (b) cross-over distortion which depends on output
stage design, and (c) slew-induced distortion which occurs
when the output of the op-amp is forced to slew faster than its
slew-rate.

The cross-over distortion can be avoided by using op-amps
which have c1ass-AB, rather than c1ass-B type output stages.
All of Exar's op-amps fall into this category.

To avoid slew-induced distortion, one should ensure that the
slew rate of the amplifier is never exceeded during the excur-
sions of the input signal. The high-speed operational ampli-
fiers such as Exar's XR-5533 or XR-5534 op-amps which have
slew rates in excess of 10 V/JJ.secwith a power bandwidth of
200 kHz can easily cover the entire audio frequency range
without introducing slew-induced distortion.



Overview of Exar's Op Amp Products

Exar offers one of the widest selections of multiple op amps in
the IC industry. These op amps vary from the general purpose
741-type quad and dual op amps to FET-input, low noise or
programmable operational amplifier IC's, optimized for specific

applications or performance features. Table I shows an over-
view of the wide selection of op amp products available from
Exar. A summary of the key features of these op amps are given
in Table 2.

Standard
741-Type

BIFET
OpAmps

Dual
OpAmps

Dual Dual
BIFET

XR-SS32 XR.{)72

XR-SS33 XR-OS2

XR.{)S3

XR-4SSS

XR-14SS

XR-4739

XR.{)74

XR.{)84

Quad
Op Amps

XR.{)94

XR.{)9S

Ground
Sensing

XR-4136

XR-474 I

XR-4212

XR-4202

XR-I46/246/346
XR-346-2
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General Purpose

" " " " " " " "(741-Type)

Single Op-Amp "
DualOp-Amp " t/ " " " "
QuadOp-Amp " " " " " " " " " "FET Input V V " " V V(BIFET)

Programmable V " V "
Low Power t/ V "(,;;;;I mA/Amp)

High Slew-Rate V " " V V " " V V(;;. 5V/p.sec)

Wide Bandwidth V t/ V t/ V V " V V(> 3 MHz)

Low Input Cur- V V t/ V V Vrent « 10 nA)

High Input
V V V "Impedance V V(;;'IOMn)

Low Noise V V " V V t/
Single Supply
Operation V
(Ground Sensing)

High Current V V VDrive (;;. 10 mAl

External " " t/ VOffset Adj.

Internal Freq. V " " V V V V " V " " V " V "Compensation



Industry-Wide Op-Amp Cross Reference

MANUFACTURER PART NUMBER
EXAR DIRECT MANUFACTURER PART NUMBER

EXAR DIRECT
REPLACEMENT REPLACEMENT

Advanced Micro Devices AM1458PC XR-4558P RCA CA1458E XR-4558CP

Fairchild pA1458TC XR-4558CP
3043DC XR-3403CN

Signetics MC1458V XR-4558CP

3043PC XR-3403CP
NE5558V XR-4558CP

3503DM XR-3403M
NE5534N XR-5534CP

4136DM XR-4136M
NE5534AN XR-5534P

4136DC XR-4136CN NE5533N XR-5533CP

4136PC XR-4136CP NE5533AN XR-5533P

4558TC XR-4558CP NE5532FE XR-5532CP
NE5532AFE XR-5532P

Harris HA474 1-2 XR-4741M
HA4741-5 XR-4741CP Texas Instruments RM4136J XR-4136M

RC4136J XR-4136CN
RC4136N XR-4136CP

Motorola MC1402L XR-4202N RC4558P XR-4558CP
MC1402P XR-4202P SN72558P XR-4558CP
MC1458P XR-4558CP TL072CP XR-072CP
MC3403L XR-3403CN TL072CJG XR-072CN
MC3403P XR-3403CP TL072IP XR-072P
MC3503L XR-3503M TL072IJG XR-072N

National Semiconductor LM1458N XR-4558CP TL072MJG XR-072M

LM146 XR-146M TL082CP XR-082CP

LM146-2 XR-146-2M TL082CJG XR-082CN

LM246 XR-246 TL082IP XR-082P

LM246-2 XR-246-2 TL082fJG XR-082N

LM346 XR-346CP TL082MJG XR-082M

LM346-2 XR-346-2CP TL083CN XR-083CP
TL083CJ XR-083CN

Precision Monolithics SSS1458 XR-4558CP TL083IN XR-083P
TL083IJ XR-083N

Raytheon RC1458NB XR-4558CP TL083MJ XR-083M
RC3403ADC XR-3403CN TL074CJ XR-074CN
RC3403ADB XR-3403CP TL074IN XR-074P
RC3503ADC XR-3503M TL074IJ XR-074N
RM4136DC XR-4136M TL074MJ XR-074M
RC4136DC XR-4136CN TL084CN XR-084CP
RC4136DB XR-4136CP TL084CJ XR-084CN
RC4558NB XR-4558CP TL084IN XR-084P
RC4739DC XR-4739CN TL084IJ XR-084N
RC4739DB XR-4739CP TL084MJ XR-084M
HA474 1-2 XR-471M
HA4741-5 XR-4741CP



Quality Assurance Standards

The quality assurance program at Exar Integrated Systems
defines and establishes standards and controls on manufac-
turing, and audits product quality at critical points during
manufacturing. The accompanying ManufacturingjQA process
flows illustrate where quality assurance audits, by inspection
or test, the manufacturing process. The insertion of these
quality assurance points is designed to insure the highest qual-
ity standards are maintained on Exar product during its manu-
facture.

WAFER FABRICATION/QA FLOW
Polished Siltcon Slices Masks Materials

Per Applicable
ac Procurement Specif·

icatlon, MOel's

o Operation

DSurveillance

o 100% inspection

ac = Quality Control

M = Manufacturing

~MQCI'S

Verify layer thickness
and resistivity. inspect
for stacking faults, etc.

~

Visual Inspection to vertfy
proper mask, check allgn-

ac ment. undercutting, proper
OXide removal, etc.

J\. S.E.M. AnalYSIS ofT~ Metallization Lots.

Individual wafer S.E.M.L~ analysis (optional for
~ high reliability military

programs only)

Die sort yield analysis
(Optional, for high reliability
military programsonly).,----

HIgh ReliabIlity
Assembly

---I
PlastiC

Assembly

Realizing that these standard ManufacturingjQA process flows
do not meet the needs of every customer's specific require-
ments, Exar quality assurance can negotiate and will screen
product to meet any individual customer's specific require-
ment.

All products ending with the suffix M are fully screened to
the requirements of MIL-STD-883, Method 5004, Condi-
tion C.

Monitor temperature settingS'b
pick-up tools, operator audit, ac
Exar QCI 101

Monitor bond pulls, b
Power settings, Operator audit
Exar QCI 101 QC

Furnace Certificationb

Seal strength, Monitor !"-.
per Exar QCI 101 ~

AC, DC and Functiona~
Tests to data sheet
paramete •• 1.0% AQL QC

To further environmental .-
preconditioning/screening,
burn-in per individual
customer requirements.

Initiate serialized lot traveler
Comaintain traceability back
to silicon mfg.

Per Mil·Std·883,
Method 2010B.
(Precap Visual Inspection)

Stabilization Bake,
Mil·Std·883.
Method 1008C,

Temperature cycle,
Mil·Std·883,
Method 101OC.

Constant Acceleration,
Mil·Std·883,
Method 2001E, Y1 axIS.

Fine Leak,
Mil·Std·883,
Method 1014A or B.

Gross Leak,
MiI·Std·883,
Method 1014C, Step 1.

Lot Acceptance, verify product
type, count package, completion
of all process requirements.
Verify required documentation.



XA-072

Low-Noise Dual BIFET
Operational Amplifier

GENERAL DESCRIPTION
The XR-On low-noise junction FET input dual operational amplifier is designed to offer higher performance than conventional
bipolar dual op-amps. Each of the two op-amps on the chip is closely matched in performance characteristics, and each amplifier
features high slew-rate, low input bias and offset currents, and low offset voltage drift with temperature. The XR-On FET-input
dual op-amp is fabricated using ion implanted bipolar/FET or "BIFET" technology which combines well-matched junction FETs
and high-performance bipolar transistors on the same monolithic integrated circuit. Its low noise characteristics make it particularly
well-suited to low level signal processing, audio pre amplification and active mter design.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Differential Input Voltage
Input Voltage Range (Note 1)
Output Short-Circuit Duration (Note 2)
Package Power Dissipation:

Plastic Package
Derate Above TA = +2SoC

Ceramic Package
Derate Above TA = +2SoC

Storage Temperature Range

±18V
±30V
±ISV

Indefinite
Direct Replacement for Texas Instruments TLOn
High-Impedance Junction FET Input Stage
Internal Frequency Compensation
Low Power Consumption
Wide Common-Mode and Differential Voltage Ranges
Low Input Bias and Offset Currents
Output Short-Circuit Protection
Latch-Dp-Free Operation
High Slew-Rate ... 13V/ps, Typical
Low Noise ... 18 nV/y'HZ, Typical

62S mW
S.OmVtC

7S0mW
6.0mWtC

-6SoC to +IS0°C

Note 1: For Supply Voltage less than ±15V, the absolute maximum
input voltage is equal to the supply voltage.

Note 2: The output may be shorted to ground or to either supply.
Temperature and/or supply voltages must be limited to ensure
that the dissipation rating is not exceeded.

AVAILABLE TYPES
Part Number Package
XR-OnM Ceramic
XR-OnN Ceramic
XR-Onp Plastic
XR-OnCN Ceramic
XR-OnCp Plastic
FUNCTIONAL BLOCK DIAGRAM

Operating Temperature
-SSoC to + 12SoC

-2SoC to +8SoC
-2SoC to +8SoC

O°C to +7SoC
O°C to +7SoC

Active Filter Design
Sample/Hold and Servo Systems
Audio Signal Processing
Analog Control Systems



XR·onM XR-On XR-OnC
CHARACTERISTICS MIN. TYP. MAX. MIN. Ttp. MAX. MIN. TYP. MAX. UNITS SYMBOL CONDITIONS

Input Offset Voltage 3 6 3 6 3 10 mV Vos Rs = son, TA = 25°C
9 9 13 mV Vos Rs = son, TA = Full Range

Offset Voltage 10 10 10 Ilvtc !':.Vos/!':.T Rs = son, TA = Full Range
Temp. Coef.

Input Bias Current Is
30 200 30 200 30 200 pA TA = 25°C

50 20 7 nA TA = Full Range

Input Offset Current Ios
5 50 5 50 5 50 pA TA = 25°C

20 10 2 nA TA = Full Range

Supply Current 1.4 2.5 1.4 2.5 1.4 2.5 mA lee No Load, No Input Signal
(per amplifier)

Input Common Mode ±12 ±12 ±IO V ViCM
Range

Voltage Gain V/mV RL;;' 2 Kn, Vo = ±IOV
50 200 50 200 25 200 AYOL TA = 25°C
25 25 IS TA = Full Range

Max. Output Swing RL ;:;'10 Kn
(peak.to-peak)

24 27 24 27 24 27 V Vopp TA = 25°C
24 24 24 TA = Full Range

Input Resistance 1012 1012 1012 n Rin TA = 25°C'

Unity-Gain Bandwidth 3 3 3 MHz BW TA = 25°C

Common-Mode Rejection 80 86 80 86 70 76 dB CMRR Rs ~ 10 Kn

Supply-Voltage Rejection 80 86 80 86 70 76 dB PSRR

Channel Separation 120 120 120 dB Av = 100, Freq. = I kHz

Slew Rate 13 13 13 V/IlS dVOUT/dt Av = I, RL = 2 Kn
CL = 100 pF, VI = 10V

'Rise Time 0.1 0.1 0.1 Ilsec tr Av = I, RL = 2 Kn
Overshoot 10 10 10 % to CL=IOOpF,VI =20mV

Equivalent Input 18 18 18 nV/v'HZ en RS = lOOn, f= I kHz
Noise Voltage f = 10 Hz to 10 kHz

Equivalent Input 0.01 0.01 0.01 pA/v'HZ in Rs = lOOn
Noise Current f= I kHz

Total Harmonic 0.01 am am % THD Vo = 10V, rms
Distortion f = 10 kHz, RL ;;. 2 Kn

Rs ~ I Kn



XR·074
Low-Noise Quad BIFET
Operational Amplifier

GENERAL DESCRIPTION
The XR-074 low-noise junction FET input quad operational amplifier is designed to offer higher performance than conventional
bipolar quad op-amps. Each of the four op-amps on the chip is closely matched in performance characteristics, and each amplifier
features high slew-rate, low input bias and offset currents, and low offset voltage drift with temperature. The XR-074 FET input
quad op-amp is fabricated using ion implanted bipolar/FET or "BIFET" technology which combines well-matched junction FETs
and high-performance bipolar transistors on the same monolithic integrated circuit. Its low noise characteristics make it particularly
well-suited to low level signal processing, audio preamplification and active filter design.

FEATURES ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Differential Input Voltage
Input Voltage Range(Note 1)
Output Short-Circuit Duration (Note 2)
Package Power Dissipation:

Plastic Package 625 mW
Derate Above TA = +2SoC 5.0 mVtC

Ceramic Package 750 mW
Derate Above TA = +2SoC 6.0 mWtc

Storage Temperature Range -65°C to +150°C
Note 1: For Supply Voltage less than ±ISV, the absolute maximum

input voltage is equal to the supply voltage.
Note 2: The output may be shorted to ground or to either supply.

Temperature and/or supply voltages must be limited to ensure
that the dissipation rating is not exceeded.

±18V
±30V
±ISV

Indefinite

Direct Replacement for Texas Instruments TL074
Same Pin Configuration as XR-3403
High-Impedance Junction FET Input Stage
Internal Frequency Compensation
Low Power Consumption
Wide Common-Mode and Differential Voltage Ranges
Low Input Bias and Offset Currents
Output Short-Circuit Protection
Latch-Dp-Free Operation
High Slew-Rate ... 13 V/p.s, Typical
Low Noise ... 18 nV/Yffi, Typical

AVAILABLE TYPES
Part Number Package
XR-074M Ceramic
XR-074N Ceramic
XR-074P Plastic
XR-074CN Ceramic
XR-074CP Plastic

Operating Temperature
-55°C to +12SoC

-25°C to +8SoC
-25°C to +8SoC

O°C to +7SoC
O°C to +7SoC

Active Filter Design
Sample/Hold and Servo Systems
Audio Signal Processing
Analog Control Systems

NONINVERTING
INPUT

INVERTING
INPUT

/,
OFFSET NULL

(Nil"

/,
OFFSET NULL

IN21"



ELECfRICAL CHARACfERISTICS
TA = 25°C, Vcc = ±lSV, unless otherwise specified.

XR~74M XR-074 XR~74C
CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS SYMBOL CONDITIONS

Input Offset Voltage 3 6 3 6 3 10 mV Vos Rs = son, TA = 25°C
9 9 13 mV Vos Rs = son, TA = Full Range

Offset Voltage 10 10 10 JJ.vtc t:Nos/t-.T Rs = son, TA = Full Range
Temp. Coef.

Input Bias Current IB
30 200 30 200 30 200 pA TA = 25°C

50 20 7 nA TA = Full Range

Input Offset Current los
5 50 5 50 5 50 pA TA = 25°C

20 10 2 nA TA = Full Range

Supply Current 1.4 2.5 1.4 2.5 1.4 2.5 mA Ice No Load, No Input Signal
(per amplifier)

Input Common Mode ±12 ±12 ±IO V ViCM
Range

Voltage Gain V/mV RL ~ 2 Kn, Vo = ±IOV
50 200 50 200 25 200 AVOL TA = 25°C
25 25 IS TA = Full Range

Max. Output Swing RL ~ 10 Kn
(peak.to.peak)

24 27 24 27 24 27 V Vopp TA = 25°C
24 24 24 TA = Full Range

Input Resistance 1012 1012 1012 n Rin TA = 25°C

Unity-Gain Bandwidth 3 3 3 MHz BW TA = 25°C

Common-Mode Rejection 80 86 80 86 70 76 dB CMRR Rs';;;IOKn

Supply·Voltage Rejection 80 86 80 86 70 76 dB PSRR

Channel Separation 120 120 120 dB Ay = lOa, Freq. = I kHz

Slew Rate 13 13 13 V/JJ.S dVOUT/dt Ay = I, RL = 2 Kn
CL = 100 pF, VI = 10V

Rise Time 0.1 0.1 0.1 JJ.sec tr Ay = 1, RL = 2 Kn
Overshoot 10 10 10 % to CL = 100pF, VI = 20mV

Equivalent Input 18 18 18 nV/v'HZ en RS = lOOn, f= 1 kHz
Noise Voltage f= 10 Hz to 10 kHz

Equivalent Input 0.01 0.01 0.01 pA/v'HZ in Rs = lOOn
Noise Current f= 1 kHz

Total Harmonic am am 0.01 % THD Vo = 10V, rms
Distortion f = 10kHz, RL ~ 2 Kn

Rs';;;l Kn



XA·082/083
Dual BIFET Operational Amplifiers

GENERAL DESCRIPTION
The XR-082/XR-083 family of junction FET input dual operational amplifiers are designed to offer higher performance than conven-
tional bipolar op-amps. Each amplifier features high slew-rate, low input bias and offset currents, and low offset voltage drift with tem-
perature. These operational amplifier circuits are fabricated using ion-implantation technology which combines well-matched junction
FETs and high-performance bipolar transistors on the same monolithic chip. This technology, known as the bipolar/FET or "BIFET"
process, results in greatly improved performance compared to conventional op-amps fabricated using only bipolar transistors.

The XR-082 family of dual BIFET op-amps are packaged in 8-pin dual-in-line packages. The XR-083 family of op-amps offer inde-
pendent offset adjustment for each of the individual op-amps on the same chip, and are available in 14-pin dual-in-line packages.

Direct Replacement for Texas Instruments TLOB2 and TLOB3
Low Power Consumption LM324
Wide Common-Mod~ and Differential Voltage Ranges
Low Input Bias and Offset Currents
Output Short-Circuit Protection
High Input Impedance ... FET Input Stage
Internal Frequency Compensation
Latch-Dp-Free Operation
High Slew-Rate ... 13 V//.1S,Typical

Active Filter Design
Sample/Hold and Servo Systems
Audio Signal Processing
Analog Control Systems

NONINVERTING
INPUT

INVERTlN<>::
INPUT

6
OFFSET NULL

INll"

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Differential Input Voltage
Input Voltage Range (Note 1)
Output Short-Circuit Duration (Note 2)
Package Power Dissipation:

Plastic Package 625 mW
Derate Above TA = +2SoC 5.0 mVtC

Ceramic Package 750 mW
Derate Above TA = +2SoC 6.0 mWtC

Storage Temperature Range _65°C to +150°C
Note 1: For Supply Voltage less than ±15V, the absolute maximum

input voltage is equal to the supply voltage.
Note 2: The output may be shorted to ground or to either supply.

Temperature and/or supply voltages must be limited to ensure
that the dissipation rating is not exceeded

±llW
±30V
±ISV

Indefinite

AVAILABLE TYPES
Part Number Package
XR-082M/XR-083M Ceramic
XR-082N/XR-083N Ceramic
XR-082P/XR-083P Plastic
XR-082CN/XR-083CN Ceramic
XR-082CP/XR-083CP Plastic

FUNCTIONAL BLOCK DIAGRAM

Operating Temperature
_55°C to +12SoC
_25°C to +8SoC
-25°C to +8SoC

O°C to +7SoC
O°C to +7SoC



ELECfRICAL CHARACfERISTICS
TA = 25°C, VCC = ±15V, unless otherwise specified.

XR-082M/XR-083M XR-082/XR-083 XR-082C/XR-083C
CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS SYMBOL CONDITIONS

Input Offset Voltage 3 6 3 6 S IS mV Vos Rs ='son, TA = 2SoC
9 9 20 mV Vos Rs = son, TA = Full Range

Offset Voltage 10 10 10 J.lvtc t:Nos//::'T Rs = son, TA = Full Range
Temp. Coef.

Input Bias Current Is
30 200 30 200 30 400 pA TA = 2SoC

SO 20 20 nA TA = Full Range

Input Offset Current Ios
S 100 S lOa s 200 pA TA = 2SoC

20 10 S nA TA = Full Range

Supply Current 1.4 2.8 1.4 2.8 1.4 2.8 mA Ice No Load, No Input Signal
(per amplifier)

Input Common Mode ±12 ±12 ±IO V ViCM
Range

Voltage Gain V/mV RL;;;' 2 Kn, Vo = ±IOV
SO 200 SO 200 2S 200 AVOL TA = 2SoC
2S 2S IS TA = Full Range

Max. Output Swing RL;;;' 10 Kn
(peak-to-peak)

24 27 24 27 24 27 V Vopp TA = 2SoC
24 24 24 TA = Full Range

Inpu t Resistance 1012 1012 10[2 n Rin TA = 2SoC

Unity-Gain Bandwidth 3 3 3 MHz BW TA = 2SoC

Common-Mode Rejection 80 86 80 86 70 76 dB CMRR Rs";;; 10 Kn

Supply-Voltage Rejection 80 86 80 86 70 76 dB PSRR

Channel Separation 120 120 120 dB Ay = 100, Freq. = I kHz

Slew Rate 13 13 13 V/J.lS dVout/dt Ay = I, RL = 2 Kn
CL = 100 pF, VI = 10V

Rise Time 0.1 0.1 0.1 J.lsec tr Ay = I, RL = 2 Kn
Overshoot 10 10 10 % to CL = 100 pF, V[ = 20 mV

Equivalent Input 47 47 47 nV/Yfu en Rs = loon
Noise Voltage f= I kHz



XR·084
Quad BIFET Operational Amplifier

GENERAL DESCRIPTION
The XR-084 junction FET input quad operational amplifier is designed to offer higher performance than conventional bipolar quad
op-amps. Each of the four op-amps on the chip is closely matched in performance characteristics, and each amplifier features high
slew-rate, low input bias and offset currents, and low offset voltage drift with temperature. The XR-084 FET input quad op-amp is
fabricated using ion implanted bipolar/FET or "BIFET" technology which combines well-matched junction FETs and high-per-
formance bipolar transistors on the same monolithic integrated circuit.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Differential Input Voltage
Input Voltage Range (Note 1)
Output Short-Circuit Duration (Note 2)
Package Power Dissipation:

Plastic Package 625 mW
Derate Above TA = +2SoC 5.0 mVtC

Ceramic Package 750 mW
Derate Above TA = +2SoC 6.0 mWtC

Storage Temperature Range -65°C to + 150°C
Note 1: For Supply Voltage less than ±15V, the absolute maximum

input voltage is equal to the supply voltage.
Note 2: The output may be shorted to ground or to either supply.

Temperature and/or supply voltages must be limited to ensure
that the dissipation rating is not exceeded.

±18V
±30V
±ISV

Indefinite

Direct Replacement for Texas Instruments TL084
Same Pin Configuration as XR·3403 lM324
High-Impedance Junction FET Input Stage
Internal Frequency Compensation
Low Power Consumption
Wide Common-Mode and Differential Voltage Ranges
Low Input Bias and Offset Currents
Output Short-Circuit Protection
Latch-Dp-Free Operation
High Slew-Rate ... 13 V/JiS, Typical

Active Filter Design
Sample/Hold and Servo Systems
Audio Signal Processing
Analog Control Systems

Part Number
XR-084M
XR-084N
XR-084P
XR-084CN
XR-084CP

Package
Ceramic
Ceramic
Plastic
Ceramic
Plastic

Operating Temperature
-55°C to +12SoC
-25°C to +8SoC
-25°C to +8SoC

O°C to +7SoC
O°C to +7SoC

NO,..·INVERTlNG
INPUl

INVERTING
INPUT



ELECfRICAL CHARACfERISTICS
TA = 25°C, VCC = ±15V, unless otherwise specified.

XR-084M XR-084 XR-084C
CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS SYMBOL CONDITIONS

Input Offset Voltage 3 6 3 6 5 IS mV Vos Rs = son, TA = 25°C
9 9 20 mV Vos Rs = son, TA = Full Range

Offset Voltage 10 10 10 pvrc t:Nosl/':,T Rs = son, TA = Full Range
Temp. Coef.

Input Bias Current IB
30 200 30 200 30 400 pA TA = 25°C

50 20 20 nA TA = Full Range

Input Offset Current los
5 100 5 100 5 200 pA TA = 25°C

20 10 5 nA TA = Full Range

Supply Current 1.4 2.8 1.4 2.8 1.4 2.8 mA lee No Load, No Input Signal
(per amplifier)

Input Common Mode ±12 ±12 ±10 V ViCM
Raflge

Voltage Gain V/mV RL ~ 2 Kn, Vo = ±IQV
50 200 50 200 25 200 AYOL TA = 25°C
25 25 15 TA = Full Range

Max. Output Swing RL~ 10Kn
(peak-to-peak)

24 27 24 27 24 27 V Vopp TA = 25°C
24 24 24 TA = Full Range

Input Resistance 1012 1012 1012 n Rin TA = 25°C

Unity-Gain Bandwidth 3 3 3 MHz BW TA = 25°C

Common-Mode Rejection 80 86 80 86 70 76 dB CMRR Rs";; 10 Kn

Supply-Voltage Rejection 80 86 80 86 70 76 dB PSRR

Channel Separation 120 120 120 dB Ay = 100, Freq. = 1 kHz

Slew Rate 13 13 13 VipS dVout/dt Ay = 1, RL = 2 Kn
CL = 100 pF, VI = 10V

Rise Time 0.1 0.1 0.1 psec tr Ay = 1, RL = 2 Kn
Overshoot 10 10 10 % to CL = 100pF, VI = 20mV

Equivalent Input 47 47 47 nV/v'Hz en Rs = lOOn
Noise Voltage f= I kHz



XR·094/095

Progral1ll1lable Quad BIFET
Operational Al1Iplifier
GENERAL DESCRIPTION
~ XR-094 and XR-09S junction FET input quad programmable operational amplifiers consist of four independent, high gain,
internally compensated amplifiers. Two external resistors (RSET) allow the user to program supply current slew-rate input noise
without the usual sacrifice of gain bandwidth product. For example, the user can trade-off slew-rate for supply current or optimize
the noise figure for a given source impedance. Except for the two programming pins at the end of the package, the XR-094 and
XR-09S pin-out is the same as the popular 324, 3403, 124, 148 and 4741 operational amplifiers.

As shown in the individual functional block diagrams, the XR-094 will find great application in active filter designs where only the
output amplifier would require a high slew-rate. The XR-09S allows the user to program for two specific frequencies where dual
op-amps are employed to perform this function.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Differential Input Voltage
Input Voltage Range (Note 1)
Output Short-Circuit Duration (Note 2)
Package Power Disspation:

Plastic Package 625 mW
Derate Above TA = +2SoC 5.0 mVtC

Ceramic Package 750 mW
Derate Above TA = +2SoC 6.0 mWtC

Storage Temperature Range -65°C to +lS0°C
Note 1: For Supply Voltage less than ±15V, the absolute maximum

input voltage is equal to the supply voltage.
Note 2: The output may be shorted to ground or to either supply.

Temperature and/or supply voltages must be limited to ensure
that the dissipation rating is not exceeded.

±18V
±30V
±lSV

Indefmite

Same Pin Configuration as LM-346
High-Impedance Junction FET Input Stage
Internal Frequency Compensation
Low Power Consumption
Wide Common-Mode and Differential Voltage Ranges
Low Input Bias and Offset Currents
Output Short-Circuit Protection
Latch-Up-Free Operation
High Slew-Rate ... 13 V/IlS, Typical
Programmable Electrical Characteristics

Total Supply Current = 5.6 mA (I SET /320 IlA)
Slew-Rate = 13 V /IlS (ISET /320 IlA)
ISET = Current into pin 8, pin 9 (see schematic)

_ +Vcc - -VEE - 0.6V
ISET - R

SET

AVAILABLE TYPES
Part Number Package
XRD94/XR-09SM Ceramic
XR-094/XR-09SN Ceramic
XR-094/XR-09SP Plastic
XR-094/XR-09SCN Ceramic
XR-094/XR-09SCP Plastic

FUNCfIONAL BLOCK DIAGRAMS

Operating Temperature
_55°C to +12SoC
-25°C to +8SoC
_25°C to +8SoC

O°C to +7SoC
O°C to +7SoC

RSET RSH

·5fT ISET

SET SET

'9)
,.,



ELECTRICAL CHARACTERISTICS
TA = 25°C, Vcc = ±lSV, unless otherwise specified.
ISET = 320 IJ.A.

XR-094/09SM XR-094/09S XR-094/09SC
CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS SYMBOL CONDITIONS

Input Offset Voltage 3 6 3 6 5 15 mV Vos Rs = son, TA = 25°C
9 9 20 mV Vos Rs = son, TA = Full Range

Offset Voltage 10 10 10 pvtc !::Nos/"'-T Rs = son, TA = Full Range
Temp. Coef.

Input Bias Current IB
30 200 30 200 30 400 pA TA = 25°C

50 20 20 nA TA = Full Range

Input Offset Current Ios
5 100 5 100 5 200 pA TA = 25°C

20 10 5 nA TA = Full Range

Supply Current 1.4 2.8 1.4 2.8 1.4 2.8 mA lee No Load, No Input Signal
(per amplifier)

Input Common Mode ±12 ±12 ±1O V ViCM
Range

Voltage Gain V/mV RL;;;' 2 Kn, Vo = ±IOV
50 200 50 200 25 200 AVOL TA = 25°C
25 25 15 TA = Full Range

Max. Output Swing RL ;;;'10 Kn
(peak-to-peak)

24 27 24 27 24 27 V Vopp TA = 25°C
24 24 24 TA = Full Range

Input Resistance 1012 1012 1012 n Rin TA = 25°C

Unity-Gain Bandwidth 3 3 3 MHz BW TA = 25°C

Common-Mode Rejection 80 86 80 86 70 76 dB CMRR Rs"';; 10 Kn

Supply-Voltage Rejection 80 86 80 86 70 76 dB PSRR

Channel Separation 120 120 120 dB Ay = 100, Freq. = I kHz

Slew Rate 13 13 13 VIpS dVout/dt Ay = I, RL = 2 Kn
CL = 100 pF, VI = 10V

Rise Time 0.1 0.1 0.1 psec tr Ay = 1, RL = 2 Kn
Overshoot 10 10 10 % to CL = 100 pF, VI = 20 mV

Equivalent Input 47 47 47 nV/yHz en Rs = loon
Noise Voltage f= I kHz



XR-146/246/346

Programmable Quad
Operational Amplifier
The XR-146 family of quad operational amplifiers contain four independent high-gain, low-power, programmable op-amps on a
monolithic chip. The use of external bias setting resistors permit the user to program gain-bandwidth product, supply current,
input bias current, input offset current, input noise and the slew rate.

The basic XR-146 family of circuits offer partitioned programming of the internal op-amps where one setting resistor is used to
set the bias levels in the three op-amps, and a second bias setting is used for the remaining op-amp. Its modified version, the XR-
346-2 provides a separate bias setting resistor for each of the two op-amp pairs.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage

XR-146
XR-246/346

Differential Input Voltage (Note 1)
XR-146/246/346

Common Mode Input Voltage (Note 1)
XR-146/246/346

Power Dissipation (Note 2)
XR-146
XR-246/346

Output Short Circuit Duration (Note 3)
XR-146/246/346

Maximum Junction Temperature
XR-146
XR-246
XR-346

Storage Temperature Range
XR-146/246/346

AVAILABLE TYPES

±22Y
±18Y

Programmable
Micropower operation
Low noise
Wide power supply range
Class AB output
Ideal pin out for biquad active fIlters
Overload protection for input and output
Internal frequency compensation 900 mW

500 mW

Total Supply Current = 104mA (IsET/10 f.1A)
Gain Bandwidth Product = 1 MHz (IsET/lO f.1A)
Slew Rate = Oo4Y/f.1s(ISET/10 f.1A)
Input Bias Current =:0 50 nA (IsET/lO f.1A)

ISET = Current into pin 8, pin 9 (see schematic)
y+ - Y- - 0.6Y

ISET = R
SET

Part Number
XR-146M
XR-246N
XR-246P
XR-346/346-2CN
XR-346/346-2CP

FUNCTIONAL BLOCK DIAGRAMS

Package
Ceramic
Ceramic
Plastic
Ceramic
Plastic

Operating Temperature
-55°C to +12SoC
-25°C to +8SoC
-25°C to +8SoC

O°C to +70°C
O°C to +70°C



PARAMETER
XR-146 XR-246/346 UNITS CONDITIONS

MIN. TYP. MAX. MIN. TYP. MAX.

Input Offset Voltage 0.5 5 0.5 6 mV VCM = OV, Rs ~ son

Input Offset Current 2 20 2 100 nA VCM =OV

Input Bias Current 50 100 50 250 nA VCM = OV

Supply Current (4 Op-Amps) 1.4 2.0 1.4 2.5 mA

Large Signal Voltage Gain 100 1000 50 1000 V/mV RL = 10 kn, LlVOUT = ±lOV

Input CM Range ±13.5 ±14 ±13.5 ±14 V

CM Rejection Ratio 80 100 70 100 dB Rs ~ 10 kn

Power Supply Rejection Ratio 80 100 74 100 dB Rs ~ 10 kn

Output Voltage Swing ±12 ±14 ±12 ±14 V RL;;;" 10 kn

Short-Circuit Current 5 20 30 5 20 30 mA

Gain Bandwidth Product 0.8 1.2 0.5 1.2 MHz

Phase Margin 60 60 Deg

Slew Rate 0.4 0.4 V/j1S

Input Noise Voltage 28 28 nV/y'HZ f= 1 kHz

Channel Separation 120 120 dB RL = 10 kn. LlVOUT = OV to
±12V

Input Resistance 1.0 1.0 Mn

Input Capacitance 2.0 2.0 pF

Input Offset Voltage 0.5 6 0.5 7.5 mV VCM = OV, Rs ~ son

Input Offset Current 2 25 2 100 nA VCM = OV

Input Bias Current 50 100 50 250 nA VCM = OV

Supply Current (4 Op-Amps) 1.5 2.0 1.5 2.5 mA

Large Signal Voltage Gain 50 1000 25 1000 V/mV RL = 10 kn, LlVOUT = ±lOV

Input CM Range ±13.5 ±14 ±13.5 ±14 V

CM Rejection Ratio 70 100 70 100 dB Rs ~ son

Power Supply Rejection Ratio 76 100 74 100 dB Rs ~50n

Output Voltage Swing ±12 ±14 ±12 ±14 V RL;;;" 10 kn

Input Offset Voltage 0.5 5 0.5 6 mV VCM = OV, Rs ~ son

Input Bias Current 7.5 20 7.5 100 nA VCM = OV

Supply Current (4 Op-Amps) 140 250 140 300 JJ.A

Gain Bandwidth Product 80 100 50 100 kHz

Input Offset Voltage 0.5 5 0.5 7 mV VCM = OV, Rs ~ son

Input CM Range ±0.7 ±0.7 V

CM Rejection Ratio 80 80 dB Rs ~ son

Output Voltage Swing ±0.6 ±0.6 V RL;;;" 10 kn
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Input Offset Voltage vs ISET Ratio vs ISET Ratio vs ISET

1 r-- r-- r-- ii 120 - r-- ~
~

120 ~ ~ r--

0.9 I-- I-- I-- :!! ;;;;;1- I-- I-- I-- I-- t--
:;; e:>

100 ~I- e:> 1-", 1-",.!

-=
- I-

-=
100 1-",0.8 I-- f-- f--.... C[ - f-- I-- C[ I-- I-- t--

'"
a: a:

C[ 0.7 f-- f-- I-- z 80 - f-- f-- z 80 f-- f-- I--
~ e:> e:>
e:> 0.6 I-- I-- 1--7

-=
- I-- I--

-=
~ I-- f--

> ~ ~
•.. ...... 0.5 f-- !!:l 60 - I-- - !!:l 60 f-- I-- I--

....
~

.... ....
~ 0.4 I-- I-- a: - - - a: I-- I-- f--.... >... e:> 40 - - - ... 40 ~ ~ I--e:> 0.3 f-- f-- f-- e:> ...... ~ ...
::> - - - ::> I-- I-- t--... 02 I-- I-- f-- z en
!: VS' ±15V

e:> 20 - - VS' ±15V
a: 20 I-- I--

t-Vs' ±15V
0.1

2! ....
f-- f--

t-TA• 25°C 2! - - TA' 25°C ~ I-- I--
t-TA• 25°Ce:> e:>o •....•. •...... •.. 0 - - ... o L- L-

0.1 1 10 100 0.1 1 10 100 0.1 1 10 100

'SET {j,A) 'SET {j,A) ISET(jlA)

Input Bias Current vs
Output Voltage Swing vs Input Voltage Range vs Input Common-Mode
Supply Voltage Supply Voltage Voltage

16 16 100
ISET' 10 jlA

~
14

~
14 C-

I.!O
'" 12 .... 12 ... -r r ,
z '" 'SET"jlA=
~ z z 10....

10 C[ 10 a:.... a: a:
'" .... ::>
C[ 8 '" 8 ...... C[ en... ... C[ I I Ie:> 6

...
6 a; ISET' O.ljlA> e:>... > ... 1

::> 4
... ::>... TA' 25°C ::> 4 ...... ... !:

::> ISET"0jlA !: TA·25°C I J 1 VS' ·,5Ve:> 2 2
Rl' 10k n 'SET' 10 jlA 0.1 r I I TA' 25°C

0 0
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 -15 -10 -5 0 5 10 15

SUPPl Y VOLTAGE (±V) SUPPl Y VOLTAGE (±V) INPUT CoMMoN·MooE VOLTAGE (V)

Input Bias Current vs Input Offset Current vs Supply Current vs
Temperature Temperature Temperature

100 10 10
VS' ±15V

90
~

9

1 80 8 1= 'SET' 10jlA I... C-... 70 z 7
.!

z .... 1.... a: ...
a: 60 a: 6 ~a: 'SET"0jlA ::>
::> •.. a:... 50 ... 5 a:

EISET'1 jlAen .... ::> I
C[ 40 ~ ...

I ~a; 4 >
0.1 I r... ......

30 e:>
3

...
::> ... ...... ::> ::>
!: 20 ... 2

en

ISET' ljlA !: I I
Vs'· ±15Vi10 1 VS,' ±15V I I

0 I
0 0.01

-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125

TEMPERATURE (OC) TEMPERATURE eC) TEMPERATURE (OC)

Note 1: For supply voltages less than ±lSV, the absolute maximum input voltage is equal to the supply voltage.
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX,
8jA, and the ambient temperature, TA. The maximum available power dissipation at any temperature is Pd = (TjMAX - T A)/8jA
or the 2SoC PdMAX, whichever is less.
Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should be simultaneously
shorted as the maximum junction temperature will be exceeded.



XR-3403/3503

Quad Operational Al11plifier

The XR·3403 is an array of four independent operational amplifiers, each with true differential inputs. The device has electrical
characteristics similar to the popular 741. However, the XR·3403 has several distinct advantages over standard operational amplifier
types in single supply applications. The XR-3403 can operate at supply voltages as low as 3.0 volts or as high as 36 volts with
quiescent currents about one-fifth of those associated with the 741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for external biasing components in many applications. The output
voltage range also includes the negative power supply voltage. The XR-3S03 is the military-grade version of the XR-3403.

Short Circuit Protected Outputs
Class AB Output Stage for Minimal Crossover Distortion
True Differential Input Stage
Single Supply Operation: 3.0 to 36 Volts
Split Supply Operation: ± I.S to ± 18 Volts
Low Input Bias Currents: SOOnA Max
Four Amplifiers per Package
Internally Compensated
Similar Performance to Popular 741
Direct Pin-for-Pin Replacement for MC3403/3S03, LM3:::4
and RC4137

Power Supply Voltages
Single Supply
Split Supplies

Input Differential Voltage Range with
Split Power Supply

Input Common Mode Voltage Range*
Package Power Dissipation:

Plastic Package 62S mW
DerateaboveTA=+2SoC S.OmVtC

Ceramic Package 7S0 mW
Derate above TA = +2SoC 6.0 mW/oC

Storage Temperature Range - 6SoC to +ISO°C
*For Supply Voltage less than ± ISV, the absolute maximum
input voltage is equal to the supply voltage.

36V
±18V

±30V
±ISV

Part Number
XR-3S03M
XR-3403CN
XR-3403CP

Package
Ceramic
Ceramic
Plastic

Operating Temperature
- SSOCto + 12SoC

O°C to +7SoC
O°C to +7SoC

8lASCIRCUfTRV,~~~:ONTO I
I AMPLIFIERS I

I
I +Vec OUTPUT 0

I

-INPUT A -INPUT 0

.INPUT A .INPUT 0

+Vcc -VEE

INVERTING +INPUT C
INPUT

-INPUT B -INPUT C

OUTPUT C

-VEE

(One Channel Only)

36



XR-3S03M XR-3403C
CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. UNITS CONDITIONS

Inpu t Offset Voltage 2.0 5.0 2.0 10 mY
6.0 12 TA=Thil!:h toTlowl

Input Offset Current 30 50 30 50 nA
200 200 TA=Th~h to Tlow

Large Signal Open-Loop Voltage Gain Y/mY YO - ±10Y
50 200 20 200 RL = 2.0KD
25 300 15 T A = Thigh to Tlow

Input Bias Current -200 -500 -200 -500 nA
-300 -1500 -800 T A = Thil!:h to Tlow

Output Impedance 75 75 D f - 20 Hz
Input Impedance 0.3 1.0 0.3 1.0 MD f= 20 Hz
Output Voltage Swing ±12 ±13.5 ±12 ±13.5 Y RL- 10 KD

±10 ±13 ±10 ±13 RL = 2.0 KD
±1O ±10 RL=2.0KD

TA = Thil!:h to Tlow
Input Common Mode Voltage Range +13Y-YEE +13.5Y-YEE +13Y-YEE +13.5Y-YEE v

Common Mode Rejection Ratio 70 90 70 90 dB RS<'10KH
Power Supply Current (Yo = 0) 2.8 4.0 2.8 7.0 mA RL = 00

Individual Output Short-Circuit Current2 ±20 ±30 ±45 ±1O ±20 ±45 mA
Positive Power Supply Rejection Ratio 30 150 30 150 J.1V/V
Negative Power Supply Rejection Ratio 30 150 30 150 llY/V
Average Temperature Coefficient of

pAtCInput Offset Current 50 50 T A = Thigh to Tlow
Average Temperature Coefficient of

llytCInput Offset Voltage 10 10 TA = Thi/(h to Tlow
Ay - 1, RL - 2.0KD

Power Bandwidth 9.0 9.0 kHz Yo = 20Y (p-p)
THD = 5%

Small Signal Bandwidth 1.0 1.0 MHz Ay = 1, RL = 10KD
Yo = 50 mY

Slew Rate 0.6 0.6 Y/J1S Ay - 1, Yi = -10Y
to +10Y

Rise Time 0.6 0.6 J1S
Ay = 1, RL = IOKD
Yo = 50mY

Fall Time 0.6 0.6 J1S
Ay - 1, RL - 10KD
Yo = 50 MY

Overshoot 20 20 % Ay - 1, RL - 10KD
Yo=50mY

Phase Margin 60 60 Degrees Ay - 1, RL - 2.0KD
CL = 200 pF
(Vin - 30 mY p-p

Crossover Distortion 1.0 1.0 % Yout = 2.0Y p-p
F = 10 kHz)

10o
Thigh = +125 C for XR-3503M, +70 C for XR-3403C
Tlow = _55°C for XR-3503M, OoC for XR-3403C

2Not to exceed maximum package power dissipation.
30utput will swing to ground.

XR-3S03M XR-3403C
CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. UNITS CONDITIONS

Input Offset Voltage 2.0 5.0 2.0 10 mY
Input Offset Current 30 50 30 50 nA
Input Bias Current -200 -500 -200 -500 nA
Large Signal Open Loop Voltage Gain 20 200 20 200 Y/mY RL= 2.0KD
Power Supply Rejection Ratio 150 150 llY/V
Output Voltage Range3 3.5 3.5 Yp-p RL = IOKD

YCC= 5.0Y
YCC-I.5Y YCC-I.5Y RL = 10 KD

5.0Y";;YCC";;30Y
Power Supply Current 2.5 4.0 2.5 7.0 mA
Channel Separation -120 -120 dB f= 1.0 kHz to 20 kHz

(Input Referenced)



XR-4136

Quad Operational Amplifier

The XR-4136 is an array of four independent internally-compensated operational amplifiers on a single silicon chip, each similar to
the popular 741, but with a power consumption less than one 741. Good thermal tracking and matched gain-bandwidth products
make these quad op-amps useful for active filter applications.

DirectPin-for-Pin Replacement for RC4136 and RM4136
Low Power Consumption - 50 mW typo and 120 mW max.
Short-Circuit Protection
Internal Frequency Compensation
No Latch-Up
Wide Common-Mode and Differential Voltage Ranges
Matched Gain-Bandwidth

Supply Voltage
XR-4136M
XR-4136C

Common Mode
Voltage Range

Differential Input Voltage
Internal Power Dissipation

Ceramic Package:
Derate above TA = +2SoC

Plastic Package:
Derate above TA = +2SoC

Storage Temperature Range:

±22V
±18V

-VEE to+VCC
±30V

7S0mW
6mWtC
625 mW

5 mWtC
-65°C to +lS0°C

Part Number

XR-4136M
XR-4136CN
XR-4136CP

Package
Ceramic
Ceramic
Plastic

Operating Temperature

-55°C to +12SoC
O°C to +7SoC
O°C to +7SoC



XR4136M XR4136C
UNITSCHARACTERISTICS SYMBOLS CONDITIONS

MIN. TYP. MAX. MIN. TYP. MAX.

Input Offset Voltage I 5.0 I 6.0 mV 1Viol R,<IOKn
Input Offset Current 10 200 10 200 nA Iliol
Input Bias Current 80 500 80 500 nA IIbl
Input Resistance 0.3 1.8 0.3 1.8 Mn Rin

Large Signal Voltage Gain 50 60 20 40 V/mV AVOL
RL 2 2 Kn

Vout=±IOV
±12 ±14 ±12 ±14 V Vout RL210 Kn

Output Voltage Swing
±IO ±12 ±IO ±12 V Vout RL 2 2 Kn

Input Voltage Range ±12 ± 13.5 ±12 ±13.5 V ViCM
Common Mode Rejection Ratio 70 105 70 105 dB CMRR Rs~IOKn
Supply Voltage Rejection Ratio 10 ISO 10 150 J.lV/V PSRR Rs ~ 10 Kn
Power Consumption 50 120 50 120 mW Pi

Vin = 20 mV
Transient Response (unity gain) RL = 2 Kn

Risetime 0.07 0.07 J.lS tr CL ~ 100 pF
Overshoot 20 20 % to

Unity Gain Bandwidth 2.0 3.0 3.0 MHz BW
Slew Rate (unity gain) 1.6 1.6 V/J.lS dVout!dt RL ~ 2 Kn

f= 10 KHz
Channel Separation (open loop) 120 120 dB

Rs = I Kn

f= 10KHz
(Gain of 100) 105 105 dB

Rs = I Kn

The following specifications apply for -55°C ~ T A ~ + 125°C for XR-4136M: O°C ~ T A ~ +70°C for XR-4136C

Input Offset Voltage 6.0 7.5 mV 1Viol Rs~ 10 Kn
Input Offset Current 500 300 nA Iliol
Input Bias Current 1500 800 nA Ib

Large-Signal Voltage Gain 25 15 V/mV AVOL
RL 2 2 Kn

Vout = ± 10V
Output Voltage Swing ±10 ±IO V Vout RL 22 Kn

Vs = ±15V
Power Consumption 150 ISO mW Pi TA = High

200 200 mW Pi TA = Low
Output Short-Circuit Current 5 17 35 5 17 35 mA ISC

TYPICAL PARAMETER MATCHING:

TA = +25°C, Vs = ±15V unless otherwise noted

XR4136M XR4136C
UNITS SYMBOLS CONDITIONS

CHARACTERISTICS TYP. TYP.

Input Offset Voltage + 1.0 ±2.0 mY 1Yiol Rs210Kn

Input Offset Current ±7.5 ±7.5 nA Iliol

Input Bias Current ±l5 ± 15 nA Ib

Voltage Gain ±0.5 ± 1.0 dB AYOL Rs 22 Kn



XR-4202

Prograll1l11able Quad
Operational AlI1plifier

The XR-4202 is an array of four independent operational amplifiers on a single silicon chip. The operating current of the array is
externally controlled by a single resistor or current source, allowing the user to trade-off power dissipation for bandwidth.

Programmable
Micropower Operation
Wide Input Voltage and Common Mode Range
Internal Frequency Compensation
No Latch-Up
Matched Parameters
Short-Circuit Protection

Gain-Bandwidth Product ::::::
Power Supply Current ::::::
Slew Rate ::::::

Where: ISET is in /lA

VEE - VBE
ISET = ---- WHERE VBE DIODE VOLTAGE ::::::0.65V

RSET

50 ISET
30 ISET
20 ISET

(KHz)
(/lA)
(V/ms)

I
I
I

~ Rm

I
.l'SET

Supply Voltage
Differential Input Voltage
Power Dissipation

Ceramic Package:
Derate above TA = +25°C

Plastic Package:
Derate above TA = +25° C

Common Mode Range
Short Circuit Duration
Storage Temperature

±18V
±30V

750 mW
6 mWtC
625 mW

5.0 mWtC
VEE to VCC

Indefinite
-60°C to +150°C

Operating Temperature

-SSoC to +12SoC
_40°C to +8SoC
_40°C to +8SoC

XR--4202M
XR-4202N
XR-4202P

Ceramic
Ceramic
Plastic



CHARACTERISTICS MIN TYP MAX UNITS SYMBOL CONDITIONS

Short Circuit Current 5 17 30 mA ISC O°C < TA < 75°C
Supply Current 0.8 I.7 6.0 mA Is Note 3
Input Offset Voltage 0.8 5.0 mV Vio Rs < 10 Kn
Input Bias Current 80 500 nA Ib
Input Off-set Current 10 200 nA lio
Input Resistance 0.1 0.6 Mn Rin
Input Common Mode Voltage Range 12 ±14 ±V ViCM
Common Mode Rejection Ratio 70 110 dB CMRR
Voltage Supply Rejection Ratio 15 150 /lV/V PSRR
Large Signal Voltage Gain 74 88 dB AVOL RL = 3 Kn; t1Vo = ±10V
Output Voltage Swing ±10 ±13.6 ±V Vout RL=3Kn
Gain-Bandwidth Product 3.5 MHz fl
Phase Margin 45 Deg.
Rise Time 70 ns tR t1Vo = ±20 mV
Overshoot 20 % to t1Vo = ±20 mV
Channel Separation 120 dB Any amp. pair: freq. = 1 Hz, RL = 3 Kn

105 dB Any amp. pair: freq. = 10 KHz, RL = 3 Kn
Slew Rate 1.5 V//lS dVout/dt
Input Voltage Noise 25 nV/.JHZ en Bandwidth 100 Hz to 10 KHz

Note: Short circuit may be taken to either supply line or ground on only one amplifier at a time.

ELECfRICAL CHARACfERISTICS HIGH POWER MODE (VS = ±15V, ISET = 75 /lA and TA = _55°C to +125°C)

CHARACTERISTICS MIN TYP MAX UNITS SYMBOL CONDITIONS

Input Offset Voltage 0.8 10 mV Vio Rs ~10 Kn

Input Bias Current 80 1500 nA Ib
Input Offset Current 10 200 nA lio
Large Signal Vol tage Gain 68 88 dB Avol RL = 3 Kn

t1Vo = ±10V

-

CHARACTERISTICS MIN TYP MAX UNITS SYMBOL CONDITIONS

Supply Current 100 /lA Is Note 3
Input Bias Current 200 nA IB
Input Offset Current 20 nA 10S
Input Offset Voltage 0.5 5 mV Vos Rs<10Kn
Input Resistance 0.5 Mn Rin
Input Common Mode Voltage Range 0.3 ±0.8 ±V ViCM
Common Mode Rejection Ratio 60 100 dB CMRR
Voltage Supply Rejection Ratio 20 200 /lV/V PSRR
Large Signal Voltage Gain 66 80 dB Avol RL> 100 Kn
Gain-Bandwidth Product 50 KHz f1
Phase Margin 75 Deg.
Slew-Rate 20 V/ms dVout/dt
Rise Time 7 /lS tR t1Vo = ±20 mV
Overshoot 0 % to t1Vo=±20mV
Channel Separation 120 dB Freq. = Hz: RL = 20 Kn, t1Vo = ±0.5V

120 dB Freq. = 1 KHz: RL = 10 Kn, t1Vo = ±0.5V
Equivalent Input Voltage Noise 200 nV/.Jffz en Bandwidth = 100 Hz to 10KHz

CHARACTERISTICS MIN TYP MAX UNITS SYMBOL CONDITIONS

Input Offset Voltage 1 ±mV Vos Rs<10Kn
Input Bias Current 10 ±nA IB
Input Offset Current 2 ±nA los
Gain-Bandwidth Product 100 ±KHz f1
Slew Rate 0.2 ±V//Js dVo/dt

NOTES: 1. All tests refer to a single Op. amp unless otherwise specified.
2. Tests apply for parameter matching between any Op. amp pair.
3. Tests apply to four Op. amps and bias network.



XR-4212

Quad Operational Amplifier

The XR-4212 is an array of four independent internally compensated operational amplifiers on a single silicon chip, each
similar to the popular 741, but with a power consumption less than one 741. Good thermal tracking and matched gain-
bandwidth products make these Quad Op-amps useful for active filter applications.

Same Pinout as MC3403 and LM324
Low Power Consumption - 50 mW typo and 120 mW max.
Short-Circuit Protection
Internal Frequency Compensation
No Latch-Up
Wide Common-Mode and Differential Voltage Ranges
Matched Gain-Bandwidth

Supply Voltage
XR-42 12M
XR-4212C

Common Mode
Voltage

Output Short-Circuit Duration
Differential Input Voltage
Internal Power Dissipation

Ceramic Package:
Derate above TA = +25°C

Plastic Package:
Derate above T A = +25° C

Storage Temperature Range:

±22V
±18V

VEE to VCC
Indefinite

±30V

750 mW
6mW(C
625 mW

5 mW(C
-65°C to +150°C

Part Number
XR-42 12M
XR-4212CN
XR-4212CP

Package
Ceramic
Ceramic
Plastic

Operating Temperature
-55°C to +125°C

O°C to +75°C
O°C to +75°C

OUTPUT A OUTPUT 0

-INPUT A -INPUT 0

+INPUT A +INPUT 0

OUTPUT
+vcc -vEE

+INPUT 8 +INPUT C

-INPUT B -INPUT C

OUTPUT 8 OUTPUT C



XR-4212M XR-4212C
CHARACTERISTICS MAX. UNITS SYMBOLS CONDITIONS

MIN. TYP. MAX. MIN. TYP.

Input Offset Voltage 1 S.O 1 6.0 mV IViol Rs~ 10 Kn
Input Offset Current 10 SO 10 SO nA Iliol
Input Bias Current 80 SOO 80 SOO nA Ilbl
Input Resistance 0.3 1.8 0.3 1.8 Mn Rin

Large Signal Voltage Gain 20 60 S 40 V/mV AVOL
RLL 2Kn
Vout=±10V

±12 ±14 ±12 ±14 V Vout RLL 10 Kn
Output Voltage Swing

±10 ±12 ±10 ±12 V Vout RLL 2Kn
Input Voltage Range ±12 ±13.S ±12 ±13.S V ViCM
Common Mode Rejection Ratio 70 10S 70 10S dB CMRR Rs~IOKn
Supply Voltage Rejection Ratio 10 ISO 10 ISO IlV/V PSRR Rs~ 10 Kn
Power Consumption SO 120 SO 120 mW Pi

Vin = 20 mV
Transient Response (unity gain) RL= 2 Kn

Risetime 0.07 0.07 IlS tr CL~ 100 pF
Overshoot 20 20 % to

Unity Gain Bandwidth 2.0 3.0 3.0 MHz BW
Slew Rate (unity gain) 1.6 1.6 VI IlS dVout/dt RLL 2Kn

Channel Separation (open loop) 120 120
f- 10 KHz

dB
Rs = 1 Kn

(Gain of 100) 10S
f= 10 KHz

10S dB
Rs = 1 Kn

The following specifications apply for -SSoC ~ TA ~ +12SoC for XR-4212M: O°C ~ TA ~ +70°C for XR-4212C

Input Offset Voltage 6.0 7.S mV 1Viol Rs~10Kn
Input Offset Current 200 200 nA Iliol
Input Bias Current lS00 800 nA Ib

Larg~Signal Voltage Gain 20 S V/mV AVOL
RLL 2 Kn
Vout=±10V

Output Voltage Swing ±10 ±10 V Vout RLL 2Kn
Vs=±lSV

Power Consumption ISO ISO mW Pi TA = High
200 200 mW Pi TA = Low

Output Short-Circuit Current S 17 3S S 17 3S mA ISC

TYPICAL PARAMETER MATCHING:
TA = +2SoC, Vs = ±lSV unless otherwise noted

CHARACTERISTICS
XR-4212M XR-4212C

UNITS SYMBOLS CONDITIONS
TYP. TYP.

Input Offset Voltage ±1.0 ±2.0 mV IViol RSL 10 Kn
Input Offset Current ±7.S ±7.S nA Iliol
Input Bias Current ±lS ±lS nA Ib
Voltage Gain ±O.S ±1.0 dB AVOL RSL 2 Kn



XA·4741

Quad Operational Amplifier

The XR-4741 is an array of four independent internally-compensated operational amplifiers on a single silicon chip, each
similar to the popular 741. Each amplifier offers performance equal to or better than the 741 type in all respects. It has high
slew rate, superior bandwidth, and low noise, which makes it excellent for audio amplifiers or active filter applications.

Short-Circuit Protection
Internal Frequency Compensation
No Latch-Up
Wide Common-Mode and Differential Voltage Ranges
Matched Gain-Bandwidth
High Slew Rate
Unity Gain-Bandwidth
Low Noise Voltage
Input Offset Current
Input Offset Voltage
Supply Range

1.6V/pS(Typ)
3.5 MHz(Typ)

9 NVYHz
60 nA(Typ)
.5 mV(Typ)

±2V to ±20V

Supply Voltage
XR-474I

Common Mode
Voltage

Output Short-Circuit Duration
Differential Input Voltage
Internal Power Dissipation

Ceramic Package:
Derate above TA = +25°C

Plastic Package:
Derate above TA = +25°C

Storage Temperature Range:

VEE to VCC
Indefinite

±30V

880 mW
5.8 mWtC

625 mW
5 mWtC

-65°C to +150°C

Part Number
XR-4741M
XR-474ICN
XR-474ICP

Package
Ceramic
Ceramic
Plastic

Operating Temperature
_55°C to +125°C

O°C to +75°C
O°C to +75°C

OUTPUT 0

-INPUT A -INPUT 0

+INPUT A +INPUT 0

OUTPUT
+vcc -VEE

+INPUT C

-INPUT B -INPUT C

OUTPUT C



Input Offset Voltage

Input Offset Current

Input Bias Current

Differential Input Resistance

Full Power Bandwidth

Output Resistance

Input Voltage Range

Common Mode Rejection Ratio

Supply Voltage Rejection Ratio

Power Consumption

Transient Response (unity gain)

Risetime

Overshoot

Unit Gain Bandwidth

Slew Rate (unity gain)

XR-4741M

TYP.

±12
±IO

±13.7

±12.5

25

300

±13.5

100

10

XR-4741C

TYP.

±13.7

±12.5

25

300
±12 ±13.5

±12

±IO

80 100

10

Ml1

nV/-IHZ

V

V

kHz

l1

V

dB

pV/V

mW

ps

%
MHz

VIps

IViol

Iliol

Ilbl

Vout
Vout

ViCM
CMRR

PSRR

Pi

tr

to
BW

dVout/dt

Input Offset Voltage

Input Offset Current

Input Bias Current

Input Voltage Range

Common Mode Rejection Ratio

Supply Voltage Rejection Ratio

Output Short-Circuit Current

±12

74

±IO

±12.0

±12

80

±12.5

±13.7

4.0 5.0

75

325

150

200

100 pV/V

±15

±IO
±12

±12.5

±13.7

100

±15

150

200

pV/V

RL ~2 Kl1

Vout=±IOV

RL ~ 10 Kl1

RL ~2 Kl1

Rs:::IOKl1

Rs:::IOKl1

Vin = 20 mV

RL = 2 Kl1

CL ::: 100 pF

RL ~ 2 Kl1

f = 10 KHz

Rs = I Kl1

f-IOKHz

Rs = I Kl1

RL ~ 2 Kl1

Vout = ±IOV
RL = 2 Kl1

RL ~10Kl1

Vs = ±15V

TA = High

TA = Low



XR-1458/4558

Dual Operational Amplifier

The XR-1458/4558 is a pair of independent internally compensated operational amplifiers on a single silicon chip, each similar to
the popular 741, but with a power consumption less than one 741. Good thermal tracking and matched gain-bandwidth products
make these Dual Op-amps useful for active filter applications.

Direct Pin-for-Pin Replacement for MC1458, RC4558, N5558
Low Power Consumption - 50mW typo and 120mW max.
Short-Circuit Protection
Internal Frequency Compensation
No Latch-Up
Wide Common-Mode and Differential Voltage Ranges

I

Matched Gain-Bandwidth

Supply Voltage
XR-4558CP

Input Voltage (Note I)
Common Mode

V oltage Range
Output Short-Circuit Duration (Note 2)
Differential Input Voltage
Internal Power Dissipation (Note 3)

Plastic Package:
Storage Temperature Range:
Operating Temperature Range:

±18V
±15V

VEE to VCC
Indefinite

±30V

500mW
-65°C to +150°C

O°C to +70°C

Part Number

XR-1458CP
XR-4558CP

Package

Plastic
Plastic

Operating Temperature
O°C to +70°C
O°C to +70°C

Note 1: For supply voltages less than ±15 V, the absolute maximum input voltage is equal to the supply voltage.
Note 2: Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75° C ambient temperature

for XR1458/4558.
Note 3: Rating applies for case temperatures to 125°C; derate linearly at 6.5mWtC for ambient temperatures above +75°C for

XR1458/4558.

INVERTING
INPUT

NON· INVERTING
INPUT

-VEE

(SUBSTRATE I



CHARACTERISTICS
XR1458j4558CP

UNITS SYMBOLS CONDITIONS
MIN. TYP. MAX.

Input Offset Voltage 0.5 6.0 mV iViol Rs~ 10 Kil
Input Offset Current 5 200 nA lIiol
Input Bias Current 40 500 nA Ilbl
Input Resistance 0.3 5 Mil Rin

Large Signal Voltage Gain 20 300 VjmV AVOL
RL22 Kil
Vout = ±IOV

±12 ±14 V Vout RL210 Kil
Output Voltage Swing

±10 ±13 V Vout RL22 Kil
Input Voltage Range ±12 ±14 V ViCM
Common Mode Rejection Ratio 70 90 dB CMRR Rs~ 10 Kil
Supply Voltage Rejection Ratio 30 150 pVjV PSRR Rs~ 10 Kil
Power Consumption 50 170 mW p.

1

Transient Response (unity gain) Vin = 20 mV
Risetime 0.13 ps tr RL= 2 Kil
Overshoot 5 % to CL ~ 100 pF

Unity Gain Bandwidth 3.0 MHz BW
Slew Rate (unity gain) 1.0 Vjps dVoutjdt RL22 Kil

Channel Separation (open loop)
f=IOkHz

120 dB
Rs = 1 Kil

(Gain of 100)
f=IOkHz

105 dB
Rs = I Kil

The following specifications apply for O°C ~ TA ~ +70°C for XR4558CP
Input Offset Voltage 7.5 MV IViol Rs~ 10 Kil
Input Offset Current 300 nA Iliol
Input Bias Current 800 nA Ib

Large-Signal Voltage Gain 15 VjmV AVOL
Rs22 Kil
Vout = ±IOV

Output Voltage Swing ±IO mV Vout RL22 Kil
Vs=±15V

Power Consumption 90 150 mW p. TA = High1

120 200 mW Pi TA = Low



XR-4739

Dual LOVl-Noise
Operational Amplifier

The XR-4739 dual low-noise operational amplifier is fabricated on a single silicon chip using the planar epitaxial process. It was
designed primarily for preamplifiers in consumer and industrial signal processing equipment. The device is pin compatible with
the p.A739 and MC1303, however, compensation is internal. This permits a lowered external parts count and similified applica-
tion.

The XR-4739 is available in molded dual in-line 14-pin package, and operates over the commercial temperature range from O°C
to +7SoC.

Internally Compensated Replacement for p.A739 and MC 1303
Signal-to-Noise Ratio 76dB (RIAA 10m V ref.)
Channel Separation 125 dB
Unity Gain Bandwidth 3MHz
Output Short-circuit Protected
0.1 % Distortion at 8.SV RMS Output into 2KQ Load

Supply Voltage
Internal Power Dissipation (Note 1)
Differential Input Voltage
Input Voltage (Note 2)
Storage Temperature Range
Lead Temperature (Soldering, 60 sec.)
Output Short-Circuit Duration (Note 3)

±18V
500 mW

±30V
±ISV

_65°C to +ISO°C
300°C

Indefinite

XR-4739CN
XR-4739CP

Package Types

Ceramic
Plastic

Operating Temperature

O°C to +7SoC
O°C to +7SoC

+vcc

NC B OUTPUT

NC NC

OUTPUT NC

+A INPUT NC

-A INPUT .8 INPUT

-0 INPUT



PARAMETER MIN TYP MAX UNITS CONDITIONS

Input Offset Voltage 2.0 6.0 mV RS ~ 10 kil
Input Offset Current 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance 0.3 5.0 Mil
Large-Signal Voltage Gain 20 60 K RL~ 2 kil

Vout=±lOV
Output Voltage Swing ±12 ±14 V RL~ 10 kil

±10 ±13 V RL~2 kil
Input Voltage Range ±12 ±14 V
Common Mode Rejection Ratio 70 100 dB RS ~ 10 kil
Supply Voltage Rejection Ratio 10 150 /lV/V RS ~ 10 kil
Power Consumption 40 120 mW
Transient Response (unity gain) Vin=20mV

Risetime RL = 20 kil
0.15 /lS CL ~ 100 pF

Transient Response (unity gain) Vin = 20 mV
Overshoot RL = 2 kil

10 % CL~ 100 pF
Slew Rate (unity gain) 1.0 V//ls RL~2 kil
Broadband Noise Voltage BW = 10 Hz-30 KHz

2.5 /lVRMS RS = 1 kil
Channel Separation f = 1.0 kHz

AV = 40 dB
125 dB RS = 1 kil

The following specifications apply for OvC~ TA ~ 75vC unless otherwise specified
Input Offset Voltage 3.0 7.5 mV RS ~ 10 kil
Input Offset Current 7.0 300 nA
Input Bias Current 50 800 nA
Large-Signal Voltage Gain RL~2 kil

15,000 200,000 Vout = ±lOV
Output Voltage Swing ±10 ±13 V RL~2 kil
Power Consumption Vs - ±15V

100 150 mW TA = 70vC
110 200 mW TA = OvC

Notes:
1. Rating applies for ambient temperatures below +75°C
2. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground, typically 45 mA. Rating applies to +125°C ambient temperature.



XR·5532/5533
Dual Low-Noise Operational Amplifiers

The XR-5532/XR-5533 family of dual low-noise operational amplifiers are especially designed for application in high quality
professional audio equipment. Their low-noise, wide bandwidth and output drive capability make them ideally suited for instru-
mentation and control circuits as well as active filter design.

The XR-5532 is internally compensated and is available in 8-pin dual-in-line package. The XR-5533, available in 14-pin package,
has separate balance and compensation terminals for each of the amplifier sections.

Direct Replacement for Signetics NE 5532/5533
Wide Small-Signal Bandwidth: 10 MHz
High-Current Drive Capability

(lOV rms into 600.Q at Vs = ±18V)
High Slew Rate: 13 Vips
Wide Power-Bandwidth: 200 kHz
Very Low Input Noise: 4 nV/vIHZ

High Quality Audio Amplification
Telephone Channel Amplifier
Servo Control Systems
Low-Level Signal Detection
Active Filter Design

Power Supply
Input Common-Mode Range
Differential Input Voltage (Note I)
Short Circuit Duration (Note 2)
Power Dissipation (package Limitation)

Ceramic Package 14-Pin 750 mW
Ceramic Package 8-Pin 600 mW
Derate Above TA = 25°C 5 mWtC

Storage Temperature -60°C to +150°C
Note 1: Diodes protect the inputs against over-voltage. Therefore,

unless current-limiting resistors are used, large currents will
flow if the differential input voltage exceeds O.6V. Maxi-
mum current should be limited to ±10 mA.

Note 2: Output T1Jaybe shorted to ground at Va:: = VEE = 15V.
TA = 25 C. Temperature and/or supply voltages must be
limited to ensure dissipation rating is not exceeded.

±22V
-VEEto+VCC

±O.5V
Indefinite

Operating
Temperature

-25°C to +85°C
-25°C to +85°C

O°C to +75°C
O°C to +75°C

Part Number

XR-5532N/XR-5533N
XR-5532P/XR-5533P
XR-5532CN/XR-5533CN
XR-5532CP/XR-5533CP

Package

Ceramic
Plastic
Ceramic
Plastic



ELECTRICAL CHARACTERISTICS
TA = 25°C, Vee = VEE = 15V unless otherwise specified.

CHARACTERISTICS XR-5532/XR-5533 XR-5532C/XR-5533C UNITS SYMBOL CONDITIONS
MIN. TYP. I MAX. I MIN. I TYP.IMAX.

DC CHARACTERISTICS
Input Offset Voltage 0.5 4 0.5 4 mV Vos TA = 25°C

5 5 mV TA = Full Range
Input Offset Current Ios

TA = 25°C20 300 20 300 nA
400 400 nA TA = Full Range

Input Bias Current Is
TA = 25°C500 1500 500 1500 nA

2000 2000 nA TA = Full Range
Large Signal Voltage Gain AVOL RL ;;. 600D, Vo - ±lOV

25 100 25 100 V/mV TA = 25°C
15 15 V/mV TA = Full Range

Supply Current (Each Amplifier) 4 8 4 8 mA Ice RL = Open
Output Swing VOUT RL;;' 600D

±12 ±13 ±12 ±13 V Vee = VEE = 15V
±15 ±16 V Vee = VEE = 18V

Output Short Circuit Current 38 38 mA Ise (Note 2)
Input Resistance 30 100 30 100 kD R1N

Common-Mode Range ±12 ±13 ±12 ±13 V VieM
Common-Mode Rejection 70 100 70 100 dB CMRR
Power Supply Rejection 10 100 10 100 IN/V PSRR
Channel Separation 120 120 dB

AC CHARACTERISTICS (XR-5533 and XR-5533C only. See Note A for XR-5532.)
Transient Response Voltage Follower

Rise Time 20 20 nsec tr RL = 600D, Ce = 22 pF
Overshoot 20 20 % to CL = 100 pF

AC Gain f - 10 kHz
6 6 V/mV Ce =0

2.2 2.2 V/mV Ce = 22 pF
Unity-Gain Bandwidth 10 10 MHz BW Ce = 22 pF, CL = 100 pF
Slew Rate 13 13 V/psec Ce =0

6 6 V/psec Ce = 22 pF
Power Bandwidth 95 95 KHz fp VOUT =±lOV,Ce =22pF

NOISE CHARACTERISTICS
Input Noise Voltage

nV/VBZ
en

5.5 7 7 to = 30 Hz
3.5 4.5 4 nV/VBZ to = 1 kHz

Input Noise Current
pA/VBZ

in
1.5 2.5 to = 30 Hz
0.4 0.6 pA/VBZ to = 1 kHz

Broadband Noise Figure 0.9 0.9 dB FN Rs = 5 kD
f= 10 Hz to 20 kHz

Note A: XR-5532 and XR-5532C are internally compensated, with internal Ce = 22 pF. Thus, their AC Characteristics correspond to
those listed above for Ce = 22 pF.

100 pFI



XR·5534

Low-Noise Operational Amplifier

GENERAL DESCRIPTION
The XR-5534 is a high-performance low-noise operational amplifier especially designed for application in high quality and pro-
fessional audio equipment. It offers significantly better noise performance, output drive capability and power bandwidth than the
conventional 741-type operational amplifiers.

The low noise characteristics of the XR-5534 also makes it ideally suited for instrumentation and control circuits and telephone
channel amplifiers. The op-amp is internally compensated for gain equal to, or higher than, three. The frequency response can be
optimized with an external compensation capacitor for various applications such as operating in unity-gain mode or driving capaci-
tive loads.

FEATURES
Direct Replacement for Signetics NE 5532/5533
Wide Small-Signal Bandwidth: 10 MHz
High-Current Drive Capability

(lOV rms into 600n at Vs = ±18V)
High Slew Rate: 13 Vips
Wide Power-Bandwidth: 200 kHz
Very Low Input Noise: 4 nV/..;HZ

High Quality Audio Amplification
Telephone Channel Amplifiers
Servo Control Systems
Low-Level Signal Detection
Active Filter Design

ABSOLUTE MAXIMUM RATINGS
Power Supply
Input Common-Mode Voltage
Differential Input Voltage (Note 1)
Power Dissipation (package Limitation)

Ceramic package 385 mW
Plastic Package 300 mW
Derate Above +25°C 2.5 mWtC

Short Circuit Duration (Note 2) Indefinite
Storage Temperature -60°C to +l50°C
Note 1: Diodes protect the inputs against over-voltage. Therefore,

unless current-limiting resistors are used, large currents will
flow if the differential input voltage exceeds O.6V. Maximum
current should be limited to ±lO mA.

Note 2: Output may be shorted to ground at Vs = ±lSV, TA = 25°C.
Temperature and/or supply voltages must be limited to ensure
dissipation rating is not exceeded.

±22V
+VCC to -VEE

±O.5V

AVAILABLE TYPES
Part Number Package

XR-5534M Ceramic
XR-5534N Ceramic
XR-5534P Plastic
XR-5534CN Ceramic
XR-5534CP Plastic

Operating Temperature
-55°C to +125°C
-25°C to +85°C
-25°C to +85°C

O°C to +75°C
O°C to +75°C



ELECTRICAL CHARACTERISTICS
TA = 25°C, Vcc = VEE = l5V, unless otherwise specified.

XR-5534M XR-5534 XR-5534C
DC CHARACTERISTICS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS SYMBOL CONDITIONS

Input Offset Voltage VOS
TA; 25°C0.5 2 0.5 4 0.5 4 mV

3 5 5 mV TA ; Full Range
Input Offset Current IOS

TA; 25°C10 200 20 300 20 300 nA
500 400 400 nA TA ; Full Range

Input Bias Current IB
TA; 25°C400 800 500 1500 500 1500 nA

1500 2000 2000 nA TA ; Full Range
Large Signal Voltage Gain AVOL RL;;;'600,Q, Vo ±10V

50 100 25 100 25 100 V/mV TA; 25°C
25 15 15 V/mV TA ; Full Range

,Supply Current 4 6.5 4 8 4 8 mA ICC RL - Open
Output Swing VOUT RL;;;'600,Q

±12 ±13 ±12 ±13 ±12 ±13 V VCC; VEE; 15V
±15 ±16 +15 ±16 V VCC; VEE; 18V

Output Short Circuit 38 38 38 mA ISC (Note 2)
Current

Input Resistance 50 100 30 100 30 100 K,Q Rin
Common-Mode Range ±12 ±13 ±12 ±13 ±12 ±13 V ViCM
Common-Mode Rejection 80 100 70 100 70 100 dB CMRR
Power Supply Rejection 10 50 10 100 10 100 /lV/V PSRR
AC CHARACTERISTICS
Transient Response Voltage Follower

Rise Time 20 20 20 nSec Ir RL; 600,Q, CC; 22 pF
Overshoot 20 20 20 % 10 CL;100pF

ACGain f-10kHz
6 6 6 6 V/mV CC; 0

2.2 2.2 2.2 2.2 V/mV CC; 22 pF
Unity-Gain Bandwidth 10 10 10 MHz BW Cc - 22 pF, CL - 100 pF
Slew Rate 13 13 13 V//lsec CC- 0

6 6 6 V//lsec CC; 22pF
Power Bandwidth 9 95 95 KHz fp VOUT - ±10V, Cc - 22 pF
NOISE CHARACfERISTICS
Input Noise Voltage

nV/..;H;.
en

5.5 7 5.5 7 7 fo ; 30 Hz
3.5 4.5 3.5 4.5 4 nV/.,jfu fo; 1 kHz

Input Noise Current
pA/Yfu

in
1.5 1.5 2.5 fo ; 30 Hz
0.4 0.4 0.6 pA/..,jHZ fo 1 kHz

Broadband Noise Figure 0.9 0.9 0.9 dB FN RS 5 K,Q
f; 10 Hz to 20 kHz



Additional Technical Literature

As a companion set to this Operational Amplifier Data Book,
Exar's technical staff and applications engineers have prepared
a series of additional Data Books which cover some of the key
features and applications of Exar's other IC products. These
Data Books also present a number of tutorial articles on the
fundamentals of such important IC products as timers, phase-
locked loops, and voltage-controlled oscillators. These books
are available directly from your Exar sales or technical repre-
sentative.

A brief description of each of these data books is given below:

This data book provides a collection of technical articles and
application information on monolithic timer IC products.
Also included are the data sheets and the detailed electrical
specifications of all of Exar's timer circuits, including the
programmable timer/counters, micropower and long-delay
timers. (48 pages)

This data book covers the fundamentals of design and appli-
cations of monolithic phase-locked loop (PLL) circuits. A

Exar's Applications Engineering Department has prepared a
comprehensive set of application notes and information in
Exar's products and technologies. A list of these application
notes, along with a brief description of their contents, is given
below:

AN-01: Stable FSK Modems Featuring the XR-2206, XR-2207
and XR-2211
Design of stable full-duplex FSK modems is described using
the XR-2206 or the XR-2207 as the modulator, and the
XR-2211 as the demodulator with carrier-detection capability.
Complete design examples are given for FSK modems covering
mark/space frequencies from a few Hertz to 100 kHz.

AN-02: XR-C240 Monolithic PCM Repeater
The principle of operation of the XR-C240 monolithic regen-
erative repeater IC is described. Design examples and external
connections of the circuit are discussed for applications in T-l
type 1.544 Megabit PCM telephone lines.

AN-03: Active Filter Design with IC Op-Amps
Fundamentals of active filters are discussed, transfer functions

long list of PLL applications are illustrated covering FM de-
modulation, frequency synthesis, FSK and tone detection.
Particular emphasis is given to application of PLL circuits in
data interface and communication systems such as FSK
modems. This book also contains the data sheets and electrical
specifications of all of Exar's PLL products. (72 pages)

This comprehensive data book contains a number of techni-
cal articles and application notes on monolithic voltage-
controlled oscillator (YCO) and function generator IC prod-
ucts. In addition, the data sheets and technical specifications
of Exar's monolithic YCos and function generators are given.
(50 pages)

APPLICATIONS DATA BOOK:
This book contains a complete and up-to-date set of applica-
tion notes prepared by Exar's technical staff. These appli-
cation notes cover a wide range of subjects such as FSK
modems, active ftlters, telecommunication circuits, electronic
music synthesis and many more. In each case, specific design
examples are given to demonstrate the applications discussed.
(70 pages)

and design equations for various classes ofhigh-, low- and band-
pass filters are given. Particular design examples are provided
for FSK modem filters, using the XR-4202 programmable
quad op-amp.

AN-04: XR-C277 Low-Yoltage PCM Repeater IC
The design principles and the applications of the XR-C277
low-voltage (6.3 volt) regenerative PCM repeater are described.
The monolithic IC contains all the basic functional blocks of a
conventional PCM repeater, including the automatic line built-
out section. Circuit connection diagrams and application
examples are given for operation in 1.544 Megabit T-l type
PCM telephone systems.

AN-OS: Tri-State FSK Modem Design UsingXR-2206/XR-2211
Design of FSK modems with carrier detection and control
capability are discussed. Such a "tri-state" modem uses a third
carrier frequency for control functions, in addition to the nor-
mal "mark" and "space" frequencies used in conventional
"bi-state" FSK systems. This carrier control feature allows
each transmitter in a modem system to be automatically inter-
rogated, one at a time, by a control processor, without inter-
ference from other modem transmitters within the system.



AN-06: Precision PLL System Using XR-2207/XR-2208
A two-chip versatile phase-locked loop system is described,
using the XR-2207 oscillator as the YCa, and the XR-2208
multiplier as the phase detector. The resulting PLL system
features 20 ppmtC temperature stability. Design equations
are given to tailor the circuit parameters to specific applica-
tions.

AN-07: Single-Chip Frequency Synthesizer Employing the
XR-2240
The operation of the XR-2240 programmable/counter IC as
a frequency synthesizer is described. The circuit can simul-
taneously multiply an input frequency by an integer modulus
M, and divide it by a different modulus N+l. Thus, a wide
range of non-integer output frequencies can be produced from
a single input reference frequency.

AN-08: Dual-Tone Decoding with XR-567 and XR-2567
Application examples are given for simultaneous or sequential
decoding of dual-tone control signals using either two XR-567
PLL tone decoders, or a single XR-2567 dual tone decoder.
The examples include high-speed, narrow-band tone detection
and Touch-Tone® decoding.

AN-09: Sinusoidal Output from XR-2I5 Monolithic PLL Cir-
cuit
A simple circuit technique is described to cqnvert the YCa
output of the XR-215 into a low-distortion sinewave. The ex-
ternal sinewave-shaping circuit is obtained using the XR-Cl 01
monolithic NPN transistor array.

AN-IO: XR-C262 High-Performance PCM Repeater
The design principle and the electrical characteristics of the
XR-C262 high-performance PCM repeater IC are described.
The circuit contains all the active components necessary for a
regenerative PCM repeater system and operates with a single
6.8 volt power supply. Circuit connection and application
examples are given for its use in 1.5 Megabit or 2 Megabit
PCM systems.

AN-II: A Universal Sinewave Converter Using the XR-2208
and XR-22 I I
A circuit technique is described which can convert any periodic
waveform into a low-distortion sinewave. The circuit operation
is completely independent of input waveform amplitude and
frequency as long as the input signal is periodic, and can oper-
ate over a frequency range of 1 Hz to over 100 kHz.

AN-I2: A Wide Tracking Range Precision PLL System Using
the XR-22I2 and XR-4I5I
A two-chip PLL system is described which offers extremely
wide tracking range without harmonic locking. The system
uses the XR-2212 precision PLL along with the XR-4151
voltage/frequency converter, and is ideally suited for motor-
speed or tape-drive control applications.

AN-l3: Frequency Selective AM Detection Using Monolithic
Phase-Locked Loops
Design of frequency selective coherent AM and AM/FM de-
modulator systems is described using the XR-2228 Multiplier/
Detector and the XR-2l5 or the XR-2212 PLL ICs.

AN-I4: A Complete Function Generator System Using the
XR-2206
A laboratory quality self-contained function generator sys-
tem is described, using the XR-2206 waveform generator Ie.
Complete circuit connection diagram, parts list and assembly
instructions are given for a DC to 100 kHz self-contained func-
tion generator system with AM/FM capability and triangle,
sine and square wave output_

AN-I5: An Electronic Music Synthesizer Using the XR-2207
and the XR-2240
Design of a simple, low-cost "music synthesizer" system is
described. The electronic music synthesizer is comprised of the
XR-2207 voltage-controlled oscillator IC which is driven by
the pseudo-random binary pulse pattern generated by the
XR-2240 counter/timer circuit.

AN-I 6: Semi-Custom LSI Design with 12L Gate Arrays
A unique design approach to developing complex LSI systems
is described using XR-300 and XR-500 12L gate arrays. This
technique greatly reduces the design and tooling cost and the
prototype fabrication cycle associated with the conventional
full-custom IC development cycle; and thus makes custom ICs
economically feasible even at low production volumes.

AN-I7: XR-C409 Monolithic 12L Test Circuit
A monolithic test circuit has been developed for evaluation
of speed and performance capabilities of Exar's Integrated
Injection Logic (I2L) technology. This test circuit, desig-
nated the XR-C409, is intended to familiarize the I2L user
and the system designer with some of the performance fea-
tures of I2L such as its frequency capability and power-speed
tradeoffs.



Monolithic Chips for Hybrid Assemblies

The major performance characteristics of Exar products are
also available in chip form. All chips are 100% electrically
tested for guaranteed DC parameters at 25°C; and 100%
visually inspected at 30x to 100x magnification using Exar's
standard visual inspection criteria or MIL-STD-883, Method
201, depending on the individual customer requirements.
Each chip is protected with an inert glass passivation layer
over the metal interconnections. The chips are packaged in
waffle-pack carriers with an anti-static shield and cushioning
strip plated over the active surface to assure protection dur-
ing shipment. All chips are produced on the same well-proven
production lines that produce Exar's standard encapsulated
devices. The Quality Assurance testing of dice is provided by
normal production testing of packaged devices.

DC Parameters Guaranteed at 25°C
100% Visual Inspection
Care in Packaging
100% Stabilization Bake (Wafer Form)
10% LTPD on DC Electrical Parameters

Probed and inked wafers are also available from Exar. The
hybrid microcircuit designer can specify either scribed or un-
scribed wafers and receive a fully tested silicon wafer. Rejected
die are clearly marked with an ink dot for easy identification
in wafer form.

Probing the IC chips in die form limits the electrical testing
to low level DC parameters at 25°C. These DC parameters
are characteristic of those parameters contained on the indi-
vidual device data sheet and are guaranteed to an LTPD of
10%.

The AC parameters, which are similar to those in the standard
Exar device data sheets, have been correlated to selected DC
probe parameters and are guaranteed to an LTPD of 20%.

HANDLING PRECAUTIONS AND PACKAGING
OPTIONS

Extreme care must be used in the handling of unencapsu-
lated semiconductor chips or dice to avoid damage to the
chip surface. Exar offers the following three handling or
packaging options for monolithic chips supplied to the cus-
tomer:

Cavity or Waffle Pack: The dice are placed in individual
compartments of the waffle pack (see figure). The plastic
snap clips permit inspection and resealing.

Vial Pack: The vial is filled with inert freon TF and a plastic
cap seals the vial. The freon acts as a motion retarder and
cleansing agent.

Wafer Pack: The entire wafer is sandwiched between two
pieces of mylar and vacuum sealed in a plastic envelope.

Typical Cavity Pack
(Waffle Pack)


