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Amplifiers

Operational Amplifiers

The Ideal Amplifier

What you’ll learn in Module 6.

Section 6.0. Introduction to Operational Amplifiers.

Understand Concept of the Ideal Amplifier and the Need for
Integrated Circuits.

Section 6.1 Op Amp Inputs.

*Typical op amp input requirements.
Section 6.2 Comparators.

» Open Loop Mode, The Schmitt Trigger.

« Hysteresis & Positive Feedback.

Section 6.3 Voltage Amplifiers.

« The ideal op amp, NFB, Op amp rules.
« Inverting & non-inverting amplifiers.

Section 6.4 Op Amp Characteristics.

» Power supplies, Open loop voltage gain.

« Large signal voltage gain, Gain bandwidth product.
« Input offset current, Maximum differential input.

« Input resistance, Temperature coefficient.

* Slew rate, Power bandwidth.

Section 6.5 Op Amp Packages.

* Op amp pin out examples.

Section 6.6 Op Amp Circuits.

« Voltage follower, Differential ampilifier.
« Summing Amplifier, Differentiator.
« Integrator, Active filters.

Section 6.7 Op Amps Quiz.

« Test your knowledge & understanding of op amps.

Inverting
mput

Non-inverting
input

The Ideal Amplifier

In amplifier modules 1 to 5 voltage and power
amplifiers are described in some detail so that
the circuit elements that go into making an
amplifier can be understood. Each of these
circuit elements, such as negative and positive
feedback, impedance, linearity, gain and
efficiency are used with the aim of improving
the amplifier's performance towards the goal
of making the ideal amplifier. The bad news is
that the ideal amplifier does not exist, but the
good news is that the op amp does!
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The ideal amplifier should:

* Have an infinitely wide bandwidth.

* Have an infinitely high gain available that dameasily controlled.

* Be ideally linear, with no distortion.

» Generate no noise (have an infinitely high alda noise ratio).

* Be easily convertible to perform different arfipt functions.

* Be cheap.
All of the above is what the op-amp does, or atleames pretty close to.
Early Op amps

Amplifiers with gain controlled by negative feedkarere first thought of in the 1930s as a way of
creating amplifiers for the telephone system tloala@ have a controllable and reliable gain, but
became operational amplifiers when they were adopyedesigners of analogue computers,
because of their ability to perform accurate maiugral operations, such as adding, subtracting,
integration and differentiation.

Op amp ICs

Operational amplifiers can still built from disaetomponents but with the introduction of silicon
planar technologies and integrated circuits theifggmance improved and both size and cost
reduced dramatically, and although computing hastfmally all moved from analogue circuitry to
digital, the op amp had become so useful in so ncanyits that deal with real (analogue)
guantities such as sound, light, heat and motlat,the op amp is now a widely varied and
indispensable part of electronics equipment.

This module will discuss the basic properties obagps and comparators, and how their integrated
circuit versions can be manipulated to make simptaiits that provide so many vital functions in
electronics.
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Module 6.1
Op Amp Inputs
What you’ll learn in Module 6.1 i
Inverting
_ ) _ input
After studying this section, you should
be able to: Non-inverting
input
Recognise typical forms of op amp circuit

symbols.
Fig. 6.1.1 Op Amp Circuit Symbol
Understand the need for single & dual power

Ul Op Amp Circuit Symbol
Understand typical operating requirements. L . .
The circuit symbol for an op amp is basically the

* High gain & negative Feedback. standard triangle symbol for an amplifier. Main
connections such as the inverting (=) and non-
inverting inputs and the output are shown, butrgfte
« Constant current sourcing. other connections are not. A typical op amp symbol
is shown in Fig. 6.1.1. Note however, that many
circuit diagrams do not show the DC supply

« Offset null. connections.

« Differential inputs.

» Common Mode Rejection, CMRR.

Dual Power Supplies

An op amp needs a minimum of five connections asvehn Fig 6.1.1; as well as the two inputs
and one output there are two power supply connextibhese may be labelled +Vs and -Vs
indicating that the IC needs both positive and tiegaupplies. These will often be in the range of
+5V to +15V for the positive supply and -5V to -15 the negative supply. This dual supply
arrangement allows for the output voltage to sviaath above and below zero volts, and also gives
an output of OV when there is no voltage differebetveen the two inputs.

Single Supply Op Amps

A growing number of op amps are available howethet, use a single supply, labelled +V and Gnd
or OV. This is a useful arrangement for many pdet@nd mobile applications where dual positive
and negative supplies are not readily availablegxample in automobile applications.

High Gain Negative Feedback DC Amplifier

Op amps are basically negative feedback (NFB) D@liéiers. The op amp has a very large gain,
the output can be hundreds of thousands timesrltrge the input. This huge gain however, is
reduced using negative feedback to produce a tindwose gain is stable and independent of the
semiconductor characteristics.

Op amps are also always DC coupled, unlike an dieplising discrete components where it is
possible to include AC components such as capadaiad inductors, in a tiny integrated circuit it is
not possible to fabricate AC components large ehdadpe useful at audio frequencies, therefore
an op amp MUST be a DC amplifier.
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One advantage of using DC (directly coupled ordalicairrent) amplifiers is that their bandwidth
extends right down to OHz, making them suitablenfi@ny control and measurement applications
where the op amp’s ability to produce a DC outpelgtive to the difference between two DC input
guantities is extremely valuable. The problem wiitlectly coupled amplifiers however, is their
tendency to drift. That is for the DC voltages prégsn the circuit to change, especially with
changes in temperature. Because the op amp hag higlk gain, it only takes a tiny change in
voltage at the input to produce a large voltagengbaat the output. Because of this, op amp input
circuits are designed around a differential amgjfalso called an emitter-coupled amplifier or a
long tailed pair, which provides the op amps twwérting and non-inverting) inputs and also has
the ability to cancel out voltage drift.

Difference Amplifier

The Op amp’s basic operation is that of a diffeeenc — o
amplifier, producing a voltage output that is prdpmal
to the voltage difference at its two inputs. Thiegeits,
labelled - (the inverting input) and + (the nonening I oC
input) form the inputs of an emitter coupled ameiifa

basic example of which is shown in Fig. 6.1.2oitsists ™ N

of a pair of matched transistors Trl and Tr2, wislchre > @—
the same emitter resistoe RSuppose that one of the

inputs (b) is held at a fixed voltage, providesidgable
bias for Tr2 base. If a signal is now applied foun(a), R
each time the signal voltage rises Tr1 conduction . Vs
increases, its collector voltage falls and its &nioltage i
(the voltage across the shareg Rses. This rise also
causes a rise in the emitter voltage of Tr2. Addhee of Tr2 is fixed, the base-emitter voltage
(Vee) of Tr2 decreases and reduces the current throtyhrhis causes a fall in voltage at Tr2
collector making the signal at output C in antid¢o the output at D.

oo e

Fig.6.1.2 Emitter Coupled Amplifier

Provided that the transistors are ideally matched,there are no other factors to cause differences
between the conduction in each half of the cir¢hi,rise in current due to Trl conducting is
cancelled out by the fall in current through Tr@ddhe voltage across=Rhould not change. In
practice the change would only be a few millivolts.

Common Mode Signals

If two identical signals are applied to each inpwt possibilities may be considered:
1. The signals at each input are identical andhtrEhase with each other.
2. The signals at each input are identical anchasp with each other.

Condition 1 is called a differential input as there is a difece produced by the anti7#45;phase
signals. In this case the two amplified signalsdpiced at the two outputs will be an amplified
difference between the two signals, but as theutdignals are in anti-phase with each other, as on
signal voltage rises the other signal voltage fatid the resulting signal between outputs C and D
will be twice the amplitude of either single output

Condition 2 has both input signals in phase and so is calt@mhanon mode input. The outputs C
and D are also in phase, both rising and falliggetber. Therefore the difference between outputs C
and D is zero. The differential amplifier therefaan be said to amplify a differential input, baoit t
reject, or to be immune to, a common mode inpuis Tdeal rejection of common mode signals
does not quite occur in practice as there are btmbe some slight differences between the gains
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between each of the two inputs and their respectinputs, even when, in an integrated circuit they
are fabricated on the same piece of silicon. Howex@mmon mode signals that cause both Trl and
Tr2 emitter currents to rise and fall in unisons till set up changing voltage across the shared
emitter resistor Rand because there is no decoupling acrgssegative feedback will occur,
causing the common mode gain of the amplifier todokiced. This common mode feedback can be
used to improve common mode rejection if a lardaevéor R: is used.

Constant Current Source

Rather than relying solely on the negative feedback —a
produced by Rto improve common mode rejection in - J Vs
R2
Dutﬂut

integrated circuits, most op amp ICs replagaerRhe
emitter coupled amplifier with a constant curremirsee
as shown in Fig. 6.1.3. This circuit is much more
efficient at preventing variations in the sharedtem
current of Trl and Tr2 that are due to common mode
signals. The base of Tr3 is biased at relativedgdi
voltage, in this case by a potential divider fornbydR4
and the three forward biased diodes D1, D2 ancbD8B, R
other arrangements, usually consisting of some

combination of diodes or zener diodes and resistams

be used.

oD O

In the presence of a common mode signal, the ¢ollec R3
emitter current through Tr3 will try to vary; amcrease . Ve
in this current would increase the voltage acrd3saRd )
any decrease would reduce it. However becauseate b  Fig.6.1.3 Constant Current Source

voltage of Tr3 is held at a steady voltage, angase in

collector-emitter current will increase the emitteitage and therefore reducgg/ This will reduce
the conduction of Tr3 and reduce the collector-mmiturrent, back to its original value. A decrease
in Tr3 collector-emitter current would similarlydrease ¥g and increase conduction of Tr3 until
the current returned to normal once again. Inclgdirtonstant current source in the emitter circuit
of the differential amplifier makes the rejectidncommon mode signals very efficient.

Notice that in the circuit shown in Fig. 6.1.3 oalgingle output from Tr2 collector is used to
produce a single amplified voltage that is proorai to the difference between inputs a and b, and
is almost entirely unaffected by changes commamdad b. There are op amps available that use
two outputs, but single output op amps are far maoreerous.

Common Mode Rejection Ratio (CMRR)

Ideally the op amp output responds only to difféedrsignals, but in practice, even when the inputs
are at exactly the same potential, and the outpuild be at zero volts, some small output potential
will be present. This is caused by inevitable srddferences in gain between the inverting and the
non-inverting inputs. The op amp therefore has sgaine to common mode signals, which is
indicated by the parameter Common Mode Voltage Gaiay) and the ratio between this and the
Differential Voltage Gain (Ap) is indicated in the main op amp parameters byCinamon Mode
Rejection Ratio CMRR. Because this ratio is norynalizery large number it is often quoted in
deciBels.

A reason that the CMRR is an important parametéraswhen an op amp is used, as they often
are, in circuits involving measurement, some ewidirbe present, for example when measuring the
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difference between two very small voltages, thisreis amplified along with the true differential
voltage, so making any measurement inaccurate.

In some modes of operation common mode signalsarproduced, such as when the op amp is
used as an inverting amplifier, and the non-inngrtnput is grounded. Then the only time the
inputs are the same is when they are both zero.

Offset Null +V

If common mode signals are to be avoided, the fyam each 2 7

of the inputs must match as closely as possiblgardéduce op Qutput
amps with minimal common mode gain, manufacturees u 3 B
various techniques such fabricating extra resigtocontrol the —
gain form each input within the chip, these maythe removed
as required, by selectively blowing fuses to remiogkvidual I
resistors from one or other channel to balanceningt gains.
Another, more accurate technique with tiny resssemnbedded
in the silicon chip, is to use lasers to trim thdt of the rrrn

resistors to alter their resistance during manufacand testing oK
process. Fig.6.1.4 Offset Null Adjustment

Although modern op amps can be made to have veryftset voltages many op amps provide two
extra pins for additional external offset nullifgtypical offset null arrangement is shown in Fig.
6.1.4. A potentiometer is connected between theaffiget null pins with the potentiometer wiper
connected to the negative power supply. The inprgdoth connected to ground and with power
on and the IC running at ambient temperature théspadjusted to make the output voltage = 0V.
Note that it is quite common for the offset nultgrtiometer, although present in the actual circuit
to be omitted from the circuit schematic diagrampace adjusted during manufacture it is not
considered to play any further part in the cirauiiasic operation.

Because such small voltages are involved, the ad@rg can be quite sensitive and where
necessary the 10K potentiometer could be replagedlX with 4K7 resistors fitted between each
end of the potentiometer track and the offset pu$ of the IC.
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Module 6.2

Comparators

What youw’ll learn in Module 6.2

After studying this section, you should be able to:

Describe how Op Amps can be used as
Comparators.

* Uses and Limitations.

Understand Hysterisis as applied to Comparators.

« Switching speed.
« Effects of noise on switching.

Describe the operation of a Schmitt Trigger
Comparator.

*The effect of positive feedback.
*The control of Hysteresis.

Understand typical Technologies used in
Dedicated Comparator ICs.

*Hysteresis and reference voltage.
sLow Power v Switching Speed.

*Typical Comparator Applications.

The Op Amp as a Comparator

Basic op amp types such as the 741 will perform

Using the Op Amp’s Open Loop
Gain

The output of an op amp can swing positive and
negative to a maximum voltage close to the
supply rail potentials. For example, the
maximum output voltage for the popular 741 op
amp, when connected to a 18V supply is £15V
Because the open loop gain of an op amp is
extremely high however, typically 10,000 to
one million, means that without negative
feedback, any input that creates a difference in
voltage between the two input pins greater than
+150uV will amplified 100,000 or more times
and drive the output into saturation; the output
appears to be ‘stuck’ either its maximum or
minimum value. Using the maximum open loop
gain in this way can be useful when either
dealing with extremely small (and low
frequency or DC) inputs in instrumentation or
medical applications, or for comparing two
voltages, using the op amp as a comparator. In
this mode the output will go to either a
maximum high or minimum low level
depending on whether one input is just a few
micro volts higher or lower than a reference
voltage applied to the other input.

oA N

> 6
adequately as comparators in simple circuits, sgch R2 Vper 5
o |

temperature controlled switch that is requiredtdch T

on or off a circuit when the input voltage from a
temperature sensor is higher or lower than a preset
reference value. In Fig. 6.6.1 a reference voltage
applied to the non-inverting input, whilst a vat@ab
voltage is applied to the inverting input. Wheneter
voltage applied to pin 2 is higher than the refeeen
voltage on pin 3 the output will be at a low vokagnly
slightly higher than —Vs and if pin 2 is at a loweitage
than pin 3, the output voltage will be high, slighess
than +Vs.

O 0

Vrer

Input (Pin 2) -

Output (Pin 6)

Fig. 6.6.1 Using an Op Amp
as a Comparator
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However standard op amps are designed for low pamwglification purposes and if they are
driven into, then out of saturation, it takes same for the output voltage to recover and for dipe
amp to begin operating in a linear manner once more

Op amps designed as amplifiers are not particutarited to use as comparators especially where
the input signals are changing rapidly in such i@ppbns as audio level sensors or analogue to
digital converters. Another problem with the bassmparator arrangement illustrated in Fig 6.6.1
that is addressed by op amps specially designedraparators rather than amplifiers, is that of
noise. If there is a significant amount of noiselwm® input signal, especially when the input signal
voltage is close to the reference voltage leve high frequency voltage variations caused by the
random nature of the noise will make the input aigioltage higher and lower than the reference
voltage in rapid succession, causing the outpotdmentarily oscillate between its maximum and
minimum voltage levels. However this problem ism@eene in many dedicated comparators by
applying hysteresis.

Hysteresis

This refers, in comparators and switching circuiisthe property of the output in switching to its
high or low states at different input values. famparator switched its output at a single input
voltage level as explained in the previous paragrapif the difference in the two levels provided

by the comparator’s hysteresis is not wide enotighswitching from one of the two output
conditions to the other could be very uncertainstegesis can be applied to the op amp comparator
and adjusted for a suitable hysteresis gap by ysisdive feedback in a circuit arrangement called
the Schmitt Trigger.

The Schmitt Trigger

The Schmitt Trigger circuit shown in Fig. 6.6..
is an inverting comparator based on the LM3:
guad comparator IC from Texas Instruments R1
with its reference value applied to the non- 10K
inverting input by the potential divider R1 and
R2. This sets the reference voltage at half of
the 5V single supply. R3 is a pull-up resistor,
which is used on the LM339 as this comparal
has an open collector output, that is an outpu ,
stage whose collector does not have an interi
load resistor connected to supply. The reasor

for this is that it allows the output to have a Vin
wider range of DC voltages, rather than just R2
being able to vary between supply and groun 10K
o Yo

Positive Feedback
Fig. 6.6.2 The Op Amp Schmitt Trigger

The resistor R4, connected between output and

pin 5 (the non-inverting input) provides positiveefiback to speed up output switching as follows.

Suppose the voltage\on pin 4 is rising towards the reference voltagedn pin 5 and the output

on pin 2 is high. OnceYis slightly higher than ¥ the output will start to fall towards 0V. A

proportion of this fall in voltage is fed via R4 pin 5 and so begins to reducgsVhcreasing the

difference between M and \,. This causes the output to fall faster and becthisdall is

continually fed back to ¥ the fall in the output voltage accelerates, caysinery rapid fall to

zero volts.
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A similar action occurs when a high voltage on4ifalls to a lower value than pin 5, ensuring very
fast output switching. There is however, anothéioadaking place; it was mentioned in the
previous paragraph that a fall in the output vadtegfed back via R4 and causes a fall jg ahd
likewise a rising output voltage will cause a 1is&/ ;. Therefore V.t changes depending on
whether the output voltage is high or low. Somedrgsis has been introduced into the circuit
operation.

Controlling the Hysteresis

The centre point between the hysteresic

on and off levels is ¥; controlled by the Output Low Output High
choice of values of R1 and R2. The TV T 7T sV
amount of hysteresis (the difference R1

between the switch on and switch off 10K 1?3:{ 32‘:4
points) is controlled by the value R4. |

The reason for this can be seen from Fi Veer = 2175V Vier = E-EEVI_I
6.6.3, which shows that because the R2 R4 R2

output end of R4 is effectively connecte 10K 33K 10K

to either +5V (when the output is high, :|_| oV L oV

or to OV when the output is low, it is
either in parallel with R1 (high output)

or with R2 (low output), and so change: 33K in parallel with 10K H = 7KT
the voltage at the centre of the R1/R2 10K+

potential divider accordingly. Therefore V. with outout hiagh V. =5 10K

by appropriately choosing the value of e WIT OUIPUERION - Veer = 5 X Topca7y = 282V
R4, the amount of hysteresis can be ) _ TKT

chosen to accommodate various Vaer Wilh outputlow V., =5 x 10K+7TKT 2175V

anticipated levels of noise.
Fig. 6.6.3 The Effect of R4 on Hysteresis

Dedicated Comparator ICs

For high speed comparisons many dedicated companatamps are also available that will change
their output state in less than 1ps. However, gemeral with most electronic circuits, the fasher
outputs change, the more power is consumed. Conapsuat various speeds and different power
consumption figures are available so that the it@&br a given application can be used whether
power consumption or speed is more important.

Using methods similar in effect to those descriledve, high speed comparator integrated circuits
with built in hysteresis are available such aslfi€1541 from Linear Technology, which has a
built in hysteresis property of £2.25mV to allow fwise on the input signal.

Comparator ICs are also available that have variapsteresis to cope with different amounts of
noise, and a built in precision reference volt&mme comparators, such as the LMP7300 from
Texas Instruments can also operate from very logisisupply voltages and at extremely low
currents. This makes them ideal for such applicat&s low battery voltage detectors in portable
equipment.
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Module 6.3

Op Amp Voltage Amplifiers

What you’ll learn in Module 6.3

After studying this section, you should be

able to: —
l, =0
Compare ideal and practical op amps.
Understand the operation op amps R""l -~
* The use of negative feedback. |IN =0

« Current rule for op amps.
« Volt le f .

otage rdie for op amps Fig. 6.7.1 The Ideal Op Amp
« The inverting voltage ampilifier.

 The non-inverting voltage amplifier.

The Ideal Op Amp

Although the ideal op amp does not exist in reaéityeal (practical) op amp comes reasonably
close to achieving the ideal. An ideal amplifieoshl, in addition to other desirable parameters,
have at least an infinitely high input impedancepatput impedance of zero ohms, an infinitely
high gain and an infinitely wide bandwidth. Tabledmpares some basic parameters of some
typical real (practical) op amps with the ‘idealodel:

Table 1: The Ideal Amplifier v The Practical Op Amp
Parameter Uiz (=2 741 TLC271 LMC660
Amplifier
Input Impedance | 6 2MQ 1TQ >1TQ
(Zn)
Input B'(";‘S)C””e”t Zero. 80nA 60pA 0.002pA
IN

Large Signal Infini 316 to 200,000 (5,000 to 46,000 (74dB| 40,000 to 990,000
Voltage Gain (Ay) ty (50dB to 106dB) | to 93dB) minimum (92dB to 126dB)
Output Impedance 00 Depends on gain and feedback but typically less than 100Q to

(Zour) more than 1KQ
Negative Feedback

There are two basic methods of connection for op aoitage amplifiers, making the op amp into
an inverting or a non-inverting voltage amplifier.each case, the voltage gain of the amplifier is
set simply by the ratio of two resistors. Usingeaywhigh gain amplifier and applying negative
feedback produces a very stable amplifier whose igarirtually independent of changes in
temperature or variations in semiconductor charisties. Just as in the discrete component
amplifiers described in Module 3, the negative etk also reduces distortion and noise in
addition to increasing the bandwidth of the ameilifi
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Op Amp Rules

Ideal op amps, when used with feedback, operadgenay that can be predicted by a couple of basic
rules, often called "Golden Rules"

Rule 1. The Voltage Rule.

The op amp output will change as necessary to #eejwo input voltages identical. If any input
signal or voltage tries to make the inputs diff¢q@oientials, the op amp output will change in the
opposite polarity to the input and, via the feedtdaop, keep the difference between the two inputs
at ov.

Rule 2. The Current Rule.
Because the input impedance is infinitely highcoaent can flow into either input.

These rules used in relation to the ideal op ampbeaused to make the operation of the two main
voltage amplifier circuits easier to understande Small differences between ideal and practical op
amps can be temporarily ignored.

The Inverting Amplifier

Fig. 6.7.3 shows the inverting amplifier, in thenéiguration the signal input is applied to the
inverting (=) input to produce an anti-phase outpghal whose amplitude isp\& Ay where Ay
is the closed loop gain of the op amp.

Negative feedback is used to reduce the op ampyshigh maximum gain to the required level.
The closed loop gain (4) is set simply by the ratio ofifo R,

How the Inverting Amplifier Works

By applying the two rules to the ideal op amp

R
shown in Fig. 6.7.3a it can be assumed that: } !
a. L1
Pin 3 is at OV, as it is connected to ground, $o pi +Vs
2 will also be at OV (Rule 1) Rin

o -

Therefore R and R are effectively connected in
series between;yand \,,; with pin 2 between the
two resistors held at OV

Vin
No current can flow into pin 2 (Rule 2) so the R3

current flowing into \f, cannot be flowing into the
op amp, therefore it must be flowing through R

The diagram in Fig. 6.7.3b shows that in effegt F
and R are two resistors connected in series b.)
between W, and \{, with Pin 2 at OV. Vin Rin Pin2  Ri

Vout
Although pin 2 is not actually connected to oV
ground, pin 3 is connected to ground and rule 1 (Virtual Ground)
making pin 2 0V, this effect of making a point that Fig.6.7.3 The Inverting

is not actually connected to ground maintain a zero
voltage is called ‘virtual earth’ (or virtual grodhn
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Any input current @) therefore flows directly from the input, vig,Rnd R to the output, with R
and Rforming a potential divider between the oppositapty voltages W, and V,y: with pin 2 at
oVv.

The current through a series resistor circuit esssame for each resistor, so the input voltage V
will be proportional to the resistance of,Rand the voltage across Will be proportional the
resistance of R

Notice that because; & effectively connected between the output teainamd virtual earth (0V)
the voltage across:is also equal to ¥ This makes R R, equal to \ut/ Vin (the gain of the
amplifier) and therefore the closed loop gain & ithverting op amp voltage amplifier {4 is
given by the equation:

R
Inverting Amplifier Closed Loop Gain A, = Tf

in

Notice that the formula only tells you the ratiotloé resistor and not their actual values. Fortlgat
in audio amplifiers the values are not too criticeually keeping the resistor values between about
10K and 100K is OK. However it is good to try arekk R, as high a resistance as possible, and
also in a practical amplifier, rather that grourdihe non-inverting input directly it should be
grounded by a resistor with the same value;asoRkeep the (tiny) input currents equal. This give

a better chance of the output voltage being zelts Yor close to it) when the input is zero volts.

The Non-inverting Amplifier

In the non-inverting amplifier illustrated in Fi§.7.4a the
input is applied to the non-inverting input (pinv@hile the
negative feedback resistor;{Rogether with R1 set the
closed loop gain of the ampilifier.

The input and output signals are now in phase, lwhic
changes the circuit operation. As shown in Fig.4h/the
circuit does not have a virtual earth point, bt biottom
end of R1 is connected to ground, which meanspima2
will follow the varying input voltage ¥ on pin 3 (Rule 1).

Rt and R1 now form a potential divider betweeg¥nd
OV and just like the inverting amplifier, no curtemill
flow into pin 2 (Rule 2) so the voltages acrossaRidl R o o=
will be proportional to the individual resistanc@ge ratio
of the resistances, and the ratio @f;¥o Vi, i.e. the closed
loop gain is given by the standard potential dividemula
(Rf + R1) / R1.

Vout

pin2 = pin 3 = Vi

Fig.6.7.4 The Non-Inverting Amplifier

: : _ RAR1
Non-Inverting Amplifier Closed Loop Gain A,y =—fJ7—
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Module 6.4
Op Amp Characteristics

What you’ll learn in Module 6.4

After studying this section, you should be
able to:

Understand commonly published op amp
characteristics.

 Power suppliy requirements.

* Open loop voltage gain.

» Large signal voltage gain.

* Gain bandwidth product.

* Input offset current.

» Maximum differential input.

* Input resistance, Temperature coefficient.

* Slew rate, Power bandwidth.
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Supply Voltage

Two types of supply are used for op amps, the dndlsingle supply. Many op amps, especially
older types use a dual supply (#&d -\s often in the 12 to 18V range. This allows a zdffedce
between the input terminals to produce a OV oudjmgt an output signal to swing both positive and

negative with respect to ground.

Single voltage supplies have grown in popularitthwhe increase in portable (battery operated

and/or automotive) devices where dual suppliesigusiultiple batteries are more expensive to
implement. A zero diffence between the input teafsron these devices will produce an output at

half supply, allowing an output signal to swingween supply and ground.

Frequency Response

An important characteristic of any amplifier is fitsquency response, in the ideal amplifier its

frequency response should be infinite; it will aifypany and all frequencies equally. In practical
amplifiers this is difficult/impossible to achievend not always desirable, but op amps have

extremely wide, and easily variable bandwidths.

0 E. COATES 2007 -2012

AMPLIFIERS MODULE 06.PDF

13



www.learnabout-electronics.org Amplifiers Module 6

Open Loop Voltage Gain

120 1,000,000

Fig. 6.4.1 shows the frequency response of

typical op amp (LMC660), which confirms 100,000
that the open loop gain (with no feedback) i 10,000
very low frequencies is huge. When Open

loop Gain is quoted it refers to the maximur 8 1000
AC gain at very low frequencies. It can be £ s
seen from Fig. 6.4.1 that the LMC660 for 2 4 100 8
example has an open loop voltage gain of & .E
about 126dB (a voltage gain of nearly 2 2 2 10 35

million), but at frequencies above a few Hz,
gain begins to fall rapidly at 20dB/decade 0
until, at 1.4MHz the gain has reduced to 0d

a voltage gain of x1. -20 -10
1 10 100 1K 10K 100K 1M 10M

Frequency (Hz)

1

Fig.6.4.1 Typical Op Amp Frequency Response

Large Signal Voltage Gain

The large signal voltage gain is usually quotegraference to the open loop voltage gain. This is
the open loop voltage gain measured at DC withathplifier producing a large (just less than
maximum) voltage output, usually quoted in V/m\Vgiies for large signal voltage gain can cover
a wide range for a given op amp, depending on dasgant and factors such as minimum or
maximum operating temperature.

Closed Loop Voltage Gain

In practise the huge gain of an op amp is greatlyced by applying an appropriate amount of
negative feedbackn this way an impressively level response caadieeved, extending from DC
(OHz) to any frequency up to about 1IMHz or morewel as the added benefits of reduced noise
and distortion. The blue dotted line shows thewasp of the op amp with negative feedback. The
gain has been reduced to 20dB, a closed loop edam (A;) of x10, which has produced a flat
response from OHz to about 140kHz.

Gain Bandwidth Product

As the closed loop gain and the small signal badthwof an op amp are closely related, the
parametefGain Bandwidth Product’ is often used to better describe the possible auatibns of
gain and bandwidth. The graph of the open loopueegy response in Fig. 6.4.1 therefore plots all
those points where voltage gain x bandwidth = lilflan(Hz). For example, 140kHz bandwidth
multiplied by a voltage gain of 10 also gives arGaandwidth Product of:

10 x 140kHz = 1.4MHz

Note that bandwidth indicated by the Gain Bandwieitbduct applies to small signals, but when
large AC signals are involved, especially signath fast rising and falling edges, the bandwidth
may be further reduced by the Slew Rate. Then tlneePBandwidth becomes more relevant.
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Maximum Differential Input

The maximum voltage that can be applied betweetwbenputs, on some devices this can be
equal to the supply voltage, but on others it cardnsiderably less.

Input Resistance

The resistance looking into the input terminalshwite amplifier operating without feedback (open
loop). Typical resistances for bipolar devicesiarthe range of 1 to 10MQ. For FET and
CMOS types, resistances are much higher, and ramge 16°Q or more.

Input Offset Current

The currents flowing into the two inputs shouldaliie both be zero, but for practical op amps,
although the input currents are still extremely kntlaey do exist and also may be different.
Unequal currents cause different voltages at thets) and when this small difference in voltage is
amplified, it causes the output to be other than.ZBo overcome this effect anput Offset

Voltage can be applied between the inputs to correct tiygud voltage to zero. Typical values for
bipolar op amps would be +1mV ranging up to 15mWVR&T types.

Temperature Coefficients

Both the input offset current and input offset agk are affected by changes in temperature, and
tend to drift higher as temperature increases.t@imperature coefficient of input offset current is
measured in nA or pA / °C while the temperaturdftment of input offset voltage is usually
measure in pV/°C.

Slew Rate
The Slew Rate of an op amp describes how fastutpub ,
voltage can change in response to an immediategehan 1}
voltage at the input. The higher the value (in Y/pfsslew Uncompensated
rate, the faster the output can change and the easiby it Output
can reproduce high frequency signals. f

J

If a square wave is applied to the input of theaoyp, the
output should also be a square wave. However 8tgiging =0% / \

and falling edges of the square wave can tendusecthe Compensated

amplifier to oscillate for a short time after theeror fall. To Output
prevent this effect, the op amp’s internal cirguitontains a  19%— ——
small amount of compensation capacitance that sttoms

the rate of change by acting as a CR time constattiat { {

very fast transient voltages do not trigger ostidla but this ~ Rise and fall imes increased
compensation also limits the slew rate of the op,aams Fig.6.4.2 Output Compensation

shown in Fig. 6.4.2.

In some op amps, because this compensation isatténere is no way of altering the slew rate,
but others use an external compensation capaaitdriherefore provide the means to control slew
rate to some degree.

The slew rate also affects sine wave (and audimeds as well as square waves. The rate of change
of voltages in a sine wave is continually varyiigs changing at its fastest rate as the signal
voltage crosses zero, and falls momentarily to geoochange) at both the positive and negative
peaks of the wave. If the slew rate of the amplid@nnot keep up with the fastest rate of change of
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the signal, some distortion will be produced. Thanes to be sure of amplifying large amplitude
signals that are most likely to produce large (fst) rates of voltage change, an op amp needs to
have a sufficiently high value of slew rate to cepth the greatest possible rate of voltage change.
If the largest possible voltage swing and the hsglfrequency of the signal are known, the
minimum required slew rate for the op amp can beutated using the formula:

Slew Rate (V/us) = 2nf Vpk

Wheref = the highest signal frequency (Hz) angk ¥ the maximum peak voltage of the signal.

For example if an op amp is to amplify a signahvatpeak amplitude of 6 volts at a frequency of
40kHz, an op amp with a slew rate of at leask 20 exp3 x 6 = 1.5V/us would be required.

Power Bandwidth

Once the slew rate calculated as above for the lsignal becomes equal or greater than the
amplifier's slew rate, ‘Slew Rate Limiting’ startis occur, causing reduced gain and distortion of
the signal. The highest frequency than can be tesachplify a full amplitude signal before Slew
Rate Limiting is the highest frequency limit of tRewer Bandwidth, which, for example in an op
amp operating from a +15V supply would be speciisdhe frequency range in which a 10V
swing can be measured at the output with a totahbaic distortion of less than 5%. The Power
Bandwidth is usually less than the small signaldwadth indicated by the graph of the closed loop
gain, and in many cases the major factor in spgfthe amplifier bandwidth
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Module 6.5

Op amp Packages

What you’ll learn in Module 6.5
After studying this section, you should be
able to:
Recognise typical op amp packages.
* 4 pin & 8 pin DIL
* Metal can.

» Pentawatt

» Power amplifier packages.

Recognise typical pin functions on op amps.
» Offset null. Fig 6.5.1 Typical Op amp packages
 Power inputs.

» Programmable inputs.

Op Amp Packages

Op amps, like any amplifier circuit, can be buitirh discrete components, i.e. resistors, capacitors
and transistors, or even using valves (tubes). Mew®p amp integrated circuits are available in
many different types and packages, some examplhioh are shown in Fig. 6.1.1. Manufacturers
offer ranges of both BJT and CMOS amplifiers, ali a&comparators, that can be incorporated
into many electronics systems using a minimum ¢éreal components, greatly reducing design
complexity and cost. Further integration has preduspplication Specific Integrated Circuits
(ASICS) where op amp technology has been combindgdother circuit elements within a single

IC designed to carry out a specific circuit funotiwithin a particular dedicated application such as
a TV receiver or a cell phone.
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Op Amp Pinout Examples
1. TLC271 Programmable Op Amp L

OFFSET N1[] o] BIAS SELECT
The TLC271 from Texas Instruments is a programmaplamp in N E:'I:|>I_3 Yoo
an 8pin DIL (Dual In Line) package, (other packagees + [ o R
available) which offers a range of programmable @ow anp [2 B OFFSET N2

consumption modes, selected by the level of voltgadied to the
bias select pin.

2. LMC660CN Quad CMOS Operational Amplifier 73] 31 A [ ol [5] [E

National Semiconductor LMC660CN CMOS quad operai@mplifier D P
offers 4 op amps in a single package that usesgéesivoltage power r<—|_ >"|
supply of between 5V and 15V. See the LMC660 da&ttstiom Texas IREE IS Em
Instruments for additional features. ;

E‘
-
"~
*
§
]
-
b
h
[
-]
E
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3. 741 General Purpose Op Amp

The 741 op amp has been a very popular design gficgroduction by
Signetics (now part of Philips NXP Semiconductanshe 1960s. Today, it is
available from a number of manufacturers (includiiegas Instruments) in
several different versions and in a variety of @agkdesigns including the 8
pin DIL package. The illustration shows it in agtdilead TO5-8 package,
and although the 741 has been superseded in mggcte by more modern
designs, it remains a good general purpose op amp.

4. LM3875 56Watt Power Amplifier

The LM3875 from National Semiconductor is a hignfpenance audio power
amplifier in a single integrated circuit, capabfealelivering 56W of continuous
12 [3 5 6 |7

average power to an 80 load with 0.1% total harmdistortion and noise 89 1011

within the 20Hz to 20kHz audio range. All this iTA11B 11 pin package less { U U U ” “
than 1 inch square. ” ” ” JNCHNC

W+ YOUTY MC ™ IN+
NC V- NC IN- NC

5. TDA2003A 10Watt Car Audio Power Amplifier

The TDA2003A from ST Microelectronics is a high joemance audio amplifier
designed for car radios. This 10watt amplifier widlliver an output current of 3.5A
and uses a power supply of up to 18V DC. The Feintawatt package offers
savings in space and cost, requiring only a feweradl components.

AMPLIFIERS MODULE 06.PDF 18 0 E. COATES 2007 -2012



www.learnabout-electronics.org

Amplifiers Module 6

Module 6.6

Op amp Circuits

What you’ll learn in Module 6.6
After studying this section, you should be
able to:

Understand the operation of typical op amp
circuits.

« Voltage follower.

« Differential amplifier.

Op Amp Circuits

Op amps are extremely versatile and have
become the amplifier of choice for very many
applications. The advantages of integration also
allow op amps to be included in many application
specific integrated circuits (ASICs) where,
combined with other circuit elements, a chip can

be designed to carry out a specific function,
which for example, can vary from a dedicated
tone control or a programmable filter network to
a complete audio or communications system.

* Instrumentation amplifier.

« Summing Amplifier:(DC level control,
weighted resistor DAC, audio mixer).

This section introduces some basic variations on
the voltage amplifiers described in Module 6.3
that are commonly used in many circuits.

« Differentiator.
* Integrator.

« Active filters: (low pass, high pass, band
pass).

Voltage Follower

The voltage follower shown in Fig. 6.6.1 looks eath
like a non-inverting voltage amplifier, but withatg
feedback and input resistors. The gain of a non-
inverting voltage amplifier would normally be
described using the values afahd R, by the
formula:

+Ws
}

O—+/

In the voltage follower circuit however, both, Rnd Vo Vs

R are replace by simple conductors, and so botteth

values in the above formula will be infinitesimally O

small, therefore the gain is 1. The voltage followe oV

does not therefore, act as an amplifier, the output Fig.6.6.1 The Voltage Follower

voltage ‘follows’ the input voltage, but the cirtui
does have some very useful properties.

Vout

Module 3.2 described how negative feedback carsbkd to increase the input impedance, and
reduce the output impedance of an amplifier. THeage follower uses 100% negative feedback
that is effectively voltage derived and series fadthe effect of the feedback on impedance is
dramatic. The input impedance of the circuit iséased to typically many megohms {48 or

even teraohms (10Q) while the output impedance of the op amp remeaéng low, in the range of
ohms to hundreds of ohms. As with any other NFBldmpnoise and distortion are also reduced.
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The voltage follower is therefore very useful dsuéfer amplifier, that will reduce the loading
effect on previous circuits and, because of its éaput impedance to deliver more current to any
following circuit.

Differential Amplifier

Fig. 6.6.2 shows a differential amplifier with agle output. This operating mode is a combination
of both the inverting and the non-inverting amglifiln this mode the output will be the difference
between the two inputs, multiplied by the closeaplgain.

Setting the value of closed loop gain
is normally achieved by choosing the R4

ratio of the feedback and input —]
resistors. In both the inverting and

non-inverting amplifiers only one

input was used; the other input being R4

connected to ground. In the o— ] -

differential amplifier however, both

inputs are in use so two pairs of R2 +
resistors are needed control the gair
one pair for each input. It is
important that the gains from both Y1 | V2 R3 -Vs Vout
inputs are equal, otherwise the outpi
& )

+\/g

would be equal to the voltage O 5
difference and the difference in gain.
Therefore in Fig. 6.6.2 for equal gain Fig.6.6.2 The Differential Amplifier

at each input R1 should equal R2 and
R3 Should equal R4.

One problem with the circuit in Fig. 6.6.2 is thewmpared with the single input op amp mode, the
input impedance is quite low. Another problem, esgdly where a gain greater than 1 is required,
is that it becomes difficult to match the two gaatsurately enough, even with close tolerance
resistors because of unequal input currents andettyesmall differences in input voltages that may
be amplified to produce larger errors at the output

Instrumentation Amplifier
R4 Rg
Both of these problems can be remedied by V1
using a slightly more complex design, the
Instrumentation Amplifier, shown in Fig. 6.6.3 r R1
This circuit addresses the problem of low inp!

impedance by using two non-inverting buffer
R2(Gain)

amplifiers at the inputs to increase input

. v,
impedance. out

Unlike the basic voltage follower buffer
amplifier illustrated in Fig. 6.6.1 and to solve
the problem of uneven gain, these single inpt
non-inverting buffer amplifiers are designed
with feedback resistors to give a closed loop

gain of more than 1. Fig.6.6.3 The Instrumentation Amplifier

—

— 0

R7 oy

R3
Va
R5
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The two buffer amplifiers use a shared input resi@R2) so that the gain of both input amplifiess i
set by just a single resistor and the output amepldan have a gain of 1 where R4, R5, R6 and R7
can be all the same value. The problem of produainglifiers and resistors with close tolerances
and identical temperature coefficients is madeegdisihey are produced on a singe wafer of silicon
within an integrated circuit, therefore integrat&atuit instrumentation amplifiers such as the
INA114 from Texas Instruments are produced, lookiey much like a single op amp but using a
single resistor to set its gain.

Summing Amplifier

A summing amplifier is an extension of (usuallyg thverting amplifier, which performs an
addition of a number of analogue signals (AC or RCi}s inputs. It can have a number of uses:

1. DC Level Control AC signal R R4 DC offset
m added to

By applying an AC signal to one of the ~ @V U AC signal

summing amplifier inputs, and a DC

voltage to the other, the DC voltage is V. L% Voo ‘DU'

added to the AC signal, changing the DC

level of the AC wave. An example OC offset

application of this could be the Y shift R3

control on an analogue oscilloscope o — W I oV

changing the vertical position of the

waveform. Fig.6.6.4 Adding a DC offset to an AC wave

2. Digital to Analogue Conversion

The simplest type of Digital to Analogue ConvefBAC) uses a Summing Amplifier and a
weighted resistor network as shown in Fig. 6.6.Bmhresistors having values in the ratio 1, 2, 4
and 8 are fed from a stable reference voltage ande individually switched into the input circuit
of the summing op amp. The amplifier output will’ed 6 different voltage levels, depending on
the 4 bit digital code applied to the inputs © Ds. Supposing that M is 5volts, the output
voltages for any possible input code would be asvshin the table in Fig 6.6.5.

o
w
o
N
A
o
o

Vout

oV ymc 4 » + Summing
333mV Amplifier
566mV R 2R 4R BR [L|
999mV R
1.333V D >
1.666V
1.999V
2.333V
2.666V D, o
2.999V Digital Output
3.333V input
3.666V Electronic Switches
3.999V OVo o
4.333V
4.666V
4.999V

D, o—
D, ©

=T

Analogue
Voltage

=1

Fig.6.6.5 Digital to Analogue Conversion (DAC)
using a Summing Amplifier

RlRr|kr|(kr|kr|R|k|[kr|lo|lo|o|o|o|o|o|o
Rlr|r|r|lo|lo|lo|lo|r|k|r|r|o|lo|lo|o
Rlr|o|lo|r|r|lolo|r|r|lo|lo|r|r|lo|o
Rlo|rkr|lo|r|o|lr|lo|r|o|lr|o|r|o|r|o
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3. Audio Mixer
V10— 1 o R1-R8=10K
The audio mixer shown in R5 VR1-VR3 = 10K
Fig. 6.6.6 uses a Summing "‘DI—: ] C1-C3=4T7yF
Amplifier made from an _JVR1
invertin i Vet o=,
g op amp with C2 g2

multiple input resistors (R1, “D'D

R2 and R3), which together

with the feedback resistor R5 v 30— {mzm

add the individual signal input - R3
voltages voltages at the —IH—F
inverting input of the op amp. L TVR3

In audio mixers R1 R2and %o
R3 will usually be the same

value. Fig.6.6.6 Audio Mixer Using a Summing Amplifier

Because the summing amplifier used in stage obassed on an inverting amplifier, the signal at
the output of stage one will be in anti-phase #itiput signal, so to restore the signal to itgiogl
phase a second inverting amplifier is used. WithtdRR8 all of equal value, the gain of each stage,
and therefore the overall gain, will be 1.

Active Filters & Wave Shaping

Adding an op amp to the passive wave shaping ded ¢ircuits described in AC Theory Module 8
overcomes the problem that the gain of passivelitires always less than 1, the output is always
less than the input. This may be acceptable whakefiost order circuits (having only a single
wave shaping or filter element) are used, but asthiciency of the circuit is generally improved
by using multiple circuit elements, for examplengsa low pass filter and a high pass filter in
combination to make a band pass filter. In sucles#se attenuation caused by the extra passive
filter can cause an unacceptable reduction in sgmalitude.

With active filters and wave shaping circuits, opps are used to overcome the losses due to
passive components, making multiple (2nd, 3rd, #tic. order) filters possible that have superior
performance such as sharper cut off and a higHactQr.
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Op Amp Differentiator

When op amps are used in wave shaping
circuits, the operation of the circuit uses the
characteristics of the amplifier together witt

the properties of resistors and capacitors tc  JEEEE il :._': I—_

obtain changes to the wave shape. i
The circuit in Fig. 6.6.7 uses a CR time
constant of C1 x R2 (10exp-9 x 470exp3) = R1 C1 LM324 0O
470us to convert a square wave with a 4K7  10nF
periodic time of 1/100Hz = 10ms, to +/
positive and negative pulsékhe time Vin 100Hz -8V Vout
constant of a differentiator is shorter than 10mVpp
the periodic time of the wave.
o . . O O
Temporarily ignoring R1, the operation is a ov
follows: Fig.6.6.7 Op Amp Differentiator/High Pass Active Filter

The circuit illustrated in Fig. 6.6.7 is basicalhat of an inverting amplifier, but with the addi of

a capacitor at the inverting input. If a steadytagé is applied to the left hand plate of C1 thvetke

a voltage across C1 as the right hand plate isdted¥ (virtual ground) by the action of the op amp
keeping the inverting input at the same voltagthasion-inverting input, which is connected to
OV. While the input voltage (a square wave) remaina constant level, there will be no current
flowing through C1 and therefore no current thro&gh The output voltage will also be constant.

When the input voltage suddenly changes, therebeith sudden pulse of current into the capacitor
as it quickly charges (due to the short CR timestamt) to the new level. Supposing the input
voltage has gone more positive, the op amp outgugovnegative to keep the inverting input at
OV. Notice that the active circuit produces a plsthe opposite phase to that expected from a
passive differentiator circuit due to the actiortted inverting amplifier.

The op amp differentiator has produced good (thoogérted) differentiation at low frequency,

and the amplitude of the pulses depends on thefateange of the input wave and also on the gain
of the op amp. The gain will in turn depend onridue of R2 to the capacitive reactance ) xf

C1. However reactance reduces as frequency inareaskso the gain of the op amp will increase
with frequency. At some high frequency the reactasfcC1 will have reduced to practicall20

and the gain of the op amp will be almost infinitelgh. This will cause serious problems of high
levels of noise together with instability. The cirtowill start to oscillate uncontrollably. The

purpose of R1 is to help prevent this instabily,the reactance of C1 reduces it will at some
frequency fall below the resistance value of R asnC1 and R1 are in series the low value®f X
becomes irrelevant and the ratio controlling th&imam gain is R2/R1.
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Active High Pass Filter

With both passive and active circuits the
differentiator wave shaping circuit shown in
Fig. 6.6.7 also acts as a high pass filter wher
the input is a sine wave. However with active 100
versions of the circuit there is a significant
difference to the passive circuit. Because the 80
gain of the op amp falls off at some frequenc
due to itspower bandwidtlandslew rate

120

3

limitations. This can affect its high frequency f;ﬁ ';#a"d ;E:J'L‘:E
operation so that an active high pass filter wi duetoRC Op Amp

also behave to some extent as a band pass
filter, with attenuation both below and above
central pass band as shown in Fig. 6.6.8. Th
can be a problem, but also an advantage if tt
frequencies at which the low and high cornetr
frequencies are managed by the choice of
appropriate component values.

Voltage gain {dB)
a8

/

Pas_s Band.

1 10 100 1K 10K 100K 1M 10M

Freauency (Hz)
Fig.6.6.8 High Pass/Band Pass Active Filter
Response
R2
Integrator/Low Pass Filter 100K,
e R

In the op amp integrator circuit the capacitor i }: i
inserted in the feedback loop and creates a C "—"—"
time constant with R1 at the inverting input. C122nF
This point is held at virtual ground by the +9V
action of the op amp. As long as the input is ¢ -
0V there will be no current through the resistc LM324 —0
R as its right hand end is at virtual ground ani 10K i
C will be in a discharged state because of the
presence of R2, which prevents C1 holding Vin 2kHz -V Vout
some charge from a previous state; if this wel 10mVpp
to happen the output (connected to the right
hand plate of C1) could easily be driven to O Iy, O

either +\k or —Vs causing the op amp to ‘lock
up’ and not be able to restore a normal output
voltage.

Fig.6.6.9 Op Amp Integrator/Low
Pass Active Filte

If a square wave applied tg,\how enters its positive half cycle and produceteady positive DC
voltage at W, a current will flow through R and begin to chaf@eausing its right hand plate, after

a rate controlled by the CR time constant, to tiy eeach a negative voltage, equal and opposite to
Vin as the op amps action keeps the inverting inp@¥aflhis action causes a relatively linear
negative going ramp at the output until (well beftire end of one time constant) the input square
wave suddenly changes polarity.

Changing the voltage at\back to its lower level at the start of the negatjoing half cycle of the
square wave will make capacitor begin to discharg to keep the inverting input at 0, the voltage
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at the op amp output will increase in a linear ngginihis continues until the input suddenly goes
positive once again at the start of the next cycle.

To produce a linear ramp on the output triangulaveform, the CR time constant of the integrator

circuit should be similar to, or longer than hak tperiodic time of the input wave. In the case
illustrated in Fig. 6.6.9, a time constant R1 x(@CQ@exp3 x 22exp-9) = 220us converts a 1kHz
square wave with a periodic time of 1/2exp3Hz = &)@ = 250us into a reasonably linear

triangular wave.

Fig. 6.6.10 shows a 2nd order Sallen-Key low p#igs fvith a double CR low pass filter network.

Such filters are normally designed using
graphs and tables of component values fc
particular frequencies, as the design of
multi order filter networks using

mathematics is extremely complex and o

time consuming. An alternative is to use
multi stage programmable filters, which
contain several active filters in a single
integrated circuit. These are of two main
designs, either switched capacitor or
analogue filters. Fig 6.6.11 illustrates a
typical analogue example, the UAF42 by
Texas Instruments. It contains four
separate analogue active filters that can t

digitally programmed to create any
combination of the four main filter types.

11
[ ]|
C1 +Vs
] -
R1 R2 —O
+
Vs
2 == R4
R3
o ov -

Fig.6.6.10 2nd Order Low Pass Active Filter
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Fig.6.6.11 UAF42 Digitally programmable Analogue Filter IC by Texas Instruments
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Amplifiers Module 6.7

Amplifiers Quiz 6

Try our quiz, based on the information you can fmémplifiers Module 6. You can check your
answers by going to:

http://www.learnabout-electronics.org/Amplifiers/amplifiers67.php

1.

Which of the following properties should an ideplamp have?
a) Infinitely wide bandwidth, infinitely high outpimpedance and perfect linearity.
b) High DC gain, low input reactance and perfewotdirity.
c) Infinitely high input impedance, perfect linggrand zero noise.
d) Infinitely high gain, perfect linearity and zargput impedance.

2.

Refer to Fig. 6.7.1: If the voltage at input ‘b’fised, biasing Tr2 so it is conducting and thetagé
at input ‘a’ then rises to a more positive leverthnput ‘b’, what will be

a) The voltage at output C will fall and output w Vs
rise by an equal amount. R1 [']Rz C

b) The voltage at output C will rise and output @l w Fig. 6.7.1 —0

fall by an equal amount. Tr ' T B
c) The voltage at output C will rise and output Bl w ac t gj __@_
be unaltered. bo

.

d) The voltage at output C will fall and output Bliw E | Vs
be unaltered. +

3.

On op amps that use an offset null control, thedgisted to give which of the following
conditions:

a) To make both inputs equal zero volts.
b) To make both inputs the same voltage.
c) To balance the positive and negative supplies.

d) To make the output voltage equal zero volts.
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4.
. . T R2 6BK
Calculate the approximate voltage gain of the dineplin Fig. 6.7.2
Fig. 6.7.2 R1
12K
a) 5.7 b) 14.3 c) 6.7 d 17, oM
R3
12K
5. 0

Refer to Fig. 6.7.2 : If R2 is changed to 82K ad7+V DC (w.r.t. OV) is applied to the circuit
input, what will be the approximate output voltagel its polarity w.r.t OV?

a) +3.99Vv b) —3.99V c) -4.8V d) +5.5V
6.
What does the "Large Signal Voltage Gain" of araop refer to?

a) The open loop gain at DC (OHz), measured in dB

b) The Gain that produces a peak to peak signaglbeiual to the difference between the
positive and negative supply voltages measure®in d

c) The voltage ratio of the peak to peak outputaido a 1 volt peak to peak input signal,
measured in mV/V

d) The open loop gain that produces the largesstorted output signal measured in V/IimV
7.
What characteristic of an op amp is the formulf\,« used to calculate?

a) The gain bandwidth product.

b) The slew rate.

¢) The power bandwidth.

d) The open loop voltage gain.

8.

Refer to Fig 6.7.3, which shows the DC input to irthe low Fig. 67.3 Mefa
frequency signal to pin 2 and the output signaliat6 of a 741 op pin3) __.--' F ol
amp. What purpose is the op amp being used for? e

a) A buffer amplifier. ?;ﬂ: ‘ ‘
-
b) A differentiator.

c) A comparator.

d) An integrator.
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9.
Fig. 6.7.4 shows the package outline of a TLC24h@mmmable
op amp. If the two ends of a preset potentiometrannected Fig. 6.7.4
across pins 1 and 5, to which pin should the puiagter wiper  oreerns s © shsums seeer
be connected to? N-[2  7[0Voo
IH+[]3 &[] OUT

a2 b) 3 c) 4 d) 8 GND [[¢  s[JOFFSETN2
10.

Simple D to A conversion can be achieved using ighwed series of resistors and a single op amp
configured in which of the following modes?

a) Voltage follower.
b) Integrator
¢) Summing amplifier.

d) Differential amplifier
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