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The versatile op-amp



  

We now recognize the symbol for an op-amp that’s 
most often used in overall schematic diagrams of 
systems.

Sometimes drawings will include positive and 
negative power-source terminals as well. Actual 
devices also often show part numbers and pin 
numbers.



  

The op-amp’s “null” terminals can be connected to an 
external potentiometer, in order to carefully null out any 
slight, but possibly bothersome, offset voltage that 
might appear at the output. This adjustment is done 
with no differential DC input voltage applied.

With no input 
signal the op-
amp’s output 
ideally should 
be zero volts.



  

A general purpose op-amp has a gain of about 200,000!   
If it operates in what’s called open-loop.  

However, op-amps are usually configured as closed-loop 
devices, where the output – or part if it – is fed back to 
the input.

The negative 
feedback reduces 
the gain, but 
increases the 
frequency response, 
or bandwidth, of the 
op-amp circuit.



  

The feedback eliminates any voltage difference across 
the op-amp’s input pins. So, if the input were to swing 1V 
positive, the output terminal will do exactly the same. 
The output goes back to the inverting input, so both 
inputs will be at +1V, and the differential input will be 
zero.

If the input were to swing to –5V, the output will do 
exactly the same. But, the differential input will still be 
zero.

The output therefore follows the input. This use of the 
op-amp is called a voltage follower, and its gain is always 
one. 

Remember, the output impedance of the op-amp circuit is 
very low, and the input Z is very high (a few Mohms). 
This makes the circuit a good buffer amplifier.



  

Now let’s look at another op-amp configuration. This 
one is a non-inverting circuit – and it offers gain.

Resistors R1 

and RF form a 

voltage divider 
for the output 
level. The 
divided output 
voltage must 
equal the input 
voltage in order 
for the 
differential 
voltage to be 
zero volts.

The gain AV is calculated from 

the ratio.



  

Next up is our friend the op-amp set up as an inverting 
amplifier. In this set-up the input signal feeds the non-
inverting input of the op-amp. 

The gain of the 
inverting op-amp 
amplifier is set by 
the ratio of the input 
resistor to the 
feedback resistor. 

In this example, the 
ratio is 10:1, so the 
gain is 10.



  

Have you wondered why these op-amps are called 
operational amplifiers?  It’s because they can perform 
analog computational operations!  This circuit works to 
sum, or add, signals. 

Look at the two inputs 
applied to the 
inverting input. 

For example, if V1 is 

2V and V2 is 4V, and if  

R1 and R2 are the same 

value, the output will 
be –6 volts. 

The output is the sum 
of the two! 

Summing amplifier



  

Here’s an op-amp wired as a subtracting amplifier!



  

Op-amps can also be wired 
as active filters. As 
frequency goes up, the 
gain drops off. It’s a low-
pass filter (LPF).

The feedback through the 
circuit’s cap causes a lag 
in current (recall ELI the ICE 

man). It’s a simulated 
inductor!

The phase effect is 
established by the circuit 
values to set the op-amp’s 
cutoff frequency.



  

You can also 
cascade op-amp 
filters to get sharper 
cutoffs. 

Multi-section op-
amps, with more 
than one op-amp on 
a chip, are ideal for 
this kind of 
application.

Audio LPF filters can 
be set up to help 
reduce or eliminate 
QRM in receivers.



  

Re-wiring the op-amp this 
way creates a high-pass 
filter, or HPF.

Compare this to the LPF. 
Note how the resistors 
and capacitors have 
essentially changed 
positions, with respect to 
the low-pass filter 
configuration.



  

Do a bit of re-wiring and you can get a band-pass filter 
(BPF).

BPFs are often used 
for separating signals 
of different 
frequencies. 

For example, a solid-
state ham radio 
decoder may use 
BPF filters to 
separate Mark and 
Space tones of an 
RTTY signal or AX.25 
packet signal.



  

The op-amp can also be configured to change a 
sine wave into a square wave. This is called a 
Schmitt trigger configuration.

Schmitt trigger symbol



  

In this Schmitt trigger 
application the input 
signal exceeds upper 
and lower threshold 
points.

This hex op-amp has six 
separate Schmitt 
triggers in its DIP 
package.



  

Some typical op-amp types and specs



  

Here’s an audio 
distribution system 
schematic that was 
presented in QST 
magazine in 
February 2002. 

It uses Fairchild 
Semiconductor 
Type KA334 dual-
op amps, each 
packaged in an 8-
pin miniDIP.



  

If you see a copy 
of Walter Jung’s IC 

Op-amp Cookbook 

for sale at a flea 
market, grab it for 
your library! 

It is a classic.



  

Until next 
time, 73 
de AI2Q


