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O
p amps are the basic build-
ing blocks for much of 
linear circuit design. You 
probably learned about 

them in college and even designed some 
products containing an op amp.  As an 
electronic engineer, you will at some point in your career 
probably need to design a linear circuit. 

If you’re not an advanced linear or analog circuit designer, 
perhaps the best way to fulfill your linear design needs is to 
use an op amp. These ICs are widely available, inexpensive, 
and can be configured in hundreds if not thousands of ways 
to satisfy most linear requirements. Here’s a summary and up-
date on these versatile devices.

Background
The modern IC op amp is derived 

from older vacuum-tube designs used 
in analog computers. Analog comput-
ers were programmed by configuring 
op amps in multiple ways to implement 
different math functions (summer, inte-
grator, etc.). Then you wired them up to 
simulate the system you are designing. 

Then, transistor op amps came along. 
The IC op amps came into being in the 
late 1960s and early 1970s. The popular-
ity of the op amp grew significantly. To-
day, hundreds of types and variations are 
available for almost any linear design.

This article explains the basic opera-
tion of general-purpose, voltage-feed-
back operational amplifiers. In addition, 
it points out some special things to look 

for in high-speed op amps.

Op Amps 101
An op amp is a direct-current differ-

ential amplifier that features very high 
gain, high input impedance, and a very 

low output impedance. By adding selected feedback and input 
components, you can make the op amp perform an incredible 
number of basic circuit functions. 

Figure 1 shows the familiar op amp schematic symbol. The 
+ and – signs identify the non-inverting and inverting inputs, 
respectively. The output VO is a function of the inputs and 
open-loop gain (AOL). The AOL is at least 100K and values 
over 1M are common. The gain is typically expressed in dB, 
like 120 dB that translates to 1 M. The output can be deter-

mined with the expression:
VO = (V2 – V1) AOL
Op amps are usually powered in two 

ways: with a traditional dual ± voltage 
supply or a single supply (Fig. 2). The dual 
supply lets the output swing both positive 
and negative. The single supply biases one 
input to set the output halfway between 
the positive supply and ground. Capaci-
tive coupling on the input and output 
take care of any unwanted dc component.

The supply voltages, of course, define 
the limits of the output-voltage swing. 
With bipolar designs, the output is gen-
erally a volt or so less than the supply 
voltages. In CMOS designs, the output 
can come within millivolts of the supply 
voltages.

Using the op amp in Figure 1 in an 
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1. Shown is the standard op-amp schematic 

symbol.

2. Powering an op amp: Standard dual supply 

dc power connections (a) and single supply 

dc connections.
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open loop isn’t common. Even with small input voltages, the 
amplifier typically saturates at one of the two output-voltage 
limits. For example, a bipolar op amp has dual 12-V supplies. 
The maximum output-voltage swing is ±10.5 V. Now assume 
V1 is −1.5 V and V2 is −1.2 V. Assume an AOL of 200K. The 
output is:

VO = [(−1.2) – (−1.5)] 200,000 = (.3)200,000 = 60,000 V
This is impossible, of course, so the output simply goes to 

the most positive level possible or +10.5 V.

Basic Circuits
Figure 3 shows the most commonly used op-amp circuits. 

The feedback essentially makes the circuit mostly indepen-
dent of the op-amp open-loop gain and other factors. The 
external components essentially define the circuit operation. 
You’re probably already familiar with these circuits, having 
used some variation in your own work.

Keep in mind that other op-amp specifications may need to 
be dealt with in your design. These include input offset voltage 
and current, common-mode rejection, unity gain frequency 
cutoff, noise, and slew rate. Some of these specifications can 
often be ignored because they’re so low and minimally inva-
sive.

Three Common Issues When Designing with High-Speed 
Op Amps 

Op amps have a fixed gain-bandwidth (GBW) specification, 
which defines the frequency response of the device. Figure 4 
shows one example. Note, the circuit amplifies dc; the ac roll-
off is typically 20 dB/decade. Maximum possible frequency 
response is achieved at unity (0 dB) gain. Assume a GBW of 
1000 MHz. If you set the gain at 100, the cutoff frequency is 
10 MHz.

High-speed op amps are commonly defined as an op amp 
with a gain bandwidth of 50 MHz or more. Just what are the 
rules or protocols of working with a high-speed amp?

1. Some high-speed op amps have a minimum gain specifica-
tion. Why?

Such op amps that are said to be decompensated have a sec-
ond pole in the response curve above 0 dB. As a result, a mini-
mum gain is necessary to ensure amplifier stability.

2. What are current amplifiers?
These amplifiers use current feedback instead of voltage 

feedback as in most common op-amp configurations. The pri-
mary benefit of using a current op amp is that the bandwidth 
doesn’t depend on the gain.

3. Why do high-speed op amps oscillate when I breadboard 
with them?

It’s caused by too much stray capacitance and inductance 
that results in unwanted feedback. This problem can usually 
be remedied with one or more of the following steps:

• Keep all component leads and connecting wires as short 
as possible. Reduce the length of all interconnecting wires and 
component leads.

• On PCBs, cut trace lengths.
• Reduce parasitics by improved signal-path routing; mini-

mize the use of vias.
• Use ground planes but remove the copper below inputs 

and outputs.
• Use plenty of bypass capacitors and keep them close to 
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3. These are the four most common op-amp configurations, where only 

the external resistors, capacitors, and other parts determine the nature 

of the signal processing.
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4. This gain-bandwidth curve is typical of most basic op amps.
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the ICs.

The Signal eBook 
There’s lots to know about op amps. To learn more, you have 

access to an online eBook and op-amp reference that contains 
32 operational-amplifier lessons. This free eBook is collection 
of short, practical, and intuitive lessons with the answers to 
some of the most common op-amp questions. 

Written by Bruce Trump, an experienced engineer for TI, 
the eBook is loaded with useful insights, solutions, and rec-
ommendations. Download it now and keep it for reference. 
You will be a better linear designer as a result.
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