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AC and DC Characteristics of Operational Amplifier

Operational Amplifiers, commonly known as op-amps, are fundamental building blocks in
analog electronics. They are used in a myriad of applications, including signal conditioning,
filtering, and mathematical operations such as addition, subtraction, integration, and
differentiation.

To understand the behaviour and performance of op-amps, it is crucial to analyse their AC and
DC characteristics. This article delves into the details of these characteristics, explaining their

significance and impact on op-amp functionality.

DC Characteristics

DC characteristics of an op-amp determine its performance when dealing with direct
current or low-frequency signals. The key DC parameters include:

1. Input Offset Voltage

Input offset voltage is the differential DC voltage required between the input terminals of the
op-amp to make the output zero. Ideally, this voltage should be zero, but due to mismatches in
the transistor pairs within the op-amp, a small offset voltage is present.

¢ Impact: A higher input offset voltage can lead to inaccuracies in signal amplification,
especially in precision applications.
» Typical Values: It ranges from microvolts (pV) to a few millivolts (mV).

2. Input Bias Current
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Input bias current is the average of the DC currents entering the inverting and non-inverting
terminals of the op-amp. This current is required to bias the internal transistor junctions.

e Impact: High input bias current can result in voltage drops across external resistors,
leading to errors.
» Typical Values: Ranges from picoamperes (pA) to nanoamperes (nA).

3. Input Offset Current
Input offset current is the difference between the DC currents entering the inverting and non-

inverting terminals of the op-amp.

e Impact: It causes a small error in the output voltage, especially when high-value resistors

are used in the circuit.
» Typical Values: Usually in the range of picoamperes (pA) to nanoamperes (nA).

4. Common-Mode Rejection Ratio (CMRR)

CMRR is a measure of an op-amp's ability to reject common-mode signals, i.e., signals that
are present simultaneously and in phase at both input terminals.

¢ Impact: Higher CMRR indicates better rejection of noise and interference present in the

common-mode signal.
e Typical Values: Typically expressed in decibels (dB), with values ranging from 70 dB to

120 dB or more.

5. Power Supply Rejection Ratio (PSRR)

PSRR indicates how well the op-amp can reject variations in its power supply voltage.

» Impact: High PSRR is crucial for maintaining a stable output despite fluctuations in the

supply voltage.



» Typical Values: Also expressed in decibels (dB), with typical values between 60 dB to
120 dB.

6. Input Impedance

Input impedance is the impedance seen by the source connected to the input of the op-amp.

e Impact: High input impedance is desired to ensure that the op-amp does not load the
preceding stage.
» Typical Values: Usually in the range of megaohms (MQ) to gigaohms (GQ).

7. Output Impedance

Output impedance is the impedance seen by the load connected to the output of the op-amp.

e Impact: Low output impedance is essential for driving loads effectively without significant
voltage drops.
» Typical Values: Generally, less than 100 ohms.

AC Characteristics

AC characteristics of an op-amp determine its performance when dealing with
alternating current or high-frequency signals. The key AC parameters include:

1. Gain-Bandwidth Product (GBP)

Gain-Bandwidth Product is the frequency at which the gain of the op-amp drops to 1. Itis a
constant for a given op-amp and indicates the trade-off between gain and bandwidth.



* Impact: Determines the frequency range over which the op-amp can operate effectively.
e Typical Values: Ranges from 1 MHz to several hundred MHz.

2. Slew Rate

Slew rate is the maximum rate of change of the output voltage per unit time and is expressed
in volts per microsecond (V/us).

e Impact: Limits the speed at which the output can respond to rapid changes in the input
signal.
e Typical Values: Typically, between 0.1 V/us to several hundred V/us.

3. Frequency Response

Frequency response describes how the gain of the op-amp varies with frequency.

* Impact: Affects the op-amp’s ability to amplify signals of different frequencies accurately.
» Typical Values: Depends on the design and application of the op-amp.

4. Phase Margin

Phase margin is the difference in phase between the output and the input signal at the
frequency where the open-loop gain is unity (0 dB).

¢ Impact: A higher phase margin indicates better stability and less likelihood of oscillations.
e Typical Values: Ideally, it should be greater than 45 degrees.

5. Total Harmonic Distortion (THD)

THD is a measure of the harmonic distortion present in the output signal compared to the input
signal.



e Impact: Lower THD indicates a more linear and high-fidelity output.
e Typical Values: Typically, less than 0.1% for high-performance op-amps.

6. Noise Performance

Noise performance includes parameters such as input-referred noise voltage and current.

» Impact: Critical in applications requiring high precision and low noise.
« Typical Values: Noise voltage is often in the range of nanovolts per root Hertz (nV/VHz).

Conclusion

Comprehending the AC and DC attributes of operational amplifiers is crucial for the design of
efficient and effective analog circuits. The DC attributes determine the precision and stability of
the op-amp under steady-state conditions, whereas the AC attributes dictate its response in
dynamic and high-frequency situations.

By judiciously choosing op-amps with suitable characteristics for particular applications,
engineers can enhance circuit functionality and guarantee dependability.



