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RF Amplifiers
IP3  vs. IP2

RF Amplifier Linearity and Noise

IP3 and IP2 values are measurements of an amplifier’s linearity. They indicate how much non-linear 
distortion the amplifier produces and how that distortion contributes to the output signal.

Although both IP3 and IP2 quantify distortion, they differ in the type of distortion measured and the 
impact on overall system performance. In general, higher IP3 or IP2 values correspond to greater 
linearity and better amplifier performance.

A “linear” amplifier increases the strength of the input signal without altering its original shape. In other 
words, the output signal is an exact scaled replica of the input. This characteristic is critical in 
applications that require high spectral fidelity, such as communication systems and precision 
instrumentation.

To better understand linearity and non-linearity, consider a real-world analogy using a guitar and a 
frequency generator.

A frequency generator is a highly linear system designed to produce a simple, “pure” tone. Playing a 
Middle C produces a single sine wave at approximately 261 Hz. In this system, the output amplitude is 
directly proportional to the input voltage, raising the input simply increases the output level. The resulting 
waveform is clean and consists of only one frequency.

By contrast, a guitar is inherently non-linear. When a string is plucked to produce Middle C, it does not 
vibrate solely at its fundamental frequency. Instead, it also generates vibrations at integer multiples of 
that frequency, known as harmonics. The pluck (input) produces a complex output waveform containing 
both the fundamental and its harmonics, resulting in a rich and natural tone.

In this analogy, the amplifier’s role is similar to how the intensity of the pluck affects the sound. A harder 
pluck increases loudness but also changes the harmonic balance, introducing additional distortion. 
These harmonics, integer multiples of the fundamental, create the overtones that shape the timbre of the 
sound.

Nonlinearity in the guitar arises from several factors that interact in complex ways: the stiffness of the 
strings, the material of the body, and the playing technique. Each introduces deviations from ideal 
harmonic behavior. This nonlinearity makes the guitar sound warm and expressive, whereas the 
frequency generator produces an artificial, sterile tone.
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In amplifiers, similar effects occur. Nonlinearities cause the output signal to deviate from a perfectly 
scaled version of the input. These distortions can originate from the amplifier’s fundamental design, 
component quality, or operating environment. When an amplifier operates nonlinearly, frequencies within 
the input can mix, producing new frequencies that are the sums and differences of the original ones. 
These intermodulation products are unwanted because they are not harmonically related to the original 
signal.

No amplifier is perfectly linear,every RF component exhibits some degree of nonlinearity and will 
eventually reach a point of saturation where the output can no longer increase proportionally with the 
input. For this reason, linear amplifiers are designed to operate within a specified range where their 
linearity and thus IP2 and IP3 performance is optimized.

What is an Intercept Point?

• The intercept point is a mathematical construct used to describe an amplifier’s linearity. It
represents the theoretical input power level at which the power of the desired output signal and the
power of the distortion products (typically intermodulation products) would be equal.

• A higher IP2 or IP3 value indicates a more linear device and greater resistance to distortion,
meaning the amplifier can handle stronger input signals before nonlinear effects become significant.

• In practice, amplifiers reach their 1 dB compression point (P1dB) and begin limiting output power
well before the intercept point is actually achieved. The intercept point is therefore used as a figure
of merit rather than a directly measurable condition.

Why is IP3 more important than IP2?

Third-order distortion products typically appear very close to the fundamental signal frequencies, making 
them difficult to suppress using standard filtering techniques. These unwanted signals can fall directly 
within the receiver’s operating band, degrading sensitivity and overall performance.

For this reason, IP3 is often considered the most critical linearity parameter for a receiver. It directly 
reflects the system’s ability to maintain clean signal integrity and operate effectively in environments with 
strong, closely spaced signals, such as crowded or high-interference frequency bands.

When is IP2 more important than IP3?

IP2 is generally less critical than IP3 in superheterodyne receivers because second-order distortion 
products typically fall outside the desired signal band and can be filtered out more easily.

However, IP2 becomes crucial in direct-conversion (zero-IF) receivers, where second-order distortion 
can create unwanted DC offsets or low-frequency artifacts that directly interfere with the desired signal. 
In such architectures, maintaining a high IP2 is essential to ensure accurate demodulation and minimize 
baseband distortion.
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