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• Noise In Microwave Circuits

• Detectors and Mixers



Noise
• A result of random processes such as the flow of charges/holes in device, 

propagation through the ionosphere or other ionized gas, thermal vibrations

• Deterministic components: the output is predictable from the input

• Linear components: the output is directly proportional to the input

Noise floor: At very low input power levels, the 

output will be dominated by the noise of the amplifier. 

This level is often called the noise floor of the 

component or system

1 dB compression point: the input power for which the 

output is 1 dB below that of the ideal amplifier

Thermal noise is the most basic type of noise, being 

caused by thermal vibration of bound charges. Also 

known as Johnson or Nyquist noise.

Shot noise is due to random fluctuations of charge 

carriers in an electron tube or solid-state device.

Flicker noise occurs in solid-state components and 

vacuum tubes. Flicker noise power varies inversely with 

frequency, and so is often called 1/f-noise.

Plasma noise is caused by random motion of charges 

in an ionized gas



Noise Power and Equivalent Noise Temperature

equivalent noise 

temperature



Noise Figure
A measure of the degradation in the signal-to-noise ratio between the input and 

output of the component.



Noise Figure of a Cascaded System



T-Junction Power Divider



Noise Figure of a Passive Two-Port Network

Noise Figure of a Mismatched Lossy Line



NonLinear Distortion

gain compression, or saturation



Intermodulation Distortion
two-tone input voltage



Third-Order Intercept Point

Dynamic range

linear dynamic range: power range that is limited at the low end by noise and at 

the high end by the compression point

spurious-free dynamic range:noise at the low end and the maximum power level 

for which intermodulation distortion becomes unacceptable



DETECTORS AND MIXERS

Detectors and mixers use a nonlinear device to achieve frequency conversion of an

input signal. Microwave diodes are most commonly used as the nonlinear element,

but transistors can also be used. Figure 10.10 illustrates he three basic frequency

conversion functions of rectification, detection, and mixing. We will first discuss

the nonlinear voltage-current characteristics of a diode. and then use a small-signal

analysis to describe the operation of various circuits that perform these functions.

Diode Rectifiers and Detectors 

A diode is basically a nonlinear resistor, with a DC V-1 characteristic that can be 

expressed as :
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