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Introduction _i 
As the performance of microwave radar and communication systems 

advances, certain system parameters take on increased importance. One 
of these parameters that must be measured is the spectral purity of 
microwave signal sources. 

In the past, many techniques for measuring spectral purity have used 
complex, dedicated instrumentation, often cumbersome in both size and 
operation. The broadening focus on spectral purity has created a need for 
measurement techniques that provide the high performance necessary 
for R&D requirements, and that can be automated for production envi­
ronments. Also, service applications require a versatile system with a 
broad frequency and performance range. 

The Hewlett-Packard 11729B C arrier Noise Test Set is a key element of 
a system that provides convenient manual or automatic phase noise and 
amplitude noise measurements. With appropriate companion instru­
mentation, noise measurements can be made on a broad range of sources, 
5 MHz to 18 GHz. 

This product note discusses phase noise and its effects on modern 
microwave systems in Chapter 2. Chapter 3 describes a sensitive tech­
nique for measuring the phase noise of sources. The implementation of 
this technique in the 11729B is shown in Chapter 4. Chapter 5 outlines 
the measurement steps needed to make a phase noise measurement, and 
the resultant measurement accuracy is derived in Chapter 6. Finally, 
Chapter 7 presents a way to automate the 11729B in an automatic phase 
noise measurement system. 
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2. Phase Noise and its Effect on Microwave Systems 

What is Phase Noise? 
Frequency stability can be defined as the degree to which an oscillat­

ing source produces the same frequency throughout a specified period of 
time. Every RF and microwave source exhibits some amount of fre­
quency instability. This stability can be broken down into two compo­
nents — long term and short term stability. 

Long term stability describes the frequency variations that occur over 
long time periods, expressed in parts per million per hour, day, month, or 
year. Short term frequency stability contains all elements causing fre­
quency changes about the nominal frequency of less than a few seconds 
duration. This product note deals with short term frequency stability. 

Mathematically, an ideal sinewave can be described by 

V(t) = V0sin27rf0t 
where V0 = nominal amplitude, 

27rf0t = linearly growing phase component, 
and f0 = nominal frequency. 

But an actual signal is better modeled by 
V(t) = | V0 + e(t) | sin 12iriQ\, + A<£(t) | 

where e(t) = amplitude fluctuations, 
and A0(t) = randomly fluctuating phase term or phase noise. 

2. La. RF sideband spectrum. 

2.Lb. Phase noise sidebands. 

Figure 2.1. CW signal sidebands 
viewed in the frequency domain. 

This randomly fluctuating phase term could be observed on an ideal 
spectrum analyzer (one which had no sideband noise of its own) as in 
Figure 2.1a. There are two types of fluctuating phase terms. The first, 
deterministic, are discrete signals appearing as distinct components in 
the spectral density plot. These signals, commonly called spurious, can 
be related to known phenomena in the signal source such as power line 
frequency, vibration frequencies, or mixer products. 

The second type of phase instability is random in nature, and is com­
monly called phase noise. The sources of random sideband noise in an 
oscillator include thermal noise, shot noise, and flicker noise. 

Many terms exist to quantify the characteristic randomness of phase 
noise. Essentially, all methods measure the frequency or phase devia­
tions of the source under test in either the frequency or time domain. 
Since frequency and phase are related to each other, all of these terms are 
also related. 

One fundamental description of phase instability or phase noise is the 
one-sided spectral density of phase fluctuations on a per-Hertz basis. The 
term spectral density describes the energy distribution as a continuous 
function, expressed in units of energy within a specified bandwidth. 
Thus, S^<£(f) (Figure 2.1b) is defined as 

SA0(f> 
- W > ' i d 2 

BW used to measure -!</>rms Hz 

If the modulation sidebands are such that the total phase deviations 
are « 1 radian (-i</>pk << 1 radian), then another useful measure of the 
noise energy is £ (f), which is then directly related to Sj^^lf) by 

1 
jC(f)=-S^(f). 

4 


