
Measuring phase noise from high-end 
signal sources for radar systems
The new R&S®FSWP phase noise analyzer and VCO tester features internal signal sources with very low 

phase noise. Combining these sources with cross-correlation technology produces such high sensitivity that 

the instrument can carry out phase noise measurements on highly stable sources (such as those used in 

radar systems) in a matter of seconds.

Signal source quality is a primary driver of performance in 
advanced radar systems. Lower phase noise in signal sources 
means better spatial resolution and more accurate  velocity 
measurements of moving objects. Developers have to be 
able to measure phase noise, even in pulsed mode, in order 
to minimize it. These measurements have previously required 

complex systems consisting of phase detectors, FFT spec-
trum analyzers and extremely low-noise reference  signal 
sources. These sources have to deliver significantly bet-
ter quality than those of the DUT in order to ensure accurate 
measurement results. If the reference signal sources are too 
noisy, developers can also use cross-correlation based on two 

Fig. 1: R&S®FSWP phase noise analyzer and VCO tester.
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parallel receive paths, two different reference signal sources 
and two phase detectors. Engineers can then suppress the 
inherent noise of the sources and measurement path com-
ponents by averaging the I/Q data of the noise that results 
from the two measurement paths. This makes the test setup 
extremely complex, but significantly increases sensitivity as 
shown in the following equation:

ΔL = 5 ∙ log(n)

ΔL: improvement in sensitivity through cross-correlation in dB 
n:  number of correlations / averages

Increasing the number of correlations by a factor of 10, for 
example, increases the sensitivity of the phase noise test 
setup by 5 dB.

Fig. 2: Trace of a 

high-end OCXO with 

–190 dBc (1 Hz) 

phase noise at a 

 frequency offset of 

1 MHz.

Fig. 3: Vector signal 

analysis, pulsed sig-

nal analysis, mea-

surement of higher 

harmonics, sensi-

tive phase noise mea-

surements – the 

R&S®FSWP does it 

all. It switches eas-

ily between mea-

surement channels 

and displays results 

simultaneously.
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Phase noise of the R&S®FSWP
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Fig. 4: Phase noise 

of the internal local 

oscillator of the 

R&S®FSWP at various 

frequencies.

Phase noise is a key parameter for more than just radar appli-
cations. Developers must use these complex systems to carry 
out highly sensitive measurements on high-end oscillators 
such as OCXOs, DROs and synthesizers used for scientific 
and communications applications.

The R&S®FSWP phase noise analyzer and VCO tester (Fig. 1) 
offers all necessary measurements in a single instrument at 
the push of a button, enabling developers to concentrate on 
improving their system instead of dealing with complex test 
setups. Extremely good internal reference signal sources, 
cross-correlation capability and additional options such as 
phase noise measurement on pulsed sources and addi-
tive phase noise characterization of components make the 
R&S®FSWP unique for radar applications (Fig. 2).

The R&S®FSWP can also be operated as a signal and spec-
trum analyzer to verify if signals under test meet expectations. 
The R&S®FSWP is an all-in-one solution that enables devel-
opers to easily switch between various measurement chan-
nels (Fig. 3). A quick glance at the spectrum and then on with 
phase noise measurements – it’s that easy.

Measuring phase and amplitude noise with  
high sensitivity
The R&S®FSWP requires no external reference sources or 
other complex setups to measure the phase noise of radar 
system oscillators, for example. Its internal local oscillator out-
performs nearly all generators and sources on the market in 
terms of phase noise performance (Fig. 4). If even better sen-
sitivity is required, cross-correlation can improve the sensi-
tivity by up to 25 dB. The R&S®FSWP uses a second  internal 
local oscillator (R&S®FSWP‑B60 option) for this purpose. A 
gray area below the trace shows the achievable level of sen-
sitivity for a particular measurement for the selected number 
of correlations (Fig. 5). The correlation process can be aborted 
automatically if adding more correlations will not improve 
sensitivity. Measurements on high-end oscillators often 
require just a few correlations thanks to the extremely low 
noise of the internal sources. These high-sensitivity measure-
ments deliver extremely fast, reliable results (up to 100 times 
faster than comparable systems).

The R&S®FSWP mixes the signal into the baseband and then 
digitizes and demodulates it. In addition to phase noise, it can 
measure amplitude noise – a parameter of increasing impor-
tance especially for digital modulation methods. Users can 
take advantage of cross-correlation in this case as well to 
measure with over 20 dB more sensitivity than is possible 

Typical phase noise values of the internal local oscillator
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz

1 GHz –60 dBc –88 dBc –116 dBc –141 dBc –153 dBc –159 dBc –163 dBc –176 dBc
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with diode detectors (currently most common method). 
Phase and amplitude noise can be displayed simultaneously 
in a diagram or in two windows (Fig. 5).

Phase noise measurements on pulsed sources  
at the push of a button
Signals from radar systems in the A&D sector are almost 
always pulsed. In the past, phase noise measurements on 
these signal sources required extremely costly, complex set-
ups, as the necessary pulsed sources had to be synchro-
nized with the DUT. Accurate pulse parameter information 
and a great deal of patience were also needed to achieve 
stable measurements. This is all history. Equipped with the 
R&S®FSWP-K4 option, the R&S®FSWP carries out these mea-
surements at the push of a button. It records the signal, auto-
matically calculates all parameters such as pulse repetition 

rate and pulse width (Fig. 5), demodulates the signal and dis-
plays the phase and amplitude noise. The instrument auto-
matically sets maximum usable offset ranges and calibrates 
measurements, but users still have the freedom to define 
gates in order to suppress transients or improve sensitivity, 
for example (Fig. 6). Cross‑correlation is available for all these 
instances involving measurements on very good sources and 
compensation for desensitization (a reduction of the dynamic 
range), as longer pulse off times produce significantly lower 
average signal power with pulsed signals.

As a signal analyzer, the R&S®FSWP does more than mea-
sure the phase noise of pulsed signals. Equipped with the 
R&S®FSWP-K6 option, it also automatically identifies all the 
additional parameters required for characterizing of pulsed 
sources, e. g. pulse rise and fall times, phase and frequency 
response and parameter trends.

Fig. 5: Measuring a pulsed signal in the time and frequency domain with the spectrum analyzer (below) and with the phase noise analyzer (above). The 

upper left window shows the phase noise of the pulsed source; the upper right window displays the amplitude noise. The distance between the noise 

measurement traces and the gray area below represents the sensitivity improvement by cross-correlation. The segments where there is no distance 

between trace and gray area indicate that additional cross-correlations are required to achieve an unambiguous measurement result.
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Measuring additive phase noise –  
even on pulsed signals
The R&S®FSWP can be equipped with an internal signal 
source (R&S®FSWP-B64) to determine additive phase noise. 
These measurements are essential for developing high-end 
radar applications, for example. Developers must know 
how much phase noise individual components in the signal 
path such as amplifies add to the overall phase noise of the 
local oscillator. Two-port components can have a negative 
impact on the phase noise of a signal and add noise (additive 
phase noise), even though they do not generate a signal. The 
R&S®FSWP carries out this previously complex measurement 
requiring extremely good signal sources and phase shifters at 
the push of a button. Users simply connect the internal signal 
source to the input of the DUT and the DUT output back to 
the R&S®FSWP. The additive phase noise of the DUT is then 
available. The R&S®FSWP uses cross-correlation for this oper-
ating mode as well to suppress the additive phase noise of 
the internal frequency converters. 

When equipped with the R&S®FSWP-K4 option, the 
R&S®FSWP can also measure additive phase noise on pulsed 
signals. These measurements are required for characteriz-
ing and optimizing the components of radar transmitters 
under real-world conditions (i. e. with pulsed signals), as they 
behave differently with continuous signals.

Fig. 6: The instrument measures pulse parameters automatically, yet users still have the freedom to define gates.

R&S®FSWP in brief
Frequency range  R&S®FSWP8 1 MHz to 8 GHz 

R&S®FSWP26 1 MHz to 26.5 GHz 
R&S®FSWP50 1 MHz to 50 GHz

Offset frequency range 
 Input signal ≤ 1 GHz 10 mHz to 30 % of  
 carrier frequency
 Input signal > 1 GHz 10 mHz to 300 MHz
Phase noise see Fig. 4

Summary
The new R&S®FSWP phase noise analyzer and VCO tester 
offers more than unique sensitivity for phase noise measure-
ments. It delivers unparalleled user friendliness and a broad 
range of measurement options. In addition to measuring the 
phase and amplitude noise of continuous and pulsed signals 
as well as additive phase noise, it can be used as a signal and 
spectrum analyzer.

Dr. Wolfgang Wendler
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