R&S®FSPN
PHASE NOISE ANALYZER
AND VCO TESTER

Unrivaled sensitivity meets high speed
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AT A GLANCE

The R&S®FSPN phase noise analyzer and VCO tester is very sensitive with
very high metrological accuracy for absolute reliability. It measures phase
noise from highly stable sources such as synthesizers, VCOs, 0CX0s and
DROs in radar and satellite applications.

The R&S®FSPN phase noise analyzer and VCO tester has
everything you need to keep up with demanding measure-
ments, from lab to production.

The high measurement speed and easy usability make it

ideal for efficient phase noise analysis both in R&D and on
production lines.

Front view of the R&S®FSPN.

The low-noise internal local oscillators let the R&S®FSPN
measure all commercially available synthesizers and oscil-
lators without requiring the purchase of additional options.

SCPI compatibility between the R&S®FSPN and
R&S®FSWP enables a quick transition from R&D to pro-
duction. The built-in SCPI recorder helps easily generate
test automation scripts directly from the user interface.
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KEY FACTS BENEFITS

» Frequency range from 1 MHz to Measurement speed taken to the limit
8 GHz/26.5 GHz/50 GHz
thanks to dual synthesizers and cross-correlation production

included in the base unit, typ. —163 dBc (1 Hz) at

1 GHz carrier frequency and 10 kHz offset
Phase noise measurements with highest

» Extremely low-noise internal DC sources for -
sensitivity

automatic VCO characterization

» High measurement speed with hardware-

implemented real-time cross-correlation Fastest VCO characterization

» Simultaneous measurement of phase noise and
amplitude noise Transient response analysis

» SCPI recorder for the quick setup of automated
measurements and test sequences

Rear view of the R&S®FSPN with all common interfaces for remote control such as LAN, USB and IEEE-488 (GPIB).
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MEASUREMENT SPEED
TAKEN TO THE LIMIT

Save time and multiply measurement throughput in production
Speed is crucial, especially in manufacturing. The phase
noise sensitivity of the R&S®FSPN requires a hundred
times fewer correlations relative to other available solu-
tions for measuring highly sensitive oscillators such as
DROs and OCXOs, saving measurement time and multi-
plying measurement throughput, two core parameters for
production lines.

Speed up development of your devices

Signal sources can be developed and optimized faster with
a Rohde & Schwarz instrument delivering quicker results
with shorter measurement times. The R&S®FSPN takes
just a few seconds to display the phase noise trace for
high-end sources such as OCXOs or DROs.

The state-of-the-art hardware makes it all possible: a fast
processor and FPGAs for instantaneous data process-

ing and analysis. Built-in high-quality internal sources
reduce the number of correlations needed for phase noise
measurements.

FSPN - Phase Noise Analyzer - 1 MHz - 26.5 GHz

PR
) MR
- nw —- | 5 ]
RUN
S m -
MEAS CONT
m conri Jji UNES J ouTPUT d .

|
pDD = .

T

u TTER
| mkeType _ . -
. ol Delta ' - W

— ] -

To Trace

ROHDE&SCHWARZ
TR EEE-] LR

e
,  Sweep Source VIune

Marker

Multiview =2 Ph: N
Signal Frequency g
Signal Level

Signal Le: T

1 Frequency Marker 3

Marker 4

3
oV 101 pt:
101 pts urrent (VSUpPlY) 34 mA

G‘>
ﬁv ¢{}'

o BACK  ENTER
3 Sensitivity

Mapkers ESC  SPACE
off >

Marker
A config T
Input Output
Baseband Input 502 -
- = A
»

<
[ A

Max£2V

overview
10.0V
101 pts 1ov/

oy mmmm  [oc]

101 pts %

W,

RFInput 502

v Supply
el v Tune A
Power Sen

S
 ——system
Power

ok 15 L.

——USB—

111©

—

@j%&qﬁﬁﬂ,//ﬂffjww’

Max + 30 dBm
0V DC, DC Coupled

——




SCPI RECORDER — MOVE FROM
DEVELOPMENT TO PRODUCTION

Create test automation scripts directly in the user interface The SCPI commands for changing settings, pressing but-
SCPI commands are human readable communications tons or querying data can be viewed and manually added
between control software and test and measurement to the current SCPI command list. The SCPI recorder can
instruments. Users can completely configure a device also be enabled and all user interactions with the the

with SCPl commands. To simplify the move from opera- instrument are automatically translated into SCPI com-
tor-controlled measurements to automated testing, the mands. Instrument firmware supports the export of the
R&S®FSPN supports the automatic generation of SCPI plain command list or ready-to-use scripts in different lan-
scripts. guages such as Matlab®, Python and C#.

SCPI Recorder

Auto Recording On <New File>

Recording Manage @ Settings

*RST
*CLS

:SYST:DISP:UPD ON

:INIT:CONT OFF

:SENS:FREQ:STAR 1
:SENS:FREQ:STOP 300000
:SENS:SWE:XFAC 30
:CALC:SNO:TRAC:USER:STAT OFF
:SOUR:VOLT:POW:LEV:AMPL 12
:SOUR:VOLT:POW:LEV:STAT ON
:SOUR:VOLT:STAT ON

INIT: IV

‘

Remeve Lest View and export in plain SCPI or

as fully functional programs.

Manually view SCPI commands for every action, button or trace query. See more information or add the command to the recording.

1 Noise Spectrum ( Smth 19 3 M
Spot MNoisel [T 1]

1.000 Hz -69.52 dBc/Hz

10.000 Hz | +102.,10 dB¢/Hz

Show SCPI result query commands 100,000 Hz 133,59 dBcfiiz

1.000 kHz | +157.85 dBc/Hz

10,000 -kHz ——+17 177 dBcfitlz

100.000 kHz | +175,00 dB¢/Hz

Help

la| :TRACT:DATA? TRACEL [N 7 ]

+ Add SCPI Command to Recording

[ 3300 ] 3700 ]
Frequency Offset 300.0 kHz
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PHASE NOISE MEASUREMENTS
WITH HIGHEST SENSITIVITY

Cross-correlation for improved phase noise sensitivity

The R&S®FSPN base unit includes cross-correlation func-
tions to measure sources with very low phase noise even
lower than in internal high-end sources. The expected
improvement from the function is as follows:

AL =5-log(n)

» AL: improvement in phase noise sensitivity through
cross-correlation (in dB)
» n: number of correlations/averages

Using the R&S®FSPN, only a few correlations are needed
to measure a high quality oscillator. This reduces measure-
ment time which is essential in production environments.
Increasing the number of correlations by a factor of 10
lowers the inherent phase noise of the R&S®FSPN by 5 dB.

Display multiple measurements in parallel

The R&S®FSPN can measure amplitude noise and phase
noise simultaneously, displaying results for both measure-
ments in a common diagram or in separate windows.

Sometimes it is difficult to know how many correla-
tions will be needed to measure a signal source. A gray
area below the trace helps estimate the feasible sensitiv-
ity and cross-correlation gain for the selected number of
correlations.

Typical phase noise sensitivity (cross-correlation factor = 1, signal level = 10 dBm)

SSB phase noise in dBc (1 Hz)

1Hz 10 Hz 100 Hz 1 kHz 10 kHz

100 kHz

50 GHz

1 MHz 10 MHz 100 MHz
Frequency offset from carrier



Measuring Allan variance This parameter is typically plotted over time, unlike phase
To characterize long-term oscillator frequency stability, fre-  noise, which is displayed in the frequency domain. The

quencies are measured in the time domain at fixed time Allan variance or deviation is especially important for char-
intervals and the deviation of the measurements are calcu-  acterizing highly stable sources such as those used in sat-
lated. These deviations are called the Allan variance. The ellite navigation systems.

R&S®FSPN calculates the Allan variance for phase noise
measurements, where cross-correlation can be applied
and spurs suppressed.
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The R&S®FSPN can measure phase
noise and amplitude noise simultane-
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ously. The gray area below the traces
shows the cross-correlation gain of the
R&S®FSPN.
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The R&S®FSPN calculates the Allan vari-
ance based on the phase noise mea-
surement (upper window). For example,

100.0 ns an offset range of 100 mHz to 10 MHz
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FASTEST VCO CHARACTERIZATION

Thanks to internal low-noise DC sources, the R&S®FSPN
can measure the phase noise of voltage-controlled oscil-
lators (VCO) at various tuning and supply voltages. VCO
characterization varying the tuning voltage or the supply
voltage can be completed quickly. The following param-

eters are delivered instantaneously:
» Frequency versus voltage

» Sensitivity versus voltage

» Output power versus voltage

» Current drain versus voltage

» Output power versus frequency

Specifications for internal DC source

Supply voltage
Maximum current load

Tuning voltage
Maximum current load
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Harmonics suppression measurement

One problem for many VCO manufacturers is trying to
suppress harmonics that can cause interference in the
system. The R&S®FSPN measures the power of the higher
VCO harmonics relative to the tuning voltage.

A typical VCO measurement. Key param-
eters such as frequency, power, sensi-
tivity and current consumption are mea-
sured relative to the tuning voltage.



Enhanced tuning voltage capabilities

Verifying whether the VCO phase noise is dependent

on frequency (as expected), or whether additional noise
comes from interference at specific frequencies is a typical
component development task. This can only be seen once
the phase noise is measured over the entire tuning voltage
range.
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In seconds, the R&S®FSPN can automatically display the
phase noise at various offset frequencies relative to the
tuning voltage.

VCO's phase noise at offset frequencies
of 1 kHz, 10 kHz, 100 kHz, 1 MHz and
10 MHz relative to the tuning voltages.

Display of higher harmonics power com-
pared to the fundamental (yellow line)
relative to the tuning voltage.
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TRANSIENT RESPONSE ANALYSIS

Up to 8 GHz wideband analysis for frequency and phase
measurements in the time domain

Detailed characterization of synthesizers and signal
sources is essential when designing frequency agile
systems. The design process includes wideband frequency
and phase measurements in the time domain (transient
analysis).

The R&S®FSPN offers up to 8 GHz of bandwidth for
detailed characterization of switched sources, synthesizer
frequency hops and frequency ramps.

Along with wideband analysis, the R&S®FSPN offers nar-
rowband analysis down to 40 MHz for detailed examina-
tion of the transient PLL response.

A persistent display of all traces can be used to estimate
how strongly parameters scatter or determine the pres-
ence of any outliers.

Multiview =2 Phase Noise

Ref Level O Center Freq
Att 0dB Mode

Meas Time 10

Wide (. VBW 100 kHz

Trigger capabilities for reproducible measurements

Detailed examination of transient responses should use a
trigger to obtain comparable and reproducible measure-
ment results. In addition to external triggers or power
triggers, users can also trigger transient analysis on a
frequency.

Available triggers include:
» External trigger

» 1/Q power

» External power sensor
» Frequency

Trigger Level

2.96838709677 GHz X

Meas PN Transient Analysis

TRG:FRQ
1 Frequency

~992.234685073 ns
2 Marker Table
Type
ST

1.0 ps/

Ref Trace

1

10

Transient response of a synthesizer in
persistence mode. The horizontal red line
shows the frequency trigger threshold,
the vertical line the trigger offset. The
9.007765315 pis bright yellow trace is the current mea-
surement, the dull yellow traces show all

previous measurements.



Linearity analysis of FMICW chirps

Deviations from linear chirp signal behavior in the fre-
quency domain can be analyzed in detail with transient
analysis.

The R&S®FSPN inserts a reference line (the calculated
regression line between two user-defined points in time)
that users can easily adapt on the touch screen. An addi-
tional window is available to display where the measured
frequency deviates from the linear reference line.

Multiview =2 Phase Noise

Center Freq Meas Time 5.0
Mode '\ 0 o VBW

Meas

1 Frequency

500.0 ps/ 4.99 ms | 2.027 ms

Multiview == Phase Noise

Center Freq . Meas Time 1.
Mode I, = VBW 1

Meas PN Tr

1 Frequency

0s 100.0 |.1_s/
2 Marker Table

Type Ref Trace
ST 1

2 Frequency Deviation

Automatic settling time measurement

After a trigger event, the R&S®FSPN automatically
measures the settling time needed for the synthesizer to
remain within a defined tolerance range.

Users can define the tolerance range according to their
requirements and have the result displayed on the screen.
No complex configurations with limit lines and delta
marker functions are needed.

PN Transi

w Ref:0 Hz

Analysis of FMCW chirp linearity.

Left: the pink reference line can be seen.
Right: the deviation of the frequency
3.957 ms

193.0 ps/ from linear behavior is displayed.

Settling time until the frequency of the
synthesizer stays within a certain toler-
Y-value

ance range.
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SPECIFICATIONS IN BRIEF

Frequency range, RF input

Phase noise, amplitude noise measurement

Phase noise measurement

Measurement results

Offset frequency range

Amplitude noise measurement
Offset frequency range

Phase noise sensitivity in dBc (1 Hz) "2

RF input frequency

10 MHz (-115) (~140)
100 MHz (-95) (=120)
1 GHz (-75) (=102)
3 GHz (-65) (-92)
7 GHz (-58) (-85)
10 GHz (-55) (-82)
16 GHz (-51) (-78)
26 GHz (-47) (-74)
50 GHz (-41) (-68)

AM noise sensitivity in dBc (1 Hz) "2

RF input frequency

R&S®FSPN8
R&S®FSPN26
R&S®FSPN50

carrier frequency <
(maximum input frequency — 1 GHz)

carrier frequency =
(maximum input frequency — 1 GHz)

input signal < 100 MHz
input signal > 100 MHz

Offset frequency from carrier

1 MHz to 8 GHz
1 MHz to 26.5 GHz
1 MHz to 50 GHz

SSB phase noise, spurious signals, integrated
RMS phase deviation, residual FM, AM noise,
time jitter, RMS jitter, periodic jitter

1 pHz to (maximum input frequency — carrier
frequency)

1 uHzto 1 GHz

1 pHz to 40 % of carrier frequency
1 yHz to 40 MHz

100 kHz

-140 (-146)  -158 (-164) 170 (-176) -170(-176)  —170 (-176)

-133(-139) 157 (-163)  -167 (-173) 170 (-176)  -172(-178) 172 (-178)
-113(-119)  -142(-148) -1567 (-163)  -160 (-166) 167 (-173)  -168 (-174)
-103 (-109)  -132(-138)  -147 (-153)  -160(-166)  -160 (-166)  -168 (-174)
-96 (-102) -125(-131) 140 (-146) -143(-149) 153 (-159) -168 (-174)
-93 (-99) -122(-128) 137 (-143)  -140(-146)  -150 (-156)  -168 (-174)
-89 (-95) -118(-124)  -133(-139) 136 (-142) -146(-1562)  -165 (-171)
-85 (-91) -114(-120) -129(-135)  -132(-138)  -142(-148) -161 (-167)
—79 (-85) -108 (-114)  -123(-129) -126(-132) -136(-142) 1565 (-161)

Offset frequency from carrier

100 MHz < f < 1 GHz -102 (-108) -117 (-123) -132(-138) -147(-163) -165(-161)
1GHz < f<12GHz -97 (-103) -112 (-118) -127 (-133) -142(-148) -1562 (-158)
12GHz < f < 18 GHz -87 (-93) -102 (-108) -117 (-123) -132(-138) -147 (-1563)
f> 18 GHz 77 (-83) -92 (-98) -107 (-113) 122 (-128) -137 (-143)

100 kHz

-165 (-171) -165(-171) -16b(-171) -165 (-171)
-160 (-166) -165 (-171) -16b(-171) -165 (-171)
-160 (-166) -165(-171) -16b(-171) -165 (-171)
-160 (-166) -160 (-166) -165(-171) -165 (-171)

Improvement of noise sensitivity by number of cross-correlations

10
5dB

Cross-correlations
Improvement

100
10 dB

T Start offset = 1 Hz, cross-correlation factor = 1, numbers in brackets are typical values in dBc (1 Hz).
2 Signal level = +10 dBm; for signal level < +10 dBm, the AM noise sensitivity is limited by the thermal noise floor of =177 dBm (1 Hz).

Always up-to-date

Update the firmware using a USB storage device or via the LAN port.
Simply download the free firmware updates from the internet at www.rohde-schwarz.com.

1000
15 dB

10000
20 dB
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http://www.rohde-schwarz.com

FROM PRESALES TO SERVICE.
AT YOUR DOORSTEP.

The Rohde & Schwarz network in over 70 countries ensures optimum on-site support by

highly qualified experts.

User risks are reduced to a minimum at all project stages:

» Solution finding/purchase

» Technical startup/application development/integration

» Training
» Operation/calibration/repair
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Service at Rohde & Schwarz
You're in great hands

» Worldwide

» Local and personalized

» Customized and flexible
» Uncompromising quality
» Long-term dependability

Rohde & Schwarz

The Rohde & Schwarz technology group is among the trail-
blazers when it comes to paving the way for a safer and
connected world with its leading solutions in test&measure-
ment, technology systems and networks &cybersecurity.
Founded 90 years ago, the group is a reliable partner for
industry and government customers around the globe.

The independent company is headquartered in Munich,
Germany and has an extensive sales and service network
with locations in more than 70 countries.

www.rohde-schwarz.com

Sustainable product design

» Environmental compatibility and eco-footprint

» Energy efficiency and low emissions

» Longevity and optimized total cost of ownership

Certified Quality Management Certified Environmental Management

1S0 9001 IS0 14001

Rohde & Schwarz training
www.training.rohde-schwarz.com

Rohde & Schwarz customer support
www.rohde-schwarz.com/support
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