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What is Phase Noise?

P
+ ldeal Signal (noiseless)
V(t) = A sin(27vt) lﬂ MV
t
where ‘ \/ v U U \j f
A = nominal amplitude fo
v = nominal frequency T T
Time Frequency Domain
* Real Signal Domain ¢
V(t) = [A+ E(t)] sin(2rvt + ¢(t)) v p
where n
E(t) = amplitude fluctuations t
¢(t) = phase fluctuations .

fﬂ 1Hz f

Single Sideband Power related to 1Hz _

Fsn ) [dBc(1Hz))
Carrier _Frequency Power P,

L(f,)=10log(
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Phase Noise

Important in Digital Modulation

Modulation quality (phase error, EVM)
is degraded by phase noise

+ 3 P I S s
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0% EVM 5% EVM 15%
(ideal) EVM
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Phase Noise

Important in Communication Systems Transmitters
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Adjacent Channel Power
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Phase Noise causes
transmitter signal to leak into
adjacent channels
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Phase Noise AD

symposium

Important for Radar

Radar Applications — Moving Target Indication

High phase noise in radar LO spreads clutter signal
and masks desired low-level target response

ROHDE&SCHWARZ



Measurement with Spectrum Analyzer /AD
FSW-K40 / FPS-K40

* 2 modes:
1.) .Swept": ,classical®, display spectrum trace right of carrier
logarithmic
2.),1Q FFT" run signal processing on captured 1Q data

* IQ FFT" is more powerful, offering:
- Higher measurement speed
- Much better frequency tracking and correction function
- AM rejection (measure ONLY phase noise, REMOVE AM noise)
- More measurement results (e.g. level variation, frequency vs time)
(,IQ FFT* uses the same signal processing DLL as used in the FSUP)

Instruments supported:

FSW (high end) FPS (production)

ROHDE&SCHWARZ
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Dedicated Phase Noise Tester AD
R&S FSWP

1 New Concept, it’s time for a digital phase detector
= A/D converters with 100 MS/s achieve -173 dBc/Hz
wideband noise for full scale input
= Middle-class FPGAs offer more than 2000 multipliers
= Filters with more than 200 dB stopband attenuation
= Data paths with 48 bit dynamic

‘
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Differences: R&S FSW-K40 - R&S 4,

Stey,

Spectrum Spectrum | Phase Noise

Analyzer Analyzer Analyzer
FPS & K40 | FSW & K40 FSWP

Measure Phase Noise v v v
Pulsed Phase Noise x x v
Measure VCO's (phase noise) v v v
Dedicated VCO Measurements x x v
Cross Correlation (improve phase x x v
noise performance)

Sensitivity (1 GHz, 10 kHz Offset) 110 dBc/Hz -135dBc/Hz -172 dBc/Hz
AM Noise Suppression v v v

AM Noise Measurement x x v
Additive Phase Noise x x 4

ROHDE&SCHWARZ 9
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R&S Signal and Spectrum Analyzers AD

symposium

85 GHz . .

Real time Premium Performance Class Spectrum / Signal Analyzer

Wideband Industry leading Phase Noise Performance and Optimized Sweep Speed

Puls analysis el 1.2GHz/ 2GHz. Anal¥5|s Bandw@th, Multi-Measurement / Touchscreen Control
512 MHz Real-time Signal Analysis , POI=0.91us

Special Phase Noise and VCO Tester Measuring Receiver

P femle Phase Noise Tester and High- End s One Box Solution for
applications Spectrum Analyzer in a single box calibrating Signal

Pulsed and additive phase noise ' “#dd Generators / Attenuators

Real-Time Spectrum Analyzer
First combination of spectrum, signal, and real-time analysis
In the mid range up to 40 GHz

FSVI A Signal Analysis FPS Signal Analysis for FSL Portable Spectrum
.~ atits best Production ; Analyzer

“5\}:'_1 Fast mid range signal - . Exceptional fast signal L . Up to 18 GHz with

- & spectrum analyzer & spectrum analyzer

General

high end functions

FSH FPH Handheld Spectrum / ZVH Handheld Cable & FSC

Network / Modulation _.‘ Antenna Analyzer
Analyzer for Field : for Installation &

| Applications up to 20 GHz -‘ Maintenance

General Purpose
Spectrum Analysis

Compact, Low Power
Consumption

=
g
i
o
o

Handheld
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R&S FSWP - Phase Noise and VCO AN
Tester

1 Signal- and spectrum analyzer and phase noise tester in one box

1 Unrivalled phase noise performance of local oscillators for phase noise
measurements
= Cross correlation
= Ultra low phase noise reference for high end applications
= AM noise measurment with cross correlation (PM/AM simultanously)

I Measurement of pulsed phase noise by push of a button

1 Internal source (up to 18 GHz) for residual/additive phase noise
measurements
= Without ext. phase shifter , just connect the DUT

I Based on high end signal and spectrum analyzer R&S FSW
= Same user interface with touch screen
= Channel concept
= 80 MHz analysis bandwidth

ROHDE&SCHWARZ



Analog Signal Path

100 Msamples/s,
16bit
20 log 2'6 + 10*log 100MHz = 176 dBc/Hz

Ref > ADC | 1 |
Chan. 1 ) ® 1,1
¢ C> fapct X A >
—> LO1 fapc1
Synth ~ %50 ADC N
Chan. 1 ADC | Q1
Ly LO1 ® : 1,Q
) fanc1 FPGA PC
RF In ATTEN
® > ADC | 12
Ref 2|
Chan. 2 X A L
o > LO 2 fapc2
15> o2 ~ 0 ADC N
Synth > ADC | Q2
Chan. 2 ® 2,Q
> L02 A

fapc2

1 Two loosely coupled reference sources (PLL bandwidth < 0.1 Hz)

1 Analog I/Q mixer with low- or zero-IF

= |F depends on frequency offset to be measured

= Optimized to avoid spurious emissions

ROHDE&SCHWARZ
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Digital Signal Path - FM Demodulator 0=

symposium
I(t) 1)+ Q)]
A
Ao
t
Q(t) L It)+Q() d/dt(...)

M e

Phase Wraps

1 PM signal has phase wraps at £7t. No filtering or FFT possible.
I FM demodulator preferred to digital PLL due to its simplicity

I FM demodulator frequency response decreases with 20 dB per decade toward DC
= Analog FM demodulators are insensitive close to the carrier

= White noise, e.g. quantization noise, must be hold below the FM slope
= 48 bit signal dynamic do the job!

ROHDE&SCHWARZ
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FFT and Cross-Correlation

From FPGA -
" XCOR [—» Average |—»
=
t

XCOR —» Average —»

uoljosleq Indg
Buiyjoows

XCOR —» Average —» >

1 Spectrum is divided into half decades (1 Hzto 3 Hz, 3 Hzto 10 Hz, ...)
1 Result is the magnitude of cross-correlation averages

|-
Syx = N Z& Y; - conj (X;)
=

ROHDE&SCHWARZ Phase Noise Analyzer with Cross-Correlation 14



R&S FSWP- Phase Noise and VCO AV
Tester

Unique phase noise sensitivity

FSWP-B1 adds signal and spectrum analyzer AT .

)

e FSWP-B60 adds x-corr

-

e

FSWP-B64 adds source for additive phase noise

N

FSWP-K4 adds pulsed phase noise measuremm
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R&S FSWP Performance /AD

1 Typical noise floor (10 seconds measurement time, 10 % RBW)
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Phase Noise of High End OCXO

MultiView 2= Phase Noise !

Spectrum !
Signal Frequency 99, S RBW
Signal Level ; XCORR Factor
Att g Meas Time
1 Phase Noise

300.000 kHz -190

100 | 00 1000
1.0 Hz

— 10000 [ 30000

80 _inooo
Frequency Offset
2 Residual Calculations

Range Trace Start Offset
1 i

Stop Offset

Weighting
1.000 Hz

ROHDE&SCHWARZ



R&S FSWP-B61, Cross-Correlation
low phase noise),

» Specification:

.Phase noise sensitivity with R&S®FSWP-B60 cross correlation option

symphsium

Start offset 1 Hz, correlation factor = 1, frequency reference internal, signal level = 10 dBm, without R&S®*FSWP-B4 option.

Specified values in dBc (1 Hz). For typical values subtract 6 dB.,

RF input Offset frequency from the carrier

frequency 1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz =30 MHz

10 MHz —96 -128 —140 —158 170 170 —170

100 MHz —76 -108 —136 -163 170 173 —175 —175 -175

1 GHz -56 -88 -116 —143 —166 173 173 173 173

3 GHz —46 -8 —1086 -133 —156 —158 —163 170 —-170

7 GHz 39 =71 a9 =130 —152 152 157 —166 —166

10 GHz Phase noise sensitivity with R&S®FSWP-B61 cross correlation (low phase noise) option

16 GHz Start offset 1 Hz, correlation factor = 1, frequency reference internal, internal reference loop bandwidth 30 Hz, signal level =z 10 dBm,

26 GHz Specified values in dBg (1 Hz). For typical values subtract 6 dB.,

50 GHz RF input Offset frequency from the carrier
frequency 1Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz =30 MHz
10 MHz -108 -130 -142 -160 -170 —170 -170
100 MHz -92 -115 -140 -166 -170 173 —175 —175 -175
1 GHz -72 -95 -120 -150 —166 173 —173 173 —-173
3 GHz 652 -85 -110 -140 —156 —158 -163 —-170 -170
7 GHz -55 -78 -103 -133 —152 -153 —157 —166 —166
10 GHz =3 75 -100 -133 =k -153 -157 -173 175
16 GHz -48 -1 -96 -129 -148 -149 -153 -170 -171
26 GHz -44 57 -92 -125 -144 -145 -149 -166 -167
50 GHz -38 -61 -86 -119 -138 -139 -143 -160 -161

ROHDE&SCHWARZ
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R&S FSWP-B61, Cross-Correlation /AD

(low phase noise),

The difference in performance can be seen with calibration of synthesizer 2

10 GHz Signal

Calibration Synthesizer 2
R&S FSWP-B60

R&S FSWP-B61

ROHDE&SCHWARZ



AM/PM Noise of DRO and X SAW

Phase Noise

Multiview == Phase Noise

Signal Frequency 101
Signal Level
Att

1 Phase Moise

2 Integrated Measurements
Range Trace Start Offset
1 1 0 Hz

ROHDE&SCHWARZ

Hz

RBW
XCORR Factor
Meas Time

Phase Noise
OCXO

Frequency Offset

Stop Offset Weighting Int Noise

1.000 M

Spot Noise [T2

10.000 Hz

100.000 Hz -

1.000 kHz
10.000 kHz
100.000 kHz
1.000 MHz

1.001 Hz

-117.17 dBc/Hz
34.29 dBc/Hz
-153.68 dBc/Hz
-167.82 dBc/Hz
-176.54 dBc/Hz
-178.41 dBc/Hz

d

L]
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Phase Noise Measurement with /AD

external Harmonic Mixers

AR
et Tl
Bl 1]

|=Il
L T
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Phase Noise Measurement with
external Harmonic Mixers

MultiView 22 Phase Noise Spectrum !

Signal Frequency RBW 10
Signal Level z ) XCORR. Factor
ALt dB Meas Time
1 Noise Spectrum
Spot Noise [T1]
1.000 Hz -32.60 dBc/Hz
10.000 Hz -61.34 dBc/Hz
100.000 Hz -78.21 dBc/Hz
1.000 kHz -104.26 dBc/Hz
10.000 kHz -118.45 dBc/Hz
100.000 kHz -129.92 dBc/Hz
1.000 MHz -131.87 dBc/Hz

Measurement at 51.6 GHz with two mixers, xcorr

2 Integrated Measurements
Range Trace Start Offset Stop Offset Weighting Int Noise
1 1 1 1.0 Hz

ROHDE&SCHWARZ



Phase Noise Measurement with
external Harmonic Mixers

ce 1 M view

eeeeeee

TTTTTT
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R&S FSWP - Pulsed Phase Noise /AD

Complete Characterization of Pulsed Signals — in One Box

o

| FSWP-K4
I Measurement of phase noise of pulsed signals

| FSWP-K6

1 Automatic detection of RF pulses

I Measures pulse envelope parameters
1 Timing (e.g. Width, Rise/Fall Time, PRI, etc.)
1 Amplitude (e.g. Peak Power, Average On, etc.)
I Phase / Frequency

1 Different Measurement Displays
I Pulse statistics
I Parameters over time (i.e. phase vs. time)
1 Parameter over all pulses (trending)

1 80 MHz analysis bandwidth

ROHDE&SCHWARZ
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R&S FSWP — FSWP-K4 A

Defininition Measurement Gate

Show Preview 1 Magnitude
Settings

Meas Time llS.G HS

Pretrigger [1.0 HS

brirval
1001 pts

Gate Type Edge | Gate Delay

Auto
e Gate Level (IRl T J Gate Length
Pulse Rep Interval [BINTH I - -
Y
e e e ——— T T e — = = —r=y —

Pulse desensitization (dB) = 20 Log10(7/T)

Gating: reduction of noise floor (dB) = 10 Log10(1/T)
Overall reduction of sensitivity only:

10 Log10(1/T)

ROHDE&SCHWARZ



R&S FSWP - FSWP-K4

. and Show Everything on one Sight

I Phase Noise

I AM Noise

I Pulse in Time
Domain

I Pulse in
Frequency
Domain

ROHDE&SCHWARZ

MultiView S8 Phase Noi

=
Phase Noise S
A

i Pulsed Phase Noise

o
x m LN
‘ J“n'l“""l‘”"”"‘ i

CF 1,999999997 GHz

Spectrum 3 Spec

nal Freque
Phase Noise 2 Snjnal Level

T Puked Phase No

[EgRATI00e ]
10.0 kHz || 10.0 Hz

Spectrumd4 38
T Frequency Sweep

il

kHz
CvBw 2 LH Mode. .r
15

,“ ;J\ 1l

1001 pts

Aborted

\u ‘ “ MI m
HH\H e

d

symposium

Display
q config



o

R&S FSWP — FSWP-B64 A

Residual/Additive Phase Noise Measurement

CW Measurements

fa]

Phase MNoise

Additive Noise

Pulsed Measurements

Pulsed Phase Noise

ceece 1119 e =

ROHDE&SCHWARZ
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Additive Phase Noise — Digital Phase ~ ~s—~
Demodulator

Internal hardware automatically reconfigures when “Additive” is
selected

No phase detector or need for quadrature — no phase shifter
Greatly simplifies measurement setup and calibration

Internal Low Noise Synthesizer as DUT stimulus

0 M

H 1
| LO

1/Q Mixers Ch2

FSWP Signal Source Analyzer

ROHDE&SCHWARZ



R&S FSWP - FSWP-B64

Residual/Additive Phase Noise Measurement

MultiView

Signal Frequency ¢

Signal Level
Att

1 Noise Spectrum

RBW
XCORR Factor
Meas Time

10

Source Frequency 10.(
Source Level
Gain

Residual. Phase Noise floor-using internal source

ROHDE&SCHWARZ

AT
Frequency Dffset

1 Additive N
P i our

Spot Noi

00 Hz -
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FSWP - External LO Inputs (Q4/2016)

& ROHDE&SCHWARZ
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FSWP - External LO Inputs I

symposium

Input Source OQutput

Radio
on
Frequency

Config Test Setup
External

Mixer

Input Coupling M

Local Oscillator (AR (R

Baseband

ROHDE&SCHWARZ 31



Additive Phase Noise - Digital Phase ,As
Demodulator

No phase detector or need for quadrature — no phase shifter
Greatly simplifies measurement setup and calibration
External Low Noise Synthesizer as DUT stimulus can be selected

— High end source can be used
—  Support of freq. converting DUTs is possible

) M

DUT 1/Q Mixers Ch2

RF| '
2

| LO inputs

External source FSWP Signal Source Analyzer

ROHDE&SCHWARZ



Using External LOs for
Residual Phase Noise

1 When the internal source
doesn’t have enough drive,
correct pulse modulation, or

frequency an external LO may

be used

1 External LO connectors are
provided on FSWP front panel
with Option B64

1 FSWP firmware Beta 1.40
provides control for these
inputs

= FSWP 1.40 final firmware will

be released by the end of
Dec 2016

ROHDE&SCHWARZ

FSWP Introduction
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. Ch1 Baseband In
. _Ch2 Baseband In
= External
Exts | Ph Det.
&S“‘“" L
Ch1
LO Synthesizer 1 1/Q Demodulator
S
: >
RF |‘I1p7ul(f 30 MHz - 26.5 GHz | |, Qi
| < 2 ‘
S
Signal Source Out . RXQ
10 MHz - 18 GHz | & 1

Pulse Gate]

Out

__ Il _ o Ch2
. N | 1/Q Demodulator
|
l W
ut |

Switch

LO Synthesizer?2

External

L § Synth. 2 In
Baseband DC — 40 MHz
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Simplified Residual Noise Setup Usingan /AT
External Synthesizer

hhhhhhhhhh rZ
i ‘ ||||||||||
RF
in

======
ﬂﬂﬂﬂﬂﬂ
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Cancellation of Source Noise, Using FSWP /AD
External LO Inputs

1 This slide shows the phase noise of an R&S SMF signal generator at 10 GHz (green
trace). Set up as in the previous slide.

I The yellow trace shows the residual noise floor and demonstrates the excellent source
noise cancellation of FSWP

MultiView 322 i Spec »*
Signal Frequency Gl 1 Source Frequency

Signal Level XCORR Factor Source Level
Meas Time

ML1[1] -124.66 dBc/Hz
13.804 Hz

Spot Noise [T1]
1.000 Hz -111.16 dBc/Hz
10.000 Hz -120.99 dBc/Hz,
100.000 Hz -137.93 dBc/Hz
1.000 kHz -146.25 dBc/Hz
10.000 kHz -157.29 dBc/Hz,
100.000 kHz -157.21 dBc/Hz
1.000 MHz -162.17 dBc/Hz,

Ext. LO Noise Floor, showing
_.source noise cancellation

00
1.0 Hz
2 Integrated Measurements
Range 'Trace = Start Offset Stop Offset Weighting
i i 1.000 Hz 1.000 MHz

ROHDE&SCHWARZ FSWP Introduction 35



d

Phase Noise Measurement of Frequency /AD
Converter (two converter method)

I Two identical up or down converters may be

| e i used
MHH“H H“H“hlllllll e = Converter under test directly supplies FSWP
oo RF input
Wgﬁ” Zg L; LOOE ;; = Second converter supplies the local
oscillator signal for FSWP
H = Since both converters are identical FSWP
measures the combined phase noise, 3-dB

higher than DUT alone.
1 An external synthesizer could also be used in
—r Gt place of the FSWP internal source, if required
1 Athree converter setup allows measurement
J of the DUT only and noise of the two LO
_L puT#2 | — converters is reduced by cross correlation.

ROHDE&SCHWARZ FSWP Introduction 36
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Residual Phase Noise Measurement for AD
Frequencies > 18 GHz

1 For frequencies > 18 GHz an external
[-Q mixer may be used

1 An external signal generator drives
both the DUT and mixer LO

1 Mixer I-Q outputs are connected to
FSWP’s baseband inputs

1 From the input menu select the
Baseband tab and select the ON
radio button

ROHDE&SCHWARZ FSWP Introduction 37



Ka-Band High-Power Residual Noise Set Up, AD

(Using an External I-Q Mixer) sSymposium

1 For frequencies > 18 GHz an
Rode & Schwarz external I-Q mixer may be
B [ et et
== frequency range
e S e S B I Booster Amp provides high
G o g O drive power for DUT

. = Phase noise of booster
e I gy crent Y JN amp is subtracted out of

L measurement
e = B 1 Directional coupler limits input
[==] o P Directional Amplifier .
- . Coupler Under Test I power to mixer.
| %—' L 1 8] | %_I L %
] 3] — [ (5]
| Directicnal é_‘ . | Directional
Couplar Coupler
[ ] P :
e $ SEoa
]

ROHDE&SCHWARZ FSWP Introduction 38



Noise Suppression by 1Q mixer at 25.8 GHz

»* Phase Noise 2 *

MultiView 52 Phase Noise Spectrum
Signal Frequency 25.800000 GHz RBW 10.0 %
Signal Level 12.15dBm XCORR Factor 100
Att 0dB Meas Time ~171 s Meas: Phase Noise
1 Noise Spectrum e3View PN Smth 1% Spur 6dB
Spot Noise [T1]

SGL

ROHDE&SCHWARZ T1T.MM.JJJJ FuRzeile bearbeiten: >Einfiigen >Kopf- und FuRzeile 39
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Example of an Amplifier Residual Ph

Measurement at 25 GHz

Multiview 22 Phase Noise 3*

Signal Frequency 1. RBW
Signal Level = XCORR Factor
Att 3 Meas Time
Inp
1 Noise Spectrum

.0 Hz

2 Integrated Measurements
Range 'Trace Start Offse Stop Offset
1 1 1.0 z

Spectrum

Source Frequency 1.
Source Level
Gain

Weighting

ROHDE&SCHWARZ FSWP Introduction

SGL

Meas: Additive Noise

View PN S

Spot Noise [T1]

1.000 Hz
10.000 Hz
100.000 Hz
1.000 kHz
10.000 kHz
100,000 kHz
000 MHz
10.000 MHz

-101.12 dBc/Hz,
-111.99 dBc/Hz
-119.87 dBc/Hz
-127.28 dBc/Hz
-130.10 dBc/Hz,
-135.66 dBc/Hz
-136.24 dBc/Hz
-138.03 dBc/Hz

40

)
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Correlation between Phase Noise and /AD
Jitter

Measurement Instruments

1 Time Domain (Oscilloscope)

Direct method for measuring jitter

Measures TIE, Period Jitter, Cycle-to-Cycle Jitter
Measures RMS or Peak-to-Peak Jitter

Measures data or clock signals

Limited sensitivity (100 — 1000 fs)

1 Frequency Domain (Phase Noise Analyzer)
Calculates jitter from phase noise
Measures RMS Jitter
Measures clocks, not random data streams
Easy to separate random and discrete jitter components J
Highest sensitivity (<5 fs) J

ROHDE&SCHWARZ



Jitter Measurements with R&S
FSWP

I The spur list— random jitter and periodic jitter

oc
Config

[ e
on/otr

Multiview =2 Phase Noise ¥ Spectrum

Signal Frequency 1.0¢
Bignal Level
Att

1 Phase Noise

.0 Hz
2 Residual Calculations

Range Trace " Start Offset
1 10,000 Hz

ROHDE&SCHWARZ

RBW
XCORR Factor
Meas Time

i0.0

ol

M1[1]

11
-50.50 dBc
10.000 kHz

Spot Noise [T1]

10.000 Hz
100.000 Hz
1,000 kHz
10.000 kHz
100.000 kHz
1.000 MHz

Weighting

-83.78 dBc/Hz
-92.14 dBc/Hz
-104.59 dBc/Hz

-147.40 dBe/Hz

3 Spurious List

periodic jitter
for every spur

€

r

7 Discrete Jitter

Random Jitter

Listing of
- discrete/periodic jitter
random jitter

Jitter
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Jitter Measurements with R&S
FSWP

I Random jitter- define ranges + listing of discrete and
random jitter

bc
onsofr| | cenfig | |

MultiView 32 Phase Noise # Spectrum

Signal Frequency 1 4 RBW 3
Signal Level dBm  XCORR Factor
Att 5 Meas Time
1 Phase Noise w P Smith 1% Spu 3 Spurious List
M1[1] -128.96 dBc/Hz Tralce 1

10.000 kHz

crete Jitter
Random Jitter

[ 2500 [ 7500 |
Frequency Offset
2 Residual Calculations -
Range Trace Start Offset ™ Stop Offset Weighting Int Noise Jitter
1 kH 1 d

ROHDE&SCHWARZ
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\VCO measurements R&S FSWP '

L]
symposium

1 All parameters at one view

Vl)Ei | 6
Config |
Multiview 32 Phase Noise
Signal Frequency 3.
Signal Level
Att

SGL
1 Frequency

4

2 Power

1.0V

50 pts
3 Sensitivity

900.0 mV/

0.0V | 1.0V 50 pts 900.0 mv/
M1[1] 180.463529847 MHz/V,

3.204 ¥V

Current (VAux)

MI1[1] 42.617046 mA
3.204 ¥V

1.0V

900.0 mv/
5 Marker Table -
Wnd
1

Y-value
2 H |k
Lm

Overview

ROHDE&SCHWARZ
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VCO measurements R&S FSWP ;

symposium

1 VCO parameter and phase noise

MultiView =2 Phase Noise Phase Noise 2
Signal Frequency £ Sweep Source VTune SGL
Phase Noise Signal Level
Att Meas: WCO Characterization
1 Frequency 2 Power

1.0V 50 pts 900.0 mv/

900.0 mV/
Signal Frequency 2 04( C RBW
Phase Noise 2 Signal Level

) XCORR Factor
Att 3 Meas Time
1 Noise Spectrum )

o]

dBc
Noise[T2]
2 Integrated Measurements

Range 'Trace Start Offset Stop Offse Weighting Int Noise
1 1 100 Hz 10 z

dBc

ROHDE&SCHWARZ



VCO measurements R&S FSWP

1 Harmonic Power

ROHDE&SCHWARZ

Fundamental

FSWP Introduction

900.0 mv/

d

symposium

d Harm Smth 295 e 4CIrw 4th Harm
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VCO measurements R&S FSWP AND

symposium

1 Spot Noise versus Tune

Phase Noise at Different Offsets

1 Spot Noise vs Tune PN

900.0 mv/

ROHDE&SCHWARZ FSWP Introduction 47



Accredited Calibration of LPN by DAKKS- 7A:D

Laboratory Messgeratebau Memmingen

Certificate by D-K-15195-01-00

4. Phase Noise at 100MHz

Expanded
uncertainty of
Fregqusncy Theoretical 1) DUL Actual measursment

/MHz offset dBc/Hz dBc/Hz dBc/Hz /dB

100 1 Hz =73 -82.5 +2.6/-2.6

2 Hz <— B4 =51.2 +2.8/-2.6

5 Hez <— 85 -104,5 +2.6/-2.86

10 Hez =105 -114.86 +2.6/-2.6

20 Hz =118 =123 +2.6/-216

40 Hz <-124 =132.6 +2.6/-2.6

95 Hez ki -142.3 +2.6/-2.6
100 Hz 2) =141.% *1)

105 Hz o =141.6 +2.86/-2.6

220 Hz <-145 =150.8 +2.6/-2.6

550 Hez <145 =148.7 +2.6/-2.6

i1kHz <—1&0 =164.6 T o e

M t 1 I N b . 5026 6520 02 2kHz <-161 =168 +2.7/-2.7
a erla = Um er. . . 10kHz 3) —-182.8 +1)
100kHz 3) -186.8 *1)

1MHz <=170 o L . . +8.0/-2.0



1. Comparison - NIST Data (ISO/IEC 17043)

Table 7: Measurement results from the comparison with an LPN oscillator at a carrier frequency of

100 MHz

Frequency Ref NIST. ‘ MU Ref (k=2)‘

| [H2]

1 Hz

j_2 Hz

S Hz

|10 Hz
20 Hz

40 Hz

95 Hz

160 Hz

205 Hz

500 Hz
1000 Hz

2000 Hz

NIST measured the oscillator in its primary measurement system. The comparison

' [dBc(H2)]
815
905
—102.7
—112.6
—1225
—132.0
|-142.6
1485
-150.7
-159.5
~165.1

-171.1

(e8]

|+1.1-1.4
[ +1.11-1.4
+1.1/-1.4
| +1.01-1.4
| +1.014
| +1.0-14

+1.0/-1.4

+1.0-1.4
| +1.01-1.4
| +1.0-1.4
| +1.01-1.4

+1.0/-1.4

showed a very good correlation.

ROHDE&SCHWARZ

Measured
value

| [6Bc(Hz)]
-80.2
| 889
-101.2
[-111:2
-1213
|-1308
|-141.8
|-147.8
| -149.2
|-150.1
-164.9

-170.5

EN Value ‘ MU (k=2)

|1

0.46
0.55

|0.54

1050

0.43
036
031
027
10,50

0.07

10.11

0.23

| [9B]
| +2.61-2.6
| +26-26
| +2.6/-2.6
| +2.61-2.6

+2.6/-2.6
| 2626
| +2.6/-26
| +2.6-26
| +2.61-26
| +2.61-2.6
|+2.71-27

+2.7/-2.7

o

symposium

lx — X

’ 2 2
Ulab + Uref

x — X: Deviation between measured value
and reference value

|En| =

U)ab: Expanded uncertainty
of measured value

Uref: Expanded uncertainty
of reference value



