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PNA-X – A Complete RF Lab in a Box

PNA-X Customer 
Presentation

Keysight’s Premier 
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Analyzer For Active 
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Vcomm

Vdiff

Measure 
Single-ended S-parameters

Simulate Hybrid Balun
to extract differential and common

Obtain 
Mixed-mode S-parameters
(Balanced and Common-mode
S-parameters)
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Available Topologies

Map physical ports on VNA to 
balanced ports. If True Mode 
stimuli is used ports 1 & 3 and 
2 & 4 must be used to form 
the balanced ports (they don’t
share the same signal source)
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Available S-parameters 
for topology selected
(two balanced ports in 
this case)
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Input.s2p Output.s2p

Reference plane 
with de-embedding
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Automatic Fixture Removal (AFR)
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Load S-parameter files 
for de-embedding
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BAL1 = p1 & p3

BAL2 = p2 & p4
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Load S-parameter files for embedding or 
select a pre-defined matching network 
and specify component values
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A F R

coax 
input

coax 
input

Left half 
Fixture

Right half 
Fixture 

DUT and Fixture

Simple fixture characterization process
Calibrate in coax with the reference planes at the 
inputs to your fixture 

Measure one or more standards
•Replica of the fixture’s 2 port thru 
•Replica of fixture half terminated with an open or 
short.   
•Or, even faster!  Measure the fixture itself before 
the DUT is installed as an open standard.  

Powerful features meet a variety of needs
•Single ended and differential devices 
•Fixture left and right side can be asymmetrical
•Thru lengths can be specified or determined from open or short measurements.
•Band Pass time domain mode for band limited devices.
•Frequency extrapolation to match DUT 
•Power correction compensates for fixture loss vs. frequency
•De-embed files can be saved in a variety of formats for later use in PNA, ADS, & PLTS
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• Assumptions:
• Originally had to be Symmetric right to left

• Now it can be Asymmetric

• in length (2 - 2X thrus required)

• in match (advanced gating)

• Steps:
• 1. Calibrate at the cable ends

• 2. Measure fixture and save file

• 3. Measure fixtured DUT

• 4. Remove fixture
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• Open or Short

20

Define If Fixture Is 
Single Ended or 
Balanced

Define If Fixture Should
Be Measured As a 
1-port or 2-port Device

19

20



11

21

Define What Standard 
To Be Measured

22

Measure Standard(s)
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Select How Ports 
Should Be Defined For 
The Saved Fixture
(Port Numbering)
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f1

f2

2f1 3f1f1

2f2 3f2f2

2f1-f2 2f2-f1 f1+f2 2f1+f2 2f2+f1

When two signals enter a nonlinear device…

Harmonic distortion

They mix with each other, 
generating harmonics and IMD products

Intermodulation distortion

26

• Tone powers

• Low tone, high tone, or average

• Measured at input or output

• IMD products, absolute or relative to carrier

• Low tone, high tone, or average

• 2nd, 3rd, 5th, 7th or 9th order

• Measured at input or output

• Intercept point

• Low tone, high tone, or average

• Input or output referred 
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IMD measurement 
parameters

If a frequency point 
needs deeper 
investigation use 
“Marker -> SA” 
function and a 
spectrum analyzer 
channel is created 
with stimuli settings 
copied from IMD 
channel

Output spectrum

DUT input reflected 
spectrum = 
reflected IMD

DUT input 
spectrum = signal 
from VNA to DUT
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• Provide frequency translation: Fout ≠ Fin

• Translate from RF to IF (down convert) or IF to RF (up convert)

• Mixers:

• 3-port device (RF, LO, IF) -- can be passive (diodes and baluns) or active (e.g. Gilbert Cell)

• LO signal used to switch diodes or transistors on and off

• By definition: non-linear components, but expected to behave linearly

• Frequency converters:

• Combination of mixers, amplifiers, filters…

• May have single or multiple stages of conversion

• May contain embedded local oscillators (LOs)

M I X E R S  AN D  C O N V E R T E R S

LO

IFRF

Converter

LO

Mixer

Fin Fout

RF

Vcc
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• Legacy approach: separate signal generators and spectrum analyzer

• Transmission only (no reflection measurements)

• Magnitude measurements only (no phase or group delay information)

• Difficult and slow for swept measurements

• Lack of vector error correction resulted in medium accuracy

• Modern approach: vector network analyzer (VNA)

• Transmission and reflection measurements with magnitude and phase

• Easy to perform fast, swept measurements (frequency and power)

• Advanced vector error correction yields high accuracy

S TA N D AL O N E  I N S T R U M E N T S  V E R S U S  V N A

32

• S-parameters defined as complex (magnitude/phase) ratios of incident (an) and test signals (bn)

• When stimulus = response frequency, accomplished by receiver ratios like B/R1 (b2/a1)

• Converters: reflection is easy since Fb1 Fa1 , but can’t use direct receiver ratios when Fb2 Fa1

S - PAR AM E T E R  M E T H O D S  D O N ’ T  W O R K  F O R  T R A N S M I S S I O N  

R1 R2

RF Source

LO

Test port 1 Test port 2

BAa1 b2

S21 = b2/a1
S11 = b1/a1

Test port 1 Test port 2

R1 R2

RF Source

LO

BA

Fb2 Fa1

a1 b2

31
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• Measure input power in one sweep and output power in another sweep, then ratio two results

• Calibration based on power meters (very accurate)

• Key measurement is conversion loss (mixers) or conversion gain (converters)

• Can sweep frequency or power of input and LO

D I R E C T  R E C E I V E R  R AT I O S  AR E  N O T  N E C E S S A R Y

Swept IF Fixed IF (swept LO)

A

f
IF RF LO

Conversion Loss

|SC21| = |b2|/|a1|

S21 = b2/a1A

f
IF RF LO

Conversion Loss

34

F U L LY  D D S  B AS E D  S O U R C E S  A N D  L O  A L L O W  I N D E P E N D E N T  T U N I N G

DUT RF jumpers
Receiver

Mechanical switch

Test port 3

C
R3

Test port 1

R1

Test port 4

R4

Test port 2

R2
A D B

To receivers

LO

Pulse generators

rear panel

1

2

3

4

Source 1

OUT 1 OUT 2

Pulse
modulator

Source 2

OUT 1 OUT 2

Pulse
modulator

J9J10J11 J8 J7 J2 J1J4 J3

35 dB 35 dB 35 dB

35 dB
65 dB 65 dB 65 dB 65 dB

J6 J5

RF 
OUT

LO 
OUT

R A B C D

IF inputs

Source 3
(≤ 13.5 GHz)

33
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• Phase of a signal is always relative to something

• Point in time

• Two signals

• Point on the trace itself

• Mixer-output phase depends on phase of input and LO signals

P H AS E  O F  A S I G N A L  R E Q U I R E S  A R E F E R E N C E

LO

p

 Ref phase = 0

Relative phase of two 
signals at same frequency

t

t

A

A

t

A

t0

Time reference

36

• Provides broadband phase-calibrated frequency 
spectrum to calibrate 
the phase of the VNA receivers

• Driven from VNA’s 10 MHz reference

• Calibration method is derived from electro-
optical sampling, and is traceable to NIST

• Same comb generator used with NVNA

35
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RF IF

Embedded LO in DUT

38

• Embedded LOs are common in satellite frequency converters (transponders)

• Lack of common reference signal means VNA receivers can’t tune to exact output frequency

• Result is unstable phase/delay measurements

• Solution:

• Set frequency of receivers close enough so phase-change 
versus time is small compared to group-delay measurement time

• Normalize phase sweep-to-sweep

C A N N O T  L O C K  I N T E R N AL  D U T  L O  T O  V N A

10 MHz

LOnom + F)

IFRF

Converter

37
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Fine-tune process:

• Perform ratioed phase measurement 
using R1 and B receivers

• Measure phase versus time

• Use slope to calculate fine offset for 
receiver tuning

Coarse-tune process:

• Set input to nominal RF frequency

• Calculate IF based on nominal DUT LO frequency

• Perform broadband receiver sweep

• Identify center-frequency offset

• Adjust receiver tuning of PNA-X

S 9 3 0 8 4 B

360

phase
freq

time


 



t




t

B/R1 sweep

f

|A|

Expected signal Actual signal

B receiver sweep

Frequency offset

40

Press “Find Now” to trigger 
search for LO

LO found at ~-881Hz from 
specified LO frequency

39
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DUT

So/No

Si/Ni

Gain

42

D E F I N E D  A S  T H E  D E G R A D AT I O N  O F  S N R

NF = 10 x log (F)   (noise figure)

Test system is assumed to be 50 ΩTest system is assumed to be 50 Ω

F =
(So/No)

(Si/Ni)
=

(No)

(G x Ni)
(noise factor)

kToBG
=

Na + kToBG

LO DUT

DUT

Gain × N୧

S୧

N୧

S୭

N୭

Gain

DUT noise (Na)

calculated

measured

41
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PNA-X Customer Presentation
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–Y-factor (hot/cold source)

• Used by NFA and spectrum-analyzer-based solutions

• Uses noise source with a specified “excess noise ratio” (ENR)

• Measures noise figure and gain

–Cold source (direct noise)

• Used by vector network analyzers (e.g. PNA-X)

• Uses cold (room temperature) termination only plus separate gain measurement

• Allows single connection S-parameters and noise figure (and more)

Excess noise ratio (ENR) =
K

TT coldhot

290



Noise source
346C  10 MHz – 26.5 GHz

+28V

Diode off  Tcold

Diode on  Thot
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Noise Power In

N
o

is
e
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w
er

 O
u

t

Pin (cold) Pin (hot)

Pout (cold)

Pout (hot)

Noise added by amplifier

DUT




Pin

Pout
amplifier gain
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Reflections due to non-50-ohm matches

Ideal case:

Noise Receiver

 i (DUT)

DUT

Real world:
src i (DUT)

DUT

Re-reflection causes ripple-versus-frequency

Noise Receiver

Not a problem with PNA-X 
due to vector-error correction

Not a problem with PNA-X 
due to vector-error correction
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Graphical Representation of Cold Source Technique

PNA-X Customer Presentation

Last update: Nov 2010

Noise Power In

N
o

is
e

 P
o

w
er

 O
u

t

Pin (cold)

Pout (cold)

Noise added by amplifier

DUT

slope = known amplifier gain

45

46



24

47

PNA-X’s Unique Source-Corrected Technique

(Z1, F1), (Z2, F2), …

– PNA-X varies source match around 50 ohms using an ECal module 
(source-pull technique)

– With resulting impedance/noise-figure pairs and vector-error terms, 
very accurate 50-ohm noise figure (NF50) can be calculated

– Each impedance state is measured versus frequency

frequency

Z’s measured during cal
F’s measured with DUT

48

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0.50 2.69 4.88 7.06 9.25 11.44 13.63 15.81 18.00

Freq (GHz)

N
F

 (
d

B
)

Example NF Measurements of Unmatched Device

PNA-X method using source correction

Y-factor method

Under-sampled 
broadband data

Noise source: SNS 4002A (14 dB ENR)401 points

Narrowband application

47
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Improve noise parameter accuracy compared to using ECal as an impedance tuner

• For unmatched devices with high gamma-opt
(optimum source impedance for minimum noise figure)

• Overcomes limitation of using ECal as a tuner

• PNA firmware directly controls tuner from NF application

• Electromechanical tuner provides:

• Much wider gamma spread

• More impedances (21 per probe) versus 7 for ECal

49
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ENR Measurement of a Noise Source 346C

PNA-X can be used to measure/calibrate ENR of Noise Sources and it displays 
the ENR value directly during measurement

51
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• Includes noise-source- and power-meter-based calibrations

• Includes vector and scalar calibration

• Shows uncertainty contributors and potential compression issues

54
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Frequency Instability 

f

time
(days, months, years)

• Slow change in average or 
nominal center frequency

time 
(seconds)

f

fo

• Instantaneous frequency 
variations around a nominal 
center frequency

Long-term frequency instability 

Short-term frequency instability 

Phase noise is generally considered 
the short-term phase/frequency 
instability of an oscillator or other 
RF/µW component

56

Ideal versus real-world signals

where

E(t) = random amplitude fluctuations
𝝓(t) = random phase fluctuations

where

Ao = nominal amplitude
ƒo = nominal frequency 

V(t) = Aosin(2πƒot) V(t) = [Ao+E(t)]sin[2πƒot+ 𝝓(t)]

V(t) V(t)

 𝝓(t)

E(t)

ƒƒo

t t

ƒo

Ideal sinusoidal signal Real sinusoidal signal

Time Frequency Time Frequency

55
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Power Spectral Density of noise Sidebands 

• Phase fluctuation of an oscillator produced by 
different random noise sources is phase noise 

• Mostly concerned with frequency domain where 
phase noise is simply noise sidebands or skirt around 
“ideal” delta function from sinusoidal oscillator 

• Because PN is symmetrical in magnitude around 
center frequency, we can measure a single noise 
sideband (SSB) as this will also represent the other 
sideband

f0

SSB

P0

58

How to define phase noise measurements

Three elements:

• Upper sideband only, offset frequency (fm) from 
carrier frequency (f0) 

• Power spectral density, in 1 Hz BW

• PSD relative to carrier power in dBc

f0 fm (offset freq.)

1 Hz BW

SSB (𝓛(𝒇))

P0

dBc/Hz @ offset frequency fm from 
specified carrier frequency f0

57

58



30

59

Better PN  lower skirt

Better chance to find 
Doppler reflection signals

V target FasterSlower

Highest performance radar transceiver 
designs demand best phase noise to 

find moving targets, fast or slow

60

QPSK Example 

RF LO
90o

Ideal QPSK constellation Degraded signal with phase 
noise QPSK constellation

I

Q

I

Q

I

Q
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• By sampling the carrier, direct-spectrum method 
immediately yields amplitude & phase information
• Employed in signal analyzers & some phase noise 

systems

• Less sensitive than carrier-removal method 
because carrier limits ceiling of system components
• ADC full scale, receiver preamp compression level, etc.

• Increased sensitivity obtained by nulling carrier & 
then amplifying & measuring phase noise of 
resulting baseband signal with high-gain, low 
noise figure amplifiers 

• Both frequency discriminator and PLL/reference 
source methods discussed next use carrier 
removal via phase detectors in quadrature

Direct-spectrum method Carrier-removal method (phase detector in quadrature)

0 Hz

62

S930317B/S930321B

• PNA/PNA-X: The first VNAs that have phase noise measurement 
function, taking the advantage of the new, low-PN DDS source

• Frequency range
• 10 MHz to 70 GHz     S930317B for N522xB/4xB models

• 10 MHz to 125 GHz   S930321B for N5290A/91A models

• Offset frequency range  
• 0.1 Hz to 10 MHz

• Measurement parameters
• Phase noise, AM noise, residual noise, integrated noise and spurious

• Phase noise measurement noise floor comparable with X-series SAs 
(UXA/PXA)

• 34 seconds per sweep (1 Hz to 10 MHz offset)

• No cross correlation available

61
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Most commonly used figure of merit for in-band distortion

• Traditionally, requires symbol demodulation of the modulated carrier (I/Q data versus time)

• I/Q data typically plotted as 
constellation diagrams

• Error computed from measured 
I/Q symbol location compared to 
an ideal reference waveform

Source: Vector Signal Analysis Basics (5990-7451)
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16QAM example

Illustrations created with Keysight PathWave SystemVue Design (SystemVue)  and VSA

Phase noiseWhite NoiseDistortion IQ imbalance

66

Higher order QAM requires lower EVM to maintain acceptable bit-error rates

QPSK 16QAM 32QAM 64QAM

128QAM 256QAM 1024QAM

2 bits/sym 4 bits/sym 5 bits/sym 6 bits/sym

7 bits/sym 8 bits/sym 10 bits/sym

65
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Signal Studio 

I/Q data

VXG Wideband Source

UXA Wideband Signal Analyzer

DUTN5186A MXG

ENA-X VNA with 
built-in upconverter

DUT

PNA-X VNA (use VSG 
or external mixer for 
carriers > 6 GHz)

DUT

68

Capturing the input and output waveforms

R1 A B

a1 b2
t

Ref planes

Vector Signal Generator
(e.g. MXG, VXG, 

PSG+ARB)

PNA-X

Port 1 “R1” reference 
coupler captures the 

input waveform
Port 2 “B” test coupler 

captures the output 
waveform

Waveform played 
back repetitively  Calibration and deembedding bring 

the reference planes to the DUT

67

68



35

69

Coherently concatenated FFTs provide unlimited receiver bandwidth (requires repetitive test signal)

+ + + =

70

Keysight Vector Network Analyzer Portfolio

69
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PNA-L
N523xB
(50 GHz)

ENA Series

Keysight 
Streamline 
Series

FieldFox PXI

PNA
N522xB
(70 GHz)

PNA-X
N524xB
(70 GHz)

M983xA (44 GHz)
M980xA (53 GHz)
M937xA (26.5 GHz)

P50xxA/B
(53 GHz)

mmWave VNA
(up to 1.5 THz)

P937xA/B
(44 GHz)

Multiport, Production 
test with scalability 

N99xxA/B (54 GHz)

PNA Series

ENA 
E5080B
(53 GHz)

ENA
E506xA/B
(18 GHz)

Testing in the field General-purpose, compact, portable

ENA-X
E5081A
(44 GHz)

mmWave VNA
(up to 330 GHz)

NA520xA PNA-X Pro 
(50 GHz) New!

72

Broadband solutions up to 220 GHz Banded solutions up to 1.5 THz

N5290A/91A  2 or 4-port broadband VNA solution to 110 GHz/120 GHz

170 GHz / 220 GHz 2-port broadband VNA using FormFactor probe 
station for on-wafer device characterization

• Affordable 
• S-parameters
• Waveguide

Device Characterization up to 1.5 THz

• On-wafer devices for 6G 
applications

• High output power at 220 GHz 
leveled power – 6 dBm (+5 dBm 
available)

• >93 dB dynamic range 

• 1.0 mm connectors
• Signal Integrity
• Active device measurements: 

gain compression, frequency 
converter, differential, spectrum 
analysis, phase noise…  

Up to 330 GHz (V to J bands) for materials and antenna test

• Waveguide
• Passive component test
• Active devices measurements: 

Frequency converter, differential, 
spectrum analysis, frequency 
converter..

71
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F U L L  D Y N A M I C  R A N G E  AT  A N T E N N A P O R T S  ( 4 - P O R T S  E X AM P L E )

Source antenna

Antenna
Under
Test

Trigger/Ctrl/Ref signals (HDMI cable)

LO (always <=20GHz)

LO out LO in

USB3 to host PC USB3 to host PC

Primary Unit Secondary Unit

Port 1
Port 2 Port 3 Port 4

40GHz System Dynamic Range 
122dB(spec) 134dB(typ) @ 10Hz IFBW

Maximum length of LO / HDMI cables ~15m, with longer cables 
restrictions apply. Maximum loss ~23dB @ 20GHz for the LO cable 

74

FieldFox
(N99xx)

Streamline
(P50xxA/B)

ENA
(E5080B)

ENA-X 
(E5081A)

PNA-L
(N523xB)

PNA
(N522xB)

PNA-X
(N524xB)

PNA-X
(NA520xA)

Performance

6.5 inchExternal PC
12.1 inch  

touchscreen
12.1 inch  

touchscreen
12.1 inch 

touchscreen 
12.1 inch  

touchscreen
12.1 inch 

touchscreen
12.1 inch 

touchscreen
Display

NoYesYesYesYes (opt x16)YesYesYesSource attenuators

NoYesYesYesNoYesYes Yes Receiver attenuators

No
Yes (Opt.120/140, 

up to 20 GHz)
NoNoYesYesYesInternal bias tees

NoYesYesYesNoYesYes
Available 

soon
Internal pulse modulators

NoYesYesYesNoYesYes
Available 

soon 
Internal pulse generators

NoNoYes (Opt.172)Yes (Opt.172)YesYesYesYesGPIB

NoNoYesYesYesYesYesYesHandler I/O

NoNoYes (Device test I/O)
Yes (Device test 

I/O)NoNoNoNo
Parallel and serial DIOs for DUT 
control

NoYes (w/ Y1731A)Yes (Application I/O)
Yes (Application 

I/O)
NoYes (pulse I/O)

Yes (pulse 
I/O)

Yes (pulse 
I/O)

Digital I/O for pulsed measurements

YesNoYes (Opt.175)Yes (Opt.175)YesYesYesYesInternal DC sources

Yes NoYes (x4, Opt.175)
Yes (x4, 
Opt.175)

Yes (x2)Yes (x2)Yes (x2)YesDC measurements

12221234Maximum number of internal sources

NoNoNoYesYes (Opt.x16)YesYesYesConfigurable test set

NoNoNoNoNoNoYesYes up to 2Internal combiner

No)NoNoYesNoNoYesYesLow-noise receiver

Best  

73
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FieldFox
(N99xx)

Streamline
(P50xxA/B)

ENA
(E5080B)

ENA-X 
(E5081A)

PNA-L
(N523xB)

PNA
(N522xB)

PNA-X
(N524xB)

PNA-X
(NA520xA)Feature

NoYesYesYesYesYesYesYesAutomatic fixture removal

YesYesYesYesYesYesYesYesTime domain analysis

NoYesYesYesYesYesYesNot yet
Enhanced time domain analysis with 
TDR

NoYesYesYesYesYesYesNot yet
Real-time S-parameter and power 
measurement uncertainty

YesYesYesYesNoYesYesAvailable soonBasic pulsed-RF measurements

NoNoNoNoNoYesYesAvailable soonAdvanced pulsed-RF measurements

NoYesYesYesNoNoYesNot yetMechanical noise tuner control

Yes (Y-factor)YesYesYesNoYesYesYesNoise figure measurements

NoNoYesNoNoNoNoNoImpedance analysis

NoNoNoYesNoNoYesAvailable soonModulation distortion analysis

NoYesYesYesYesYesYesYesScaler mixer converter measurements

NoYesYesYesNoYesYesYes
Vector mixer converter measurements 
or Vector mixer characterization

NoYesYesYesNoYesYesYesEmbedded LO capability

NoYesYesYesNoYesYesYesGain compression application

NoYesYesYesNoYesYesYes
Intermodulation distortion 
measurements

NoYesYesYesNoYesYesYesSource phase control

76

FieldFox
(N99xx)

Streamline
(P50xxA/B)

ENA
(E5080B)

ENA-X 
(E5081A)

PNA-L
(N523xB)

PNA
(N522xB)

PNA-X
(N524xB)

PNA-X
(NA520xA)

Feature

NoYesYesYesNoYesYesYesDifferential and I/Q device measurements

Yes optional 
on N991x/5x

YesYesYesYesYesYes
Available 

soon
Spectrum analysis

NoYesYesYesNoNoYesNot yetActive hot parameters

NoNoNoNoNoYesYes
Available 

soon
Fast CW measurements

NoYesYesYesNoYesYesYesTrue-mode stimulus

YesYesYesYesYesYesYes
Available 

soon
Material properties measurement w/
N1500A

NoYesYesYesYesYesYes
Available 

soon
PLTS for signal integrity

NoYesYesYesNoNoNoNoAutomated Measurement Expert (AMX)

NoYesNoNo
Yes (w/ test 

set)
Yes (w/ test 

set)
Yes (w/ test set)

Yes (w/ test 
set)

Multiport calibrated measurement (n>4)

NoNoNoNoNoNoYes
Available 

soon
Nonlinear Vector Network Analysis (NVNA)

NoYesYesYesYesYesYes
Available 

soon
Device Measurement eXpert (DMX) and 
limit assistance

NoNoNoNoYes Yes Yes
Available 

soon
Built-in performance test software for 
standard compliant calibration

NoNoYesYesYesYes Yes Yes Transportable, USB, network licenses

*1: Supported software license types: fixed-perpetual, transportable-perpetual, fixed-1-year, and transportable-1-year only

75
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• Post processing of the data is required 
to establish uncertainty.

• Uncertainty is based on published 
specifications (Instrument, Calibration kit 
& some cable definitions)

• Uncertainty data is static in nature.

• Does require programming to integrate 
uncertainty into product data sheet
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Transmission Coefficient (dB)

S21 Magnitude Accuracy

50 MHz to 500 MHz

500 MHz to 2 GHz

2 GHz to 20 GHz

20 GHz to 26.5 GHz

N5222A 210 Full Two Port Cal Using N4691B

IF Bandwidth = 10 Hz; Average Factor = 1

S11 = S22 = 0; Cal power = -5 dBm; Meas power = -5 dBm

Raw DUT 
Measurements

Calibration
Coefficients+

Corrected DUT 
Measurements

( W I T H O U T  D Y N A M I C  U N C E R TA I N T Y )
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T H E  N E W  M E AS U R E M E N T  M O D E L  I N T E G R AT E S  
U N C E R TAI N T Y  

Raw DUT 
Measurements

Calibration
Coefficients

+

Corrected DUT 
Measurements

Noise
Uncertainty

Calibration 
Standards

Uncertainty

Repeatability
Uncertainty

• The uncertainty is available during the 
measurement

• Uncertainty is based on the actual 
instrument and hardware being used

• Uncertainty data is dynamic and 
changes as the conditions or device 
changes.

• Produces data that can readily be 
used for generating datasheets for the 
product being tested.

80

P E R F O R M  S Y S T E M  N O I S E  F L O O R  &  T R A C E  N O I S E  
C H A R AC T E R I Z AT I O N

Step1 Noise Floor Characterization Using Load Step 2 Trace Noise Characterization with Short

Before starting the characterization set freq. range, number of points (~1600) and IFBW (from PNA GUI).

Normally full frequency range of the instrument/cables are used and the data is interpolated during DUT 
measurement

No calibration is needed for Noise Characterization and the characterization is normally performed at the VNA 
test ports (no cables).

79

80



41

81

P E R F O R M  C O N N E C T O R  R E P E ATA B I L I T Y  
M E A S U R E M E N T S

Measurement of Test Port repeatability 

Requires a standard S-Parameter 
calibration

• Uses this calibration to determine the 
repeatability of the system

• Uses a Load and Short 
• At least 10 iterations are recommended

82

Select what uncertainty contributors that shall be accounted for, coverage
factor and how the uncertainty shall be displayed (Ubars, Shade … …)

Traces UMax/UMin can be used for testing towards a Pass/Fail limit 

Uncertainty settings such as coverage factor and contributors are per trace
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