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• Motivation: Why network analysis?
• Transmission line parameters
• Vector network analysers

• Operation
• Hardware
• Calibration

• Lab introduction
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Why network analysis?
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Understanding high-
frequency phenomena

Signal and power integrity

Component characterisation, 
including parasitic effects

Coupling analysis, 
e.g., crosstalk

Validation of designs, theoretical 
models, and simulations

Electromagnetic compatibility 
(EMC) standards compliance
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General solution transmission line 
propagation
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Power waves definition
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Power waves definition
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Power waves definition
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Power waves definition
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Two port network representation with 
power waves
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Two port network representation with 
power waves
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Two port network representation with 
power waves
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Determination of the scattering 
parameters
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Determination of the scattering 
parameters
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Determination of the scattering 
parameters

S12 and S22 are determined by terminating port 1 with the reference impedance
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Why scattering parameters?

• vs. impedance/admittance/ABCD: travelling waves
• Conversions between parameters are possible

• No need for short circuits
• Easy to relate to commonly used metrics (gain, loss, reflection 

coefficient)
• Cascading
• The de facto standard (e.g., simulation correlation)

13/03/2025 16



Reflection parameters

• Reflection coefficient Γ = !!"#$"%&"'
!()%('")&

  

• Return loss = −20 log"# Γ    ! Power vs. voltage
• Voltage standing wave ratio:

VSWR =
𝑉$%&
𝑉$'(

=
1 + Γ
1 − Γ
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Lightwave analogy to RF

RF

Incident

Reflected

Transmitted

Lightwave

DUT

Introduction to vector network analysers (VNAs)
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Difference between VNAs and Spectrum 
Analyzers
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Generalized VNA Block Diagram
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Detector types

TunedReceiver

Scalarbroadband
(nophase information)

Vector
(magnitudeand

phase)

Diode

PROCESSOR/ DISPLAY

DC
RF

AC

IFFilter

LO

IF= F LO ± F RFRF

ADC/DSP

RECEIVER/ DETECTOR

REFLECTED(A) TRANSMITTED(B)
INCIDENT(R)

SIGNAL
SEPARATION

SOURCE

Incident

Reflected

Transmitted

DUT

IF = 𝑓&' ± 𝑓()



VNA source

• Supplies the system stimulus => phase reference
• Swept frequency or power

• A way to experimentally measure frequency-domain data!
• “Intermediate frequency” (IF) bandwidth: trade-off between dynamic range 

and measurement speed

• (Mostly) integrated in the VNA
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Measurement error modeling

• Systematic errors
• e   due to imperfections in the analyzer and test setup

• e   assumedto be time invariant (predictable)
• Randomerrors

• e   varywith time in random fashion(unpredictable)
• e   maincontributors: instrumentnoise, switch and connector repeatability

• Drift errors
• e   due to systemperformance changingafter a calibration has been done
• e   primarilycaused by temperaturevariation

Measured
Data

Unknown 
Device

Errors:

SYSTEMATIC

RANDOM

DRIFT
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Systematic measurement errors

A B

Source 
Mismatch

Load 
Mismatch

CrosstalkDirectivity

DUT

Frequency response
e   reflection tracking (A/R)
e   transmission tracking (B/R)

R

Six forwardandsix reverse error terms
yields 12 error terms for two-port
devices

Incident Reflected



6 types of systematic errors
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6 types of systematic errors
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6 types of systematic errors
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Crosstalk error



6 types of systematic errors
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6 types of systematic errors
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6 types of systematic errors
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Types of error correction

• response (normalization)
• simple toperform
• onlycorrects for trackingerrors
• stores reference trace inmemory,then
does data dividedbymemory

• vector
• requiresmorestandards
• requiresananalyzer that canmeasure phase
• accounts for allmajor sourcesof systematic error

S11 m

S11a

SHORT

OPEN

LOAD

thru

thru



Your VNA: LiteVNA

• 50 kHz - 3 GHz
• Measures 𝑆"" and 𝑆)"
• Cheap
• Calibration kit
• 70 dB dynamic range
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Introduction to the lab

• Hands-on experience with a VNA
• Calibration
• Coaxial cables:

• Reflection measurements
• Transmission measurements

• Time-domain measurements thanks to integrated inverse Fourier 
transform
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