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Waves on Lines

If the wavelength to be considered is significantly greater compared to
the size of the circuit the voltage will be independent of the location.
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but this is not true at short wavelengths = high frequencies...
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Travelling Voltage Wave on a Lossless Line

direction of propagation
e ST TIPS

vi(t,2) = ‘V cos(wt - Bz+ ¢y ) = Re[ e’ ﬁ”]l
V=V’ % _ : " _
- whereV, =|V, |€"" =the complex amplitude of v*(t,z) atz =0
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Reflection Coefficient

¢ Definition:

reflected voltage wave  V7e'*

incident voltage wave V'e ’*

V()
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Reflection Coefficient e

polar I'-plane
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Reflection Coefficient

e At an arbitrary location d at the line the
reflection coefficient is
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Conversion of Reflection Coefficient
to Impedance
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Reflection Coefficient - Load Impedance
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Standing-Wave Ratio
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The chart was
invented by
Phillip Smith
in the early
1930-ties

Transform
between
T- and Z-plane

The Smith Chart

.| positive fesistanc

anoe componant (RZ. ), or Conductanaos component (GFY )
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The Smith Chart
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¢ Constant

e Constant
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resistance lines =
resistance circles

reactance lines » *¢
reactance circles o5

The Smith Chart Circles
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Vector Network Analysis

e Model:

a, = incident wave
b, = reflected wave
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Definition of S-parameters

) IMPORTANT!
a a he definition utilizes
11a,=0 21a=0
’ ' 50Q as
b b
Sy = = Sy = =
4 =0 @ =0
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Example of Smith Chart Usage

Conversion
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impedance = admittance

¢ Series connection

emotion at constant reactance circle

*motion at constant resistance circle

Vector Network Analysis

Measurement of S-parameters
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T, =S, 485,85, —Lt_=§ I T, =8,+85,5, —=S =& I
in 11 12921 I_Szer 1| r,=0 out 22 12921 I—S“FS 22| =0
The S-parameters are easily b b
measured if the ports are Su=—> S = a_l

terminated by the reference Heso Plaso
impedance 7, = 50Q s, =2 s, -2

(T, respectively I's = 0) | gm0 D la=0




Scalar Network Analysis

e Characterising the Device Under Test properties
e Spectrum analyser + sweep generator

- frequency sweep
- amplitude sweep

only magnitude
measurement,

Vector Network Analysis
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no phase information

select measurement,
diagram etc.
—! Calibration
| Start- stop
frequency
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Vector Network Analysis
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Vector Network Analysis

¢ Characterising the Device Under Test properties

¢ Network Analyser
- frequency sweep
- amplitude sweep
- complete information
¢ amplitude
¢ phase

Vector Network Analysis
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The Vector Network Analyser Structure
Network analyser with S-parameter test set

Directional coupler
Channel b, l 1

2 Splitter x Port 2
Receiver _<_%'|_ i
and —’T-.——'

display Port 1

Saw tooth
generator VCO

_/]_ ' .
1] .
('\P sanal o] receiver \I

A (7 b,la,| a,| b, diniay
Channel b, |
bl
s. |: :| splitter

test set

=
—a

Modern network analysers are often equipped PR
with four receivers which provides more coupler
efficient methods for calibration.

Vector Network Analysis 20
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Calibration

e Attenuation and phase shift in the test cables must be
compensated

¢ Calibrated reference planes are therefore created
where the device under test is connected

Test cable

Test cable
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Calibration

TOSM - Classical Full Two-Port Calibration

Extension of the one port error model
by 3 additional error terms for forward

Forward measurement

l arror toport our error wo-port l direction yields 6 error terms. Adding a
: s |8 i similar model for reverse direction

By bn [sg (s | b2 yields the classical

P R o IR o =12-term error model (TOSM)

eLoad matches

ideal two-port network analyzer

eTransmission losses of receiver

Reverse measurement

error two-port A DUT error two-port B
a

T b [ *Device independent crosstalks

554 suf sy Lo Ash
. N
T S5 b, s 2, 1 [

ideal two-port network analyzer

© Goran Jonsson, EIT 2015-04-27 Vector Network Analysis

23

Calibration

e Calibrated reference planes will be created where the DUT is to be connected

Through oS
——
I
Through measure-
open ments at known
references correc-
tion data can be
-< determined
T — Test cable
Short

Test cable
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Be careful about torn connectors!

¢ The wear and tear when connectors are connected and
disconnected may result in measurement errors.

- always check that the connectors are clean

- only turn the socket or the nut
¢ the contact pin may never spin round

- always use a torque wrench

¢ the connector may never be fastened by other tools
if you tighten up to hard the thread is harmed

¢ Test cables and connectors for professional use are only
used for a limited period until they will be exchanged or
reconditioned.
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