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Outline
Summary of  stub matching 
(Ch5)

Impedance matching cont 
(Ch5.5-5.9)

transformers based on 
single and multi section 
quarter wave lines

tapered transmission line 
transformers
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Objectives
On completion of this course unit you should be able to:  

Analyse wave propagating properties of guided wave structures (TE, TM, 
TEM waves, microstrip, stripline, rectangular and circular waveguides, 
coupled lines)

 Apply N-port representations for analysing microwave circuits

 Apply the Smith chart to evaluate microwave networks

 Design and evaluate impedance matching networks

 Design, evaluate and characterise directional couplers and power 
dividers

 Design and analyse attenuators, phase shifters and resonators

 Explain basic properties of ferrite devices (circulators, isolators)
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Transformers
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Quarter-wave transformer

Z1 = ZLZ0

All lines are θ = λ
4 f = f0

On white board: derive response versus 
frequency.
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Bandwidth for quarter-wave 
transformer

©J. Piotr Starski 
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Single section quarter wave 
transformer
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.
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Assume constant characteristic impedance (frequency independent)

For Γ11 and Γ2 1

Γ ≅ Γ1 +Γ3e
−2 jθ
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Multisection quarter-wave 
transformers

All lines are θ = λ
4 f = f0

Γ = ρ0 + ρ1e
−2 jθ + ρ2e
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Symmetrical transformer

©J. Piotr Starski 
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Equation (1) is a cosine series; the function it defines is  periodic over the interval π 
corresponding to the frequency range over which the length of each transformer section 
changes by a λ/2. 

It is possible to specify Γ in different ways e.g.: Butterworth (maximally flat)  or 
Chebyshev (equal ripple) for the passband characteristics.   

0 1 1 2 2, , ,......, ,...N N N n N nρ ρ ρ ρ ρ ρ ρ ρ− − −= = = =
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Binomial transformer

©J. Piotr Starski 

Butterworth approximation               maximally flat 
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Compare with multisection transformer 
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Since the theory is approximate the range of 
ZL is limited to 

0.5 Z0 < ZL <2 Z0 
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Bandwidth (binomial)
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Ex) Frequency response 
Binomial transformer
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Chebyshev transformer

©J. Piotr Starski 

We permit |Γ|=ρ  to vary between 0 and ρm in an oscillatory manner over the passband, 
which will be described by a Chebyshev polynomial. 

This will provide a considerable increase in bandwidth of the transformer as compared to 
the Butterworth case. 

The number of zeros for Γ in the 
passband corresponds to the number  
of transformer sections  
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Chebyshev polynomial of degree n, Tn(x) 
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Ex) Frequency response 
Chebyshev transformer

ZL/Zo=2
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Chebysheff transformer, recap!
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Practise as part of Lab 321
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Binomial transformer design
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Chebyshev transformer design
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Junction capacitance and length 
compensation

θ1 =
BY1

Y1
2 −Y2

2 ; θ2 = −
BY2

Y1
2 −Y2

2
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Tapered transformer
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Exponential taper

©J. Piotr Starski 
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We assume that β is constant and not a function of z 

For L > λ/2, the first minor 
lobe has 0.22 Γ 
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Triangular taper

©J. Piotr Starski 

( ) ( )

( ) ( )

2
0

2 2
0

2 ln
0

4 2 1 ln
0

0 2
( )

2

L

L

z L Z Z

z L z L Z Z

Z e z L
Z z

Z e L z L− −

" ≤ ≤$
= %

≤ ≤$&

( ) 2
00

2
0

4 ln 0 2
ln

4 4 ln 2

L

L

z Z z L
L Zd Z Z

dz z Z L z L
L L Z

! ≤ ≤##
= $

% &# − ≤ ≤( )#* +,

( ) 2

00

2

0

1 ln
2

sin1 2ln
2

2

L
j z

z

j L L
in

d Zl e dz
dz Z

L
Ze LZ

β

β

β

β

β

−

=

−

Γ =

$ %
& '$ %

Γ = & '& '
( )& '

( )

∫

The first minor lobe maximum occurs 
at a taper length of ~3λ/2 

L=0.815λ  
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Comparison- tapers
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Summary of lecture 7
Read chapter 5 (impedance matching).

Quarter wave transformers

Chebyshev, Binomial transformers

Tapered transformers

at junctions
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Further reading

R. W. Klopfenstein, “A Transmission Line 
Taper of Improved Design,” in Proceedings 
of the IRE, 1956, vol. 44, no. 1, pp. 31–35.

A wide range of applets on transmission 
lines, electromagnetic waves and antennas: 
http://www.amanogawa.com/index.html
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