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Lossy Transmission Line
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Lossless Transmission Line

Symbol: 

Zo , β

l

Conductive and dielectric losses are zero

It is a distortion-less transmission line

Ideally, practical interconnects should behave as lossless 
transmission lines

For analytical purposes (first order approximations), many 
practical interconnects can be treated as lossless
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Lossless Transmission Line (cont)
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(Zo is frequency independent)
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Reflection Coefficient, Γ
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Average Power along the Transmission Line
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The average power flow is constant along the line
The power delivered is the incident power minus the reflected power
If Γ = 0, maximum power is delivered to the load
If |Γ | = 1, no power is delivered to the load
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Power Transfer Efficiency
RS

RL

Maximum power is transferred when RL = RS

RL / RS
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(Hewlett-Packard's RF Design and Measurement Seminar, 2000)
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Power Transfer Efficiency (cont)

For complex impedances, maximum power 
transfer occurs when ZL = ZS* (conjugate 
match)

Zs = R + jX

ZL = Zs* = R - jX

Zo

Zo

Rs

RL

+jX

-jX

At high frequencies, maximum 
power transfer occurs when 
RS = RL = Zo

(Hewlett-Packard's RF Design and Measurement Seminar, 2000)
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Return Loss, RL
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It is a way to measure the ability of the TL to avoid energy 
reflection

It is the ratio of the reflected power to the incident power

dB)(||log20 Γ−=RL

dB)0( ∞==ΓRL dB0)1|(| ==ΓRL
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Standing Wave Ratio, SWR

It is a way to measure the mismatch of a line

A mismatch implies a “standing wave” along the line

It is the ratio of the maximum to the minimum wave 
amplitude along the line
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Standing Wave Ratio, SWR (cont)
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The distance between two maxima or two minima is λ/2
The distance between a maximum and a minimum is λ/4
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Reflection Parameters - Summary

Reflection coefficient, Γl

Return Loss, RL

Standing Wave Ratio, SWR
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Lightwave Analogy to RF Energy

RF

Incident

Reflected

Transmitted

Lightwave

(Hewlett-Packard's RF Design and Measurement Seminar, 2000)
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Transmission Line Terminated with Zo

For reflection, a transmission line terminated in Zo behaves 
like an infinitely long transmission line

Zs = Zo

Zo

Vrefl = 0! (all the incident power is 
absorbed in the load)

V inc

Zo = characteristic impedance of 
transmission line

(Hewlett-Packard's RF Design and Measurement Seminar, 2000)
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Transmission Line Terminated with Short, Open

Zs = Zo

Vrefl

V inc

For reflection, a transmission line terminated in a short or 
open reflects all power back to source

In phase (0  ) for open
Out of phase (180  ) for shorto

o

(Hewlett-Packard's RF Design and Measurement Seminar, 2000)
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Transmission Line Terminated with 25 Ω

Zs = Zo

ZL = 25 Ω

Vrefl

V inc

Standing wave pattern does not go to 
zero as with short or open

(Hewlett-Packard's RF Design and Measurement Seminar, 2000)
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Reflection Parameters

∞ dB

No reflection
(ZL = Zo)

ρ
RL

VSWR

0 1

Full reflection
(ZL = open, short)

0 dB

1 ∞

=
ZL − ZO

ZL + OZ
Reflection
Coefficient =

Vreflected

Vincident
= ρ ΦΓ

=ρ ΓReturn loss = -20 log(ρ),

VSWR = Emax

Emin
=

1 + ρ
1 - ρ

Voltage Standing Wave Ratio
Emax
Emin

(Hewlett-Packard's RF Design and Measurement Seminar, 2000)


