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Presence of Electric and Magnetic Fields 

• Both Electric and Magnetic fields are present in the 
transmission lines

• Electric field is established by a potential difference 
between two conductors.
– Implies equivalent circuit model must contain capacitor.

• Magnetic field induced by current flowing on the line
– Implies equivalent circuit model must contain inductor.
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Ideal Transmission Line as Infinite 
Ladder Network
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Assuming:



Lumped RLC Model of  Infinitesimal 
Transmission Line
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Lossy Transmission Line:

Loss-less Transmission Line:



Coax T-line Geometry
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h: length of the cable



Coax T-line Example
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• Exercise 1
Given: a coax T-line with a = 4 mm, b = 17.5 mm, and c = 20 

mm. the dielectric has r = 1, r = 3.
Z0=?



Striplines and Microstrip Lines

• Stripline
– Single or double track strip of Cu imbedded in 

dielectric material sandwiched between 
conducting ground planes on top and bottom
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Striplines and Microstrip Lines

• Microstrip
– Single or double track strip of Cu on top of a 

dielectric substrate material above a single 
conducting ground plane

• In practice, superstrate material may be 
other than air
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Parallel Plate Approximation

• Assumptions

– Uniform dielectric ( ) 
between conductors

– TC<< TD; WC>> TD
• T-line characteristics are 

function of:
– Material electric and magnetic 

properties
– Dielectric Thickness (TD)
– Width of conductor (WC)

• Trade-off
– TD ; C0 , L0 , Z0 
– WC ; C0 , L0 , Z0 
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To a first order, t-line capacitance and inductance can be approximated 
using the parallel plate approximation.
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Improved Microstrip Formula
• Parallel Plate Assumptions +

– Large ground plane with zero 
thickness

• To accurately predict microstrip
impedance, you must calculate the 
effective dielectric constant and 
modify the above formula by 
replacing εr with εe.
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Valid when:
0.1 < WC/TD < 2.0 and 1 < εr < 15
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Cont’d
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Example

Making use of graph of the previous slide:
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Microstrip Line with Z0=50 ohm
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Loss tangent of Dielectrics

ESR: Equivalent Series Resistance
Loss tangent =tan(δ)
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Dielectrics

Substance
Dielectric 
Constant
(relative to air)

Dielectric
Strength
(V/mil)

Loss
Tangent

Max Temp
(°F)

Air 1.00054 30 - 70

Alumina - 96%
- 99.5%

10.0
9.6

0.0002 @ 1 GHz
0.0002 @ 100 MHz
0.0003 @ 10 GHz

Aluminum Silicate 5.3 - 5.5
Epoxy glass PCB 5.2 700

FR-4 (G-10) - low resin
- high resin

4.9
4.2

0.008 @ 100 MHz
0.008 @ 3 GHz

Gallium Arsenide (GaAs) 13.1 0.0016 @ 10 GHz
Glass 4 - 10
Glass (Corning 7059) 5.75 0.0036 @ 10 GHz

RT/Duroid 5880
(go to Rogers) 2.20 0.0009@ 10 GHz

Silicon 11.7 - 12.9 100 - 700 0.005 @ 1 GHz
0.015 @ 10 GHz 300

Teflon® (PTFE) 2.0 - 2.1 1000 0.00028 @ 3 GHz 480
Vacuum (free space) 1.00000
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Propagation Constant
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Propagation Constant
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Propagation Constant
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Delay of a Lossless Line
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Loss-less Transmission Line:



Delay of a Lossless Coax T-Line
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Loss-less Transmission Line:
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From Field and Waves:



Example
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Assume a loss-less Transmission Line with following specifications:
z=10cm

What is the delay?
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Transmission Line with Matched 
Termination
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Transmission Line with Matched 
Termination
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Transmission Line with Arbitrary Termination
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Short-Circuited Transmission Line
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Open-Circuited Transmission Line
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Example#1
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Example#2
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Example#3
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Matching Networks With Microstrip Lines 
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Example#4 (Single Stub Tuner)
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Prove that Γ=0

  zj
Lez 2



Cont’d
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Example#5 (Single Stub Tuner)
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Prove that Γ=0



Cont’d
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Example#6
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Find L1 and  L2 so that ZL is matched to 50 ohm at the input terminal. 

Matching of an arbitrary load to 50ohm
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Example#7
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Find L1 and  L2 so that ZL is matched to 100-j100 at the input terminal. 

Matching of  a 50ohm load to an arbitrary impedance
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Example#8
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Cont’d
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Cont’d
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Cont’d
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Cont’d
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h=31mil
See slide 14 

mil
W=2.3mm



Cont’d
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h=31mil
See slide 14 

mil
W=2.3mm



λ/4 T.L. Properties
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Therefore the quarter wave T.L. acts as an impedance transformer.



Example#9
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We need Zin=33+j50. Find L2 and Zo1?



Cont’d
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Alternative Solution
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Example#10

52Utilizing both lumped and distributed components for matching

λ0=120mm =0.083λ0

L1=0.358λ0



Cont’d
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For Alumina substrate, we 
have:
(See slide 14)

h=40mil, W=40mil, Ɛeff=6.46

=0.083λ

=0.358λ
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Cont’d
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Example#11
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Cont’d




