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INTRODUCTION TO TRANSMISSION LINES 
A TRANSMISSION LINE is a device designed to guide electrical energy from one 
point to another. It is used, for example, to transfer the output rf energy of a 
transmitter to an antenna. This energy will not travel through normal electrical 
wire without great losses. Although the antenna can be connected directly to the 
transmitter, the antenna is usually located some distance away from the 
transmitter. On board ship, the transmitter is located inside a radio room and its 
associated antenna is mounted on a mast. A transmission line is used to connect 
the transmitter and the antenna. 

Definition 
A transmission line is the conductive connection between system elements 
that carry signal power 
This “conductor” may at first appear to be a short circuit, but in fact will react 
differently when high frequencies are propagated along the line. 





Form of transmission line 
A transmission line is a pair a conducting wires held apart by an insulator or dielectric. 
They come in a variety of construction geometries. The simplest and least expensive 
form is two-wire (ribbon) cable. Twisted pair cable consists of two wires sheathed in 
an insulator and twisted together. Shielded pair cable contains two wires surrounded 
and separated by a solid dielectric. The dielectric is contained within a copper braid, 
that shields the conductors from external noise sources. The entire construction is 
housed in a flexible, waterproof cover. 



When a transmission line can act as an antenna, it can also act as a receiver. Lines 
prone to radiation loss are also susceptable to pick-up, or cross-talk. The first two 
types described above are particularly prone to this fault. The shielded pair is 
designed to reduce this pick-up.

All these lines have strong attenuation at frequencies above 1MHz. They are 
generally used for for low bit-rate communication. Two-wire ribbon cable is 
standard for the connection of individual telephone receivers. Twisted pair(s) is the 
normal method of connection for computer terminals and short high bit-rate 
connections.

Attenuation increases with both frequency and length. It is usually specified in 
dB/m at a particular frequency. Because of this fact, it is not possible to give 
hard-and-fast rules concerning the bandwidth availability of transmission 
lines. A twisted pair can support rates of several Mb/s over short distances 
(metres), but over long distances (kilometres) will be completely unsuitable at 
these data-rates.



For long distances, or data-rates in excess of several Mb/s, coaxial cable is used. Coaxial 
cable has a central wire, surrounded by a dielectric, in turn concentrically sheathed in a 
braided conductor. The cable is finally surrounded in a water-proof, flexible sheath. 
Coaxial cable is familiar to you -- it is the cable used to connect your television ariel. The 
supreme advantage of this method of construction is its resistance to radiation losses. 
The outer conductor acts to shield out any external fields, whist preventing any internal 
fields escaping.



In electric power transmission, the characteristic impedance of a transmission line is 
expressed in terms of the surge impedance loading (SIL), or natural loading, being 
the MW loading at which reactive power is neither produced nor absorbed: 
in which VL − L is the line-to-line voltage in volts. 

The surge impedance loading or SIL of a transmission line is the MW loading of a 
transmission line at which a natural reactive power balance occurs. The following 
brief article will explain the concept of SIL. 

Transmission lines produce reactive power (Mvar) due to their natural capacitance. 
The amount of Mvar produced is dependent on the transmission line’s capacitive 
reactance (XC) and the voltage (kV) at which the line is energized. In equation form 
the Mvar produced is: 



Transmission lines also utilize reactive power to support their magnetic fields.  The 
magnetic field strength is dependent on the magnitude of the current flow in the line 
and the line’s natural inductive reactance (XL).  

It follows then that the amount of Mvar used by a transmission line is a function of 
the current flow and inductive reactance.  In equation form the Mvar used by a 
transmission line is:

A transmission line’s surge impedance loading or SIL is simply the MW loading 
(at a unity power factor) at which the line’s Mvar usage is equal to the line’s 
Mvar production.  In equation form we can state that the SIL occurs when:



If we take the square root of both sides of the above equation and then 
substitute in the formulas for XL (=2fL) and XC (=1/2fC) we arrive at:





Loaded below its SIL, a line supplies lagging reactive power to the system, tending 
to raise system voltages. Above it, the line absorbs reactive power, tending to 
depress the voltage. The Ferranti effect describes the voltage gain towards the 
remote end of a very lightly loaded (or open ended) transmission line. 

Underground cables normally have a very low characteristic impedance, resulting 
in an SIL that is typically in excess of the thermal limit of the cable. Hence a cable is 
almost always a source of lagging reactive power. 

http://en.wikipedia.org/wiki/Ferranti_effect
http://en.wikipedia.org/wiki/Cable


The lower-case Greek letter “lambda” (λ) represents wavelength, in whatever 
unit of length used in the velocity figure (if miles per second, then wavelength in 
miles; if meters per second, then wavelength in meters). Velocity of propagation 
is usually the speed of light when calculating signal wavelength in open air or in 
a vacuum, but will be less if the transmission line has a velocity factor less than 
1. 



·  Coaxial cabling is sometimes used in DC and low-frequency AC circuits 
as well as in high-frequency circuits, for the excellent immunity to induced 
“noise” that it provides for signals. 

·  When the period of a transmitted voltage or current signal greatly 
exceeds the propagation time for a transmission line, the line is considered 
electrically short. Conversely, when the propagation time is a large fraction or 
multiple of the signal's period, the line is considered electrically long. 

·  A signal's wavelength is the physical distance it will propagate in 
the timespan of one period. Wavelength is calculated by the formula λ=v/f, 
where “λ” is the wavelength, “v” is the propagation velocity, and “f” is the 
signal frequency. 

·  A rule-of-thumb for transmission line “shortness” is that the line 
must be at least 1/4 wavelength before it is considered “long.” 



Propagation constant 
For an electromagnetic field mode varying sinusoidally with time at a given 
frequency, the propagation constant is the logarithmic rate of change, with 
respect to distance in a given direction, of the complex amplitude of any field 
component. 
The propagation constant, γ, is a complex quantity given by 

V1/V2 = I1/I2 = eγ

where γ is a complex number and is defined as 
γ = α+i β 

where 
α, the real part, is the attenuation constant 
β, the imaginary part, is the phase constant 

(I 1/ -I 2) × (-I 2 / -I 3) × ..... × (-I n-1 / -I n) = (I 1 / -I 

n) 
=> eγ

1 × eγ
2 × ... × = eγ 

The over all propagation constant γ = 
γ1+γ2+....+γn 

http://en.wikipedia.org/wiki/Electromagnetic_field
http://en.wikipedia.org/wiki/Normal_mode
http://en.wikipedia.org/wiki/Time
http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Constant
http://en.wikipedia.org/wiki/Wave_propagation
http://en.wikipedia.org/wiki/Attenuation_constant
http://en.wikipedia.org/wiki/Phase_constant


2.0 Simplified models (Section 4.5) 
We recall two things. First, we have the so-called “exact” 
transmission line equations: 







Surge impedance loading 
Recall our definition of characteristic impedance ZC as:



Whatever reactive power flows out of the line (and into the load) also flows 
into the line. So a line terminated in ZC has a very special character with 
respect to reactive power: the amount of reactive power consumed by the 
series X is exactly compensated by the reactive power supplied by the shunt 
Y, for every inch of the line!



Vrated

(kV)

(ohms) (MW)

69 366-400 12-13

115 380* 35

138 366-405 47-52

161 380* 69

230 365-395 134-145

345 280-366 325-425

500 233-294 850-1075

765 254-266 2200-2300

1100 231 5238



These attributes are:
·  Power limit decreases with line length
·  Short lines are limited mainly by thermal problems.
·  Medium length lines tend to be limited by voltage-related 
problems.
·  Very long lines tend to be limited by stability problems.



Complex power expression 
This material combines Sec. 4.6, 4.8, 4.9.
Consider the long transmission line of Fig. 4. 
The voltages at the ends are specified as:





Using Z*=|Z|e-j∟Z, we get





Unbalanced Lines 
Unbalanced signal lines are characterized by the fact that the 
cable and connectors use only two 
conductors, a center conductor surrounded by a shield. 
Examples of unbalanced wiring are found 
in tip/sleeve ¼" guitar cords or the cables us ed with many 
CD players and tape decks which 
terminate with RCA phono type connectors. 

Balanced Lines 
Balanced lines are characterized by the fact 
that there are two center conductors for the 
signal, 
usually surrounded by a shield. This shield is 
connected to ground like unbalanced lines but 
it is 
not required as one of the signal conductors. 
In fact, some balanced cables like CAT-5 
twisted pair 
data cables and analog telephone lines don't 
have a shield at all. 



Properties of waves. 
The complex amplitude of a wave may be defined in three ways. 
It can be a voltage amplitude, a current amplitude, or a 
normalised amplitude whose squared modulus equals the power 
conveyed by the wave. In each case we represent the wave 
amplitude by a complex phasor whose length is proportional to 
the size of the wave and whose phase angle tells us the relative 
phase with respect to the origin or zero of the time variable. 

A complex number is an ordered pair of real 
numbers. These can be the magnitude ("size") 
and phase ("timing") or real and imaginary 
parts. Two numbers are needed in general to 
specify an alternating voltage or quantity 
unambiguously, assuming the frequency is 
already known. 



Waves travelling from generator to load have complex amplitudes usually 
written V+ (voltage) I+ (current) or a (normalised power amplitude). 

Waves travelling from load to generator have complex amplitudes usually 
written V- (voltage) I- (current) or b (normalised power amplitude). 

Wave amplitudes and power flow. 
The forward wave complex voltage amplitude 
is described by the complex algebraic term V+. 
The modulus, or size, of this amplitude is 
written |V+|. 

For sinusoidal signals, the rms voltage in the 
forward wave is |V+| (1/sqrt[2]). It conveys 
power in the positive x direction, and the 
power flow is |V+||V+|/2Zo watts. 





If one is allowed to use either short or open 
stubs at will, one can always keep the total 
stub length in the range 0-0.25 wavelengths. A 
length of transmission line of 0.25 wavelengths 
takes us half way round the SMITH chart and 
transforms an open into a short, or vice versa. 
On 

Short or open stubs? 









The practical details of the series stub match are shown below, where we display 
the physical lengths in centimetres, assuming a wave velocity on the coax (which 
we need to know to do this calculation) of 2x10^8 metres per second. This data 
is supplied by the cable manufacturer. The wave velocity and the frequency (120 
MHz) allows us to calculate the wavelength in metres, and thus we can translate 
the "electrical lengths" from the SMITH chart into physical lengths of line.

Actual dimensions. 
Suppose that the 75 ohm cable has a velocity factor 2/3 or 0.67 
The wave velocity is 2E8 metres per second 
The wavelength at 120 MHz is 167 cms 
The stub position is 0.346 lambda (57.7 cm) from the load (antenna) 
The length of the required shorted stub is 0.328 lambda = 54.7 cm 

or we could use an open circuit stub.... 
The length of the required open stub is (0.328-
0.250)lambda = 13.0 cm 



The stub illustrated above is called a "series 
stub". In parallel wire line, it is connected in 
series with one of the wires of the feed, as 
shown in figures 4 and 5. More usual (in coax, at 
least) is to use a "shunt stub", which is 
connected across the two wires of the feed, as 
shown in figure 6. Since admittances in parallel 
add, whereas impedances in series add, we 
represent the transmission line impedance as an 
admittance y = g + js at the point of attachment, 
and we look for the g=1 circle. This is 180 
degrees (a quarter-wavelength) around the 
SMITH chart from the r=1 impedance circle. 
Therefore, the points of attachment of shunt 
stubs are a quarter wavelength along the 
transmission line, either side of the points of 
attachment of a series stub. The stub line length 
needs to be different also as we need to 
compensate the parallel js with an equal and 
opposite shunt susceptance -js, and the value of 
susceptance s is different from the value of 
reactance x in the series-match example. 



z - 1     (r-1) + jx 
gamma = -------- = ------------ 
                   z + 1       (r+1) + jx 







It is a direct graphical representation, in the complex plane, of the complex 
reflection coefficient. 
It is a Reimann surface, in that it is cyclical in numbers of half-wavelengths along the 
line. As the standing wave pattern repeats every half wavelength, this is entirely 
appropriate. The number of half wavelengths may be represented by the winding 
number. 
It may be used either as an impedance or admittance calculator, merely by turning 
it through 180 degrees. 

The inside of the unity gamma circular region represents the passive reflection 
case, which is most often the region of interest. 
Transformation along the line (if lossless) results in a change of the angle, and 
not the modulus or radius of gamma . Thus, plots may be made quickly and 
simply. 

Many of the more advanced properties of microwave circuits, such as noise 
figure and stability regions, map onto the SMITH chart as circles. 
The "point at infinity" represents the limit of very large reflection gain, and so 
therefore need never be considered for practical circuits. 
The real axis maps to the Standing Wave Ratio (SWR) variable. A simple transfer 
of the plot locus to the real axis at constant radius gives a direct reading of the 
SWR. 



The VSWR indicator is a 1kHz tuned audio amplifier with 70dB dynamic 
range at least, and a calibrated attenuator sets its gain. The meter 
measures the size of the audio signal at 1kHz.









An X-band waveguide bench.



Another X-band waveguide bench, used for transmitting.
The benches include an attenuator, and an isolator. Both of these help to stop 
the reflected power from reaching the oscillator and pulling the frequency of 
the cavity and Gunn diode off tune when the load impedance is varied.



An isolator, made from a magnet and ferrite-loaded waveguide.
There is a dual directional coupler, arranged as a pair of crossed waveguides, which 
samples some of the forward wave power and couples it to a calibrated cavity 
wavemeter for measuring the oscillator frequency. Taken together with a 
measurement of guide wavelength, we have then two independent checks on the 
oscillator frequency. There is also a PIN modulator which chops the 10GHz signal at a 
frequency of 1KHz square wave.



A waveguide restricts the three dimensional "free space" propagation of the 
electromagnetic wave to a single dimension. Usually waveguides are 
Low loss. That is, the wave travels along the guide without greatly attenuating as it 
goes. 
Routeable. This means that we can gently bend the guiding structure without losing 
contact with the wave, without generating reflections, and without incurring much 
additional loss. 

Group and phase velocity. 
The energy and the modulations on the microwave signal going down the waveguide 
both travel at the "group velocity" c*cos(alpha) which is necessarily less than the 
velocity of light c. The pattern however travels at the "phase velocity" c/cos(alpha) 
which is necessarily greater than the velocity of light. The product of (group 
velocity)*(phase velocity) = c^2. 

Modes. 
The field pattern is formed from the superposition of two plane waves travelling in 
different directions, (the two directions are plus and minus alpha with respect to the 
direction along the waveguide). These two waves have the same free space wavelength, 
and give the standing wave pattern along y required to make the fields vanish at the side 
guide walls. The whole field pattern is called a "Mode". For the TE10 mode (transverse 
electric), if you plot out a plan view of the field patterns carefully, you will see that the 
electric field is always out of the paper, but that the magnetic field forms stadia loops with 
repetition distance equal to a guide wavelength; there are two stadia loops per guide 
wavelength, in opposite senses of magnetic field circulation. 



Other modes 
The rectangular pipe has cross section a by b metres, with wall planes x-y and x-z. 
We chose the electric field to lie along the z direction in our first example. However, 
one can equally satisfy the boundary conditions with the electric field along the y 
direction, and the standing wave along z. Since the electric field in these modes is 
entirely transverse to the direction x of propagation, they are called "transverse 
electric" or TE modes. The two modes here are TE10 and TE01. The 1 refers to the 
number of half-wave loops across the guide. By convention, the TE10 mode has its 
single loop across the largest guide lateral dimension, and the TE01 mode has its 
loop across the smaller guide lateral dimension. Thus the cutoff frequency for the 
TE10 mode is the lowest frequency at which the waveguide will transmit without 
attenuation. 





Important qualities of the dielectric substrate include 

The microwave dielectric constant 
The frequency dependence of this dielectric constant which gives rise to "material 
dispersion" in which the wave velocity is frequency-dependent 
The surface finish and flatness 
The dielectric loss tangent, or imaginary part of the dielectric constant, which sets 
the dielectric loss 

The cost 
The thermal expansion and conductivity 
The dimensional stability with time 
The surface adhesion properties for the conductor coatings 
The manufacturability (ease of cutting, shaping, and drilling) 
The porosity (for high vacuum applications we don't want a substrate which 
continually "outgasses" when pumped) 



Common substrate materials 
Plastics are cheap, easily manufacturable, have good surface adhesion, but have poor 
microwave dielectric properties when compared with other choices. They have poor 
dimensional stability, large thermal expansion coefficients, and poor thermal 
conductivity. 
o Dielectric constant: 2.2 (fast substrate) or 10.4 (slow substrate) 
o Loss tangent 1/1000 (fast substrate) 3/1000 (slow substrate) 
o Surface roughness about 6 microns (electroplated) 
o Low themal conductivity, 3/1000 watts per cm sq per degree 

Ceramics are rigid and hard; they are difficult to shape, cut, and drill; they come in 
various purity grades and prices each having domains of application; they have low 
microwave loss and are reasonably non-dispersive; they have excellent thermal 
properties, including good dimensional stability and high thermal conductivity; 
they also have very high dielectric strength. They cost more than plastics. In 
principle the size is not limited. 
o Dielectric constant 8-10 (depending on purity) so slow substrate 
o Loss tangent 1/10,000 to 1/1,000 depending on purity 
o Surface roughness at best 1/20 micron 
o High thermal conductivity, 0.3 watts per sq cm per degree K 



A standing wave, also known as a stationary wave, is a wave that 
remains in a constant position. This phenomenon can occur because 
the medium is moving in the opposite direction to the wave, or it can 
arise in a stationary medium as a result of interference between two 
waves travelling in opposite directions. In the second case, for waves 
of equal amplitude travelling in opposing directions, there is on 
average no net propagation of energy. 



As an example of the second type, a standing wave in a transmission line is a wave in 
which the distribution of current, voltage, or field strength is formed by the 
superposition of two waves propagating in opposite directions. The effect is a series 
of nodes (zero displacement) and anti-nodes (maximum displacement) at fixed points 
along the transmission line. Such a standing wave may be formed when a wave is 
transmitted into one end of a transmission line and is reflected from the other end by 
an impedance mismatch, i.e., discontinuity, such as an open circuit or a short. The 
failure of the line to transfer power at the standing wave frequency will usually result 
in attenuation distortion. 

Standing wave patterns from a reflection 
In the case of a complex reflection coefficient gamma, the phase angle of gamma 
determines where along the line the first standing wave minimum lies, in terms 
of the wavelength and the position of the load. The magnitude of gamma 
determines the "voltage standing wave ratio" or VSWR, which is clearly given by 
the formula 
                 1 + |gamma| 
VSWR = --------------- 
                 1 - |gamma| 
for, remembering |gamma| = |V-|/|V+| 
and substituting, we find 



The reflection coefficient is used in physics and electrical engineering when wave 
propagation in a medium containing discontinuities is considered. A reflection 
coefficient describes either the amplitude or the intensity of a reflected wave 
relative to an incident wave. The reflection coefficient is closely related to the 
transmission coefficient. 

Telecommunications 
In telecommunications, the reflection coefficient is the atio of the amplitude of the 
reflected wave to the amplitude of the incident wave. In particular, at a discontinuity in a 
transmission line, it is the complex ratio of the electric field strength of the reflected 
wave (E − ) to that of the incident wave (E + ). This is typically represented with a Γ 
(capital gamma) and can be written as: 
The reflection coefficient may also be established using other field or circuit quantities. 
The reflection coefficient can be given by the equations below, where ZS is the 
impedance toward the source, ZL is the impedance toward the load: 
Simple circuit configuration showing measurement location of reflection coefficient. 
The absolute magnitude of the reflection coefficient (designated by vertical bars) can be 
calculated from the standing wave ratio, SWR: 
The reflection coefficient is displayed graphically using a Smith chart. 



reflection coefficient 

This is the ratio of reflected wave to incident wave at point of reflection. This value 
varies from -1 (for short load) to +1 (for open load), and becomes 0 for matched 
impedance load. 

reflection coefficient in power 

This is a squere of the eflection coefficient which means the ratio of the reflected 
power to the incident power. 

Voltage Standing Wave Ratio (VSWR) 

This is the ratio of maxmum voltage to minimum voltage in standing wave pattern. It 
varies from 1 to (plus) infinit. 



In telecommunications, the reflection coefficient is the ratio of the amplitude of the 
reflected wave to the amplitude of the incident wave. In particular, at a discontinuity in a 
transmission line, it is the complex ratio of the electric field strength of the reflected 
wave (E − ) to that of the incident wave (E + ). This is typically represented with a Γ 
(capital gamma) and can be written as: 

          E − 
Γ = -----------
         E + 

The reflection coefficient can be given by the equations below, where ZS is the 
impedance toward the source, ZL is the impedance toward the load: 

            ZL - ZS 
Γ = --------------------
           ZL + ZS 

Simple circuit configuration showing measurement location of reflection coefficient. 



SWR -1 
Γ = -------------------------
                SWR + 1 

Power flow on transmission lines 
Wave amplitudes and power flow. 

The forward wave complex voltage amplitude is described by the complex algebraic 
term V+. The modulus, or size, of this amplitude is written |V+|. 

For sinusoidal signals, the rms voltage in the forward wave is |V+| (1/sqrt[2]). It 
conveys power in the positive x direction, and the power flow is |V+||V+|/2Zo watts. 
Similarly, the power flow in the negative x direction, that is from load to generator, is 
|V-||V-|/2Zo watts. 

The ratio V-/V+ is the "complex reflection coefficient," gamma. The ratio of return 
power to forward power is therefore the (modulus of gamma) squared. 

The "return loss" is the number of dB by which the reflected power is lower than the 
forward power. A return loss of 3 dB means that half the power is reflected, and half 
absorbed in the load. A return loss of 20 dB means that only 1% of power is returned, 
and 99% is absorbed in the load. 



Matching Stubs 
Zmatch creates matches with shorted stubs in parallel with the transmission 
line. If only one frequency is defined, two unique matching solutions are 
available. If multiple frequencies are specified, then four unique matching 
solutions are provided. If a perfect match cannot be found for each 
specified frequency, then the RMS of the reflection coefficient is minimized. 
If distributed match is specified, then the RMS of the reflection coefficient is 
minimized for the entire frequency spectrum. 
The example below perfectly matches a load to a line at frequencies 1, 2, 3, 
and 4 GHz. 



















































A diplexer is a passive device that implements frequency domain 
multiplexing. Two ports (e.g., L and H) are multiplexed onto a third port 
(e.g., S). The signals on ports L and H occupy disjoint frequency bands. 
Consequently, the signals on L and H can coexist on port S without 
interfering with each other. 

Diplexing is useful in reducing the number of radio antennas on a radio tower, reducing 
the weight and loading from wind and potential ice, as well as the necessary size of the 
tower itself. Diplexers must be carefully engineered: designed and tuned to prevent 
intermodulation and keep reflected power (VSWR) to a minimum for each input 
transmitter and frequency. While diplexers can combine a relatively wide bandwidth, the 
major limitation comes with the antenna itself, which must be sufficiently wideband to 
accept all of the signals being passed through it, and transfer them to the air efficiently. 

http://en.wikipedia.org/wiki/Electronic_component
http://en.wikipedia.org/wiki/Multiplexing
http://en.wikipedia.org/wiki/Radio_antenna
http://en.wikipedia.org/wiki/Radio_tower
http://en.wikipedia.org/wiki/Weight
http://en.wikipedia.org/wiki/Load
http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Ice
http://en.wikipedia.org/wiki/Tuning
http://en.wikipedia.org/wiki/Intermodulation
http://en.wikipedia.org/w/index.php?title=Reflected_power&action=edit&redlink=1
http://en.wikipedia.org/wiki/VSWR
http://en.wikipedia.org/wiki/Input
http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Bandwidth
http://en.wikipedia.org/wiki/Wideband
http://en.wikipedia.org/wiki/Signaling_(telecommunication)
http://en.wikipedia.org/wiki/Air
http://en.wikipedia.org/wiki/Energy_efficiency




A circulator is a passive electronic component with three or more ports in 
which the ports can be accessed in such a way that when a signal is fed 
into any port it is transferred to the next port only, the first port being 
counted as following the last in numeric order. 

When one port of a three-port circulator is terminated in a matched load, 
it can be used as an isolator, since a signal can travel in only one direction 
between the remaining ports.[1] 

http://en.wikipedia.org/wiki/Electronic_component
http://en.wikipedia.org/wiki/Circulator#cite_note-0#cite_note-0


Microstrip transmission line is a kind of "high grade" printed circuit construction, 
consisting of a track of copper or other conductor on an insulating substrate. 
There is a "backplane" on the other side of the insulating substrate, formed from 
similar conductor. A picture (37kB).

Looked at end on, there is a "hot" conductor which is the track on the top, and a 
"return" conductor which is the backplane on the bottom. Microstrip is 
therefore a variant of 2-wire transmission line.

If one solves the electromagnetic equations to find the field distributions, one 
finds very nearly a completely TEM (transverse electromagnetic) pattern. This 
means that there are only a few regions in which there is a component of 
electric or magnetic field in the direction of wave propagation. 

There is a picture of these field patterns (incomplete) in T C Edwards 
"Foundations for Microstrip Circuit Design" edition 2 page 45. See the booklist 
for further bibliographic details.

http://personal.ee.surrey.ac.uk/Personal/D.Jefferies/gifpics/msgeom.gif


Important qualities of the dielectric substrate include

The microwave dielectric constant 
The frequency dependence of this dielectric constant which gives rise to "material 
dispersion" in which the wave velocity is frequency-dependent 
The surface finish and flatness 
The dielectric loss tangent, or imaginary part of the dielectric constant, which sets the 
dielectric loss 

The cost 

The thermal expansion and conductivity 
The dimensional stability with time 
The surface adhesion properties for the conductor coatings 
The manufacturability (ease of cutting, shaping, and drilling) 
The porosity (for high vacuum applications we don't want a substrate which continually 
"outgasses" when pumped) 



Common substrate materials
Plastics are cheap, easily manufacturable, have good surface adhesion, but have 
poor microwave dielectric properties when compared with other choices. They 
have poor dimensional stability, large thermal expansion coefficients, and poor 
thermal conductivity. 

Dielectric constant: 2.2 (fast substrate) or 10.4 (slow substrate) 
Loss tangent 1/1000 (fast substrate) 3/1000 (slow substrate) 
Surface roughness about 6 microns (electroplated) 
Low themal conductivity, 3/1000 watts per cm sq per degree 

Ceramics are rigid and hard; they are difficult to shape, cut, and drill; they come in 
various purity grades and prices each having domains of application; they have low 
microwave loss and are reasonably non-dispersive; they have excellent thermal 
properties, including good dimensional stability and high thermal conductivity; 
they also have very high dielectric strength. They cost more than plastics. In 
principle the size is not limited. 

Dielectric constant 8-10 (depending on purity) so slow substrate 
Loss tangent 1/10,000 to 1/1,000 depending on purity 
Surface roughness at best 1/20 micron 
High thermal conductivity, 0.3 watts per sq cm per degree K 



Stripline Structures 

The stripline typically consists of a line conductor trace sandwiched between two 
reference planes and a dielectric material. The transmission line, i.e. the trace 
and planes, form the controlled impedance. The value of the impedance will be 
determined by its physical construction and electrical characteristics of the 
dielectric material:

The width and thickness of the signal trace 
The dielectric constant and height of the core or pre-preg material either side of 
the trace 
The configuration of trace and planes 



Single-ended Striplines 

Note that in the following diagrams the signal trace is actually trapezoidal in 
profile and width W refers to the trace width nearest the upper surface, width 
W1 refers to the trace width nearest the lower surface.

A stripline differs from a microstrip in that it is a line embedded in a dielectric 
between two reference planes. There are two variations of stripline 
configuration — the centred or symmetric stripline and the offset stripline.


























































































































