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Scattering at an
Impedance
Discontinuity
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Applied Wave

Problem Setup

Transmission Line 1 Transmission Line 2
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Some may reflect

Some may transmit
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Incorporate Reflected Wave
Transmis;sion Line 1 . Transmission Line 2
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Enforce Boundary Conditions (1 of 2)

Transmission Line 1 Transmission Line 2
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Z=I0

V()£ 14 (2)

+ Nz - Nz _E_ + _—7»Z
Ve +Vet =V, e” Boundary conditions require the
' voltage and current on either side
of the interface to be equal.
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Enforce Boundary Conditions (2 of 2)

Transmission Line 1 Transmission Line 2
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Z=I0
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The interface occurs at z= 0 so
the exponential terms all equal 1.
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Reflection Coefficient, I

Enforcing the boundary conditions at z =0 gave
won_n

= Eq. (2
Z Z, Z, q()

VeV =1 Ea. (1)

Substitute Eq. (1) into Eq. (2) to eliminate V.
E_K B VT +Vl,
Zl Zl ZZ

Solve this new expression for V" /V,*.
Ly L1 1,
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Zl Zl ZZ ZZ
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Revised Equations for V(z) and I(z)

The total voltage and current in any section of line was written as

V(z):I/;;e’”+V0’e“ I(Z):I; e"”—ge

0 0

Using the concept of the reflection coefficient I', these equations can now be written as
V(z)=Vye +TV, e =V, (e’” +Fe“)

F—V‘;‘eyZ :V—‘;(e_” —Fe”)

17
I(z)=—20¢e7 -
( ) ZO ZO ZO

— Vo _ Z,-2, Reflection coefficient
+
v Z,+Z at the load
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The Full Story About
Transmission Line
Discontinuities
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Connecting Two Different Transmission Line Types

What happens when you connect a 50  coaxial transmission
line directly to a 50 (2 parallel plate transmission line?

50 Q Coaxial
Transmission Line
auI7 uolssiwsues|
9le|d |3]|eded U 09
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Connecting Two Different Transmission Line Types

What happens when you connect a 50 () coaxial transmission
line directly to a 50 () parallel plate transmission line?

50 Q Coaxial
Transmission Line
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Connecting Two Different Transmission Line Types

Despite the impedance match, there will be a strong reflection because
the field profile on either side of the interface is very different.

50 Q Coaxial
Transmission Line
auI7 uolssiwsues|
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How to Resolve Reflections

General Case Special Case
The general case requires a field analysis to This simple formula really only
determine reflection. There may also be spurious applies when the two transmission
radiation at a very discontinuous interface! lines are very similar.

B Zz _Zl

=
Z,+7Z,
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Balanced Vs. Single-Ended Lines
Single-Ended Lines Balanced Lines
Single-ended (unbalanced) transmission lines use Balanced transmission lines have two
one signal wire and a ground that acts as the signal wires. The two signal wires are
reference. 180° out of phase so they are exactly

inverted.

- buried aral‘el late I
coaxial microstrip P P coplanar strips

@

stripline coplanar shielded pair slotline
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Interfacing Balanced and Single-Ended Lines

Interfacing balanced and unbalanced lines is particularly difficult. The
devices that connects an unbalanced line to a balanced line (or load) is
called a balun (Balanced to Unbalanced)

Unbalanced (O ..;:1::: * O
input H o Balanced
" output
deis JO

Centre tap

{optional)

https://www.electronics-notes.com/articles/antennas-propagation/balun-unun/what-is-rf-antenna-balun.php
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Power Flowing Along Length of Line

The RMS power flowing at a distance z from the load is

f\ * is complex conjugate

F.. (z) = %Re[V(Z)I* (z)] This equation is valid for any line, even those with loss.

a
For lossless lines (not lossless loads), these equations can be written as

V(z) A (e—jﬁz 4 rLe/ﬁz) I(z) - Z_J(e/ﬁz _rLejﬂZ)

0

Substituting these equations into the expression for Pavg(z) gives
1 , NS .
Ry(z)=5Re V;(e*f/ﬂrLefﬂZ).—( ) (e77-T,e"™)
0
L2
0 2 Notice that the z dependence vanished. This is because power flows uniformly without
B = 27 (l_lrLl ) decay in lossless lines.
0
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Voltage Standi
Wave Ratio (VSWR)
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Voltage Standing Wave Ratio (VSWR)

The voltage standing wave ratio (VSWR) is essentially the same concept as the standing wave
ratio (SWR) discussed with waves. The only difference is that VSWR describes voltage and
current instead of electromagnetic fields.

max|V(z)| ~ max|](z)|

VSWR = min|V(z)| B min|1(z)|
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Derivation of VSWR (1 of 2)

Start with the expression for waves travelling in opposite directions on a transmission line.
Assume the line is lossless (i.e. & = 0).

V(Z)=V0* (e—jﬂerrLejﬁz) ](Z):I;_J(ejﬂz_rLemz)

0

The magnitude of the voltage signal V(z) is
(=)=

By inspection of this equation, the maximum and minimum values of this function are
determined to be

e P +FLejﬁZ

V0+

1+, e/

V;;

V. :max|V(z)| =1+ )
V. =min|V(z)| =y |(1-]r,])
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Derivation of VSWR (2 of 2)

The VSWR is therefore

max|V(z)| _
min|V(z)|

VO+
V'O+

VSWR = N
(1=[re) 1|0

The VSWR is an easily measured quantity. In addition, the magnitude of the reflection
coefficient at the load |I},| can be calculated directly from the VSWR.

VSWR-1
ml= VSWR
+1
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Animation of VSWR (1 of 6)
Case 1: 50 Q transmission line terminated with a short-circuit load.
r, =-1
Voe ) Voltage, V(z) gy
Viria =z
i '\\—/“/\’v/z
""t \("n‘r};{ﬁ?:’[:]
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Animation of VSWR (2 of 6)

Case 2: 50 Q transmission line terminated with an open-circuit load.

I, =+1

Voltage, V(z)
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= Current, f(z)
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Animation of VSWR (3 of 6)

Case 3: 50 Q transmission line terminated with a 16.5 Q) load.
Zy>7Z, — I'=-05

Vinax ————==——==< _ JUPTEEN .

‘min_“—-T et ’.—-;;‘—'—;-\ — ’—";'-

Zp=1650Q |
=-050 |
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Animation of VSWR (4 of 6)

Case 4: 50 Q) transmission line terminated with a 150 Q2 load.

Zy,<Z, — I''=+05

Voltage, V()

e e — g .. "/____,_
L] g 0
"--.._____’__/ — \'_,—_—‘ZT—-/
---------- I SO S
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Animation of VSWR (5 of 6)
Case 5: 50 Q) transmission line terminated with an RL load.
Ve . Voltage, V(z)
L e — /——'\ — P
— "’-“F\""—"/
Zy =10.00 + j20.00 & i
I' = =0.50 + j0.50
C
"tlhm“ﬁ ST ——cis PR
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Vinax

v

min

Case

Animation of VSWR (6 of 6)

6: 50 Q) transmission line terminated with an RC load.

Zr = 10,00 — j20.00
T'= —0.50 — 50.50

) -C'I-ll-'ﬁ*zﬂ‘.‘f(i)
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