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3.2 IMPEDANCE MATCHING BY STUBS:

In microwave and radio-frequency engineering, a stub is a length of
transmission line or waveguide that is connected at one end only. The free end
of the stub is either left open-circuit or (especially in the case of waveguides)
short-circuited. Neglecting transmission line losses, the input impedance of
the stub is purely reactive; either capacitive or inductive, depending on the
electrical length of the stub, and on whether it is open or short circuit. In Fig
3.2.1 Stubs may thus be considered to be frequency-dependent capacitors

and frequency-dependent inductors.

Because stubs take on reactive properties as a function of their electrical
length, stubs are most common in UHF or microwave circuits where the line
lengths are more manageable. Stubs are commonly used in antenna impedance

matching circuits and frequency selective filters.

Smith charts can also be used to determine what length line to use to obtain a

desired reactance.

Stub matching

Main fine Athtattae-

Stub Connector

[

Fig: 3.2.1 Stub matching

Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition,
Prentice Hall India, 2015
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In a strip line circuit, a stub may be placed just before an output connector to
compensate for small mismatches due to the device's output load or the

connector itself.

Stubs can be used to match a load impedance to the transmission line
characteristic impedance. The stub is positioned a distance from the load. This
distance is chosen so that at that point the resistive part of the load impedance
IS made equal to the resistive part of the characteristic impedance by
Impedance transformer action of the length of the main line. The length of the
stub is chosen so that it exactly cancels the reactive part of the presented
impedance. That is, the stub is made capacitive or inductive according to
whether the main line is presenting an inductive or capacitive impedance
respectively. This is not the same as the actual impedance of the load since the
reactive part of the load impedance will be subject to impedance transformer

action as well as the resistive part.

In the method of impendence matching using stub, an open or closed stub line
of suitable length is used as a reactance shunted across the transmission line
at a designated distance from the load, to tune the length of the line and the
load to resonance with an anti-resonant resistance equal to Ro. Matching stubs

can be made adjustable so that matching can be corrected on test.

Single stub will only achieve a perfect match at one specific frequency. For
wideband matching several stubs may be used spaced along the main
transmission line. The resulting structure is filter-like and filter design
techniques are applied. For instance, the matching network may be designed
as a Chewy she filter but is optimized for impedance matching instead of
pass band transmission. The resulting transmission function of the network
has a pass band ripple like the Cheese filter, but the ripples never reach 0dB
insertion loss at any point in the pass band, as they would do for the standard
filter.
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SINGLE STUB MATCHING:

Impedance matching by single-stub method.

Fig: 3.2.2 Location of single stub for impedance matching
Source: John D Ryder, —Networks, lines and fields|, 2nd Edition,
Prentice Hall India, 2015

The load should be matched to the characteristic impedance of the line so that
as much power as possible is transmitted from the generator to the load for
radio-frequency power transmission.
The lines should be matched because reflections from mismatched loads and
junctions will result in echoes and will distort the information-carrying signal for
information transmission.
Short-circuited (instead of open-circuited) stubs are used for impedance-
matching on transmission lines is shown in Fig 3.2.2.
Single-stub method for impedance matching: an arbitrary load impedance can be
matched to a transmission line by placing a single short-circuited stub in parallel
with the line at a suitable location
When a high frequency line terminated in its characteristic impedance it is
operated as a smooth line under such conditions the reflections are absent.

Hence we get maximum power delivered to the load efficiency.
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But in practice load antennas does not produce resistance equal to Ry.

For example, we use quarter wave line for impedance matching technique.
The input impedance Y is looking towards the load from any point on the
transmission line is given by,

Ys=Go+jB  ....... (A)

G, - Conductance

Y- Susie Trance

These may be the admittance at point A before the stub connected.

The point A located such that at which Gy = L

Ro

Then at point A short stub line is connected and this line is selected such that its
Input susceptance is + jobs
This stub is connected across the transmission line. The total admittance and
I/p can be written as,
Ys=Gox jB+jB
1

Yo =G, =—
S 0 Ro
Z _1
1
Ry =—
0 Go
The input impedance is given by,
B [1+\K\ L @-28s ]
Iy, = Z —1o 1_“(‘ Lo
The 1/p admittance is given by,
_ 10 -] Le-2Bs 3
e zs  Ro [1+ K _o—zﬁs] """ @
Y. =G [1— K cos(@—2B5)— j ksin(@—-285s)
s— Yo |1+ K cos(@—285)+ j ksin(@—-28s)
Y. =G [[1— K cos(@—285)]—j k sin(@—2p85s)
$ 7 70 |11+ K cos(@—28s)]+j k sin(@—2Ps)
V. =G [[1— K cos(0—285)]—j ksin(@—-28s) [[1+ K cos(@—28s)]—j ksin(@—-28s)
y/="4q | [1+ K cos(B—-285)]+j ksin(@-28s) . [1+ K cos(@—2Ps)]—] ksin(@—285)
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I =G [ [1+ K cosl@—2Bs)2+ [k sin((b;é[}s)]2

= [1+K cos(d - 2Bs) - j ksin(@ - 2Bs) - K cos(d - 2Bs)-
K2cos® (@ — 2Bs) + JK? cos(@ — 2Bs) sin(@ — 2Bs)- [k si(@ — 2Bs) —
K? cos{@ — 2Bs)sin(@ — 2Bs)- K2sin® (@ — 26s) ]

Y=G6 [ 1- 2 k snig—28s) — K? '
s 0L 14 9k cofp—2ps)+ Kcos? (6—285) + KPsin? (6—2p) :

~ A= K2 2 k snlg—2s)
=G L1+ 2k cos(@-2ps)+ 'a
We know that,
Ys=Gs+]Bg

. 1- K? 2 k sin(@—2Bs)
+ = -

Gs J BS GO [1+ 2K cos(p-2ps)+ K2 1+ 2K cos(@-2ps)+ K2
Gs+iB _ | 1- K2 _ 2 k sn(@—2s) ]

Go 1+ 2K cos(@-2ps)+ K2 1+ 2K cos(@-2Bs)+ K2 !
b . j s_ [ 1- K2 _ 2 k sn(@—2ps)
Go Go 1+ 2K cos(0-2ps)+ K? 1+ 2K cos(@-2ps)+ K?
Gs _ 1- K2
Go 1+ 2K cos(@-2ps)+ k2 T (3)
B _ —2ksnlg—2ps) (4)

Go 142K cos(@-2fs)+ K?

From the values of (ST AndGis we can relate this value to the stub length and the
0 0

Point at which the stub is to be connected.

From the plot shown in figure it is absorbed that the value of GS? Is maximum if
0

The value cosine term in the expression in negative i.e.
P—2fs=-n
2,352 =Q+n

_P+m
S = 28
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Atdistances, The maximum value of2 |s,
Go

Gs 1- K2
(E) max T cos(@-2s)+ K2
&y =LK

Go " 1+ 2K cos(-m)+ K?
(B =Ll

6o o 1- 2K+K?

Gs 1- K2
( i o K

Gs_ _ (1=K)(1+K)

( Go ) max ) (I-K)?

Gs _1+K
| a) max K

Gs
(GO ) max S
Gs=0Gp S
I =lg
Rs  Ro
B, =22

Thus at the point s, the point impedance R, is resistive and its value is minimum
voltage at distance s, from the load.

At distance s, from the load,

GS = GO

This is the point at which the stub is to be connected where the value of ¢S 4G&
0

Unity.

S5=1

Go

From equal (3),
_ 1- K2
1+ 2K cos(@-2fs1)+ K?

1+ 2K cos(@ —2Bs1) + K2=1-K?
2K cos(@ - 2Bs;) =1 - K> -1 - K?
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2K cos(@ — 2fs1) = — 2K?

_ 2K2
) 2K

cos(@ - 2Bsy
cos(@ — 2Bs1) = -k

@ — 2Bs1= cos }(-K)

@ — 2Bs;=—m *cos }(K)
0 +m =+ cosH(K)=2Bs;

1

ST (@ + 7 *cos }(K))

_2m_
B_A

Sub g value in s,

5 = 17 (6 + m *cos (K))

The distance ‘d” from the voltage minimum to the point of stub connection is

given by,
d=s,-51
d = O+m O+ m 2=cos LK)
g 28
_ O+ m—0— m ==cos (K
d= 5
_ dcos H(K)
d= 5
We know that,
51 =2
K= s+l 1
Sub these values in above equ,
S_
icos'l(—l)
i S+1
4_7t
A
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hence the stub mat be located at distance ‘d’ measured in either direction from

voltage minimum but for better performance the stub is placed on the load side

of the voltage minimum which is nearest to the load.

To calculate the input susceptance of the line at s distance ‘s’ ,

From equ (4),

— 2k sin(@—2Bs)
Go 142K cos(@-2fs1)+ K2

We know that,

5 = 217 (@ + m *cos Y(K))

O+ m ==cos LK)

)
26

=cos(@ — @ — m =% cos H(K))
= cos(— m *=cos 1K) )

=cos(cos 1 (-K) )

cos(g-28s, )= (@ —2p

cos(@ — 2Bs1) =—K

O+ 1 ==cos LK) \

U zﬁ
=sin(@— @ —n =% cos (X))

=sin(-m %=cos {(K) )

=sin(cos (-K))

sin(@ - 28s; ) =n(0 28

Let cos*(-K) =0

—K =cos 6

sin(@ - 2s1) = sin(cos™(cos 6) ) sin(@ — 2Bs4) = sin @
[in%0 + cos’d =1

sin’0 = 1- cos?0

sinf== \1—cos?0]

==+ ] — cos’ @
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sin(@ — 2Bs;) = %= 1 — K2

—rZ
Bs_ 4 2k NI-K
Go 14 2(-K)+ K2
Bs_ | 2kN1-K?
Go ~  1-2K*K?
— gz
Bs_ iZk\/I K
Go 1- K2
B _ 2k
Go ~ V1-K2
2k
By =% (\/I—KQ
Go
Bs — 2k Go
V1- K2

The above equation gives susceptance of the line with a distances” where the
stub is to be connected.

So, this is given as,

_ 2k Go
BStub - — V1-K2

In general, the input impedance of a short circuited line is given by,
Zs. = JRotanps

Y,.=G+]B

=Y

N |-

1
jRotanps

G+jB=—1

JjRotanps

B=—1

Rotanps

$Q~<

The stub connected to the transmission line is also a short circuited line with a

total length L.
_ 1 S 2k Go
RotanpL V1- K2

2k G ptanpl = 2=N1 — K?
%6 ! tanpl =+ 1 —f—

OG()

B Stub
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VITRE—
2%k
V1- K2

L=t ! (= J——

2k

tanpL = %

_ K2
L =Lt (= K
B 2K

_2m_
'8_/1

Sub S valueinL,
L= tm (2 M__)_

n 2k

We know that,
_ 51
sl

S_ 2
oS (5+14])
-1

2% A A

((S#1)= (5+1)
(5+1)2

1 )

S+1

\/S‘+1+ZS*S‘*1*25 (S+1)%
- -1

2 G

A (s
L=%tan <i(s—1)>

This is the length of the stub which is short circuited.

DOUBLE STUB MATCHING:
Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001
https://play.google.com/store/apps/details?id=com.binilselva.photoship

www.binils.com for Anna University | polytechnic and schools

d:

ds |
N_I

il
B

. Yo
Y:= Go JBl Yo 7L

Il/ open or short "f]
open or shrt |
I2 |
I I
| Vol

Fig: 3.2.3 illustrating double stub matching

The Fig 3.2.3 shows that the another possible method of impedance matching is
to use two stubs in which the locations of the stub are arbitrary, the two stub
lengths furnishing the required adjustments. The spacing is frequently made
I/4.This is called double stub matching.

Limitations of single stub matching:

It provides matching at single frequency

The stub must be located at a fixed position on the line.

Not easy to tune.

Ys= G,

5 =1+jp

Go
Y¢=1+jb—jb

The input impedance is given by,
5 =R |

Zp+ |Rotanps
Ro+ jZgtan
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Ro=Z,zgr=Z;sub in above equ,

Z+ijZ tangs
y =h]
o+ Zifanps
1 1 1 .
I, =—,Z% =—,7% =—=—subinaboveequ,
Ys Yo 1)
41 tnps
1_ 1_ Y1, Yo ]
Ys. Yo '_tj tafs
Yo YL
Ejtan[&s
Y
Yo _ Yo
—= 0
Yg 1+] Yl_znﬁs
Yo
%% jtanps
Yo Yy
I
Ys J ;t,aLﬂBS
Yo _
=Y )
Y
Yo
") L
YL
_yLt jftanBs 1+
Q) [yLianps
ys _yL+jtanBs 1+ x 1JL_L_ lanfis 1~
= yianBs [yLtanBs

yg= YLt jtanBs—ijztanBs+ thanZBs 1+

yL4tan4ps

AN
+ 285+ fanBs—iy1 2 +

y12tan2Bs
g _ YL+ an?Bsl+ janfs(i-y12)
1+ y2tan2ps

yg Uttanfe)1s  janfsii-y2
y1an2Bs 1+, 2tan2ps
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y= g1t
% = gt by
% =y=1=jb,
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3.1 INTRODUCTION:

Transmission lines are used to transmit power from a source to a load. Maximum
power is transmitted by the line to the load with minimum losses when no
reflected wave is present or when the load impedance is equal to the characteristic
impedance of the line, when the load properly matched. Usually this conditionis
not achieved.

» Transmission lines is used to transmit power from source to a load.

« Maximum power is transmitted by the line to the load with minimum losses
when no reflected wave is present or when the load is equal to the
characteristic impedance of the line, that is, when the lad is properly
matched.

» There are various impedance matching techniques using short length

Transmission lines (*, %, ) and using stubs (single stub, double stub).
2 48

THE EIGHT WAVE LINE: (%):

; sz}\/S

Fig: 3.1.1 The eight wave line
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Fig 3.1.1 shows the circuit diagram of a transmission line with finite length %

The input voltage is E; 5q current .. The
input impedance of the circuitis Z;,
The receiving end voltage and current is Eg g Iz

The distance between sending and receiving end S = %

We know, the input impedance of the lossless line is given by,

E .
=% ZR+ JR BanBs
¢ s =Rp —]
Ro+ jZRgtanps
& Es R [iR+ iRotanBs]
s o+ iZptanPs

* Sub, S= % . B= ZTH in above equ.

e [wom(%)(g)]

7 |Rot izztan(5)(3)

[z iRotan()
Zin — RO - T
_Ro'i' )ZRtan(r)
_ [Zp+ iRo]
Zin RO -RO+ jZR
e IZp+ iRol]
12in | = IRo| [0
’ Roz+ ZRZ
|Zin I - RO R02+ ZRZ
|Zin | = RO

Thus the eighth wave line is generally used to transformer any resistance Z an
impedance z;, having its magnitude equal to characteristic resistance R, of the
line.

THE QUARTER WAVE LINE: (%) )
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Fig: 3.1.2 Quarter wave section as a impedance inverter

Fig 3.1.2 shows the circuit diagram of a transmission line with finite length *
4

The input voltage is E and current [.. The

input impedance of the circuitis Z;,

The receiving end voltage and current is E and .

The distance between sending and receiving end S =%

We know, the input impedance of the lossless linetis given by,

7 - ES — ZR+ ]'RotanBs

m— g 0[R0+jZRtanBs]

A 2m .
Sub, S= " B= T“ in above equ.

- 'ZR+iRota"('le)G)]
in 0 _Ro+jZRta“(2T")(%)
" -ZR+ jROtan(n?)

Zin = Ro _Ro+ithan(1;“)

can(®) [l
tan(l) 800 5 iZg

? [an(E)

Zin — Ko
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The input impedance equation is similar to the equation of transformer.

Thus the quarter wave line can be used as a transformer for impedance matching
to the load Zj it input impedance z,.

A quarter wave transformer can transfer low impedance into high impedance
And vice versa.

So, it can be considered as impedance inverter. The short circuit quarter wave
line behaves like a open circuit in the other end.

While, the open circuited quarter wave line will behave like short circuit in the
other end.

APPLICATION:

Ro RS R

B

o
s
h 4
Fig: 3.1.3 Quarter wave line as-insulator

In Fig 3.1.3 the major application of X line is impedance transformer is coupling
4

A transmission line to a resistive load such as an antenna. From the input

Impedance equation of X line.
4
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If antenna is a load having a resistance of R, the quarter wave section is
designed such that its characteristic impedance Rgtransforms antenna

resistance R, to the characteristic impedance of the line Ry.

2

s

Rb: \/RORa

THE HALF WAVE LINE: (%):

N/

Fig: 3.1.4 the half wave line
Fig 3.1.4 shows the circuit diagram of a transmission line with finite length &2
The input voltage is E; snq Current .. The
input impedance of the circuitis Z;,

The receiving end voltage and current is Ep ang g

The distance between sending and receiving end S = %

We know, the input impedance of the lossless line is given by,
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_Es R [iR'f'jRotanBS]

Z. e pe—
ik o+ jZptanPs

Is

A 21 .
Sub. S= = B= s above equ.

Za+ ,-Rotan(zTﬂ)(g)]

R0+ iZgtan(5)(5)

[Zp+ jRotan(m)

Z:.. — R
- O |Rp+ jZgtan(m)
. [Zp
Zin = Ro P
Zin =ZR

The half wave line repeats terminating impedance. So the half wave line can be

considered as 1:1 transformer.
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3.5 SINGLE STUB MATCHING USING SMITH CHART:

PROBLEM 1:

A 30m long lossless transmission line with Z, = 50 ohm operating at 2 MHz is
terminated with a load Z,=60+j40 ohm. If v=0.6 ¢ on the line, find Refection
coefficient, the standing wave ratio and the input impedance.

STEP 1:

» To find The normalized load impedance is

« 7, =1.2+j0.8
STEP 2:

e Fig 3.5.1, draw the normalized load impedance in smith chart

z/=1.2 +j0.8

Fig: 3.5.1 Normalized load impedance

STEP 3:
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e Fig 3.5.2, mark the value of Standing Wave Ratio in smith chart

Fig 3.5.2 Standing Wave Ratio

STEP 4: . .
\rdfidmet e COIT)
| |
z/=1.2 +j0.8 e, am
S
Fig: 3.5.3 wavelength
STEP 5:
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e (Calculate the velocity and wavelength using 30m long transmission line
v =0.6C

= 0.6 X 3X10"8
=1.8X10"8
A=z
f
_ 1.8X10"8
2 X1076
A =90m
L =30m
1m=30X A~
20
L=2
3
L=0333A
STEP 6:

e Fig 3.5.4, draw the new wavelength in smith chart

@z =1.2+0.38 o o

=

0.333\

0.172 A +0.333A

=0.505 A

Fig: 3.5.4 new wavelength
STEP 7:

Fig 3.5.5, calculate the normalized input impedance and mark the Z;,, in
smith chart
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In=1In Io

Z, =0.48-0.03
Zin=(0.48 —j0.03) 50
Zin =24 +j1.5 ohm

@ z/=12+0238

Zin=048-;0.03
Zin = (0.48 - j 0.03)50
=(24 +) 1.5) ohm

0.333A

0.172 A +0.333)
=0.505 A

Fig: 3.5.5 Normalized input impedance
STEP 8:

e Fig 3.5.6, mark the reflection coefficient and phase angle in smith chart

®:=12+08 P s T
— ; > — ' '1 T "”‘/4 K=0.351156
Z HHAN® Zin = 0.48— 0.03

Zin = (0.48 - j 0.03)50
=(24 +) 1.5) ohm

0.333A

— 0.172A+0.333)\
L =0,505 A

Fig: 3.5.6 Reflection coefficient and phase angle
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\[Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice
Hall India, 2015
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3.3 SMITH CHART. SOLUTIONS OF PROBLEMS USING SMITH
CHART:

Smith Chart:

The Smith Chart is a fantastic tool for visualizing the impedance of a
transmission line and antenna system as a function of frequency. Smith Charts
can be used to increase understanding of transmission lines and how they behave
from an impedance viewpoint. Smith Charts are also extremely helpful for
impedance matching, as we will see. The Smith Chart is used to display a real
antenna's impedance when measured on a Vector Network Analyzer (VNA).

Smith Charts were originally developed around 1940 by Phillip Smith as a
useful tool for making the equations involved in transmission lines easier to
manipulate. See, for instance, the input impedance equation for a load attached to
a transmission line of length L and characteristic impedance Z0 is shown in Fig
3.3.1. With modern computers, the Smith Chart is no longer used to the
simplify the calculation of transmission line equations; however, their value in
visualizing the impedance of an antenna or a transmission line has not
decreased.
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Figure should look a little intimidating, as it appears to be lines going
everywhere. There is nothing to fear though. We will build up the Smith Chart
from scratch, so that you can understand exactly what all of the lines mean. In
fact, we are going to learn an even more complicated version of the Smith Chart
known as the imminence Smith Chart, which is twice as complicated, but also
twice as useful. But for now, just admire the Smith Chart and its curvy elegance.
This section of the antenna theory site will present an intro to the Smith Chart
basics.

THE CIRCLE DIAGRAM FOR DISSIPATION LESS LINE:

Constant Resistance Circles

For a given normalized load impedance zL, we can determine and plot it on the
Smith Chart. Now, suppose we have the normalized load impedance given by:
z1=1+ivy (1)

Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice
Hall India, 2015

In Fig 3.3.2, the outer blue ring represents the boundary of the smith chart. The
black curve is a constant resistance circle: this is where all valuesof z1 =1 +
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I*Y will lie on. Several points are plotted along this curve, z1 =1, z1 =1 + 1*2,
and all = 1 - I*4. Suppose we want to know what the curve z2 = 0.3 + I*Y looks
like on the Smith Chart. The result is shown in Fig 3.3.3:

— ~

"/‘ y ZL =0,3+l3 —, '\.\‘
| | \
1‘ z, =039 1.0 /
|
\. ®; =03-i04— —
\\\\ ~ ) ) : ;’//

3 SR

Fig: 3.3.3 Constant resistance circle all = 0.3 on smith chart

Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice
Hall India, 2015

In Fig 3.3.3, the black ring represents the set of all impedances where the
real part of z2 equals 0.3. A few points along the circle are plotted. We've left the
resistance circle of 1.0 in red on the Smith Chart. These circles are called constant
resistance curves. The real part of the load impedance is constant along each of

these curves. We'll now add several values for the constant resistance, as shown
in Fig 3.3.4:

0.1
0.3

1.0
2.0
6.0
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Fig: 3.3.4 Constant resistance circle on smith chart

Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice Hall
India, 2015

In Fig 3.3.4, the all=0.1 resistance circle has been added in purple. The all=6
resistance circle has been added in green, and all=2 resistance circle is in black.
Look at the set of curves defined by all = R + ivy, where Y is held constant and
R varies from 0 to infinity. Since R cannot be negative for antennas or passive
devices, we will restrict R to be greater than or equal to zero. As a first example,
letall = R + 1. The curve defined by this set of impedances is shown in Fig 3.3.4:

1.0

" 2, =034i0

z, =20+il

1.0
2.0

O
@

0.1
0.3
SR

Fig: 3.3.4 Constant resistance Curve all =R + I*1
Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice
Hall India, 2015

The resulting curve all = R + | is plotted in green in Fig 3.3.4. A few points along
the curve are illustrated as well. Observe that all = 0.3 + | is at the intersection of
the Re [all] = 0.3 circle and the I’'m [all] =1 curve. Similarly, observe that the
all = 2 + 1 point is at the intersection of the Re[all]=2 circle and the I’'m[all]=1
curve. (For a quick reminder of real and imaginary parts of complex numbers,
see complex math primer.) The constant reactance curve, defined by I’'m[all]=-1
is shown in Fig 3.3.5:

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001
https://play.google.com/store/apps/details?id=com.binilselva.photoship

www.binils.com for Anna University | polytechnic and schools

1.0
/'/‘—‘ >, ,
Y N\
/7 Y
/"/ £
't | m e o oy \
| o o -t ~ - j‘
Z, =10-i1.0 a /
\\_\ 4
\ 7
N /
1.0

Fig: 3.3.5 Constant reactance Curve zL =R - i

Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice Hall
India, 2015

The resulting curve for Im[zL]=-1 is plotted in green in Figure 3.3.5. The
point zL=1-i is placed on the Smith Chart, which is at the intersection of the
Re[zL]=1 circle and the Im[zL]=-1 curve.

An important curve is given by Im[zL]=0. That is, the set of all impedances
given by zL = R, where the imaginary part is zero and the real part (the resistance)
Is greater than or equal to zero. The result is shown in Fig 3.3.6:

1.0

z, =0 z

03

0.0Q 51

Shornt Circuit Point = ~— Open Circuit Paint

Fig 3.3.6 Constant Reactance Curve for zL=R
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Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice
Hall India, 2015

Fig 3.3.6. Constant Reactance Curve for all=R. The reactance curve given by
I’m[all]=0 is a straight line across the Smith Chart. There are 3 special points
along this curve. On the far left, where sly = 0 + 10, this is the point where the
load is a short circuit, and thus the magnitude of is 1, so all power is reflected. In
the center of the Smith Chart, we have the point given by all = 1. At this
location, is 0, so the load is exactly matched to the transmission line? No power
is reflected atthis point.

The point on the far right in Fig 3.3.6 is given by zL = infinity. This is the open
circuit location. Again, the magnitude of is 1, so all power is reflected at this
point, as expected. Finally, we'll add a bunch of constant reactance curves onthe
Smith Chart, as shown in Fig 3.3.7.

1.0

0.2 A . 5.0

10
20

-1.0

Fig 3.3.7 Smith chart with reactance curves and Resistance circles
Source: John D Ryder, —Networks, lines and fieldsl, 2nd Edition, Prentice
Hall India, 2015

In Fig 3.3.7, we added constant reactance curves for I'm[all]=2, I’'m[all]=5,
I’m[all]=0.2, I’'m[all]=0.5, I’'m[all]=-2, I’m[all]=-5, I’m[all]=-0.2, and I’'m[all] = -
0.5.

Figure 4 shows the fundamental curves of the Smith Chart.

SINGLE AND DOUBLE STUB MATCHING USING SMITH CHART:

Applications of smith Chart:

¢ Plotting an impedance
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e Measurement of VSWR
e Measurement of reflection coefficient (magnitude and phase)
e Measurement of input impedance of the line

e Itis used to find the input impendence and input admittance of the line.

e The smith chart may also be used for loss lines and the locus of points on
a line then follows a spiral path towards the chart center, due to attenuation.

e The difficulties of the smith chart are
Single stub impedance matching requires the stub to be located at a definite point

on the line. This requirement frequently calls for placement of the stub at an
undesirable place from a mechanical view point.

For a coaxial line, it is not possible to determine the location of a voltage
minimum without a slotted line section, so that placement of a stub at the exact
required point is difficult

In the case of the single stub it was mentioned that two adjustments were
required, these being location and length of the stub.
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3.4 SMITH CHART:

Developed in 1939 by P. W. Smith as a graphical tool to analyze and design
transmission-line circuits

Today, it is used to characterize the performance of microwave circuits
Impedances, voltages, currents, etc. all repeat every half wavelength

The magnitude of the reflection coefficient, the standing wave ratio (SWR)
do not change, so they characterize the voltage & current patterns on the
line

If the load impedance is normalized by the characteristic impedance of the
line, the voltages, currents, impedances, etc. all still have the same
properties, but the results can be generalized to any line with the same
normalized impedances

The Smith Chart is a clever tool for analyzing transmission lines

The outside of the chart'shows‘location on the line in wavelengths

The combination of intersecting circles inside the chart allow us to locate
the normalized impedance-and then to find the impedance anywhere on the

line

STEP 1:
Fig 3.4.1, Draw the positive XL circles

Positive x1 Circles

Fig: 3.4.1 Positive xL circles
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STEP 2:
Fig 3.4.2, Draw the rL circles

Positive x1 Circles

L Circles

Www . binils.

Fig 3.4.3, Draw the negative XL circles

Positive xi Circles

r. Circles

Fig: 3.4.3 Negative xL circles
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STEP 4:
Fig 3.4.4, Mark the impedance (3 + j3) in the smith chart

Mark the impedance (3+j3)ohm in Smith chart

E

3

“0.1740.18

Fig: 3.4.4 Mark the impedance (3 + J3) in the smith chart
[Source: John D' Ryder, —Networks, lines and fieldsl, 2nd 'Edition,
Prentice Hall India, 2015]
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