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We start a new module Impedance Matching and in this particular module we are going to cover
the following contents will first discuss about L section Impedance Matching then we will discuss
single and double stub matching L section Impedance matching will involve lumped elements
where is stub matching will involve sections of Transmission lines then we will see a very
interesting matching circuit which is called a quarter-wave transformer we will discuss the theory
of small reflections and then utilizing the theory of small reflections we will discuss how multi-
section matching Transformers can be designed then we will consider another form of matching
network which is a tapered line this type of taper lines can be easily designed using planar

transmission lines.



(Refer Slide Time: 1:49)

Matching Network

An impedance matching network

is placed between a load —00 |
impedance and a transmission 7 Matching
line. ¢ Network

The matching network is ideally

lossless, to avoid any loss of

power A matching network can be found as long
as Z,, has positive real part

It is designed in such a way that  Factors that are considered while selecting

the impedance seen looking into  a particular matching network are:

the matching network is Zp. Complexity, bandwidth, Implementation
and adjustibility

So we start our discussion on matching network first in general discussion on matching network
so what is a matching network an impedance matching network is a circuit which is placed between
a load impedance and a transmission line now this is the block diagram of a matching network we
have a transmission line Zo is the characteristic impedance and Z. is the load impedance we know
that if we connect Z directly to this transmission line then when Z is not equal to Zo there will
be reflected signal and the power will not be fully absorbed by the load it will be reflected back so
what do we introduce a matching network in between Now this matching network ideally it should
be lossless so that the matching network itself should not dissipate power so in order to avoid any

loss of power within the matching network ideally it should be lossless.

So a matching network is designed in such a way that the impedance in looking into the matching
network is Zo so if you look at this point then the load impedance transformed by the matching
network will give an input impedance of Zo here. A matching network can be found as long as Z.
has a positive real part and there are several factors which are taken into consideration when we
design the matching network, and these factors are Complexity, the matching network should be
very simple, Bandwidth, it should offer sufficient bandwidth the matching should remain valid

over a wide band of frequencies.



Implementation has to also take into consideration it should be easily implementable and
adjustability because in certain cases particularly when the load is variable the matching network
should provide some adjustability with the variable load, so these are broadly the factors which

are taken into consideration when we go for the design of the matching network.
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L-section impedance matching network

Uses two reactive elements to match an arbitrary load to a
transmission line

—5 -
:

]

Used when 2, = Z, /2, is inside the
1+ jx circle in the smith chart

L-section impedance matching network

Uses two reactive elements to match an arbitrary load to a

transmission line
' )

Used when z;, = 7, /Z, is inside the Used when z;, = Z, /Z is outside the

1 + jx circle in the smith chart 1 + jx circle in the smith chart



Now let us come to L-section Impedance Matching network it essentially uses two reactive
elements to match an arbitrary load to a transmission line so the first matching network using L
section we are showing it so we have a series element jX and a shunt element shown as jB. So
depending upon the lumped element used this can be an inductive element it can be a capacitive
element similarly here also we can use an inductive or a capacitive element now this form of
matching network is normally used when the real part of Z, is greater than Zo or in other words if
you considered the normalized impedance Z. by Zo it lies inside the 1 plus jx circle in the smith
chart.

So in the smith chart if you consider the circle r equal to 1 so inside the circle we will have r greater
than 1 and which actually indicates the real part of the load impedance is greater than the
characteristic impedance Zo so this type of matching network or this configuration of matching
network is suitable for handling the loads for which the real part of the load impedance is greater
than Zo.

This is another form of Impedance matching network using L-sections here we also have a series
and a shunt element but you can see that the shunt element jB is connected first and then it is
followed by the series element jX in series in series with Z,_in the earlier network jB is in parallel
with Z, here jB is in parallel with the series combination of jX and Z, and this type of matching
network is suitable when the normalized impedance Z is outside the 1 plus jX circle in the smith

chart what does it mean that the real part of Z is less than Zo.

Here also this jX can be an inductor or a capacitor this jB may be an inductor or a capacitor so you
can see that for these 2 circuit configurations essentially we can have 8 different circuit
combinations using the lumped elements inductors and capacitor. For example this may be

inductor inductor inductor-capacitor like that 8 combinations are possible.
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For this case R, > Z,

For impedance matching, we must have

Zo = jX +- :
°=IE T IB R T/@R, + XD
R, +jX,
Z, = jX
0= It BR —BX, +1

Zo(jBR, — BX, + 1) = jX(jBR, — BX, + 1) + R, + jX,,
Equating the real part from both sides
—ZoBX, + Zy, = —XBR, + R,
B(XR, — ZyX,) =R, — Z,
Used when z, = Z,/Z, is inside the

1 + jx circle in the smith chart

L-section impedance matching network

For this case R, > Zy

For impedance matching, we must have '
1
Ly=j+ —mmm——— ;
T BRI Z

R, +jX,
]BRL — BXL + 1

Z,(jBR, - BX, +1)
= jX(IBR, - BX, + 1) + R, + jX,

—

Zo=jx+

Used when g;, = Z; /Z, is inside the
1 + jx circle in the smith chart

Equating the real part from both sides
—Z()BXL + Z() L —XBRL + RL
B(XR, = ZoX,) =R, = Z

Let us considered the L-section matching network that is used for the case when Ry, the real part

of the impedance is greater than Zo. Now for this circuit in order to have the Impedance matching

we must have the input impedance looking this point must be equal to Zo so we will have Zo is

equal to jX plus the parallel combination of jB and Z, and 1 by Z,_ can be added to jB and then the

reciprocal of this entire term can be added to jX and that has to be equal to Zo.



So if we multiply jB by R plus jXL and also take if we multiply jB by R plus jX. and also take
RL plus jXL to the numerator we get this expression and then we can multiply this denominator
term with jX and Zo, and then we get this expression and from this expression what we can do?
We equate the real and imaginary part so if we equate the real and imaginary part so you can see
that will have first let us equate the real part so we will have minus Zo BX. plus Zg this will give
another real-time so minus XgRL and then these two terms will be imaginary RL so minus XgRL
plus RL and rearranging the terms we can write BxR. minus Zo Xy is equal to R minus Z naught,

so this is the equation we get after equating the real part only.
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From X(]. - BXL) = ZOBRL - XL!

_ ZOBRL _XL
- (1-BXp)

ZoBsz - BRLXL - BZOXL + BZZOXE - (RL - Zo) - (RL - ZO)BXL
BZZO(RI% + Xf) - ZBZOXL - (RL - Zo) = O

L-section impedance matching network
From X(1 - BX,) = Z,BR, - X,,

_ZoBR,- X,
~ (1-BX)

SubStituting Xin B(XRL = Z()XL) - RL = ZO
ZyB*R} - BR,X, = BZoX, + B*ZoX} = (R, = Z) = (R, = Zy)BX,

BZZO(Rf + XE) = ZBZOXL — (R’ - Zo) =)

Now let us consider the equation that we get by comparing the imaginary parts, | have written the

main equation here so if you collect the imaginary parts from both sides and equate them then we



get Zo BRy is equal to minus X B X, plus X plus X, and once again if we rearrange the terms we

get X 1 minus B Xy is equal to Zo BRL minus XL.

And therefore now we have a set of two equations, one from the real equating the real parts and
another by equating the imaginary parts, and from this set of two equations, we can now solve for
B and X, which are the unknown. So we can solve for B and X, so from this equation we can write
Xin terms of BXL Zoand R so X can be written as Zo BRL minus X, divided by 1 minus BX. now
what we can de we can substitute this Xi, other equation so we substitute this X in the equation

BXRL minus Zo X, is equal to R minus Zo.

So once we make this substitution and then expand we will get this equation now in this equation
we can reorganize the terms, for example, this B square can be taken out from this term, and here
similarly B Zo Xy is here and from this side we will get another B ZoX. and finally will left with

this quadratic equation in B which can be solved.
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BZZO(RI% + Xf) - ZBZOXL - (RL - Zo) = O

5 270X, +J4Z2X? + 4Zy(R? + X2)(R, — Z,)
B 27Z,(R? + X?)

gt VXE+ RE+XD(RL/Zy— 1)
B (R? + X?)

g = Ko £VR/ZoVRE + XE — RiZ,
- (R +X7)




L-section impedance matching network

B2Zo(R? + X%) - 2BZoX, — (R, = Z) = 0

2k £ (8B + (RS + )R~ )

Bi=
ZZO(Rf +XE)

gt VAZ + (RE+XD)(Ry /20 - 1)
N (R? +XE)

p = Kt R/ZVRE £ X{ - Ry
: (RE +XP)

And we can write the solution of B as 2 Zo X, plus minus 2 Zo X, whole square plus 4 Zo R square
plus X, square into (Multiply) RL minus Zo so, and the entire term is divided by 2 ZoR. square plus

XL square.

So this can be further simplified we can divide both numerators and denominator by 2 Zoand then
B can be written in this form and then here we can simply further B becomes X, plus minus root
RL by Zoroot RL square plus X square minus RL Zo divided by RL square plus X, square now we
are considering the circuit the matching circuit for which Ry Is greater than Zo. So, when R is

greater than Zo this term is always positive because this term Ry Zowill be less than R. square.
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Since we use the matching network for R, > Z,, the term R? + X? — R, Z,, is always positive and
therefore there exist a real valued solution for B.

Once B is calculated, X can be calculated from

_ ZyBR, — X,
-~ (1-BX)

L-section impedance matching network

Since we use the matching network for R, > Zp, the term R? +
X? = R,Z, is always positive and therefore there exist a real
valued solution for B.

Once B is calculated, X can be calculated from

= ZOBRL s XL
~ (1-BX)

And therefore what you can do we can get from here we find that we can always get a real solution
for B, and once we calculate B then we can calculate X from the relationship that we have written
earlier, so here B is already calculated, and other parameters are known so X, can here B is already

calculated other parameters are known, and therefore X can be calculated from this expression.
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Let an impedance of Z;, = (100 — j50)2 is to be matched to a 50 line using a L-section
matching network at an operating frequency of 500 MHz. Let us design the matching network.

We have

5 - X, £ R./Zy\JR? + X} — R, Z,
- (R} +XD)

B —-50 = \/100/50 V1002 + 502 — 100 X 50 _ { 0.0058 N1

- (1002 + 502) ~ l-0.0138 071

_ ZoBR, — X} _ { 61.2372 0
(1-BX,) -61.23720



Example: L-section matching

Let an impedance of Z; = (100 — j50)Q is to be matched to a 5002 line using
an L-section matching network at an operating frequency of 500 MHz. Let us
design the matching network.

We have
e X, 2 RL/Zy\RE + X2 - Ry 2,
(RE +XP)
g S0t V100/50 V1002 + 50 - 100 X 50 _ [ 0.0058 0!
(1002 4 502) -0.01380°"!

_ZBR -X, _ [ 6123720
(1-BX,) ~ -6123720Q



So how we utilize this solution let us explain by taking an example, so we consider an example of
L-section matching network design and let an Impedance of Z, is equal to 100 minus j50 ohm is
to be matched to a 50-ohm line using an L-section matching network at an operating frequency of
500 megahertz. So let us design a matching network we already have the expressions for B and X
so if we substitute the values in the expressions for B we get B is equal to minus 50 plus 100 by

square plus square minus 100 into 50 everything under root divided by 100 square plus 50 square.

Now if this is computed, we will actually get two values, and these two values are 0.0058 ohm
inverse and minus 0.0138 ohm inverse so we have therefore two values of B similarly if we use

these values of B in calculating X we will get 2 values of X 61.2372 ohm and minus 61.2372 ohms.
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We have two solutions which are as follows:

Solution 1
B
C = = 1.85 pF

L= =1949nH

2nf
Solution 2
C=———=52pF
2rfX
L=—-——=231nH
2nfB

Example: L-section matching

We have two solutions which are as follows:

Solution 1 —— l

B L X
€= 5= 185pF ’ {T
L == =1949nH '

2nf Network for solution 1

Solution 2
—

! :
(=-—=52pF ( .
2fXx 4 Z 18

1
- - — “ |
L= ZHM—Z?LI nH

Network for solution 2



So what we can have now from these values of X and B we can calculate values for the lumped
elements, the inductors, and the capacitors. So let us consider the first solution in this solution we
have omega C is equal to B and therefore C is B by 2 pie f, f is given to be 500 megahertz B value
is we have already calculated, so we take first value the positive value of B, and then we get a
value of C to be 1 point 85 Pico farad similarly omega L is equal to X and therefore we know the
value of X let us take the first value of X that we have calculated and then divide by 2 pie f, f is

500 megahertz then we get 19 point 49 Nano henry.



So this L and C combination actually will give a matching circuit which is shown so you have L
C and load impedance Z_ and the transmission line Z naught. We can have a second solution
because we have 2 values of B and 2 values of X so the second solution we find C is equal to
minus 1 by 2 pie f X and again substituting the value of second value of X we get C is equal to 5
point 2 Pico farad.

And similarly L is equal to 1 by 2 pie f B so if we substitute the second value of B we get a solution
of 23.1 Nano Hendry and this is the second network and here you can see the series reactants it is
an inductance here the series element is a capacitance here the shunt element was a capacitor now
it becomes shunt element become inductor and both the circuit will be able to match the given load
impedance at the given frequency that means the load impedance of 100 minus j50 at the apparent

frequency of 500 megahertz with these values of L and C used in the two circuits respectively.
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For the matching network as shown, we have R, < Z,

1

— =B+ —m
Zo 77 TiX+R,+jX,
L

Z, TR AIX X

X and B can be found as
X =xyR (Zo— R — X,
V(Zo—RL)/R,

B =+
T 7

Used when z;, = Z, /Z, is outside the 1 + jx circle in the smith chart



L-section matching

For the matching network as shown, we have

R, <Zy —_— .
1 - il
7 Bt iR, 7
1 1
= B + =
Z TR AR — .
X and B can be found as Used when 2, = Z; /7 is outside
X=+ IIRL(ZD _ RL) — 7 the 1+ jx circle in the smith chart
Zy—R;)/R
5 VG RIR,
Zy

Now we move to the second configuration of the L-section matching network here you can see the
shunt element jB is connected first and then the load impedance Z. is in series with the reactance
jX now for this configuration we use this configuration when the normalized load impedance Z.
is outside the 1 plus jx circle on the smith chart, what does it mean that when the real part of Z_ is

less than Zo ? So this matching network shown here will use when Ry is less than Zo.

As before we need to find out the impedance looking at this point impedance or admittance looking
at this point an equate it is easier to work with admittance here so 1 by Zo becomes equal to jB plus
1 by jX plus RL plus jXL and therefore we can write 1 by Zois equal to jB plus 1 by R plus j X
plus X, now from this equation once again we separate the real and imaginary parts and then we

get a set of two equations from which X and B are solved.

When these steps are carried out and X and B are solved we get the expression for X to be equal
to plus minus RL plus minus square root R Zg minus R minus X. and B is equal to plus minus
square root Zo minus Ry divided by RL and the entire term divided by Zo. because of these plus
minus signs here once again we will get two solutions for X and two solutions for B and we can
map these values of X and B to a capacitive element and an inductive element and therefore we
will get two circuits with B and X been represented by lumped elements either a capacitance or an

inductance.
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Example: L-section matching with Smith chart

Let us now consider an example how L-section

matching can be done using a Smith chart. Since Ry > 2o, weuse

the following circuit

Let us discuss the matching of a 100 () load

with a transmission line of characteristic

impedance 50 () at 100 MHz. We use Smith ’ '
Zy

chart to do this matching.

— *

When we consider the matching in Smith chart
our starting point is normalized z; =2+ j0
and after matching we reachz = 1+ j0

So we have seen, how we can calculate the values for the components of the L-section matching
network analytically now let us consider an L-section matching design using smith chart we
consider an example how the values of the L-section matching network can be found out using a
smith chart let us discuss the matching of a 100 ohm load with a transmission line of characteristic
impedance 50 ohm at an operating frequency of 100 megahertz and we use smith chart to do this
matching so when we consider matching in smith chart our starting point is the normalized
impedance ZL and which is, in this case, is 2 plus j zero and after matching we reach the point Z

is equal to 1 plus jO.

So in our case since RL is greater than Zo we use the following circuit where we have this shunt
element jB connected to Z, first, and then the series element jX connected and this L-section

network will match this load Z. with Zo.
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We mark z;, = 2 + j0 on the smith chart,
Since we need to add an admittance first,
we first find y = 0.5 + j0 and add a mirror

of r = 1 circle.
We add jb = j0.5to reach rotated r =1
circle C=16pF

Therefore,
‘;—j= 2w x108x ¢ lhpF% %l(xm
C =16 pl

Having determined we come back to » = 1
circle and we land at the point (1 - j1).

We add a reactance of jx = j1 to move to
the centre of the Smith chart.

Therefore,

50 =2 X 108X L g

L =80nH

16pF
1002

So for a smith chart solution what we do we first plot this normalized impedance z is equal to 2 on
the smith chart and this is shown here next we draw the constant VSWR circle and then since we
need to add an admittance first we find out y is equal to 0.5 corresponding to this impedance Z is
equal to 2 next we draw a rotated r is equal to 1 circle, and we add jB equal to point 5 to reach this
point in the rotated r equal to 1 circle so at this point we can calculate the capacitor value that will
be needed, so our b is our small b is 0.5 so we multiply it by 1 by 50 is the value of Y naught to
get b and that should be equal to 2 pi f C, and from this we find the value of the capacitor to be 16
Pico farad. So at this stage we have found out this shunt capacitor that required to be connected
across this 100 ohm load, and that will give us the real part of the input admittance to be equal to
1.



Now we need to add the series element to what we come back to r equal to 1 circle that means this
circle, so in order to do that we draw this line through the center of the smith chart and find the
intersection point with r equal to 1 circle. Now we read the value of the normalized impedance
here at this point we have the value of the normalized impedance to be 1 minus j1 that means in
order to reach to the center of the smith chart we need to add a reactance of plus j and once we do

that, we reach the center of the smith chart.

Now this, x is the normalized value which is having 1 so 50 into 1 we equate with 2 pi fis 10 to
the power 8, L and then solve for L and we get the value of L to be equal to 80 Nano henry and
therefore we found out both the elements of the L-section matching network the capacitor value is
16 Pico farad and the inductor value is 80 Nano henry, and these values can also be verified using

the analytical formulation which was described previously.
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Stub Matching

A stub is a short section of transmission line which is either short circuited or
open circuited at one end.

A single stub matching circuit consists of a series or shunt stub as shown in the
figures below:

The design parameters are the distance of the stub d from the load and length

of the stub [ =
Open or Short -ﬂil{ a,
lZOL_']X Zo /‘Ja ZO DZL
7y > d 7, DzL O /
‘ or
T =2+ jX Short

Series Stub Matching Shunt Stub Matching

So, we start out discussion on another matching technique, which is called stub matching a stub is
a short section of a transmission line which is either short-circuited or open-circuited at one end.
Now a single stub matching circuit consists of a series or a shunt stub as shown in the figures. So
this is the figure for a series stub matching circuit, so we have the impedance Z., which is to be

matched to this transmission line of characteristic impedance Zo.



So what we do we try to find out the length of the transmission line d such that the input impedance
looking here it becomes Zo plus jX now this extra element jX is nullified by connecting this series
stub of length | which can be open or short, so this is one way of designing a matching network
and this type of matching network is called a series stub matching.

In another design, we can find out the input admittance in such a way that Y, becomes equal to Y
naught plus jB and then add a shunt stub open or short circuit to cancel out this remaining jB and
therefore match this to the line of characterized impedance Zo. So, if we look at both the circuits
what we observe that the design parameters in this type of circuits are the distance of the stub d
from the load and length of the stub I, which may be either open or sort, so various design options

are available.
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Analytical solution
The distance of the stub location d is so chosen that Z;,, = Z, + jX

The stub length [ is then so chosen for a short or open stub that input impedance of the stub is —jX.
This results in matching.

P Z; +jZytan fd
07+ jZ, tan Bd

We equate Re(Z;,) to Z, and find solution for d.

Series Stub Matching

Analytical solution

; : ; Open or Short
The distance of the stub location d is so pui_n_r_ e
chosen that Z;, = Z + jX I {Zn X
The stub length [ is then so chosen for a short S
or open stub that input impedance of the stub Zy > d gz, l:IZ,_
is —jX. This results in matching,

Lin=Zy+jX
2y +jlytan pd
= 207 ¥ jZ, tan pd
We equate Re(Z;,,) to Z, and find solution
for d.



Now let us consider an analytical solution to this series stub matching problem that means what
we want to do we want to find out this distance d and also the length of the stub | as we have
already mentioned that at the stub location d the input impedance Zin is Zo plus jX and we need to
choose the length | of the stub a sort circuited stub or a open circuited stub in such a way that the
input impedance of the stub looking at this point has to be equal to minus jX and this will result

into matching.

Now we know that the input impedance Zin can be written as Zo Z, plus j Zotan beta d divided by
Zoplus jZ. tan beta d and what we do we equate the real part of Zi to Zo then we can find a solution
for d.
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Analytical solution

For the computed value of d we calculate X.

The stub length [ is then found out for a short or open stub to provide — jX.
Let us now derive the closed form expressions

Let ZL = RL +]XL

1 .
YL:Z_L:GL‘l‘]BL

Series Stub Matching

Analytical solution
For the computed value of d we calculate X.

The stub length [ is then found out for a short

or open stub to provide — jX. Opﬁn ST
2z :
[ ! ;‘[0 _J'X
Let us now derive the closed form —
cxpressions Z dz, |:| H
letZ, =R, +jX )
L=h,T) Ll T =T +iX
V=--=0,+/B,

7



And once we have calculated the, what we can do, we calculate the value of X by substituting d,

and then we find out the length of the stub so is to provide minus jX. Now let us try to see how we

can derive the closed-form expression for d and I. So we have Z. equals to RL plus jX.. We can
write Y, which is 1 by Z, to be equal to GL plus jBL.
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Lett = tan fd
1

Yin=5—=

Y, +jYytan fd

Zim  °Y,+jY, tanBd
o (GL+JBL) + jYot

-0 Yo +j(G, +jBp)t
G, +j(BL + Yot)

Yin =Y

(Yo — Bpt) + jG,t

1
Zm=R+]X=—

Y;

G.(1+t?)

- G + (B + Yot)?

Yo( G + (B, +Yyt)?)

Series Stub Matching

lett = tanfd

1 Y, +jYtanpd

Y,=—=Y————
" Zin  YotjY tanpd
_, (G +)B) + )Yt

Yo +j(G, +jB)t
v Gy +j(By + Yot)

=0y - Byt) + /Gyt

1
zm—RﬂX—Y—

in
GO+t
G2 + (B + Yyt)?

_ Gt = (Yo =tB,)(B, +1ty)
T Y(GE (B + Yt




Now, let us define t equal to tan beta d so therefore we can now write Yin which is 1 by Zin to be
equal to Yo YL plus j Yotan beta d divided by Yoplus jYL tan beta d and this is we substitute t here
for tan beta d and we substitute Y equal to GL plus jBLand then we can write Yin of this form Yo
GL plus j BL plus Yot divided by Yominus BL t plus jG.t.

So what we can do we can now write Z in is equal to R plus jX is equal to 1 by Yi, and then from
there we can find out the real part R is equal to G into 1 plus t square divided by G. square plus
BL plus Yot whole square and the expression for X also can be obtained and it is given by G
square t minus Yominus tBr into B plus t Yodivided by Yointo G square plus B plus Yot whole
square. Now we have, R and X expression for R and X we know that for our matching this R has
to be equal to Zoand once we equate add to Zo GL and By Yo these are been known we can find out

the solution for t.
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_ Gr(1+4?)
From R = G} +(BL+Yot)?

YO(GL - Yo)tz - ZBLYOt + (GLYO - Gf - Bg) == 0
If GL = Yo, t= _BL/(ZYO)

else

.= Bt VG~ G)* + BE1/Ys
- (G, — Yo)

Series Stub Matching

G (14t
From R = '2L)—2
G[ +(B+Yot)

YO(GL - Yo)tz - ZBLYOt + (GLYO - GE - BE) - 0

IfG, =Yy, t=-B,/(2Y)
else

o B, ++/G,[(Yo - G,)? + BZ]/Y,
(G, - Yy)




So from the expression of Ri we can write if we write R equal to Zo is equal to 1 by Yo, if we make
this substitution then we can and then rearrange the terms we can write Yo GL minus Yot square

minus 2 BL Yot plus GL YoGL square minus B square equal to zero.



Now, this is a quadratic equation, and this equation can be solved to get expressions for t one
particular case is when Gt equal to Yo, in this case, this term becomes zero and here also GL Y not
so this Gr square Gr, square cancels and what do we get a simple solution for t which is minus Bt
divided by two Yo. So this is specific case when Gy is equal to Yo if Gt is not equal to Yo than we
can solve t to be equal to the standard solution for a quadratic equation we can write and we can

write t in this form. So once t is known, we remember that t is equal to tan beta d.
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We get two solutions for d which are given by

1 1
d ﬁtan_ t t=0
—=17
A —(mr+tan"1t) t<0
2
With the values of t calculated, we calculate the values of X. Necessary stub reactance Xg = —X.

If |, and [, respectively denote the lengths for the open and short circuited stubs, then

ls 1, 41X 1, 41X l 1
S=—tan'=Z=——tan"'= and 2= ——tan
A 2w Zy 2w Zy A 2m

_1 Z 1 —_1 Z
120 = —tan~ 122
Xs b4

If any of the lengths comes out to be negative, A/2 is added.

Series Stub Matching

We get two solutions for d which are given by

1
d Htan"t t>0

1
: ﬁ(nﬂan"t) t<0

With the values of t calculated, we calculate the values of X. Necessary stub
reactance Xg = —X.

If [, and [ respectively denote the lengths for the open and short circuited stubs,
then

B i 1 X lo 1,17
2= =t == —=fan"'= and ====—tan™ =
PR 75 2n TR e g m Xs

If any of the lengths comes out to be negative, /2 is added.

"lﬁ

1
—Etan =

Now we can get a solution for d, so we get two solutions for d and d by lambda can be written as

1 by 2 pi tan inverse t when t is greater than zero, and this is 1 by 2 pi into pi plus tan inverse t



when t is less than zero. So we have 2 possible values of t and depending upon whether it is greater

than zero or less than zero we will get 2 solutions for d or d by lambda.

So with the values of d calculated, we calculate the value of X, and once we calculate we have
already shown the expression for X, and when we calculate the value of X the necessary stub

reactants Xs is equal to minus X.

Now as we have already said the stub can be realized either as an open-circuited stub or it can be
realized as a short-circuited stub. So let us denote 1 o as the length of the open-circuited stub and
Is denotes the length of the short-circuited stub. So we can find out Is by lambda is equal to 1 by 2
pi tan inverse X by Z, and we know that Xs is equal to minus X so once we substitute minus X

here we get minus 1 by 2 pi tan inverse X by Zo.

Similarly, for the open-circuit case we get | open or lo by lambda is equal to minus 1 by 2 pi tan
inverse Zo by XS and this is equal to 1 by 2 pi tan inverse Zo by X we are calculating the lengths
of the stub so it may be noted that if any of the lengths come out to be negative we can add lambda

by two to get the actual stub length.
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Let us consider an example where Z; = 100 + j50 2 is to be matched to a 50 {2 line. By
applying the analytical solutions we get:

t =-0.333 =t; and t = 1.0 = t,. We get two solutions for d

d, 1 »
7 = %(TE +tan"'t;) = 0.45

d 1
7 = ﬁtan t, = 0.125

We get two solutions for X as X; = 50 and X, = —50

Let us now find the lengths of the open circuited stubs to complete the solution

b _ 2 an 1% -0125 and 22 =05+ Lttan"12 =0375
21 X4 A 21 X5



Example: Impedance Matching Series Stub

Let us consider an example where Z; = 100 + j50 { is to be matched to a 50
() line. By applying the analytical solutions we get:

t=-0333 =t; and t = 1.0 = t,. We get two solutions for d
1
1 -1
_—— t.)=04
= (T[ + tan 1) 0.45
d;

1
—_——=— = =
2 2"tan t, = 0.125

We get two solutions for X as X; = 50 and X, = =50

Let us now find the lengths of the open circuited stubs to complete the solution

loz _ 1 1% _
¥=05+tan = =0.375

tﬂl 1 _]Zo
—=—tan"" —=0.125 a
a=octa % 125 and

So, let us now consider an example, and in this example we consider a load impedance Z to be
equal to 100 plus j50 ohm, and this load impedance ZL is to be matched to a 50 ohm line. Than if
we apply the analytical solutions, we get 2 values of t which are minus 0.333 which we call t; and
t equal to 1 which we call t2 now corresponding to this two values of t we will also get 2 solutions

for d and d1 by lambda can be found out to be 0.45 and d2 by lambda can be found out to be 0.125.

Now once you substitute these values of t, we get 2 solutions of X, and we call them X is equal
to fifty Xo is equal to minus 50, and when we have 2 values of X we can also have 2 values of the
open-circuited here we are using open-circuit stub to do the matching so we can calculate the
values for the length of open circuit at stubs, and we call it lol by lambda is equal to 1 by 2 pi tan

inverse Z naught by X, and this X is 50.



So it becomes tan inverse 1, and therefore it is pi by 4 so essentially 11by lambda becomes 0.125
and > by lambda this is 2 plus 1 by 2 pie tan inverse Zo by X, X> is minus 50, so it becomes 0.5
minus 0.125 which is 0.375 so we have found out the locations of the stub where the stub need to
be placed from the load d1 and d; in terms of lambda and the corresponding values of the lengths
of the stub again in terms of lambda we have calculated, so one stub is 0.125 lambda, and the other
stub is 0.375 lambda and the matching can be obtained by placing this stubs at the locations what

we have calculated.
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d
1° 0.338 — 0.213 = 0.125

x=-1
xS = 1
Lo
— =0.375
A
d
7 =05-(0213-0.164)
= 0.451
x=1
Xg = -1



Solution: 1

d
7T 0.338 - 0.213 = 0.125

x=-1
x_g'=1

ly
—=(.375
A
Solution: 2
d
1 =0.5-(0.213 - 0.164)
= 0451
x=1
Xg = -1

lo I
T 0.125 ;

1-j1

So let us now move on to how we can do this matching L section matching using a smith chart in
the smith chart we first locate the point normalise impedance 2 plus j1 and then we pass a line
from the centre of the smith chart through this point also we draw the constant VSWR circle and
we find that as we move from the load over this VSWR circle. Towards the generator, for the first

time we intersect R is equal to one circle at this point and we pass a line through this point.

Now, the wavelength value here can be read out similarly the wavelength value here can be read
out and the difference of these two will give us the distance d one of the solutions by which we
should move from the load to place the stub. And at this point we find that the input impedance is
I minus j1 so in order to do the matching for this point, we need to add 1 plus jl if we continue

our journey this way we find that we intersect the r equal to 1 circle.

Once again, at this point, which is given by 1 plus j1 we draw another line, so now we will have
to move from this point over this circle, and this will give us another solution for the distance d,
and here the normalized impedance is 1 plus j1. So the stub must provide a reactance of minus 1
so we can find out the lengths we know that this is the open circuit point and start from here if we
move across the periphery of the smith chart at this point we find plus one j corresponding to this
solution and this gives us the length 11 and similarly from this open-circuit point we move towards
the generator this is the point we get minus 1 reactance, and this is the length 1> and this length 1

and 12 can be seen to be 0.125 lambda, and this one will be 0.375 lambda.



And therefore we now calculate the values of d in terms of lambda for the solution of 1 at this
point. We have the value point 213, and at this point we have 0.338. So the difference of these two
gives us 0.125 as the length of the transmission line d, and after traversing this 0.125 lambda we
reach this point where we need to apply axis is equal to 1 for which I open by lambda is 0.375. The
second solution we have is d by lambda is this is point 5 minus this distance that means 0.213
minus 0.164 this arc length, and this comes out to be d by lambda equal to 0.451 and for this
solution we require Xs to be equal to minus 1 that means the length of the stub in terms of lambda
is given by 0.125 where we get minus 1 Xs as we travel down the smith chart from the open-circuit

point.

So, this completes our solution we have found out the lengths of the stub we have found out the
location of the stub, and from our analytical calculation, we find that these values agree with the

smith chart calculated values.



