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Outline

* Matching with a Smith Chart
* L-Section Matching
 Single Stub Tuning
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Impedance vs. Reflection

z, T  Zobl

* Impedance transformation:

_ Z;+j tan Bl
Z(l) =27, 1+ 72, tan B1 (Ulaby 2.79)
e “I"-transformation”:
['(l) =T,e 2/t (Ulaby 2.75)

(It is much simpler to work with I'!!)
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Smith Chart

* Aplane of {I;,, I}, with transformations from {r, x}.

e Graphical tool for performing impedance transformations on a
TL system.

X

Im{I'}
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Complex Plane

A
D<o
I =|Tle/% =T, + jT;

0r = 180°

Short-circuit
load
Open-circuit
load

Mg =—0.5— 0.2 = (.54¢/202

Unit circle

6, = 270° or —90°
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Smith Chart Parametric Equations

_ZL/Zo—l ZL—l

CZu/Zo+1 7+ 1

14+ T
= —. 2.112
Z, T ( )

7, =1L + jxL.

L+ JxXL =

(1 _Fr) _jri

. e
T AT e
21
L (1 —-Tp)?%+ Fiz Equation for a circle
=

(¢ L 2+r3— Ly (2.116)
r 1+rL ]— 1+FL . 2. D)

The standard equation for a circle in the x—y plane with center
at (xp, vo) and radius a 1s

(x —xp)° + (y — _}'0)2 = a’. (2.117)

A similar manipulation of the expression for x. given by
Eq. (2.115b) leads to

2

5 I 12 _
e (e S () e

XL XL
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Smith Chart Parametric Equations

r, circles

r, circles are contained inside the unit circle

2

| 2
_ (_) , (2.118)
X1,

X, circles

) 1
(e =D~ + (ri — —)
XL

Only parts of the x, circles are contained
within the unit circle

Figure 2-25: Families of r{, and x, circles within the domain || < 1.
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The Smith Chart (2)

* Locate z;:

Z; =50+4,100 [Q]
Zy, =50 [Q]
=2z, =1+j2

Constant I'-circle

e ComplexT:
[ = |F|ej91"

e Standing wave ratio:

14T
1 —T]
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The Smith Chart (3)

* Important points
— Open Circuit (Z,)
— Short Circuit (Z,)
— Matched (Z = Z,)

* Important regions
— Inductive
— Capacitive
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Smith Chart in Admittance Mode

*,,H 4—+—v—0—+—# W*H\,\'
\,\)\/\

/—5—5’—*—4—)‘/*7‘\

* Bytransforming z; toits y == et ol
diametrically opposite eP t N,
point y;, we can use the
Smith Chart in
admittance mode

* Changes
— Const.r= Const. g
— Const. x = Const. b
— Zy = Yy normalization

— Capacitive / inductive
regions switch

— OC and SC points switch

— Travel toward generator
is still clockwise

EE31009, Jan - Apr 2025, L10-11 - Smith Charts 11



Example 1

- — =A8 7 —504100[Q]

Z(D,T(D) =2 Zy=50[Q]

- PFH_’_‘—H‘!ﬂ i
‘/P++4\~ <¢+++N
M a\,\

0 9,
” )f\*:§ky—;)§-;ﬁ,‘,k 1;*,,
E

1. Find and plot z;
2. Const. |T'|-circle

3. ‘Move’ 1/8 toward
generator.

4. Find Z(l) from z":
Z() =50[Q] x (1 —j2)
=50 —,100[Q]

el
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INAISTHEGD NOISS RSN I 1O o
- .
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v - .
2o -9, D) 0 e el
? seg g0
L] SE0 LED
-
— — ;
) oc+ SC*

= 0.3134
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Example 2

[=1/8

012 013
(SN e PR T
Tt o A =
s = g 0
2
[ 0, % "
e = ’,iﬁ*" F
W N
7

Z2(D),T() =2 Zy =50[Q]

Z(D) = 50[0] x (0 — j1)
=0 — j50[Q]

1.1fl = A/2:
2\ (A

Or = 257 2 )\2) ="

2.1f L = 1/4:

= = 21 (4 e -
A B 2T\ (AY _ ]
(Quarter Wave Transformer)
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Outline

* Smith Charts

 Matching with a Smith Chart
e L-Section Matching

* Single Stub Tuning
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Smith Chart Checklist

Do | know how to....

0.

Convert between the normalized and unnormalized impedance
/ admittance?

Locate an impedance / admittance / reflection coefficient (Z,Y
or I') onto the Smith Chart?

Locate the special points (OC, SC, match) on the Smith Chart, in
impedance and admittance modes?

Read, from a point of the Smith Chart, the corresponding Z,Y, I’
or S (VSWR)?

Locate the constant I, constant r and constant x circles for an
impedance point?

Locate the constant g and constant b circles for an admittance
point?
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SC Checklist (Cont’d)

Do I -know how to....

6.

10.

11.

Transform the Smith Chart between the impedance and
admittance modes?

Combine Z /Y in series / in parallel on a Smith chart?

Transformthe Z /Y / I' along a transmission line (toward the
source and/or toward the generator)?

Transform a group (usually a circle) of Z /Y / I’s along a
transmission line (toward the source and/or toward the
generator)?

Find the electrical length of the TL that will transforma Z /Y
from one point to another on the constant I’ circle?

Convert between the electrical and physical lengths of the TL?
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[£:| Donkey Kong
Petfarmance: 0% Games played: 0

i

Y — use for
. ELPFf combining shunt

¥ elements; TL
traverse

{

:

=

Z — use for combining series
elements; TL traverse

H =
Wrong ladder / mode =
Bl T

-

H https://www.researchg
ate.net/figure/Recreati

on-of-Donkey-
Kong figl 320987776
20




Outline

* Smith Charts

 Matching with a Smith Chart
e L-Section Matching

* Single Stub Tuning

EE3109, Jan - Apr 2025, L10-11 - Smith Charts

21



YA OI‘ZA

E 7, = 200 — j100 [Q] ‘F’_m =T "]
Xa m ple 3 Zy =100 [Q] Want: Z, /ﬁ
f = 500 [MHz] . O
1. Plotz; =2—j1 Note: if matched:

2. Findy; o 1=2zy=24+jx

r=1 circle (in admittance mode)

5. Plot y, at the intersection of
the constant g-circle of y;, and /
the r=1 circle (2 sol’ns). “°

6. Findy, =y, +jb=b =
0.29,B = bY, = 0.0029]S]

7. Find ZA (Change to impedance mode, o}

yellow circle becomes r=1 circle).
8. Read:z; =1-—j122=x=
1.22,X = xZ, = 122[Q]
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Yu,Zy

Example 3 Z, = 200 — j100 [0] ‘F‘—m =T
(other solution) Zo=100[Q] — want: Z, /¢

f = 500 [MHz] e .
1. Plotz; =2—j1 Note: if matched:

2. Findy;

r=1 circle (in admittance mode)

5. Plot y, at the intersection of
the constant g-circle of y;, and /
the r=1 circle (2 sol’ns).

6. Findy,=vy, +jb=b =
— 0.69,B = bY, =
— 0.0069]S]

7. Find ZA (Change to impedance mode,

yellow circle becomes r=1 circle).

8. Read:z, =1+j1.22=>x=
—1.22,X = xZ, = —122[Q]
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ZY-Smith Chart

 Has impedance (red)
and admittance (blue)
lines overlaid.

e Can do series and

.

shunt operations et
without “flipping” the

chart!
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Example 3 Z, = 200 — j100 [Q]

(with a ZY-Smith Chart) fZi iolooﬁ‘“[ﬁl]

1. Plotz; =2—j1
2. r=1circle

3. Plot z, at the intersection of
the constant g-circle of z;
(blue lines!), and the r=1
circle (2 sol’ns).

4., Findy, =y, +jb=>b= |
0.29,B = bY, = 0.0029[&2];%: i

5. Read:izy =1-—j1.22=> .
x =122, X =xZ, =
122]0Q]
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Implementing jB and jX with L or C

Implementing jX:

/
X>0= usel: jx'Zy = jol = L=
X< 0= useC: ]x’ZO—L = ( = 1,
JwC WwXx'Zy
Implementing jB:
/
B>0=useC: jb'Yy =jwC = C = <
O)ZO
1 Zo

B <0 = uselL: ]bYO—— = L =—

jwL wb’
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Solution Bandwidths

Figure 5.3b (p. 227)

(b) The two possible L-section
matching circuits. (¢) Reflection
coefficient magnitudes versus
frequency for the matching circuits
of (b).

JsAnH
Zo= 1000 0.92 pF Z;=200- ;1000
- Solution | -
2.o6lpF
o | o
7= 100 £ 46,1 nH Z;=200-j100Q

o]

"
.t

Solution 2

ih)

Tl

073

(1.5

(.25

(b
0 0.25 0.5 0.75 1

fiGHz)

1<l

Microwave Engineering, 3rd Edition by David M. Pozar
Copyright © 2004 John Wiley & Sons
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Inductors and Capacitors

Aar
bridge
Lossy film
Lossy film O
/ / / / I t | |
Planar resistor Chip resistor Loop inductor Spiral inductor

Dielectric

Interdigital Metal-insulator- Chip capucitor
gap capacitor metal capacitor

Microwave Engineering, 3rd Edition by David M. Pozar
Copvright © 2004 John Wiley & Sons
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Outline

* Smith Charts

 Matching with a Smith Chart
e L-Section Matching

e Single Stub Tuning
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Conceptual Introduction

o9
, Extra Notation
d
® ®
T

Want: Z,, = Z, Z4 Zo, Bo

* Introduce a main line of length d, and one stub of
length [ (usually open- or short-circuited), such

that Zin — ZO
* |dea: Choose d s.t. z, = 1 + jx; choose [ s.t.
z,, = 1.
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Example 4 - T

2.

[

iTI_I ] Z, = 20 + j25 [Q]

Want: Z;,, = Z, 24 Zo, Bo |
Plot 2/ = 0.4 + j0.5 — .

Constant I'-circle

Plot z, at the intersection of
both circles.

Find d = 0.088A1 from
distance travelled.

Read:z, =1+ 1.2
z

!/ _ !/ !/
in — 44 + Zstub

Find [ s.t. g, = 0 —j1.2:
= 0.364 —0.254=0.114



Single Stub Tuning Remarks

1. One can also calculate the needed length for the stub:

21

2. There are two intersection points between the I'-circle and the
r=1 circle. Either intersection would suffice, but we usually choose
the one which leads to less rotation (hence a smaller d).

3. The open-circuited stub can be replaced by a short-circuited stub
of length [ + A /4.

4. landd can both be increased by integral multiples of 1/2. (i.e.
[ = 0.611,1.114, etc., would all suffice).

5. In general, the stub:
—  Can be terminated by a reactive load (a capacitor or an inductor)
—  Can be of a different impedance (Zstyp # Zo)
—  Can be replaced by a reactive load (a capacitor or an inductor)

2
12=cotBl=>Bl=07=1=07 (—) =0.111

EE3109, Jan - Apr 2025, L10-11 - Smith Charts
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Example 4 LTII ; ZL.= 20 + j25 [Q]

. ™ Zstun T |
(other solution) Want: Z,, = 2, 24 Zo.Bo |
1. Plotz; = 0.4+ 0.5 — *
2. Constant I'-circle
4. Plot z, at the intersection of
both circles.
5. Findd = 0.2511 from
distance travelled.
6. Readizj=1-j1.2 X
7. Zi,n — Zél + Z;tub A
= Xopyp = —Xg = +1.2
8. Findls.t. zi,, =0+ j1.2:

[

= 0.141 — 0.004 = 0.144

EE3109, Jan - Apr 2025, L10-11 - Smith Charts 34



Z, =20 + j15 [Q]

4 d
Example 5 T =
Want: Z;,, = Z Zo, B
1. Plotz, = 0.4 + ;0.3 . —
2. Constant I'-circle
3. Findy;
5. Plot y, at the intersection of
both circles.
6. Findd = 0.3384 — 0.3024 =
0.0364.
7. Read:y, =1—j1.05 Lf
8. Vi =Yi+ib 0004}
= b =—by; = +1.05
9. Find B = bY, = 0.021[S]
10. If an open stub is used, find

[ =0.1284—0.004 = 0.1284
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Summary

* |n this class, we
— Introduced the Smith chart

— Looked simple approaches to impedance
matching, with help from the Smith Chart.

— 2 Matching Methods:

* L-section
 Single stub tuning

EE3109, Jan - Apr 2025, L10-11 - Smith Charts
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