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0 Smith Chart
> History.
» Construction & Transformation.
» Scales.
0 Examples of how to use Smith Chart to calculate:
v Reflection Coefficient.
v' Standing wave ratio.
v Input impedance.
v' Location of the first maximum and minimum.

v Admittance.



Introduction

O The Smith chart developed in 1939 by P. Smith, in the Bell Telephone
laboratories.

O It is a graphical procedure for solving impedance transformation problems to
reduce the computational effort required.

O In practice, high-frequency circuits often contain two or more transmission
lines interspersed with series and shunt elements.

O The Smith chart technique can significantly reduce the numerical and

algebraic manipulations required to solve such problems.



Introduction

The Smith chart is a specially constructed impedance/admittance diagram
used in solving TL problems. Usefull characteristics of the Smith chart are:
a) all possible values of impedance and admittance can be plotted on the
chart,
b) an easy method for converting impedance to admitance (and vice
versa) is available,
c) the Smith chart provides a simple graphical method for determining

the impedance transformation due to a length of TL



Introduction

The Smith chart, shown in the figure below, is a graphical aid that can be very
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Recall: V(z)=V e (1+ FLe+27Z) =V,'e7* (1+ F(Z))
0-Y e Yo r)

0 ZO

2(2) _V(z) _ Zo(l-l_ FLe””j: ZO(H F(z)]

+2y1
1-T'.e

Generalized reflection Coefficient: F(Z) =1 gt




[(z)=T ™"
=|[, | e e

=lg (Z)+ T (Z)

Lossless transmission line (a = 0)

F(Z) _ |FL|ej(¢L+2ﬂZ)

I' =
L +Z,
For
Re{Z }>0
=l |<1
Proof
r, = RL+jXL) Z,




I=T(z)
=Ip+ I
FLej(+2,Bz)

ImI’ Decreasing d (toward load)

\ d
Increasing d (toward

I generator)

— FL eJ(¢L+2:BZ)

L

Rel’

z=—d

Lossless line d = distance from load
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Smith Chart Construction

It is a transformation from the impedance graph, to a reflection coefficient graph.

ZL — R"‘jX — ‘ZL‘ejgzL FL :‘FL‘ejHF :Fr +j]:
Where R=%Re(Z,) Where I, =%e(I)
X =3m(Z,) [ =3m(T)
Note O0<R<oo Note 0<|I;|<]
—co< X < oo ~180< 6. <180
]
oo l_;.u
Xtwmmgwaowe |/ (T,.L,)
L/t
(0.0) % | |
(0,0) r
fo - oo




Smith Chart Construction

The relation between both domains are given by

Z,-Z,
Z,+Z,

i

Instead of having separate Smith Charts for TL with different

characteristic impedances such as Z =50, 75, 100 Q, etc; only one
normalized Smith chart do the job!

L, -7, _ZL/Zo_l 71

I, = —
Z,+7Z, Z,]Z,+1 z,+1
,Where
Z, R X :
=0 Tt =T X
Z 7 Z



Smith Chart Construction

| I, =3m(I) Complex I" plane
0,1)

180 _ : A0 1
I, =1""==1+,0 Do =07 =0+ jO -

+*(U,D) (1,01:%_' L =3ie(T)

0<|r|<1
=t




Smith Chart Construction
| T, =3m(T)

3} (0,1)
[, =03+j0.4=05""




Smith Chart

e The transformation

rL:zL_l:rr+ﬂ_;. Rearrangg EL:l—I_FL:(l—I_F’)—I_‘{F_;.{_‘”
7+ =T, (l_rr)_J'F:
Equating Both Sides
-T" T )y
| — . 5 X = ! 5
(-r)+r ) (I-T, ) +T7
_ Rearrange -

- 2 1 21 : ! 1 2 l 2.
! i Circle i 2 :
[1—;14—!’} +r}2:[m} Equations E[Fr_l] +{rf_;} :{T]

(= (=3, F =’

Convert a constant r linefrom Z to I’ Convert a constant x linefrom Zto I’

—————————————————————————————————————————————————

_________________________________________________

___________________________________________________________

____________________________________________________________




Let, I, =1 + 1.

1+1 )+ T
AndZ, =7; + jx;, then Q+]‘,1:L:( ) J J

(1—1_‘},)—]1_}.
- :[(l+F},)+j-ri][(1—l“r)+jl“}_] :1—1_3—1?+j21“3.
S (1-T,) +T 1Ty
LT -T oo
C(1-T,) I - (1-T,) +I?

7, =20 7, + T, + T, =1-T.-T7

=1-7

[ (r, +1)+I7 (r, +1)=2L 7

r L
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____________________________
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Similarly,

2. 2., __

[2-20, +1+1; - Loy

IL

[;-20, -1+ —22:0

X1
/ N2
2 1 |
(T, 1) +|T,——| ==
\ AV
/ 1 \2 1 2
(T, - 1)2 +| T, —— [—J Reactance circles
\ AV

t

(x4 (r=yof=a® e (1Y)

__________________________
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Transforming "r”
r Radius Center
{{’HTE'I (/(I—I-f) )’ ’mdrm—]/(]Jrf) 0 " 0.0)
1,.'}'2 2_.-313 {1,."{3;03
1 1/2 (1/2,0)
2 1/3 (2/3,0)
0 (1,0)
[
&
r
L 4
0.5
r=0 1 2 =




Transfnrming x"

center=(1,1/x)  radius=1/|x| Radius | Center | [ x | Radius | Center

------------------------- e (1,00) 0 (1,-c)
0.5 2 (1,2) -0.5 2 (1,-2)

1 (1,1) -1 1 (1,-1)

2 0.5 (1,0.5) -2 0.5 (1,-0.5)

0 (1,0) 0 (1,0)
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Smith Chart Scales 0.125
0.375\

~._. reactance scale

,

\ Reflection
-~ Coefficient
" Angle
Scale

0.25M
| 0.25),

Wavelength
Scale



Important notes about smith chart

Some Points:

i) The angle of reflection coefficient scale is the innermost of the three scales on the periphery
of the chart.

i) The two outermost scales allow us to perform the I transformations (and hence the Z
transformation) without calculating 2 5d . The scales are directly in fractions of wavelength.

Note that one complete rotation around the chart is a half wavelength.

iii) The Smith chart can also be used with normalized admittance coordinates. Forany =, its
equivalent normalized admittance (I_ —f)is 180° away on the same |T| circle.
0

The following comments should be kept in mind:

1) TheY =0 corresponds to an open circuit, while the Y =0 corresponds to a short
circuit.

2) The resistance coordinates become conductance and the reactance coordinates become
susceptance coordinates.

3) There are two wavelength scales on the periphery of the chart. One is labeled as Wavelengths
toward Generator and the other Wavelengths toward the Load. It is used to find determine the
impedance at a point nearer the input than the known impedance.

The clockwise rotation is referred to as mowing toward the generator and counterclockwise rotation is

referred to as mowing toward the load.
23



Important notes about smith chart

4) Eachlfl circle intersects the real axis at two points, the point on the positive-real axis

and the point on the negative real axis. X; =0 along the real axisand Z; = R, .

1+FL—1
1_:?;[—1 S:1+F: n+l _n
1, +1 1-T 1_?1—1 ]
1 +1
S=r1,

This shows that the value of the 7 -circle corresponding to |F| passing through the

positive real axis is equal to the standing wave ration.

24



Zy

0

[ circle
1 =T
forz,, =r + jX_

forz,,=r,+j0

S:1+|F|
=T

As proofed from slide 24

S—1+|F2|—

= — = = Io
1_|F2|
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1)
2)

3)
4)

5)

6)

Solutions steps

ZL

:Z—OZrL+JXL

find the normalized load impedance Z
Locate r, and x; circles on the smith chart.

intersection of r, and x; circles will give you a point z;

draw the I'; circle to pass through the point z_, where the center of I'| circle
is the center of the smith chart.

To calculate ', , use you ruler to measure the distance 0 = z, then project
this distance on the linear scale of reflection coefficient to calculate ',

the intersection of the I, circle with the horizontal line of the smith chart (I,
axis) gives you the value of SWR as explained in slide 24.



EXAMPLE 2.2 BASIC SMITH CHART OPERATIONS

A load impedance of 40 + |70 Q terminates a 100 Q transmission line that is
0.3A long. Find

1- the reflection coefficient at the load,

2- the reflection coefficient at the input to the line,

3- the input impedance,

4- the standing wave ratio on the line, and

5- the return loss.

Solution

The normalized load impedance is

Z,

=—=0.4+)0.7
ZO

Z



0.1064

I+ e

z, 50.44 j@

the reflection coefficient at

6., =104°

The reflection

coefficient at the input ;

0.59
= 248°

| 1_‘in |:

Hr,in

4.6 dB.

RL =

- jO611Q e
Z, =247, =36.5— j61.1Q5% .,

z. =0.365

0.4067

28



(Calculating Reflection Coefficient)

If Z,=100-j50 Q, & Z,=50 Q
- Find T ?
Ans:.
1st Normalize the Value of nyh25
z;, = (100-=,50)/50
z, =2—Jl
2nd | ocate Z, on SC

i
i

3rd Draw a line from the |
center of SC passing by
Z, until the edge of SC

4th Use the angle scale \5
to determine the value "*;‘7;'13.25
of 6,.
5th Calculate |I' |, by measuring
r.\(cm)
I|=1"——=0.447




(Calculating input impedance)

e The reflection coefficient at any
location (z)

()=t _re
Va e Jibz
Accordingly, moving
along the same
transmission line will
always mean that we a
moving on a constant
circle with radius equal
|IT', |, and only the phas
will change. |

Find Z;, at 0.1 from Ica\tl?
New location is 0.3874L

:fn =0.6 —j [:]_66-._.-.__,-.- ,

Z =z, xZ =30 —j33

Example 1 (Cont)

Moving Toward
Generator

30



(Calculating location of Vmin and Vmax) Example 1 (COnt.)

¢ Maximum Occurs When

9F+2,3::U,—2?r,...,—2mr - gl

Minimum Occurs When

O +2f =—7.37....~(2

Fmd the location of fir
V.,.and first V__ 7?2

d_.

=054-02874+0.254=0.4631 i v

Moving Toward
Generatnr

d. =051-02871=02134

31



Accordingly, the location of
the y; is the 1809 away
from the location of the z;.

32



As an alternative, we can continue to use the original I" plane,
and add admittance curves to the chart.

B 1+(—F(z))
"= ()

=G, (z)+ jB,(z)

Compare with previous Smith chart derivation, which started with this equation:

Z,(2)= iggg “R,(2)+ X, (2)

If (R, X,)=(a, b)is some point on the Smith chart corresponding to I' = T,
Then (G, B,) = (a, b) corresponds to a point located at I" = - T, (180° rotation).

R, circles, rotated 180°, becomes G, circles.
X, circles, rotated 180°, becomes B, circles.

Side note: A 180° rotation on a Smith chart makes a normalized impedance become its reciprocal.

33



Inductive (B, <0) Gn=0
A

I" plane

Short ckt.

_ Open ckt.

\J
Capacitive (B, > 0)



Admittance (Y) Chart (cont.)

-hand version

Short

Smith Chart

(Y-Chart)

I' plane

35



Impedance and Admittance (Z2Y) Chart

NORMALIZED IMPEDANCE AND ADMITTANCE COORDINATES S h O rt_ h an d Ve rS i O n

A4
7

I plane

36



Z,=50 O
Z, =100+ j50 Q

Find Z(-d)
at d/ 4, =1/4, 3/8, 1/2

ZLn:£:2+jl
’ ZO

@

d=4,14
Z,~0.4-j0.2
= Z (-4, /4)~20- j100

37



® d =3/84,

Z,~05+j05
= Z(-3/84,)~ 25+ j250)

©

d=4,12
Z =2+ |1
= Z(-1,/2)=100+ j500

3/8—(0.5-0.212) = 0.087

0.5/,

0.2127,
Impedance chart

7S

=~

38



Z,=50 Q (Y, =20mS)
Y, =8mS— j4mS

Find Y(-d)
at d/ 4, =1/4, 3/8, 1/2

0402
Y

0

YL

,n

@

d=4,1/4
Y =2+ )1
=Y (-4, /4)~40mS+ j20mS

39



d=3/84,
Y, ~1-jl
=Y (-3/84,)~20mS— j20mS

d=4,12
Y, ~0.4-j0.2
=Y (-4, /2)=8mS- j4mS

40



Which Chart to Use?

Simple answer:

* When adding elements in series use Z-chart

—1 Za Zg

—

Zc

*When adding elements in parallel use Y-chart

—

Y, +Ys =Y,

41



Use a short-circuited section of air-filled TEM, 50 Q transmission line
(8= kKo, 44 =45) to create an impedance of Z;, = -j25 Q at f = 10 GHz.

B __jw2)

Impedance chart inn =~ 50

500, k, SC

\4

L =0.4264, —04, =0.426,

L=1.28cm

2 2
SEE_ M, -30cem

I plane h=—T=—=
f K odme, )




At this link:

http://WWW.SSS-magqg.com/topten5.html

Download the following zip file:
smith_v191.zip

Extract the following files:

smith.exe mith.hlp

This is the application file

smith.pdf

43
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