ECE 450: Lines, Fields and Waves
Lecture 5: Smith Chart
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What are in the Smith Chart?




Construction of Smith Chart

e 1. Normalized Complex I plane

() @y Z2@-2,_Z(d)/Z,-1_7(d)-1
Z(d)+2, Z(d)/Z,+1 z(d)+1
|T=1 f(d) =TI+ jX Normalized impedance
T(d) = (r-1)+ Jx
el (r+1)+ Jx
12 4 %2 1/2
| ( )| (r ) T <1 For r>0
(r+1)°* + x°
— rr-1+x° 2X
Re[l] = Im[I] =
All the possible values of ' and z [ ] (r+1)2 -I—X2 (I’ ‘|‘1)2 +X2

are within the red circle !



Construction of Smith Chart

e 2. Transformation of Re(z) to x-axis of I plane

Im(r) For purely real z
X=0
2 [ J—
Re[T] = r 12 T 1
r r=1/3 r= b - (r+1) r+1
—@ ® e
r=t1 r=-1/2 r= |m[f] -0
T r=0,1/3,1,3,
Short Open B
r=-1-1/2,0,1/2,1
Match

In lossless line r>0



Construction of Smith Chart

e 3. Transformation of Im(z) to circumference of I

pla ne For purely imaginary z
r=0

Tr=1/712 Im(r)

x°—1
X°+1

— 2 X
Im|[T'| =
X oo ] X +1

Re(T)
T| = J/Re[TT* + Im[T* =1
/T =tan[2x/ (x* =1)]
_ X=0,100, -1 —0c0
C=1/71/7121/01/-7121/2x

Re[l] =

— 10
A




Construction of Smith Chart

e 4. Transformation of Re(z) inside I unit circle

All centers™are on this i

Im(T)  Tangential line For complex z with constant r
' 2 2
' Re[l]= (: + 1)12++XX2
10 ,
Im[T] = A
Re(r) (r+1)° +x
. r-17 _ 2 (1Y
Re(I')) —— | +|Im(") | =| —
| { () r+1} [ ( )} (r+1j
r=0,1/3,1 3,0

center =(0,0),(1/4,0),(1/2,0),(3/4,0),(1,0)
radius=1,3/4,1/2,1/4,0



Construction of Smith Chart

e 5. Transformation of Im(z) inside I plane

I For complex z with constant x

All centars are on this line r2 1+ X2
Im(r) < Rel|l']| =

- ] (r+1)° +x°

Im[F] = —2%

(r+1)°+x

(1,0)

7. et [Re(T)-1] +[|m(f) —ﬂ

1 2
5
Xx=0,+1/2,+t1, +2, +o0
center = (1,),(1,+2),(1,+1/2),(1,0)
radius = «,2,1,1/2,0




Construction of Smith Chart

e 6. Transformation of z inside I unit circle
Im(I)




What Smith Chart Can Do?

Rg \ Z,, B

d=I d=0
Locate normalized impedance
Measure (read off) reflection coefficient
Measure (read off) SWR and dmin
Given distance d, measure z(d), or vise versa
Given y(d1), measure y(d2)




Locate Normalized Impedance

2=1/3+j1/2

x=1

Im(I)

Given Z.=R + jX
Normalize z,=2/Z7,
Zp=I + JX

Locate r circle (red)
and x circle (green)

Find the
Intersection point



Measure Reflection Coefficient I,

Im(I)

origin

Locate z =r + jx

Connect the intersection
point of r and x circle to
the origin of I unit circle

The connecting line
length is|T; |

The connect line angle is
the phase angle of I';

r—1)° + x?
|FR|: — ( )

- \/(r +1)% + x°

— 2X
/. =tan
" [rz + X2 —1}

z—1
z+1




Measure Standing Wave Ratio (SWR)

2=1/3+j1/2

x=1

Im(I)

e Draw a circle with |T|
as the radius and origin
as the center.

* Two intersection points
(1,00  with the x-axis of the I
plane corresponds to
the minimum and

Constant SWR circle

Re(l)

origin

maximum impedance
value along the T-line.

2(d),, = 2,5 el 74y —z, 2 1Lal
- IT, 1T, |
14|T,| Z(d)

SWR

_ _RI_ max_ _ Z(d)max
=T 24,



Read Off First Voltage Minimum
Distance d ..

2=1/3+j1/2

x=1

Im(I)

Constant SWR circle

origin

Read the electrical
length of the load along
the circumference of the
[ unit circle, d,

Read the electrical
length of the voltage
minimum (impedance
minimum) along the
circumference of the I
unit circle, d = A\/2

The relative distance
between the load and
the first voltage
minimum point in
electrical length is
dmin =A/2 - d,



Find Line Impedance at Arbitrary
Distance d for Known I,

Im() _ e Calculate the electrical length
Constant SWR circle of the arbitrary point d,=d+d.
Locate the electrical length
position d, on the
circumference of " unit circle.

(1,00 * Connectthe pointd, to the
origin and find the
intersection point with the

Re(r) constant SWR circle. This is

the point representing line

reflection efficient I'(d) at
distance d from the load.

e Find the particular r circle
(red) and x circle (green)
passing this I'(d) point. Then
the line impedance
corresponding to this '(d)
pointisr + jx

origin



Find Line Admittance at Arbitrary
Distance d for know [

Im(I)

Constant SWR circle

2 Z(d)eZ(d+A14)=Z
S Z(d)Z(d + A1) =1

ng Y)=1/7(d)=7(d+2/4)

re) ® This problem is
equivalent to finding
line impedance at the
distance d,=d+d+A/2
for known I,,. Look at
the previous slide for

z=1-j1 how to find line

impedance at d.
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