Ch. 3. The Smith Chart
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Normalized impedance

Generalized reflection coefficient:
r(d)=re ™ =1, +|L

Normalized impedance:

d -
— 0 Z‘”—(d):zin=r+jx=1+r(d)=1+rr+1_r‘
Zo 1-r(d) 1-T,-jh
Real part: Imaginary part:
1-T7 T/ o1
r= 2 ‘= [
-5y +n (- P +T

= (r —ﬁjzwf =($)2 = (r, -1+ (r, —32 =Gj2
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Representation of normalized resistance

r : 1 :
(i (e
r+1 r+1

Examples:

r=0 =>I7+I7 =1

2 2
r=1 :>(rr —%j +T7 :G)/

r=o=( -1f+I7=0—""

z-plane I-plane
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Representation of normalized reactance

Examples:

X
!
o
U
=
I

0
13

X=-1 :>(]—'r —]_)2_|_([i' _|_1)2 1 |
x=-00= (I} -1 +I;* =0
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Combined diagram: Smith Chart

_ r+ jx-1
n lzZ=r+jx - I'=—>+F
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o r= 13
X 3
r=1 3
% [
IR
B &
I
e ——
| | v =]
z-plane [ -plane

IF15480: RF kretser, teori og design

Tor A Fjeldly Institutt for Informatikk




Repetition

7. T(d) r, Reflection coefficient:
L, —Z,
[o =0 =T, + jIy =[T,[e'
0Tz 1z, ™ iToi =|

Generalized reflection coefficient:

r(d)=re ™ =1, +|L

Normalized impedance: Zi(d) _ Z =T+ X = 1+I(d) _1+T, + T,

Z, " 1-T(d) 1-T. —jL
Normalized _ 1-I7 T} Normalized y_ __ 2L,
resistance: (1-T.¥ +F2 reactance: Q- ) +TI7
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How to use the Smith Chart

}:in 1—‘(d) rIII

Example: determine
Input Impedance z;,(d)

g
d=1 0
* Normalize load impedance: L >
» find reflection coefficient: Z, ->1
» rotate reflection coefficient: [', > 1'(d)
» find normalized input impedance: Zi,(d)
 de-normalize input impedance:  z;,(d) — Z;,(d)
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Impedance transformation using
Smith chart

1) Normalize load impedance:
Z, -7, =7,1Z,
2) Find reflection coefficient:
z, > o= (z.-1)/(z,+1)
3) Rotate reflection coefficient:
'y > I'(d) =Ty exp(-j2pd)
4) Find normalized input impedance:
I'(d) = zin(d) = (1+ I'(d))/(1- I'(d))
5) De-normalize input impedance:
Zin(d) — Zin(d) = Zo Zin(d)
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Generalized standing wave ratio

[(d)=T,e 2~

1+|0(d)|
1-|r(d)|
SWR -1
SWR +1

SWR(d) =

=|C(d)|=

Can determine SRW for a i
given I'(d) by drawing circle
with center at I' = 0 through

I'(d) in the Smith chart.
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Open circult TL as a reactive element

" Zy+jZ tan(Ad) A

Note: Z, = oo correspondstor =0
(outer circle of Smith chart)

a

- f=3GHz
- B - 81.6m-1 Open Circuit

i, =
2 0426,

Upper half-circle: inductive

Lower half-circle: capacitive\

Example: z;, = jx = 1/joCZ, |

= d :i CO'[_l 1 + N S X = 0S¥ C 3
B wCZ, i 5

.-'."l_
C =2 pF AN

——

<
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Short circult TL as a reactive element

Al L=53nH

do

Z, +jZotan(pd) '
.: t .
" Zy+jz tan(Ad) > jtan(/) ‘e 2

Note: Z, = 0 also corresponds to | -

r = 0 (outer circle of Smith chart) L f=3GHz
T fshor G 3= 81.6m-L

Upper half-circle: inductive BRERE acome I

Lower half-circle: capacitive

-

]

=
—
?
=1
-
=

Example: z;, = jx = JoL/Z,

—~ d=21 tanl(wl'j+n7z SR
yoj Zy by L

C=2pF

——
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Admittance transformation

y 1 _1 1-T(d)
" Zo Z,1+T(d)
o - 1 1-T(d) 1+e"1(d)

zi, 1+0(d) 1-e"r(d) f/f

e’z I'(d) corresponds to 180°
rotation of I'(d) in Smith chart.
This converts impedance to
admittance

Alternatively: Rotate Smith chart
by 180° : Admittance Smith chart
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Admittance Smith chart

ia) S-=mith Chart (b ¥=Smith Chart
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ZY Smith chart

- 1 1 x=105
Yin =0+ Jb=—=——
Z. I+ X
r —X
= (= , b=
J r’+x° r’+x°

r =15

g gl E o REITIE 1T

Use original Smith chart
to display impedances
and rotated chart to
display admittances.
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Frequency dependence: parallel R and L

Example:
Zo=50Q,L=10nH
g=0.3,05,07,1

f =500 MHz to 4 GHz
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Frequency dependence: parallel R and C

EI.I };in

L L, .
Vi :g+Jb:E°+JZOa)C

Example:
Zo=50Q,C=1pF
g=0.3,05,07,1

f =500 MHz to 4 GHz
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Frequency dependence: series connections
£y Ly L =10nH Zin =T+ jX 7 Tﬂi"l C Hl oF
. =300 R . a)L_ J WI'IJL‘ 1]
@ §E=."Er, B Zo J ZO ZOC()C @ | gﬂ = rdy
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4.38nH

G

L 3.0% nil
! —— _

1.91 pF

T-tvpe network

Z,=50 O

Transistor
mput

f=2 GHz
A: Ja = ZolRL =1.6

B: Ye=0a + jZO(DCL =16+ 112

= 73=0.4-j0.3

C: zc=25tjolL/Z,=0.4 +]0.8

= Yc = 0.5 —le

D: Vyp=Vc +)ZowC =0.5+j0.5

= p=1-]1

E: ze=zp+jol,/Zy=1

= Zin=Zy=50€Q : Matchat2 GHz
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Simulation of Z;, for T-network

‘;{in ir.z ir.l f:’.'.
i 3.08nH 438nH | i . g 4 L
! = | x gﬂ"
239pF 191 pF] 3125 0 _
' - + E
N .

T-type network [Tansistor
Input
‘ m *tx

CAD simulation of Z;, for
frequences 0.5 -4 GHz L GHz

Note that C behaves as a short '.
at the highest frequencies and é

the network will be dominated
by L, (purely inductive)
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