% Chapter 3 Smith chart analysis \

3.1 Introduction
Smith chart (Z — [ ) and its properties
3.2 Using the Smith chart
7 examples
3.3 Short-circuit shift method
find ZL from VSWR and minima shift distance
3.4 Impedance matching techniques
A/ 4 transformer, single-stub tuner
3.5 Smith chart radially scaled parameters
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% 3.1 Introduction \

Smith chart : conformal map rectangular plot of z = Z/Z, =r+ jx
on the polar plotof [ =|F|e/"" =T +,I,, |F|<1, -180° <O <180°
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IMPEDANCE OR ADMITTANCE COORDINATES
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2.1 -circle Lx -circle
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% 3.2 Using the Smith chart

1.

Examples to solve the transmission line problems:
Ex.1 plot load impedance ZL
Ex.2,3,4,5,7

given ZL — determine ', VSWR, Zin, T (transmission coefficient),

RL, Y, Zmax and Zmin on the line
Ex. 4

given ZL — determine the distance to the max. and min.

points of a standing wave
Ex.8 given VSWR, short-circuit minima — Zr

Ex.6 given ZL — determine the relative A position of load
given a distance from the load — determine the line impedance

Ex.9 given ZL — design a A/4 transformer

Ex.10, 11 given ZL — design single- and double-stub tuners
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2. Ex. 3.1 Zo=50Q), plot Z1=25+j50Q
z1=0.5H1: A
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3. Ex.3.2 Zo

1) zL=1+1: A
2) draw constant VSWR-circle
3) read rmax=2.6=VSWR
or
read distance OA from
radially scaled parameters
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/ 4. Ex. 3.3 Zo=100Q, Z1=100-j200Q find "

1) zL=1-2: A

2) draw constant VSWR-circle

3) read distance OA from
radially scaled parameters
MN=0.71

4) read phase -45°

5) read power reflection
coefficient 0.5 = ||

reflection coefficient P

reflection coefficient E or I — > &l iains il




/ 5. Ex. 3.4 Zo=50Q, Z1=100-j100 Q find Zmax and Zmin on the
line

S O gy SNy,

1) 21=2-2: A AT T

2) draw constant VSWR-circle 7% 25 b NN

3) read zmax=4.2 (=VSWR) 4755 SSook N
& Zmax=210 Q ielfef s SR N\
at 0.04A toward load T ;
direction i ‘ %
or at 0.46A toward L e e e dimi

0.24 42

generator direction A SEaEe
4) read zmin=0.24 or 1/4.2 \ & S S Sl
— Zmin=12 Q AR ' > 2020 7%
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generator N\ »e - 4
or at 0.29A toward generator & % THAH 227 0.000
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0.24 x 50) T (4.2 % 50)
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/ 6. Ex. 3.5 Zo=50Q), Z1=50+7100 Q find YL

1) zL=1+2: A
2) draw constant VSWR-circle
3) read B (V4 away)
yL=0.2-j0.4
4) yL=1/ zL =Zo/Z1= ZoYL
- YL=YyL/Zo
= 0.004-j0.008S
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/ 7. Ex. 3.6 Zo=50Q), Z1=75+)75 Q find Z1 relative location

1) z1=1.5+1.5: A
2) read location at 0.194A

toward generator

8. Ex. 3.7 Find Zin at 0.2\  f4//;

from the load
1) draw constant VSWR ‘

circle Jil
2) move 0.2A toward e
generator (CW) \
3) read B: z=0.46-j0.68 A

- Zin=34.5-j51Q
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% 3.3 Short-circuit minima shift method

1. given VSWR, distance minimum shiftedd Ll Z,
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L+, = ysr 1
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/ 2. Ex. 3.8 Zo=50Q, VSWR=2, short-circuit minima at 36.9mm

and 55.2mm, load minima shifted to 42.9mm. find ZL
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% 3.4 Impedance matching technique \

1. Impedance matching concept

given ZL, design a matching network to have ['in= 0 or selected ['in
value

— ] ® |
~ | matching

Zo Drm network FLD ZL

—

2. Matching network usually uses lossless elements: L, C,
transmission line, transformer,...for a narrow bandwidth match.

3. Lossy matching elements, e.g. resistive pad, can give a
broadband match, but degrades the circuit efficiency.

4. There are oo possible solutions.

Use Smith chart to find the optimal design.
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% 3.4 Impedance matching technique \

1. Impedance matching concept

given ZL, design a matching network to have ['in= 0 or selected ['in
value

— ] ® |
~ | matching

Zo Drm network FLD ZL

—

2. Matching network usually uses lossless elements: L, C,
transmission line, transformer,...for a narrow bandwidth match.

3. Lossy matching elements, e.g. resistive pad, can give a
broadband match, but degrades the circuit efficiency.

4. There are oo possible solutions.

Use Smith chart to find the optimal design.
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/ 6. Factors for selecting matching circuit: complexity, bandwidth,
implementation and adjustibility
7. Lumped clements (size<A/10) for microwave circuits
capacitor: chip capacitor, MIM capacitor (<25pF), interdigital
gap capacitor (<0.5pF), open stub(<0.1pF)
inductor: chip inductor, loop inductor, spiral inductor (<10nH)
resistor: chip resistor, planar resistor

Lossy film

Planar resistor

Interdigital
gap capacitor

Lossy film

Chip resistor Loop inductor

Spiral inductor

Dielectric _

Metal-insulator-
metal capacitor

3-16 Viig). i %iéi%z/
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% 8. A/ 4 transformer
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9. Ex. 3.9 Zo=300Q,
Z1=250+j450 Q

1) z2=0.83+1.5: A

2) draw constant [ -circle

3) move toward generator

B: r=4.75, d=0.08\
4) 7' =/300x4.75%300
= 6540
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5) normalize to 654Q
4.75%300/654=2.18 : C
moves 180° CW to D: 0.46
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% 10. open-circuit stub 7

short-circuit stub Z,,

11. Series stub

z, =1+ jx
«—d—»

Z 1

jtan Bl B jwC \

JjZ ,tan Bl = jwL




% 12. Shunt stub
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single stub

2) draw constant VSWR circ

3) locate yL : B at 0.118A

4) move CW to P1: y=1+j1.06 at0.164A
— d1=0.164A-0.118A= 0.046A :
- P3:-j1.06 at 0.37A - [1=0.12A

— d2=0.336A-0.118A=0.218A
— P4:j1.06 at 0.12A — L= 0.37A

\ — longer line — narrower bandwidth
3-20

1) 21=0.7-j0.8 :A

N2
g
DN

5) move CW to P2 : y=1-j1.06 at0.336\ L3

o
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% 13. Ex. 3.10 Zo=50Q, Z1=35-j40 Q, find d and / for a short—circuit\
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/ 14. Ex. 3.11 Zo=50Q, Z1=100+j60 Q, find d and / for a short-circuit
single stub at 1GHz with vy=0.95.

o - G % 0.166 A
1) zL=2+j1.2 : A
2) draw constant VSWR circle 9955 00 / NN
3) locate yL : B at 0.461A Ry 7% AR
gu’g fo :.\ P o _ T \ 9‘..%‘

4) move CW to P1: 1+j1.1 bt - AN
at 0.166 A [ e
— d=0.5A-0.461A+0.166\ [i,/ £z ‘

=0.205\ {E
~ P3:-j1.1 at 0.368A ik :
— 1= 0.368\-0.25\ Qe

=0.118\ R
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5) A=0.95%c/1GHz=28.5cm s \g3\y X5
d=5.8cm, 1=3.36cm
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= 11
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321 yi ) gl ﬁi;&—?f& /




% 3.5 Smith chart radially scaled parameters
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1. reflection: REFL. COEF. EorI10<[ 1, PO<M? <1
RET’N LOSS (dB) 0< -20loglllE o
REFL. LOSS (dB) 0< -10log(1-[I] ? )< o0
2. transmission loss: TRANSM. COEF. E or I, P, SW. LOSS COEF.,
ATTEN. 1dB for lossy line
3. SWR: 1< VSWR <o, 0< VSWR(dB) < o
4. Ex. A lossy 50 Q line has 2dB attenuation. If VSWR=2 at input,

find VSWR at load end.
~ Homework #3 (due 2 weeks)
VSWR=2 —» ATTEN+2dB Chap.3: problems 1-14
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