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Awaieln 10,11 — Microwave Engineering

= Transmission Lines.

= Scattering Parameters.

= Smith Chart.

* [mpedance Matching with Smith Chart.
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Transmission Line: Review
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» lossy line: parasitic R across a wire,

parasitic G between the wires.



Transmission Line: General Equations
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Transmission Line Review: Power at load
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» Power at the load (x=0):

> Lossless line: a=0 =>y =jp
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Lossless Transmission Line Review: VSWR
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Transmission Line Example: Shorted
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System as a Load: 2-port Network

P, D Component

o . Fin
Return loss = RL = 10 log P |:> RL = —20 log |I';]

F

P
Insertion loss = IL = 10 log ﬁ ak.a
' attenuation

» How do we measure those quantities?
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2-port Network Scattering Parameters
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N-port Network Scattering Parameters
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. For any matched port i, §; = 0.

. For a reciprocal network, S,,, = Spu-
. For a passive circuit, |S,,,| =< 1.
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N-port Network Scattering Parameters
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Network Analyzer

» How do we measure the scattering parameters of a system?
13



Smith Chart
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» Smith Chart = complex plane plot of bilinear transformation between

Z/Z and corresponding I o



Smith Chart Example

Constant R Circle
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A

Imaginary part of I';
Smith Chart Matched load, |
[=0_ —g—t—sfsms
X T T
> lossless line: < —A-F
Shorted AT )
@ load, BT ' 10.214 A
M) = Fem — e T -1 _,'* o #i) Open load,
I:"I 3-’ .1: L
@ il : o
: il LR LI :
(@ distance x ki fie 'J:;JjJ Real part
from load: only Y fH of T,
phase changes, s
not magnitude! f
...towards loa q
Vs mcn: BER~ :
0.414 o fa———towards generator

Example: Z;=100+j50, Z,=50
Example: ', =0.447<27°
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Example Calculations

Z, = 100 + j50
T(A /4)=-T, = Z(A [4)/ Z, =
A ¢ - ¢ " 1-T, Z,
£
Zy—Zy Z—1 14 | Z, =24
r, —Zt AL - — 0 _ I
b Ay b et sy BLEEL R - | |
I, =0.447/27°
IT;| =0.447 7 _ Z; +jZ, tan fil
e LT 140447 in = £g ~ tan fI
VSWR =1 = 1= 457 = 2.2 Zy +jZ; tan f%
| =024 fl="=x02/y = 04n
g
tan fil = 3.08
- 2 474+ 73.08
7 +HJ+ — 0.496 — j0.492

"1 (2 +/) x 3.08
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Z-Y Smith Chart

_Zp+ 4y tan fil
.E.:] 'I"_,JEL 1an IIrJ||!I

inductive load

capacitive load

» symmetric point of z=Z/Z, in respect to origin gives 1/z=y=Y/Y =Z,/Z

» note: phase difference © = moving A,/4 (and not A,/2) [why ?] 18



Impedance Matching: maximize power transfer
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» 2-port systems require input and output matching for maximum power

transfer (match line to source impedance and output load). 19



Matching with lumped elements

Z — Chart

Rotated ¥ - Chart
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Matching Example with Smith Chart (1) >

Z8
Zr

» Z, corresponds to point A.
» The goal is to achieve zero reflection

coefficient (point C).




In practice: work only with Z-Smith Chart

» Upper half-circle: positive
(reactance or susceptance)

» Lower half-circle: negative

(reactance or susceptance)

» Plot Z/Z,when adding an element in series.

» Plot Z,/Z when adding an element in parallel.

(plot Z/Z, and then plot symmetric point with respect to (0,0))
» on the constant R circle, move towards upper half for
positive load (positive reactance or positive susceptance).

» on the constant R circle, move towards lower half for

negative load (negative reactance or negative susceptance).
22
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Matching Example (2) Lﬂ " The Complete Smith Char

Black Magic Design
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Questions?
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