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Wave Impedance - summary

Wave impedance: Z(d) = 11/((5)) Z, (T?d) [, = Fe /24 = |[|e/(6r=2Bd)
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Now we can obtain full v(d,t), i(d,t) Solutions: given V, (t) = @ v ZgrZy, Zy, length TL
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Special cases of lossless TL
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Special cases of lossless TL: short circuit
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Short Circuit: Z;, = 0, = —1:

Ve (d) = Vi (e/P2—e=TF2) = 2jV5 sin(Bd)
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Special cases of lossless TL: short circuit

Vie(d) = Vg (e7P—e~1P%) = 2jV sin(Bd) @
Zie@) = 75
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cﬁl
\—/

= jZotan(fd)

/) /s
sc(d) = ——(e/Pl+eIF ) = ——cos(Bd)
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- The voltage 1,.(d) = 0 at d = 0 (load) = short circuit
Then as we go away from load the voltage amplitude will vary as: sin(8d)

Note: this is the amplitude, not |7 (d)| which is a standing wave of A/2

- The current amplitude I.(d) is maximum at load and varies as cos(Sd)

> 7> input impedance of short-circuited line of length I:
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Special cases of lossless TL: short circuit
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Special cases of lossless TL: short circuit

In general, Z;,, = R;;, + jXin, Input reactance

n =T = jZotan(Bl) Input impedance  Input resistance

For short circuit, Z;;,, = jX;,, (purely reactive)

For SC line, if | < A/4, its impedance is equivalent to an inductor

If A/4 <1 < A2 - impedance looks like a capacitor

. _ 21 A _ s
Zin™" = jZytan(Bl) = jZytan 3 =]Zotan(Z)
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[ < Z,tan(ﬁl) >0 Zp¢ =jZy(tan) —— inductor

I

A
<Il< E,tan(ﬁl) <0 Zzp¢=—jzZy,(tan) —- capacitor



Special cases of lossless TL: short circuit

For tan(B1) > 0 - line appears inductive with equivalent inductance = L
jwleq = jZotan(Bl)
Zytan(Bl)
eq — w (H)

Minimum length of Z;¢ equivalent to inductor: [ = %tan‘l(%) (m)
0

For tan(B1) <0 -> input impedance is capacitive, line acts like equivalent capacitor,
_ = jZotan(f1l) _
jwCeq ° if tan(Bl) <0
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Nm) S =<pl=m

Make equivalent inductors and capacitors by designing length of short- circuited line

Common in high speed microwave circuits, fabricating inductors/capacitors more
challenging than microstrip transmission line



Special cases of lossless TL: short circuit
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Special cases of lossless line: open circuit

Uoe(d) = Vg (e/P1+e77B%) = 2V cos(Bd)
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Application of SC/OC Technique

Network analyzer — used to measure: impedance

RF — at high frequencies

Measures 1) Z;: and 2) Z;7 > to obtain Z, and 8

Zo* = (jZotan(B1)(—jZ,cot(B1))
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Lines of length | = nA/2

2T ni
Forl=nA2, (n=1,2,..)) tan(Bl) = tan (77> = tan(nw) =0

z; + jtan(Bl) Z
7. =7 —7 Z=)=7
n 0 (1 + jz tan(Bl) 0 Zo L

Half-wavelength line does not

7, =
ek modify load impedance
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Lines of length | = A/4 (quarter-wave)

_271/1_

Forl=M4+n)M2,(n=0,1,2,..) Bl T

B z;, cos(Bl) + jsin(Bl) _ L
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A/4 transformer

We have a 50 Q lossless transmission line

We want to match to Z; = 100 Q using a quarter wave section

Feedline A

A/4 transformer

(o]

Z01=50Q Zin —  Zg 7y =100 Q

N—

| /4

O

Find: required impedance of A/4 transformer
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A/4 transformer

Feedline A4

A/4 transformer

(o]

201 =50 Q Zm — Zoz %ZL =100 Q

(o]

o JliA’

A4 I

To match the feedline, need to eliminate reflectionsat AA’. 2> Z;,, =50 Q = Z;

2

Zo2
Zy

Quarter-wave TL: Zj, = Zoy =/ ZiyZ; = V50 x 100 = 70.7 Q

Matched transmission: Z;= Z,

e Zi, =Z,foralldonthe line
e =0
« Allincident power delivered to load
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