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Introduction
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JAt microwave frequencies, V,, I, #V,, 1, respectively

Vi 1y

Va,l,

Assumption

Cross section is Uniform across
propagating direction
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Engineering
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(b) Lumped-element equivalent circuit
Fig. 2.1 Incremental length of transmission line
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Transmission Line Parameters &5 o

J : series resistance per unit length, for both conductors (conductor
finite o) (Q/m)

/ : series inductance per unit length, for both conductors (conductor
wire's self inductance) (H/m )

(; : shunt conductance per unit length (dielectric loss) (S/m )

(" : shunt capacitance per unit length (capacitance between the
conductors) (F/m )

(ICnSYS LAE



Transmission Line Parameters

=23
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Similarly >
: Telegrapher
0i(z,t O v(z,t grap
ZéZ )=—G v(z,t)=C vét J equations
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Transmission Line Parameters

B0 on = Transrrission Line |

\

)
d V(ZZ)—YZV(Z)=O (24 a)
dz , wave equations
2
d [(22)_yz[(2)20 (2.4 b)
az y
where y =q + /B =R +jal )G + ju )
Solution of (2.4) is )

V(z)=V, eV +V er? 6a)

[(z)=fe” + e "  (26D)
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@%dV“”=—m+ﬂmqaz) 23 a) j

dz
vy VeV +y Vye' T ==R + jal )I(2)
- [(Z): y (VO+6_YZ_VO_6YZ)

R+ jal

et Ve @9

0

Z, : characteristic impedance

:]?+jaL_ R+ jal \/]?+jaL

Y  JR+id )G+l ) NG+ jal
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e
B wiIC r
_w 1
A NG
Viz)y=Vie ™ +V,e’”  (@i4a)
[(Z)=V—O+e_”’)z —Vo_efﬁz (2.14 b)
Z, Z,
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Vi(z) ,[(2) _l[L
+
Z() 7ﬁ VL ZL
_
Zi—/ ¢ ZiO 2

Viz)=Vye ™ +Vye”
1 . e
](z)=Z[VOe By e ? ]
At z=0,
:V(O):VL:Z Vo +
()N A A
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Transmission Line Parameters = I

Z,-2,,.

Yz ’

where T = o = 212

Ve Z,+7Z,
Similar to r=1c""
M+ 1

: voltage reflection coefficient

or plane wave
=0 (No reflection)

=)
L V(z)y=V, e +Te’” )
[(Z)=V—O+(€ T —Te™)
ZO
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Tlssie=alracje gower flow along the line

P, =%R el () (2)]

2
N | |
zl 0 Re{l_r*e—ZJﬁZ +1‘*62Jﬁz _‘1‘*‘2}
2 ~ -
0 h
purely imaginary

2

_1
2 Z,

RL=-20lg|[] (dB)
I'=0 ; match RL = dB
['l=1 : open or short

(1-|r]")
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Viz)=V, e +Te” )=V +[le’* )
(v T=[l”)
=VO+[(COS,BZ — 51nfz )+\F\{cos(ﬁz +0 )+ s1nfz +0 )}]
=VO+[(COS,BZ +|Tlcos(Bz  +6 )+jﬂ1“\sinﬁz +0 )—sinBz }]

V()
\/{cos pz +\F\cos(ﬁz +6 )}2+ﬁF\sinﬁz +0 )—sinfz }2

\/1+2\F\cos Bz -cos(Bz +0 )-2|l|sinBz -sinBz +0 )+\F\2

N

N

\/1+2\F\cos(2ﬁz +9 )+|r

V)
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Transmission Line Parameters = I

Engineering

LV =a+ o)
(cos(2Bz +0 )=1)
mmm) distance between successive maxima is A /2
Vw =1V (1—\F\)
(cos(2Bz +0 )=-1)
mmm) distance between successive minima is A /2

(Voltage) Standing Wave Ratio : SWR or VSWR

SWR:VmaX:1+‘F‘
Vm n 1_‘r‘
1<SWR <o , SWR =1 ‘F‘:()and matched
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Viz)=V,S e ™ +V e at  z=_¢

Vo(-¢) Vye P vy

I'-¢)=

V+(_[) B VO+€ JBE VO+

Inlout innoeczrnce it 7 =_/

VO _ W e 4Te ) 14Te 01
in [(_[) VO+(6jﬂ/_l—~€—jﬂ/) 0 l_re—j'Zﬁ/ 0
 Z,+tj4tanp £

=2 (refer to (2.44)) o4
Zy+jgtanp €
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D Short-circuited Termination
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Z, =0

ss Terminated Lines

. r:ZL_ZO __
AR
Viz)=V, e ™" —e’? )==2,V"sinBz
V.’ . . AN
()= " +e/7 ) ="Lrcos
ZO ZO
V-¢) .
== 4
Z. 1) JZtanf
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ss Terminated Lines k&

@ Open-circuited Termination

S S A
Z,+2Z,
Viz)=V,( e P )=2V,"cos Bz
AT | 2yt
Hz)="2 (7 —g# =270 inp,
ZO 0

Z. =—jzcotp €
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o Zy+ jZtanp £

_ Z, +jgtanp €

A A
{=— {=—Xx—=m .. [ =/
2 ﬁ A in L
A T 2 quarter-wave
/:Z B Z:? "Zin_Z transformer
| F:ZI_ZO
/\/\lc - Zl+Zo
Ve Ve g NN . :
e z <0 V(Z)=VO+(6_JﬁZ +Ie ')
Z Z) z>0 V(z)=V,"Te ”
T z=0 Since V(0) must be same,

T=1+F=1+Zl_Z°= 24,
+
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Q graphical aid useful for solving t-line problems.

0 Developed by P. Smith in 1939 at Bell Telephone
Laboratories

A Enables visualization of transmission line problems without
requiring much calculation

d Smith chart to the M/W engineer is useful for developing
intuition of transmission line problems.
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Belales Basic Smith Chart Operati

Load impedance : 130 +,90 Q

X'tics impedance of t-line:50 Q
Length of line: 0.34

I'0), I'(-0.2 ), Z_, SWR on theline, Return loss?
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P S
‘ S
r oy

M %, =—-=2.60+s1.80 plotted.

O

(@ Using Compass or rule

[]=0.6, S\IR =3.98,
RL=4.4dB,0 =21.8°

(3 0.2202 Direction wavelengths-

toward-generator move
0.31to 0.520A

With period of 0.3
Equivalent to  0.0204

@ Reading
z..=0.255+ ;0.117

7. =% 7 =127+ j5.8
—0.31 Y =|r(0) 8 (-0.34 )=165.8°
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Measurement of Z_

Impedance method(High Frequency) F

1 o— —
End Terminal OpenZ, ., = Z A X
jO)C w/ ﬁ d
End Terminal Short Z,, ., = joL. / Zp Zo
L 1 1 || Zopen
= | — = . Vp, = =
Zo = \/; = \/ ZopeN * ZsHoRrT P /_LC ol V| Zsuon
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Coaxial Lines

JUsed for measurement

“*Construction: Connector, Cable and Adapter

JCable:
% Flexible, Semi-Rigid, Handy reformable

JConnectors:
“BNC, TNC, SMA

¢ Precision; 7.0mm, , 3.5mm, 2.9mm, 2.4mm, 1.0mm
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Coaxial Lines

Cable

Connector

Photograph of Coaxial Transmission
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Photograph of Coaxial Connectors

(ICnSYS LAB -



Simulation Project 1

A Kind of coaxial cable RG-142 has an inner radius a of 0.035 inch
and an outer radius b, of 0.116 inch. By using ADS, follow the open
-short procedure and express the characteristics impedance of the
coaxlial cable in terms of the ratio a/b, where a and b are the inner
and outer radii respectively shown in Fig. 3E.3 below. Compare the
results obtained with that obtained from the formula

Z =60 \/Z |n(§j
&, b
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