Electromagnetics:
Transmission-Line Impedance Matching
(9-7)



Transmission-Line Impedance Matching

Transmission line:
— Used for the transmission of power and information
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What will happen if back-reflection occurs?

— Power loss & information distortion!!

In order to remove back-reflection:

— The ‘effective”load impedance must be matched toZ,!



Impedance Matching by Quarter-Wave Transformer

Region of interest:

Ve i -Zy —> R Zi| —> R, 4 E<_ Ro#R,
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5 Z + R tan Al

Recall a quarter-wave section: Z. =R, : —|Z/ =—2 =R,
R, + JZ, tan gl R,
I'=1'/4 Impedance matched: No back-reflection
[« g from Z!
/E7/ £~ A14d—>Ap=n/2 — Round trip:2A¢ =1
0 0
+‘ - " ke Destructive interference at 1, -1y interface
E, = E/
, — Back-reflection minimized:
o o n. No backward-going wave
p , Phase-shifts by the front and
Mo <M <1015 >1y >1], 3

rear back reflections cancelled out!




Example 9-17:

Ry 64 ()

Ro = 50 (D)

25 ()
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. R 2 Equal power transmission
R Zmzi:ZRo “ 1
Recall : 2/ =2 =R, —1 1 Z=—— — =R,
R, 7! :EZZRO 1/2,,+11Z,,
\ L2

Rél =4 2Ro RLl
Réz — 4 2RORL2

Note that ifZ, is a complex load, it becomes cumbersome
to use quarter-wave transformers for impedance matching!



Impedance-to-Admittance Conversion

. 1
Load admittance: Y, =
L

: 1 1 :
Normalized load admittance: ¥y, =—= <Y =Y Yo =RY =g+]b
z, Z IR,
recall- 2 =T N _1-T Sly 14T 14T
eca « &L 1—F L 1+F L 1_1—16]7[ 1_1—*”
Impedance-to-admittance conversion: — [’ =T
— Azimuthal shift by “r “or a ‘quarter-wave section”in the Smith chart!
(- 20A7" = 1)

I"or I'"— plane

Smith chart:

Example 9-18: Z, — Y ?
—>2z, =2 /R,=19+ )04
— P, for z,

—> P2 . Diametrically opposite on the T | -circle
—)YL =' / RO 5
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Single-Stub Matching

le d — |
e')'|_
Vi— \—>Vp 1,—»__]_
R Z)
-
IR, tan
7 g, Dut IRy tanfl
R, + J2, tan Al _\
<« Pure Imaginary (5C) \\‘\
Impedance-matching condition;:
] 3
Y. =Y, +Y, =Y, =—
R0

In terms of normalized admittances:
> Y =Yg+, =1

AYB@

>y, =-

./ < Pure Imaginary (S‘I‘C}_" X

1. Determine 4" Re(ygz) =1

2. Determine1”: To cancel out by

Example 9-20: 2, =0.70— j0.95

Smith chart:

Determine d”

Toward /

'F(ZL) R genera'z‘o:/

" Determine1”

Ye =— 112

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.



Single-Stub Matching: Analytical Solutions

Recall: Z =R, ot _JRO tan /i — 2, = (n " jXL)_+ It @
R, + JZ, tan Al 1+ j(r, + Xt

Normalized input admittance:

A-x+ntx+t) r’t—(L—xt)(x_+t)
B 2 2
o +(x +t)

1 .
=—=0,+|b — g =
yB ZB gB J B gB r|_2+(X|_+t)2

Recall the impedance-matching condition:

1:yB+ys

Sy, =1+ jb, g, = L (L—xt)+rt(x +t) 1

r’ +(x_+t)?

— Y, =~ b —(r =Dt? =2tx_ +(r,—r>=x’)=0
Solutions: [ 1
: 1{XLJ_r\/rL[(1—rL)2+xf]}, ro=1
t=q Lt
R Recall: 2, = jtan Al >y, =1/(jtan A)
(1 1
1, —tan| = | b,>0
. ot 20 NEE: an (st :
rol =1 _ A
Pt teo A i{;ﬁtan{i } by <0 7
27 2 bs




Double-Stub Matching

ZYa= YLt Y y, =0.30— j0.40

! d,

Smith chart: —>d, =—
— Toward load

. Locus for Y, \

1:'/, o X._S

00|

Ry
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Toward

\ | generator a0
Impedance-matching condition:
_ Y — _— : 1+ j1.38 \
Yi=Yet¥e=Yo=0 Y =0.30+ j0.29 i RANAED
0 T ssasy What ifP_is here?
—1= Y T Y : /I: / : s !
— Yg =1+ b Locus for §, =0.3 |
— Vg = — JDg « Pure Imaginary (SC)-~ \

A

: : / ' Nz
' : Ppay
VA

"(y,) wlocusforgg=1 " 1 /

Note:d, is a fixed value.

1. Determine 1, Re(yB) =1 - y, =0.30— jo.40| /’,x’/
2. Determine 15" To cancel out by ' @ Yo, =—j1.38
‘ 8

0.350



Double-Stub Matching with an Added Load-Line Section

H dy ﬂ*—f d -——ﬂ

How does it work?

It must be worthwhile for you to figure it out for yourself (HW)!
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