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Impedance Matching Benefits

= Maximum power delivered to the load (assuming the
source is also matched)

= Power loss in the feeding line is minimized
= Reflections are eliminated on the feeding line

= Impedance matching sensitive loads (such as antennas,
low-noise amplifiers, etc.) improve the signal-to-noise
ratio of the system
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Properties of an Impedance Matching Network

= Physical complexity
= Bandwidth

= Adjustability (to match a variable load impedance)

I

Matching 7,

Zo Network
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Techniques for Impedance Matching

= Matching with L-Sections (lumped elements)
= Single-stub tuning

= Double-stub tuning

= Multi-section impedance transformers

= Tapered lines
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Matching with L-Sections

= Since it uses lumped elements, it is applicable only if the
frequency is low enough or the circuit size is small enough

= Two possible L-Sections:

iX iX
2 iB Z Z | |jp Z

X: Reactance, B: Suceptance

If X> 0, X is an inductor; if X <0, X is a capacitor
If B> 0, B is an capacitor; if B <0, B is an inductor
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Finding X and B in L-Sections

Analytical solutions

Smith-Chart solutions

= IfR, > Z, use:

Z g 4

IfR; <Z,use:

ZL:RL+ij
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Analytical Solutions for L-Sections

= IfR, > Z, use:

B X, £ /R /Zy\/X2 =R Z,+R}
iX X +R’
Z ijB Zy,

X :(ZO/RL)[B(RLZ + Xi)_ XL]

= IfR, <Z,use:

X =% R (Z,-R)-X,

z X VA
© L]iB v X +X,
(X + X)) +R?
o 07 e e Each case yields 2 valid solutions
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Impedance Matching Circuits (Part 1)

Smith Chart

Semi-circles
of constant X

T ISR
i
)

7!
»m

constant R

Smith Chart: Z in Series with jX — Example 1

JX

VA

Example 1:

Z=(15+j25Q

X

Z,, =15+ j100) Q

s-Sanchez
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Smith Chart: Z in Series with jX — Example 2

o — o
VA jX

Example 2:

Z =(100—- j150) Q
X=135Q
Z,=(100-j15)Q

o _H_Fe +1.0
Z X :

Example 3:
Z=(50+j250)Q
X =-250Q
Z,=50Q
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Smith Chart: Z in Parallel with jB — Example 1

iB Z

Example 1:
Z =(50-j100) Q
B=-0.01S
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Smith Chart: Z in Parallel with jB — Example 2

Z,=500Q

jB Z P
+O.2
Example 2: Db
7 (i GG +0.10 : 10.00
= (100 + J100) 0.0 < ~

B=0.0158 0,10 | —40.00
Y =2"=(0.005- j0.005)S .
Y. =(0.005+ j0.01)S
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Smith Chart: Z in Parallel with jB — Example 3

iB Z

Example 3:
Z=(40-j20)Q
B=-0.01S
Y=Z"=(0.02+j0.01)S
Y, =0.028

Dr. J. E. Rayas-Sanchez 15

Matching with L-Sections — Example 1

Find a matching network for a 100-Q system at 500 MHz
to match a load consisting of a 200-Q resistor in series
with a 3.18-pF capacitor.

Z =R + =(200- j100) Q
L 1L, J27ZfCL ( J )
Z,=100Q
Z .
Z :7L:2_
L Z) J

(D. M. Pozar, Microwave Engineering, Wiley, 2005)

Dr. J. E. Rayas-Sanchez



Impedance Matching Circuits (Part 1)
Dr. José Ernesto Rayas-Sanchez
April 25,2020

Matching with L-Sections — Example 1 (cont.)

z =£=2—j

z, 1s inside the circle
1+jx, then we use:

jX
Z z

(D. M. Pozar, Microwave Engineering, Wiley, 2005) .
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Matching with L-Sections — Example 1 (cont.)

- e
o
s

0

z, 1s inside the circle
1+jx, then we use:

X :
ZO jB ZL T
jb=+j0.29
jx=+j1.22

B=b/Z,=0.0029S
X =(1.22)Z,=122Q

(D. M. Pozar, Microwave Engineering, Wiley, 2005)
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Matching with L-Sections — Example 1 (cont.)

X
Z() jB ZL Rogat W HC
0 AR L
B=0.0029S ¢
X =122Q
B
C,=—=0.92pF
B 272f p - ﬁ
LX _ L _ 388nH T ol R T TR o T ok
278

(D. M. Pozar, Microwave Engineering, Wiley, 2005)
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Matching with L-Sections — Example 1 (cont.)

jX

Z g z

Second solution:

jb=-j0.69
jx=-j1.22
L,=_ =46.InH
274B
C, = L 2.61pF
XTogx 0P

(D. M. Pozar, Microwave Engineering, Wiley, 2005) ,,
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Matching with L-Sections — Example 1 (cont.)

Two solutions:

388 nH

O YN l o
o= 1000 0.92 pF T %'/I; 200 — 100 £2
Solution | |
-
~,
\
2.61pF \
o Il \
n 075 \‘
Zo= 1000 46.1 nH Zp=200-51005) \ Solution
' 2
o— Irl osp \
Solution 2 \ Solution
\ I
I\\
15 o
025 \ ’/f.--""'
-~

(GHz)

(D. M. Pozar, Microwave Engineering, Wiley, 2005)

Dr. J. E. Rayas-Sanchez

Matching with L-Sections — Example 1 (cont.)

z, 1s inside the circle
1+jx, then we use:

2 g z

First solution:

jb=+j0.29
jx=+j1.22

11



Impedance Matching Circuits (Part 1)
Dr. José Ernesto Rayas-Sanchez
April 25,2020

Matching with L-Sections — Example 1 (cont.)

ZLzézz_j

z, 1s inside the circle
1+jx, then we use:

jX
Z z

First solution:

jb=+j0.29
jx=+j1.22

Matching with L-Sections — Example 1 (cont.)

7 .
0 y, = 0.4+0.2 ' ‘

z, 1s inside the circle

1+jX, then we use: o
X 10.0
J
Z0 JB ZL 00
-10.0
3 g 0
First solution: >
Jb = +1029 ) e ZL:2—j
X=+ Jl 22 0.7 10 -1.5

Dr. J. E. Rayas-Sanchez 24
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Matching with L-Sections — Example 1 (cont.)

z . = 0.49-0.2 =
7 = ?L _0 b=0.49-0.2 = +0.29
0 y = 0.4+j0.2
z, 1s inside the circle
14jx, then we use: TSR \5¢
/ L 10.0
o S . g~
0 iB L °\ : =
\ -10.0
. . /50
First solution:
!b = +!O.29 0 00 =2
JX=+]1.22 01 o 18

Dr. J. E. Rayas-Sanchez 25

Matching with L-Sections — Example 1 (cont.)

Z . —049-02 =
7 =50 b =0.49-0.2 =+0.29

IL,
Z y, = 0.4+j0.2

z, 1s inside the circle

1+jX, then we use: \
10.0
jX
2 el [ .
-10.0
1 i 5.0
First solution:
jo=+j0.29 P AN
X=+]j1.22 —

Dr. J. E. Rayas-Sanchez 26
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Matching with L-Sections — Example 1 (cont.)

Z ) —049-09 —
7 = ?L _0 b=0.49-0.2 = +0.29
0 y, = 0.4+j0.2
z, 1s inside the circle
1+jX, then we use: ISR 50
- / A 10.0
J
Z0 JB ZL o0
-10.0
5 5 5.0
First solution:
j:b = +!-0.29 ~7 . 00 7.=2+]
JX=+]1.22 Zawvenn B®
z=1-j1.22
X=+1.22
Dr. J. E. Rayas-Sanchez 27
Matching with L-Sections — Example 1 (cont.)
Z ]
thy & —L=2- J +1.0
Z ] +0477//,, 415
© y, = 0.4+j0.2
z, 1s inside the circle
1+jx, then we use: 0
o 10.0
J
Z0 JB ZL 00
-10.0
5 5.0
Second solution:
j:bz—j:0.69 o< N, 00 =2
Jx=-]1.22 01 g 18
Dr. J. E. Rayas-Sanchez 28
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Matching with L-Sections — Example 1 (cont.)

YA .
thy & —L=2- J +1.0
Z ] +0477//,, 415
© y; = 0.4+j0.2
z, 1s inside the circle
1+jX, then we use: 53 \+5.0
] : 100
X
ZO JB ZL d ‘ o = =" K3

Second solution:
jb=-j0.69 0 :
jx=-j1.22 b=-02-049=-069 07
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Matching with L-Sections — Example 1 (cont.)

=14j1.22

Z . ’

n=g =2
0

y = 0.4+j0.2
z, 1s inside the circle

- / \\
1+]X, then we use: > Y +5A0
] : 100
JX
Z0 JB ZL o]

Second solution:

jo=-j0.69 P A= AN
jX == jl 22 b=-02-0.49=-0.69 0.7 10 15

Dr. J. E. Rayas-Sanchez
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Matching with L-Sections — Example 1 (cont.)

x=—122 z=1+j1.22

Z .
EaFRa
0 y, = 0.4+j0.2
z, 1s inside the circle 5 :
1+jX, then we use: 53 4 ﬂo
: f 10.0
X . &
Zo B ZL d | ‘ ; = =] o
100
. 7-5.0
Second solution: , ]
jb=-j0.69 . %0 7 =2

Jx=-]1.22 b=-02-049=-069 07 I3

Dr. J. E. Rayas-Sanchez

16

31



