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ch'[s Impedance Matching
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 Impedance matching is important for the following
reasons:

— Maximum power is delivered when the load is matched to

the line (assuming the generator is matched), and power
loss in is minimized.

— Impedance matching sensitive receiver components

(antenna, low-noise amplifier, etc.) improves the signal-to-
noise ratio of the system.

Matching Load
network Z
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e Factors that may be important in the selection of a
particular matching network include the following:
— Complexity:

e Asimpler matching network is usually cheaper, more reliable, and
less lossy than a more complex design.

— Bandwidth:
* Narrow or broadband.

— Implementation:

e According to the technology used the matching network can be
decided on.

— Adjustability:

e Required if dealing with variable load.

Massachusetts Institute of Technology RF Cavities and Components for Accelerators USPAS 2010



I'(""[s Matching with lumped elements (L-Networks)

CIVA)

—C— X O O iX O
Zy jB Z jB Zr
Network for z, inside the Network for z, outside the
1 + jx circle 1 + jx circle

IX and jB Can be
capacitors or
inductors

1+ Jx

8 possibilities for
matching
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Ia"[s Matching with lumped elements (L-Networks)

QILUA

Analytic Solutions

- 7 —_—0— X O
Z, =R +jX 7 %L
1 ) Zo %y B Z
Z, =zL//(_—Bj+ jX o o
. J 1 R >Z,
L, = JX +- .
JB+1/(R, + JX|)
7 =X+ RL+!XL _ X+ RL+jX-L
iB(R, + jX,)+1 (1-BX, )+ jBR,
, _ JX(@-BX, )+ JBR )+R, + X,
° (1-BX, )+ jBR,
, _(RL=XBR )+ j(X, +X({1-BX,))
’ (1-BX, )+ jBR,
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Ih"[a Matching with lumped elements (L-Networks)

QIPAY
Re,, =Neg,
Z,(1-BX,_)=(R_— XBR,) >B(XR, -X,Z,)=R -2,
SMyy, = IMgy, J_
BR, Z, = X, + X (1-BX, ) > X (1-BX,)=BZ,R — X,

Solving the 2"d order equation

2 2
o X, /R /Z,[RI+X2-Z,R, st R >Z
R+ X/
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QILUA

Analytic Solutions R X "
ZL :RL+jXL JjB 7
zi_ BHy '(i( X,) c c
+ +

L J L RL <Zo
1 B(R (X +X\))+1
Z, R+ J(X+X))
R+ j(X+X)=Z,(1-B(X + X))+ jBR,)

Re,_,, = Re,, 'BZ (X+X)=2Z —RL“ X =+JR(Z,-R )-X,

\
Z,—R )/R
SmLH :SmRH :(X+XL):BZORL :/B:i\/( 0 - L)/ L

——————————————— O
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Smith Chart Solutions
Example

Design an L-section matching network to match a series RC load with an
impedance Z,=200-j100 Q, to a 100 Q, at a frequency of 500 MHz.

Solution

Q

—O— X

Z, =200— j100Q R, >Z

0 Zy /B Z

Q
Q

z, =2—]10

Massachusetts Institute of Technology RF Cavities and Components for Accelerators USPAS 2010















-t
il P
]
_vw-:g‘*‘”:’_.f
B 1° _Jlr’




-t
il P
]
_vw-:g‘*‘”:’_.f
B 1° _Jlr’




Iqi«a Example
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jb, = j0.3 X, =+jl.2 jb, =—j0.7 X, =—jl.2
38.8 nH 2.61pF
oO—— YY" o o 1 o
Zy=100 Q 0.92 pF == ?ZLEOOJIOOQ Zo=100 Q 46.1 nH § ?ztzoo‘;loosz
° Solution 1 ° © Solution 2 ©
.1 T
B=|bx—=JwC B=jbx—=
J J XZO J J J Z L
c-2 09 _09s5pF | L-Zoo_ 100 eop
wZ, 2x(500x10° .00 ob  27(500x10°)-0.7)
o . N —
X = X Z = L X = |XX ZO -
J Xx£,=]w J J 1 oC 1
XZ,  1.2x100 c- 1 _ -
~ o 2aB00x10°) M o1Z,  27(500x10° ) (~1.2)x100
=2.65 pF
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Ia"[a The Quarter Wave Transformer
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r
_ “ﬁ:—,m—t
an
o T4 P v Zy —> Z R;
-+ jZ
Z, s . o o
ot 1Z, tan — Z2 v v
2 _7 tan g _7 2 _ 4 For only
in 17 _ 1z _ 7 0 Zi real loads
: | + )7, —+JZ, -
tan j tan
Zl — ZoZL 2
Need to drive the mismatch versus frequency?
Z, + |Zt
let t=tanfl=tand at f=f O=2 Z, =2, 35
- 2 L+ ).t
v Z, + )Lt _
= Zin _Zo — 1 Zl T JZLt i _ Z1(ZL + jzlt)_zo(zl + JZLt)
Zin + ZO Z ZL + let 4+ Z Zl(ZL + Jth)+ ZO(Zl + JZLt)
Nz, +jzt) °
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Ih"[a The Quarter Wave Transformer

QILUA

_ Zl(ZL _Zo)+ jt(zlz _ZOZL)

= 72-7 7
Z,(z, +2,)+jtlz2+2,Z,) & L Tt
_ &(ZL _Zo) = Z 2, :‘F‘
R(Z, +2,)+ j2tz> Z, +Z,+ 22,2,
- Z, -7, _ 1
(z.+z,p+avz,2, )" (2. +2,F /(2 -2,F + 12,2, /(2 -2,F)}"
2
(ZL +Zo)2 :1_|_ 4ZoZL >
(ZL_ZO) (ZL _Zo)
1 1

= W+4z,2, /(z, -2, F + (42,2, /(z, -2, )} ) (+(az,z, /(z, -7, Jsec? 0} °

1+t2=1+tan’*O=sec’0 (42,2, /(2. -Z,) Jsec’ 0>1
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. 0 T 2
If we are operatlng closetof, I|I=—=> 0=~ > sec” @ >>1

\/ﬁ \cos 6

AQz%?_QJ
2

\ﬂ~
IT| A

2./Z.Z
cosf. = L ot

V=I5 202
24 V, A
v, 4f,  2f,

0=pl=

I',= Maximum reflection coefficient
¢ 20 f, W Qtfarterh magnitude that can be tolerated
= avelength at
T f

(0]
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Ih"[a The Quarter Wave Transformer
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A _2Af ), 200, 40, _, 4l T 2ZJZZ,

f f f 1 1 -T2 (Z.-Z,

1.0

ZL}"Z{} = ]0. 01]
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R v ¢ 1111 |-
!b[b Example
Desigh a single-section quarter-wave matching
transformer to match a 10 €2 load to a 50 Q2 line, at f_ =

3 GHz. Determine the percent bandwidth for which the
SWR < 1.5.

Solution
Z,=/2.Z, =./(50)(10) = 22.36 O
SWR-1 15-1
L th A/4 I = = =0.2
=he _@BGHZ " SWR+1 15+1
AT o Biost| T 2%
fo T _w/l—l“rﬁ ‘ZL_ZO‘
£=2—£cos‘1 02 2y(50)10) =0.29, or 29%
fo 7 |J1-(02¢ [0-50)
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e Single-Section Transformer

F’? Bf:ia :
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Iy

|
|
|
|
|
|
N
|
|
:
|
|
r,!
_ 26 2 46 i o
n=0

| T B T
Y= for <l rerenelal€ b L=ho o
n=0 1 Fzrge_J ‘\\ : T21:1+F1: 2 E
___________________________________ " 12+Zzz
T =l =
5 1742
_ —2j6 T2 —2j6 —2j6 N2 —2j6

rop @rD)A-T)Ce™” . (@-T))Ce ™’ T+T +(1-TAe

' 1+ e P14 ne?e 1+I,e 2
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Ia"[s The Theory of Small Reflections
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oL+ r3e‘2j.‘9
1+ e’

If the discontinuities between the impedances Z,, Z,, and Z,, Z, are
small, then |I'; '] <<1.

=T, +I,e?"
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- ) - ) ——— > - H >
Zy <D Z Z, * e Z\ 7
- - - -
r _Zl_Zo B _Zn+l_Zn T _ZL_ZN
0 n —_ N —
L, +Z, L ., +Z, L +Z,

=T, +T,e?"
F=T(0)=T,+Te ™’ +T,e*? +... 4T, eI N2, o2V 4T, g2V
Assume that the transformer is symmetrical

I,=1} I0=1\.4 I,=I\_ etc.

[(6)=T,+Te ™+, +...4 T, 2I(N20 L [ 2I(NDI | T g72IN0

[(0)=T,L+e 2N )+ T, (e +e 2N D)4 T, (e 7 4 2IN-27 )4 ..
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Ia"‘a Multi-section Transformer
Q)] L

[(0) = & MO[I (M0 1 e M0 )4 I (1020 4 g HN-D0 ) - (gI0N-40 | gitN-00), .

r'(6)= 2e“'“'9[1“o cosN@+T;, cos(N —2) +---+T, cos(N —2n)9+~--+%FN,2}

For N even
r(6)= 2e’”6’[1“O cosN@+T;,cos(N —2)8+---+T, cos(N — 2n)6’+---+%1“(,“),2 cos «9}

Finite Fourier Cosine Series For N odd

By choosing the Fns and enough sections (N) we can achieve the
required response.
|
| |

Binomial Multisection Chebyshev Multisection
Matching Transformers Matching Transformers
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