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Introduction

Transmission lines have some specid properties that can make them advantageous for impedance matching.
First they can provide an open certain frequencies, and ashort a others, making them useful for biasing, where an
impedance needs to be a short at DC, but an open at adesired frequency. This property aso alows them to short out
harmonics of asgnd, without atenuation of the desred Sgnal. At very high frequencies (>2GH2), the physicd
dimensions of inductors and capacitor make them difficult to manufacture. At these frequencies, inductors and
capacitors are replaced with transmission line, made chegp and smdll out of PC board.

Inputs
Z| = 100W Load Impedance
Zg:=50W Source Impedance
S11max = - 10dB Maximum Tolerable S11
fo:= 1GHz Center Frequency
Df := 0.3GHz Bandwidth Needed
e =42 Reative Permittivity of LTCC
(Low Temperature Co-fired Ceramic)
h := 60mil PC Board Height for LTCC



Transmission Line Synthesis Function
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Single Shunt Stub Transmission Line Matching
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Fig. 1. Single open shunt stub matching

Here astub and atransmission line are used to match atransmission line input, with characteritic impedance of
Zs, to acomplex load of impedance Z; . A open circuit sub, of length |, is placed at the input with atransmisson line
connecting it to the load with alength, d. Both transmisson line segments have a characteristic impedance of Zs. You
little (choice ot two implementions) control over the bandwidth for sngle stub tuners.

Wya = W(er,h,Z Wyq = 3016 . o
val = W(er.h.Zg] va mn N Width of Transmission Lines
-
We = 2pf we=6.283" 10 rg Center Frequency
2P
| = % | =299¢m Wavelength in Free Space
C
R_:=Re(Z|) R_ = 100W Real Part of Load Impedance
X =1m(z,) XL =0W Imag part of Load Impedance

When designing transmission line trandformers, there are multiple solutions to the matching problem For an
example, an additiond wavelength of transmisson line can be added to yidd the same matching, but with a different
frequency response. Thisis usudly not done to keep the area small. Here multiple solutions are presented.

XL +\/;*§(Zs- RL)2 + XLaé
S

1= t1 =144 Coefficient for First Solution
RL-Zs
R 2 > R
XL - jz—s{(zs- R+ XLaC
2= RL- Zs tp =-1414 Coefficient for Second Solution



dq =1 Xixatan(tl)

do =1 Xi{p + atan(tz))

) R|_2>t1 - (Zs- XL>t1)>(X|_ + Zs>(1)

le =

<

Zs{ﬂ2 + (XL + Zs>¢1)2'f

_ R|_2>t2 - (Zs- XL>t2)>(X|_ + Zs>(2)

B =

<

Zs>§"|?|_2 + (XL + Zs><2)2'f

lo1 = 2|_>p >etan(le>Zs)

0 1 &
lg1 = —atande——9
2p @Bs1Zsg

lg2 = 2|—>p>etan(832>25)
| atan®@ L0

Isp := —>atang .
20 @B sy

OK1 = (lp1 > 0){d1 > 0)
0Kz = (lpz > 0){d2 > 0)
OK3 :=(ls > 0)x{dy > 0)
OKg:= (I > 0)%{d2 > 0)
Area == ('ol + d1)>an|
Areap :=(lgo + d2)>an|
Areag = ('sl + d1)>an|
Areay = (|s2 + d2)>an|

dq =4546cm

do = 10404cm

i =-70.7110hm
Bs1

= = 70.711ohm
Bs2

lo1 = -29.289mm
Is1 = 45461mm
lo2 = 29.289mm
lsp = -45.461mm

Some solutions are not vaid (negdive lengths), so they are dropped:

OK1=0
OKp=1
OKz=1
OK4=0

N

Areaq = 0488cm
Areay = 4021cm
Areag = 2.742cm

N NN

Areaq = 1.767cm
lo1dy =- 13.315cm2

lao>do = 30472 Cm2
lspdy = 20.667cnt

lgpdo = - 47.297cm2

Connecting Transmission L
(Solution #1&3)

Connecting Transmission L
(Solution #2&4)

Susceptance of Stub (Solution #1&

Susceptance of Stub (Solution #2&

Length of Open Circuit Stuk
(Solution #1)

Length of Short Circuit Stut
(Solution #3)

Length of Open Circuit Stuk
(Solution #2)

Length of Short Circuit Stut
(Solution #4)

Is Solution #1 OK to use?
Is Solution #2 OK to use?
Is Solution #3 OK to use?
Is Solution #4 OK to use?

Area for Solution #1
Areafor Solution #2
Areafor Solution #1
Areafor Solution #2

Aressif white spaceis considered



Single Series Stub Transmission Line Matching
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Fig. 1. Single series stub matching
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dq =1 x;mtan(tl)

do =1 Xi{p + atan(tz))

G|_2>t1 - (Ys- t1>B|_)>(BL + tl*Ys)
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-Ys£GL” + (B + taxvg) T
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52_
2 2
—YS{GL +(B|_+t2>%7(3) C
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0Ky = (log > 0)>(d1 >0)
0Kz = (lpz > 0){d2 > 0)
OK3:=(ls > 0)xdy > 0)
OKg:= (I > 0)%{d7 > 0)
Area = (lo1 + d1)Wog
Areap = (lop + dg) Wg
Areag = (Is1 + dq)Wyq
Areay = (Isp + do) Wy

Load Conductance and Suseptance

Source Admittance

Coefficient for Firs Solution

Coefficient for Second Solution

Connecting Transmission Line
(Solution #1&3)
Connecting Transmission Line
(Solution #2&4)

Xg1 = - 35.355W Stub Reactance (Solution #1)

dq =-2929cm

ds = 17.879cm

X = 35355W  Stub Reactance (Solution #2)

lop = 45.461mm Length of Open Circuit Stub
(Solution #1)

ls1 = - 29.289mm Length of Short Circuit Stub
(Solution #3)

lop = - 45.461mm Length of Open Circuit Stub
(Solution #2)

lsp = 29.289mm Length of Short Circuit Stub
fSqutio_n #4

OK1=0 s Solution #1 OK to use?

OK =0 Is Solution #2 OK to use?

OK3=0 Is Solution #3 OK to use?

OKg=1 Is Solution #4 OK to use?

Area = 0.488ciTt Area for Solution #1
Areap = 4021cirt Area for Solution #2
Aresa =-1767cnt Areafor Solution #1

Areas = 6276cm®  Areafor Solution #2
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1/4 Wave Transformer Matching

Fig. 1: Single shunt stub matching
No control over bandwidth achieved

D fo:= ]i! D fe = 30% Fractional Bandwidth Needed
Cc
Sllmax
Gmax:=10 *° Grmax = 01 Reflection Coefficient Needed
Z1 4=\Zs7)L Z1 4=707T11W Impedance of Quarter Wave Transn
& G 2%[Z37| © :
D fomax:= 2 - —acosto—— X S7L & Actud Bandwidth

e

Df fomax = 36.7%

OK := Df_fomax > Df_f¢ OK =1 OK to usethiscircuit?

b:= 2|—>px er b = 43.066m Phase Constant (Wave Number)
len := IZ len = 7.475cm Length of Transformer

Wval = W(er,h,Z3_4) Wval = 1.61mm Width of Transformer

Area:= lenWval Area = 1.203cm’ Areaof Transformer

Outputs

Zy 4=70711W Impedance of Line

oK =1 OK to use this circuit?
Area = 1.203cnt Area of Transformer



1/4 Wave Binomial Transformer Matching

Zs

I /4 I /4

L B N
W, ;: z,

Wy

Fg. 1: Y4 wave binomial transformer matching

=0.828

Gpc = 0.333 DC Reflection Coefficient

Fractiona Order Needed

Order Estimation
Binomid Cosfficient

A(N) = 0.167

Df_fo(N) = 38.795% Actud Fractiond Bandwidth

Df_fo(Nval)
—~ 100
%

0 2 4 6 8 10 12 14 16 18 20
Nval
i=0.(N- 1 Index Vector
o Ny = — i N) = Binomid Coefficients
(N - n)bn!

G(n, N) := A(N)>C(n, N)

G(i,N) = Reflection Coefficients



j=1.N

Z:= ZvalO - Zg 7 =
for i1 0. (N- 1) : T-Line Impedances
N %
Zval. . = Zval.>s§EM-o
1 'e1- G(i,N) g
Zval
= 0 § , N
Wval; W(er’h’zj) wva=F "~ 9 Widths of Transmisson Line Segme
el643 g
max(Wval) = 1.643mm Maximum Width
|
len = ZXN len = 7.475cm Length of Transformer
Area:= lenma(Wval) Area = 1228cnt Area of Transformer
Outputs
0 § : .
anlz?e 9 Widths of Line Segments
eléd3 g
len = 7.475cm Length of Transformer
Area = 1.228cm’ Area of Transformer



1/4 Wave Chebyshev Transformer Matching
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Fg. 1: Y4 wave chebyshev transformer matching

8 Gl 6

acosh o
mex Q =0.878 Fractional Order Needed
acosh.:secep ﬁ - ——.| |
& 2fc @i
, G 5 .
g acosh?dGDC‘ < IEJ
@ e Bmax g a
N := ceil > N=1 . .
L A of U Order Estimation
¢ acoshssec.gg?‘:l - — Q’JEL
6 & &e& egnn
=if(N>2,N,2) N=2
®e 000 . .
Df_fo(N) :=2- i>asecccosh?3:L >acosh‘éd DC‘ 12 Df_fo(N) = 95.098% Actua Fractiond Bandwidth
p & gN & Cmax gog
200
Df_fo(Nval)
— " 100
%
0
5 10 15 20
Nval
A = Gmax A =01 Transformer Coefficient
Ee ee gﬁf &L oooo
735 g
Omax = <’;1sec£’:cosh£’:i ><5lscosh(’;e—z L. Omax = 47.993deg
e eN & 2Cmax ggg



T(n,x) :=if(|X < 1,cos(nxacos(x)),cosh(n>acosh(x)))

i:=0..N

G(n) = A><s,ec(qmax)3 if n=0

2

2
G(i) =
0.167
0.276
0.276

j=1.N
Z:= ZvalO - Zg

for il 0.N- 1

i+1

Zval

Wval, = W(er, h,Zj)

maxWval) = 1.652mm
len:= I—xN
4

Area:= lensmaxWval)
Outputs
&0 0
Wval = (c; 1652~ mm
e0.401 g
len = 14.95cm
Area= 2.47cm2

Zval. , = Zvali>e

gmgsec(qmax)s- sec(qmax)g if n=1
§>A>€sec(qm3x)3- sec(qmax)z if n=2

A><.~:ec(qmax)3 if n=3

2G(i)

Chebyshev Polynomid Coefficients
Index Vector

Reflection Coefficients

Zi = Transmission Line Impedances
69.803| W
121.31
&0 0
Wval = E 1652 mm  Widths of Transmission Line Segme
0401 gy
Maximum Width
len = 14.95cm Length of Transformer
Area = 247cnt Areaof Trandformer

Widths of Transmission Line
Segments

Length of Transformer
Area of Transformer



Exponential Taper Matching Transformer

Zs

Vg st Z

Fg. 1: Exponential transformer matching

L=L L=720cm  Length of Transformer (Option #1: bL=p)
b
Lp:= 2p L, =1459cm Length of Transformer (Option #2: bL=2
b
1, &L0 1 &0
—Anc—=% L—>4nc——><z
2 =zge ©7°9 Z)(2) =zge > €759
100 100
80 [ . 80 [ .
Z(2) Zy(2)
60 - . 60 [ .
| | |
0 5 0 5 10
Z Z
cm cm
W(er,h,z(0cm)) = 3016mm Width at Beginning of Taper
W(er,h,Z(L)) = 0.724mm Width at End of Taper
TotArea:= L>W(er,h,Z(0cm)) TotArea = 22cm” Total Area of Transformer
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Triangular Taper Matching Transformer

Fig. 1: Triangular transformer matching

L =14.59cm
b

Z(2)

cm
W(er,h,Z(0cm)) = 3016mm
W(er,h,Z(L)) = 0.724mm

TotArea:= L>W(er,h,Z(Ocm)) TotArea = 4.401cm2
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Length of Transformer (Option #1

Width a Beginning of Taper
Width at End of Taper
Total Area of Transformer



Klopfenstein Taper Matching Transformer

Zs

Vg st Z

Fig. 1. Klopfenstein transformer matching

A= acosh‘é’e%f;’ A = 1874 Coefficient for Transformer

& Cmax g
L=2 L = 4.351cm Length of Transformer

b

6 X

0 |1(A></1 - y2)
f(xA) =g ——3— 21 gy

g AX[1- y?

0

%chZ—L—: } s:(CA) >A2>q‘ Fﬂf l,A9
A co
22 =zge” €759 € e Z(Ocm) = 55.995W  Z(L) = 89.294W
a 2 2
G(bL) = Gpee V- bl cose\/ bL - A'g
cosh(A)
100
80 0.2
2(2) |a(bL)|
60
0 2 4 % 5 10
Z bL
cm

W(er,h,Z(0cm)) = 2492rmm Width at Beginning of Taper
W(er,h,Z(L)) = 0.956rmm Width at End of Taper
TotArea = Lw(er,h,Z(0cm)) TotArea= 1084cm’  Total Area of Transformer

Copyright and Trademark Notice
All software and other materias included in this document are protected by copyright, and are owned or

controlled by Circuit Sage.

The routines are protected by copyright as a collective work and/or compilation, pursuant to federa copyright
laws, internationa conventions, and other copyright laws. Any reproduction, modification, publication, transmission,
trandfer, sde, digtribution, performance, display or exploitation of any of the routines, whether in whole or in part,
without the express written permission of Circuit Sage is prohibited.
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