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Abstract

In this paper we give the new improved analytical method of triple stub tuner for matching the load impedances to
provide the maximum power transfer between a generator and a load. The stubs are connected in series with the line
at the appropriate distances from the load. The characteristic impedances of the transmission line and the stabs are
different. The paper points on the determination of the length for the first stub near the load. The limit lengths for the
first and the second stub are found for which the matching is possible. The length of the third stub is directly obtained
from the matching conditions. Event though there is not the unique solution for the triple stub matching, we shoved also
the existence of the unique solutions under some conditions. The special cases are also treated. The results of this
method are verified by using the standing wave ratio SWR. Event though there are not many papers on this subject this
work could be useful for engineers and physicist which work in this domain.

Keywords: Impedance matching; Transmission line; Short or open stub; Triple stub in series

1. Introduction

In electronics, microwave and RF engineering, the impedance matchingis the practice of designing the
input impedance of an electrical load or the output impedance of its corresponding signal source to maximize the power
transfer or minimize signal reflection from the load.

In general, for the matching, the stubs are widely used to match any complex load to a transmission line. They consist
of shorted or opened segments of the line, connected in parallel or in series with the line at the appropriate distances
from the load and with their appropriate lengths. In the case of the single stub the distance from the load and its length
are required for given the load impendence as well as the characteristicimpedances of the line and the stub. Single stubs
can match any load impendence to a transmission line, but the problem is a variable distance between the stab and the
load. To overcome the drawbacks of the single-stub matching technique, the double-stub matching technique is
employed. This is way the double stabs are preferable because they are inserted at predetermined locations. Thus, for
given distance between stubs and the given position from the first stub and the load, the stub lengths are required. A
disadvantage of double stubs is that they can’t match all loads. To overcome this problem, triple stubs are used, [1]-[10].
With them all loads can be matched. The distances between the second and the third stub, the second and the first stub
are given as well as the distance between the first stub and the load. The stub lengths are required. In this paper we
treat the stubs in series. Even though there is no unique solution for triple stub matching we think that the presented
method could be a useful contribution on this subject. Also, we found the unique solution in the triple stub matching
under some conditions. As it was mentioned we will work with the different impedances everywhere. Still, all
combinations either for short stubs or for open stubs can be treated with this approach. We propose this paper as the
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educational tool for the students and people which work in this domain because they can make the own MATLAB or

MATHEMATICA codes using the formulas given in this work.

2. Analytical method

The load impedanceZ;, = A + jB, (4,B € R) of the transmission line with the characteristic impendence Z,and
without losses, is to be matched by a triple-stub tuner connected in parallel (Fig. 1). The first stub is distanced from the
load by d,. The distance between the first and the second stub is d, and the distance between the second and the third
stub is d;. Their characteristic impendences are respectively Z¢, = k1Zy, Zs, = kyZy and Zs3 = k3Z,. The lengths [,

l, and [ are required to find. In this paper all impedances are normalized.

A
A

v

Figure 1 Triple short stubs in series (S/S/S; S/S/0; 0/S/S; 0/S/0/; S/0/S; S/0/0; 0/0/S; 0/0/0)

The normalized load admittance is,

Ziy =P, tjq
where

A B

pL:Z_O'qu__O

Let us calculate the normalized impedance at points 4,

zyy + jtan(Bd,) _ zZiy +ja _ zZiy +ja
1+ jtan(Bd)y,y 1+jaz,y 14 jazyy

Za = Zay) =

=14+ X0

where
a =tan(Bd,),a €R

_ p(1+a?)
~ (1-aq)?+ a’p}

LA

a(l—pf —qf) +q,(1 —a?®)
(1-aq,)?+ a?p}

Xpa =

ey
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The total impedance at points A is,

Zrotala = Za t jZs1 = Tpa + j(Xpa + Xs1) = gra + X1

where
Zs1 = jXs1

X1 = X4+ X1
Xs1 = kqb, x51 = ky tan(Bly) = kqb,

k k
Xs1 = -, Xs1 = —k btan(Bly) = -

b b

b = tan(Bl,)

The next step is the determination of the impedance at point B.
Now, the impedance at the point B is

Zrotwa +Jjtan(Bdy)  Zroraia +jm

Zp = ; = - =15 +Jjx
? 1 +]ZTotalA tan(ﬁdz) 1 +]ZTotalAm 1p )1
where
m = tan(Bd,)
1.4(1 +m?)

T =

BT —mX)? + m2r,

m(1l — 12 — X?) + X;(1 —m?)

XLp =

(1 —mX,)? + m?r%
The total impedance at the point B is,

Zrotais = Zp +JZs =T + j(xLp + Xs2) = 115 +j X
with

X, = X1 + X2

where

Xs2 = kan, Zs; = kytan(Bly) = kan,

k
Xgp = —;2, x = —k,ctan(Bl,) = —?2,

with n = tan(Bl,)

The impedance at the point C is,

7. = ZTatalB+jtan(.Bd3) _ ZTotalB +jp
c

= - = - =r,ctjx
1+ jzrotp tan(Bds) 1+ jZroraisD te L

@

)

hort circuit (S)
sSnort Circul C

0
open circuit (E)
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)
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with
p = tan(fd3)
.= (14 p?)
YT - pX)? +pPrd
p(1 =17 — X3) + X,(1 — p?)
X =

(1-pB;)? +p?gis
The total admittance at the point C is,

Zrotaic = Z + jZss =17 + j(xX1c + Xs3) = 10 +jX3
with

X3 = xpc + Xs3

The condition of the matching at the point Cis,

Zrotaic = 1
which gives,
rc=1 or
rs(1+p?) _
(1—pX;)? +p?rip
and
Xc+x53 =0, or
o = PO i —X3) + XA~ p®)
= (1 = pX2)? + p?rp
where,
Xs3 = K3q, X553 = k3 tan(Bl3) = kaq, (g)
Xs3 = _%' Zs3 = —ksz ctan(Bl3) = % ) (%)

The next step is determination of all stub lengths.

From (19) we obtain,

1 Tw
Xy =) +rg=rk—
- ip =Tip

whose solutions for X, are,

(14)

(15)

(16)

(7)

(18)

(19

(20)

2D

(22)

(23)
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x00 =Ly, @y
g p— M s

1+p?
pZ

where

UOR

Equation (24) can have the real solutions if,

@ _ 4
LB

=0

or,

1+ p?
pZ

185} < r(p) =

Also, equation (23) can be written in the form,

whose solutions are,

Uk JT(Zm 4 (X2 - %)2

15 =
LB(1,2) 2

The following condition must be satisfied,

which gives,

-1 2 1 2
@ )s&s@+)
2p? 2p?

or

(p —1)? 0 (p +1)?
—Hmo——igr—SXéfi—ﬁm0+—757_

This condition is important because it gives the limits for X, or the reactance for the second stub.

Combining (7) and (26) we obtain,

1.4(1 +m?)

LB

or

= <r
A-mX)2+m2rZ ~ @

(24)

(25)

(26)

27)

(28)

(29)
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TLAT (m)

1 O (30)
(X1 — ﬁ)z +7a
where
1+ m?
T'(m) = m2 (31)

Let’s introduce the constant Q as,

T'(m) _ (1 + mz)pz

B 7147 (p) T m2(1+p)na

>0,Vm,p, 14 (32)

The expression (30) can be written in the following form,

2
774Q

— 1 <1 (33)
(X1 — ﬁ)z + 15

This inequality presents the condition for finding the length of the first stub. Introducing the parameter t > 1, (33) can
be written as,

174Q _ l
t

— A =— <1 (34)
X, - E)Z + 15

Let us take the limit of (34),
[0, —l)2 + 12 = A0t
1T La = Tia
or

1 2 2
(=7 =14t = 1) (35)

D0<Q<1 t>1

LI 1< £<1/Q =130~ 2 = tyge
(m)
D=Qt—-1=0 (36)
that gives,
X Lo 0
)
X, = ! 37
= (37)
Equation (37) gives the reactance for the first stub,
= + ! 38
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One can see that x5; does not depend on 't’. Moreover, the reactance for the second and the third stubs do not depend
on 't’ by their definition. It is important because the unique triple stub matching is achieved for
1<t<tpy and0<Q <1
Thus, there is the unique solution (37) or (38) for the triple stub matching with (36).

12)If 0<Q<1,t >1/Q

D=Qt-1>0
that gives
1 1
Xl =E+TLA1[QL-_1 and X1 =E_TLAHQt_1 (39)
or

1
xs(i'Z) =—Xpat+ m 1./t -1 (40)
with the condition,

(1+m*p?
<
a = m2(1+ p?) S
m Q=1 t>1

For these values, this condition Qt — 1 > 0 is satisfied automatically and the reactances X1(1,2) or xs(i‘z)for the first stub
are determined by (39) and (40) with condition (41) for 1,4,

Expressions (39) give the limits where the matching is possible for the first stub.

1 1
X1 ZE-'_QA‘/Qt_l and Xlsa—r./Qt—l (42)

From the previous analysis one can conclude that there is not the unique solution for
A)If 0<Q<1,t>1/Q and
BIfg=1 t=1

It could be an optimization problem. This is problem of the three variables where the lengths of the three stubs could
be chosen to optimize the bandwidth of the matching.

The corresponding lengths for the first stub can be obtained for:

a) Short circuit (stub)

(1,2,34) _ (1,2,3,4) 1 _ @ 3 _ @
Xs1 = klb(g)51 ) Xs1 = X179 Xg1© = Xg1
C
or
1,2,3,4
pL234) _ xs(1 )
(%)51 k,
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A
1,2,3,4 1,2,34
lE§)51 ) = o atan [b(£ )]

C ()1

b) Open circuit (stub)

(G230 _ __fa
S1 - 1,234’
(0]
(7)st
or
ko
(12,34
Xsq

st~ 22" [b@m

From (41) it can be seen that

(1,23,4) _ A (1,2,3,4—)]

2
(€] ) _
Xl + Xl —_ E
and

7.4(1 +m?)
(1 —mX™M)2 + m2r2,

Tipr = Tip2 =

m(1 -1 — X1(1)2) +xP 1 -m?)

XLp1 =
(1 —mB™M)2 + m2r2,

m(1 -1 - XP?) + xP (1 - m?)

X =
L (1 —mX)2 + m2r2,

@ _ .,@ 3) _ @
s1 = Xs1 Xs1 = Xs1
_ (1234
()5t

Now, we simply find from (10) and (23) the reactance for the second stub,

1 T
(1,2,34) _ (1,2) (1,2) (»)
Xs2 =—x5 T 1_7 T 15 a2 -
LB

12) ,.(1,2)
where 1,57, x5

Now, let’s find the corresponding lengths for the second stub:

c) Short circuit (stub)

(1,2,3,4)

Xy =k,n

or

(1,234) _ %s2

(e)sz

and gy are given by (46), (47), (48) and (25).

(1,2,34)

(c)sz

(1,2,3,4)

ks

(43)

(44)

(45)

(46)

(47)

(48)

(49)
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A
(1,2,3,4) (1,2,3,4)
=—atan|n 50
Gz~ 2 ") ] 0
d) Open circuit (stub)
(1,234) _ k,
Xs2 - (1,2,3,4)
No
(t)s2
or
_ k, . (1,234)
1234 — o
x(3230 T (g)s2
(1,2,3,4) — iatan n(1,2,3,4) (51)
(%)52 27 (%)52

Finally, the reactance of the third stub can be obtained from (19),

1,2)2 1,2,3,4)2 1,2,3,4
1,2,34) _ _ _P(l - rL(B 2 — Xz( ) ) + Xz( )(1 -p?) (52)
53 T 1,2,3,4)\2 1,2)2
(1- pXé )) + erL(B )
where
rL(é’z) is given by (46).
The corresponding lengths for the third stub are:
e) Short circuit (stub)
(1,2,3,4) (1,2,3,4)
X = k3 S
3 (e)s3
or
12,34
(1234) _ x§3 )
q(%)m ks
l(1,2,3,4) — iatan q(1,2,3,4) (53)
(3)s3 2m (3)s3
f)  Open circuit (stub)
1234 _ K3
Xs3 - (1,2,3,4)
0
(c)s3
or
1,2,3,4
_ x§3 : = q(L2em
k3 (%)53
1:234) _ iatan q(1,2,3,4) (54)
(%)s2 2 (%)s3
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For stub lengths the following formula must be respected,

iatn[P] + A for P<O0

=4 2n 2 (55)
Z—atn[P] for P>0
Lo )

In the Table 1. the corresponding solutions are summarized as follows,

Table 1 The stub lengths in the triple stub matching.

lS 1 lS 2 lS 3
@ B @
@ B B
@ B B
R B @

This schema is valuable either for the short or the open stubs. Thus, the eight possible combinations can be given by this schema ((S/S/S; S/S/0;
0/S/S; 0/S/0/;S/0/S; S/0/0;0/0/S; 0/0/0).

It is recommended to choose the shortest stub lengths because the shorter lengths permit a significantly better
bandwidth.

OFORORC
lsy = min(lg, 167, 157, 157

() 1) 3) 44
ls; = mm(léz)' léz)' lgz)' léz)

(D) 42 ,3) 54
lsz = mln(l§3), l§3)' lés)' l§3)

In the papers which treat the triple stub matching many authors after finding the lengths of the first stub use it for
solving the rest of the problem as the double stub matching. In this paper as

it is proposed after finding the length of the first stub, the lengths of the second and the third stubs are simple to find
directly from the corresponding formulas. Moreover, in this paper the characteristic impedance of each circuit is

different.

e Special cases

al) d12d22d3=)./4
a:m:p:oo

(43 qL

TW="3—"7  Xa=—""3 .3 (56)
M pE+qf . pi +ai
1 = TB2 = SV =np=<1 (57)
X12(1) + rLZA
X1(1) X1(2)
XiB1 = — 53 [ 2 XiB2T T3 2 (58)
X12(1) +14 X12(2) + 774
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X1(1'2) =74t xs(i'Z) (29)
x5 = x4+ 14y Qt —1 (60)
x5 = —xp — Q=1 61
0= (62)
TLa
1
xs(;'z'“) = _XEEZ) t7p }_ -1 (63)
TLB
(1,2,3,4)
X
1,2,3,4
(1234 _ _ 2 (64)

(1,2,3,4)\2 (1,2)2
(Bz ) + 75

32) dl = dz = )./4, d3 * A/‘l’
We use (59)-(64)

0="2 (65)

TLa

and (49) and (52) for xs(;‘z‘“) and xs(é’z’“).

33) d1=d3=)./4', dzil/‘l‘
a=p=oo, m + ©

We use (56) for 174, x14, (46), (48) and (58) for 1151, T2, X181, X152, (3) (40) and (41) for

X1(1,2) ,Xs(i‘z) .For x§%,2,3,4) and x§§’2’3’4) (63) and (64) are used respectively with,

o =" (66)

L4

A A A
34) dl:Z'dz#:st#:Z
a= o, m=* o, pqtoo

We use (59) for r; 4, x; 4. All other expressions for xﬁ’z), x§;'2'3'4) and xs(;'z'“) are calculated by the same expressions as

in the general case.

a5) dy #%,d, = 1/4 d3 + /4
A+, M=o, P+

We use (60) and (61) for calculating xs(i'z) ,(57) and (58) for 115, X151, x With
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_ 1
r(P)7is

Q (67)

: 1,2,3,4 1,2,3,4 . .
All other expressions for xs(2 ) and xs(3 ) are calculated by the same expressions as in the general case.

a6) dy #5,dy # % dy = /4
a#0, MmM#*0, p=oo

We use (63) and (64) for calculating xs(é’z’“) and xs(§’2'3'4) with (66). All other expressions are calculated by the same

expressions as in the general case.

The stub lengths either for short circuit or open circuit are calculated by the previous expressions.

3. Numerical validation

In the literature is difficult to find the representative examples for triple stub matching where the stabs are in series
with the transmission line. We give some examples which results will be verified by the coefficient SWR (standing wave
ratio). These examples could be interesting as the benchmark problems.

3.1. Example

The terminating impendence is Z;, = (50 — j10)£2 and the characteristic impendence Zo of the line and the stubs is 50
Q. The first stub is connected to the load (d1 = 0 A). The spacing between the first and second stub is stub dz=1/8 A and
between the third and the second stub is ds = 1/8 A. Determine the lengths of the short-circuited stubs when the match
is achieved.

Solution:
4 =1, x4 = —0.2, Q =1, tmax = 1

There is not the unique solution.

We begin by t = 1 for which,

Table 2 The stub lengths in the triple stub matching (S/C), t =1

lsy lsz ls3
0.1394 0.1762 0.1250
0.1394 0.1762 0.1250
0.1394 0.1762 0.1250
0.1394 0.1762 0.1250

Table 3 The stub lengths in the triple stub matching (S/C), t =3.

Ls1 lsz lss
0.1919 0.2099 0.1875
0.1919 0.1762 0.4375
0.4664 0.1762 0.1875
0.4664 0.0181 0.4375
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Table 4 The stub lengths in the triple stub matching (S/C), t =10.

Lsq lsz ls3
0.2128 0.2018 0.2110
0.2128 0.1762 0.3238
0.3307 0.1762 0.2110
0.3307 0.1074 0.3238

Table 5 The stub lengths in the triple stub matching (S/C), t =100.

lsy ls, ls3
0.2358 0.1871 0.2355
0.2358 0.1762 0.2677
0.2681 0.1762 0.2355
0.2681 0.1612 0.2677

Table 6 The stub lengths in the triple stub matching (S/C), t =100000.

ls1 Ls2 ls3
0.2495 0.1766 0.2495
0.2495 0.1762 0.2505
0.2505 0.1762 0.2495
0.2505 0.1758 0.2505

Table 7 The stub lengths in the triple stub matching (S/C), t =1010

ls1 ls; ls3
0.2500 0.1762 0.2500
0.2500 0.1762 0.2500
0.2500 0.1762 0.2500
0.2500 0.1762 0.2500

From Tables 2 to 7 we can see that for different 't’ there is not the unique solution for the stub matching, but each
solution satisfies the matching condition (34) that will be proved by the coefficient SWR (APPENDIX). We choose

randomly the lengths of stub1,2 and 3.
Not unique solution: t = 10 (Second row in Table 4)
[) SWR before the load:
dizy =0, liy=0
z1y = (50 — j10)Q
| Tgroaa |= 0.0995, SWRg;oaq = 1.2210

II) SWR between the first and the second stub:
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d, =0, I =021282

Zrotars1 = (50 +5200.01)Q
| U(s1-s2) |= 0.8944, SWR(s1_s2) = 17.9456

[1I) VSWR after the second stub:
Zrotais2 = (9.9988 + j19.9887)Q
d, =0.1254, I =0.176221
| T(sa_s3) I= 0.7071, SWRs;_s3) = 5.8282
IV) VSWR after the third stub:

Zrss = (49.9613 — j 0.0287)Q

d; = 0.1254, 1) = 0.32381
| Tas3) 1= 4.8200 - 107*
SWR(ss3) = 1.0010
Thus, for any 't’ (34) is satisfied.

3.2. Examples

The terminating impendence is Z; = (300 + j100){2 and the characteristic impendence Zo of the line and the stubs is 50
Q. The first stub is away d1 = 0.503 A from the load. The spacing between the first and second stub is stub d2 = 3/8 A and
between the third and the second stub is ds = 3/8 A. Determine the lengths of the short-circuited stubs when the match
is achieved.

Solution:

4= 63934,  x,,=13465, Q =0.1564
tmax = 6.3934

For any 't’ between 1 and 6.3934 we have the unique solution for the stub matching (Table 8).
Short stubs:

Table 8 The stub lengths (S/C),1 < t < 6.3934.

lsy lsz ls3
0.3141 0.3559 0.1470
0.3141 0.3059 0.2965
0.3141 0.3559 0.1470
0.3141 0.3059 0.2965
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Table 9 The stub lengths (S/C), t = 6.4

ls1 Lsz Ls3
0.3196 0.3565 0.1470
0.3196 0.3061 0.2965
0.3094 0.3553 0.1470
0.3094 0.3058 0.2965
Table 10 The stub lengths (S/C), t = 100.
lsy lsz ls3
0.2428 0.3336 0.2323
0.2428 0.3201 0.2645
0.2559 0.3279 0.2323
0.2559 0.3159 0.2645
Table 11 The stub lengths (S/C), t = 1010
ls1 lsz ls3
0.2500 0.3238 0.2500
0.2500 0.3238 0.2500
0.2500 0.3238 0.2500
0.2500 0.3238 0.2500

We have two types of matching solutions (see Tables 8 to 11):
a) Uniquefor 1<t <t = 6.3934
b) Notunique fort > t,,,, = 6.3934

Unique solution: 1 < t < t,,,, = 6.3934 (First row in Table 8)

[) SWR before the load:
dlzN = 0! llzN =0

Ziy = (300 + j100)Q
IFBLoad |= 07397, SWRBLOG.d = 66837

II) SWR between the first and the second stub:
— (1) _
d; = 0.5032, lg;7 = 031412

Zrotais1 = (319.67 — j50.036)Q
| F(SI—SZ) |= 07352, SWR(Sl—SZ) = 6.5538

[1I) VSWR after the second stub:

Zrotats2 = (15.6411 —j13.7106)0
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d, = 03751,  I$Y = 035591
| Tszs3) 1= 0.5517, SWR(s;_s3) = 3.4610
IV) VSWR after the third stub:
Zrs3 = (50.0815 — j 0.0358)Q
dy = 03754, 1) =0.14702
| Teass) |= 8.8948 - 10~

SWR(ss3) = 1.0018

No unique solution: t = 100 > t,;,4, = 6.3934 (Fourth row in Table 10)

I) SWR before the load:
dizn =0, lizy=0

zyy = (300 + j100)Q
| Tgroaq |I= 0.7397, VSWRgoqa = 6.6837
II) SWR between the first and the second stub:
d, = 05031, I = 025591
Zrorais: = (319.67 — j1280.8)Q
| T(s1-s2) 1= 0.9818, VSWR(s1_s) = 109.1800
[1I) VSWR after the second stub:
Zrotais2 = (0.9884 — j59.9680)0
d, = 03754, I} =0.31591
| T(s2-s3) 1= 0.9839, VSWR(s,_g3y = 123.3619
IV) VSWR after the third stub:
Zrsz = (49.2535 —j 0.5696)Q
d; = 0.3751, 1) =0.26452
| Teassy = 0.0095
VSWR(4s3) = 1.0191
Thus, for any 't’ (34) is satisfied.

3.3. Example

A load with a load impedance of Z; = (250 + j80){2 is to be matched to a transmission line of a microstrip line with a
characteristic input impedance of 502 using a triple stub. All stubs are open with the same characteristic impedances
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as the transmission line. The gaps between the stubs are d2 = 1/8 A and ds = 3/8 A, and the gap between the load and
the first stub is fixed at d1 = 0.482 A.

Solution:

In this case,
T4 = 2.9462, X4 = 29462, (Q =0.3394

tmax = 2.9462

This is the case of the unique solution where all expressions do not depend on the parameter 't’, (37) and (38) for,
1<t<tnw = 29462

For any 't' from the interval 1 < t < t,,4, = 2.9462 the unique solution is given for the open and the short stubs in
Table 12.

Table 12 The stub lengths (0/C).

ls1 ls, lss
0.0857 0.3707 0.3099
0.0857 0.1293 0.0629
0.0857 0.3707 0.3099
0.0857 0.1293 0.0629
For any 't' from the interval t = t,,,,, > 2.9462 we obtain the different solutions as it was shown in the previous examples. The matching condition
(34) is satisfied.

3.4. Example

Let’s solve the following problem where the terminating impendence is Z;, = (25 — j25)f2 and the characteristic
impendence Zo of the line and the stubs is 50 . The first stub is away d1 = 0.25 A from the load. The spacing between
the first and second stub is stub d2 = 1/4 A and between the third and the second stub is d3 = 1/4 A. Determine the
lengths of the open circuited stubs when the match is achieved.
Solution:
This is the special case al)

14 = 0.0917, x4 = —0.0200, @ = 10.9039

tmax = 0.0917 < 1

There is not the unique solution but for any 't' the matching condition (34) is satisfied.

Fort = 3 (Table 13)

Table 13 The stub lengths (0/C)

lsy ls, lss
0.3125 0.3703 0.4020
0.3125 0.2500 0.0980
0.0625 0.2500 0.4020
0.0625 0.1297 0.0980
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3.5. Examples

Finally let’s solve the following example in which all characteristic impedances are different.

The terminating impendence is Z; = (60 — j80){2 and the characteristic impendence of the line Zo is 50 Q. The
characteristic impedances of stubs are respectively Zg; = 7502, Zs, = 10002 and Zg; = 125/0. The first stub is away d1 =
0.154 A from the load. The spacing between the first and second stub is stub dz2 = 3/8 A and between the third and the
second stub is d3 = 1/8 . Determine the lengths of the open stubs as well as the short-circuited stubs when the match

is achieved.

Solution:

We start with the open stubs and x = 5 for which we have,

14 = 02649, x., = —0.1835, Q = 3.7746

Thus, there is not the unique solution. The results for x = 5 are given in Table 14.

Table 14 The stub lengths (0/C)

tmax = 0.2649 <1

ls1 lsz ls3
0.2818 0.3923 0.3894
0.2818 0.3167 0.1894
0.1049 0.1833 0.3894
0.1049 0.1077 0.1894

Let us verify these results by the coefficient SWR for the shortest lengths of stubs (Fourth row in Table 14).

I) SWR before the load:

dlzN = 0:

Ziy = (60 — j80)Q

llzN =0

| Tproaq 1= 0.5927, SWRpLoaq = 3.9110

II) SWR between the first and the second stub:

d, = 0.1544,

1D = 0.10492

Zrorars1 = (10.8822 — j9.7414)Q

I F(Sl—SZ) |= 09089, SWR(Sl—SZ) = 209535

II1) VSWR after the second stub:

Zrotaiss = (20.0070 + j10.0690)Q

d, = 0.3754,

| F(52_53) |= 04473, SWR(52_53) = 26187

IV) VSWR after the third stub

1 =0.10772

Zrss = (50.1488 + j0.0526i)Q
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d; = 01252, 1) =0.18942
| Teassy 1= 0.0016
SWR(ss3) = 1.0032
Short stubs:

Now, for the short stubs and x = 5 the results are given in Table 15.

Table 15 The stub lengths (S/C)

Ls1 ls2 ls3
0.0318 0.1423 0.1394
0.0318 0.0667 0.4394
0.3549 0.4333 0.1394
0.3549 0.3577 0.4394

4= 02649, x,, = —0.1835, Q = 3.7746

tmax = 0.2649

Let us verify these results by the coefficient SWR (Second row in Table 15).
I) SWR before the load:
dizn=0, li,n=0
Z, = (60 — j80)Q
| Tgroaa 1= 0.5927, SWRp;qq = 3.9110
II) SWR between the first and the second stub:
d, = 01543, 1Y =0.03182
Zrotais1 = (13.2464 +j 6.0124)Q
| T(s1-s2) 1= 0.5862, SWR(s;_gs;) = 3.8333

III) VSWR after the second stub:

ZTotalSZ = (199924’ +]100100)Q
d, = 03751, 1) =0.06671

| F(52_53) |= 0.44’74, SWR(52_53) = 2.6192
IV) VSWR after the third stub:

Zrss = (50.0086 — j 0.0067)Q

d; = 01252, 1) =0.43942
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| Tass) |= 1.0914 - 10~
SWRs3 = 1.0002

Thus, in all examples is confirmed by SWR the validity of obtained results. In all previous example the software [11] is
used.

4. Appendix

4.1. Determination of the standing wave ratio SWR

a = tan(Bd), b = tan(Bl)

Zy + jZytan(Bd,) Zy+jZoa
Zay = Zo : =2y -
Zy + jtan(Bd,)Z, Zo+jtanZ,a

Short stub: Zs-1y = jZotan(Bl) = jZyb
Open stub: Zo-1) = —jZo ctan(Bl) = —jZy /b
Total impedance at the connexion,
Zrcon = Zay t Zs-y Or Zrcon = Z(ay t Z(o-)

The module of the coefficient of the reflexion | I' | at the connexion,

| T |= |ZTCON_ZO I
| Zrcon + Zo |
The standing wave ratio,
SWR = 1+ T |
1-| T

5. Conclusion

In this paper we present the improved analytical approach for the triple stub matching. The stubs are in series with the
transmission line and the load. All characteristic impedances either for the transmission line or for the stubs are
different. The lengths of all stubs were found as well as the domains of the matching for the first and second stubs. Even
though there is not the unique solution of the matching we show that under some matching conditions the unique
solution is possible. The paper is written in detail with the general and the special cases. Many representative examples
are solved in detail so that potential readers can easily follow and understand them. All results are verified by the
standing wave ratio SWR which must bel near the generator. It is recommended to verify these examples by using the
Smith chart. In this paper we treated the short and open stubs bath other their combinations are possible. This paper is
useful for the engineers and the physicians which work in this domain.
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