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Three port components

Malin application : power division and
combination
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Three port components




=Pl Reciprocal

MAG-EPFL
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=PrlL Matched
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=PrlL _ossless
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L ossless, matched and reciprocal

531




=Pk Lossless, matched and reciprocal

Thus
2 2
S12| F 513‘ =1 suppose :
8122+5232=1 $13#0 = so3=0and $;5 =0
2 2 Incompatible with
S13| +[S23| =1 , ,
* 12" +]s23]” =1
513523 =0

$12813 =0
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=PFL Lossless, matched at 2 ports and

reciprocal
0 sy S31
[S]=[s1 0 sz
1531 S32  S33
0 S21 831 _O 821 531_ _1 0 O—
821* 0 532* 521 0 332 =10 1 O
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=PFL Lossless, matched at 2 ports and

reciprocal
Thus
yields :
S| +[spf” =1
5122+ 323‘2=1 S13:0 :>S:|_2=l and $93 =0, thUSSB3 =1
513 2, 523‘2 +‘S33‘2 =1 So3 =0 = ;o =1and s;3 =0, thus s33 =1
$13523 =0

* *
812523 +513533 =0

* *
S12513 + 523533 =0
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=PFL  Lossless, reciporcal and matched at

two ports
a Sp1 b,
> O P O |
by S12 ay
- o o two decoupled
components
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=PFL  Three port "nearly" matched at two
ports

scattering matrix

[S]Z S21 E S39 ekl

531 S32 533 |

Ref. planes at ports 1 and 2 selected to have ¢ real

82 -I—‘Slz‘z -I—‘Slg‘z =1
= |s13|=[s23]

2 2
MAG-EPFL 82+‘812‘ +‘523‘ =1



=PFL  Three port "nearly" matched at two
ports

513] =\/25 Re(s1p) ~+e

Thus

5(512 + 512*) +513593 =0
and

£S13+ 512 Sp3+513 S33 =0 12| = \/1—25 Re (s )&
;1—5Re(312)z1
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=PFL  Three port "nearly" matched at two
ports
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=PFL Matched and Lossless three port
clrcuits

2 2
321| +(S31 =1

S12|2 +1532

2

S23| +|513
*

1283 =0
*

Sp1S93 =0

x*
S31532 =0
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=PrlL Y Junction

1. - 2 $11=S2,=S33=A
~. -
\"\~ ,/’/ S12752175137531753275237
\ 7 / B+|C
Without losses :

A%+2B2%+2C?=1 (ellipsoid)
2AB+B2+C?2=0

C2=-2AB-B2 => AB<O0
A2+2B2-4AB-2B?%=1

B=1/4(A-1/A) A=2Bx(4B2+1)L2

R i
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=PrFL

Y -junction

Ellipsoid



EPFL Lossy three ports : resistive

divider
Match
Z: =7
R Zc N 3C Z
Zin=—R+—=
R 2 2
>
Zc L R Rzlzc
. 1'0 1 1]
i [S]:E 101
1 1 0]
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=PrFL

Wilkinson divider
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cPrL : : ..
Example in microstrip line
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=PrlL Wilkinson

We want :
3 ports matched
port 2 and 3 isolated
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=Pl Equivalent network
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=Pl Symmetry

() Vg2

C) Vg3




=Pl Symmetric excitation

port2

! Looking into port 2 2:

+
2 +W
i ’ q/) ) -
C.0. c.o.

We obtain :
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=Pl Symmetric excitation

Computation of s21 :
v(x)=v+(e‘jﬂx +rejﬂ")

V)=V (1+T)=V,=V

. . T-1
Vi=V(A/4)= NT(L-T)= Vo =—> -

where I' is the reflexion seen at port 1
looking towards resitor 2

22
2442

I
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=Pl Symmetric excitation

Thus

By symmetry
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=Pl Asymmetric excitation

Z P Looking into port 2:
: < M4 12 ‘C|/> 2V -
e o
We get
r=2
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cPrL
In summary

S33 = S9» =0 (ports 2 and 3 are matched for both excitations)

$1» =Sp1 =—]0.707 (The component is reciprocal)

$13 = S31 =—J0.707 (The component is reciprocal)

So3 = S3p = 0 (Because of the short circuit or open circuit on the symmetry axis)
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=PrFL

Match at port 1

H
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