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A Method of Realization of (3, 3)-port Hybrid Circuit

by Kazuhiko Azumi, Koji SHIBATA
and Yuji SHINADA

A (3,3)-port hybrid circuit is considered as a kind of (m, n)-port hybrid circuit. It
can be attained by making its configuration similar to that of the Rat-Race circuit.
Although its output power ratio is not unity at f;, which is the center frequency of
transmission, other hybrid characteristics are perfect at f;. The method of improving
the hybrid characteristics of the Rat-Race circuit in the neighbourhood of f; is also
effective in this case, and the results of theoretical calculations of the hybrid charac-

teristics are shown.
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Fig. 1. Rat-Race circuit and (3, 3)-port hybrid circuit.

5D, WwE, 33 E—bernAF Yy FEAKS ZhERAKS, WTFhOANE- LT
NT@&ﬁf—bKE%%ﬁéh%%DtL,Ch?®1®ﬂﬁ?ctﬁb,ﬁ%§m5%
DRLEEE f ok S0 —EEOBEBEOR S, MEOKET ¥ 3 2 v ARMMEEOfEL
+%. COBBKIEDONTAL 7Y » Pk L TERSADUER, Tiobb, &4, 7
SRS 3 X O BEOMARBIGRD 5 b, &b EELBETH %G, FHRILT 5%
Hakwsn, COBEKEDaflickFBANT F &2V AT [Yanl 12

(Yand = [Yaal=[Yar) [ [Yool +[Youl | [You] (1)

5% BB, =oTlYul X bROKET F $ 2 A5, [Yad, [Yol, [Yal 3 X0 [Yoal
X7 F 3 2 v ALYl O 5ITH %, Thhbb

[Yaal [Yarl i
[Y]:[[Y;m] [sz,]]’ [Yaal =1 0 Y5" 0 =1Yasl,
0« 0 Yy
Yy Yis Yo
[Yar] = |:Y24 Yos Yze] = [Yzdl (2)
Yy Yss Y

TH b, O CECT RAFIOEBYRL, F i, WFAMKEED 2D [Yal, [Yol
EHHEATITH D, Fhl [Yol=[Yl ThiFhEnb i, ¥, ¥l [Yal, [Yo] ORE
EEREA & B, COBESEERSETHE, fo T Y, [Yool 2FTF, [Yal=[Yod OEH
GEF - ADERE 7y, EQOEKLDBUKETT, ADERILD HAHET & MHRKEAERK
ey 3 WA ST A = (R HEE L 2o CHRERUFTRE T 5, X 1 (b) DIl B2 4 i S 41,



(3,3) B=FenA 7Yy FEKO—ERBE 67

fo TR L NS TERICTe B I dITiE, [Yad, [Yo] ORAERNTINTELL, KQ) 2 HAL

FHNC AT E L W &390 5, BT [Yaol [Yoal =[Yaol® BNEALATFICH AT T X Wb
SRS

ab c

[Yal = jY) [b d e

c et

LBFIR
a2+b2+ct = b+ d*+e® = A+l P =K, }
ab+bd+ce = ac+be+cf = betdetef =0
wik BT HEELIXADERa, b, ¢, d, e, fRRBLBRILV, Thii T 280/
el i@

(4)

a =d==1j e=¢c'=2, b=-2 { 5.)
¥}, TDOLEf T
[(Yaa) =9Y;1Y, = Yils (6)

Lich, e V=3Y, LEREEKREDO L f, TELTHE, T2EEEXBEE, ZhE K1)
w7,
3. (3,3) A=bF-NATVy FEABDONAT Y v P
wiz K 1 (c) olEg O BT lEaRD X 5,
[Ia] = [Yaal [Va+[Yal [V3l, L] = [Ysal [Val+[Y2] [Vl (7)

Ud = U L, LY, (L] =, LY, [Vd=I[Vy,Vy,Vil', [Vo] =1V Vs Vil
(8)

)
(Yyt+ Yact 0 0
(Vi = = [ (Yol + 1Yo | [¥oul [Val = — | 0 (YutY)' 0
0 0 (Ye+ Yt
Y14 YZ4 Y34 Vl
X | Y5 Yo Y5 Vz} (9)
Y16 YZG Y36 V3

Llehn, fo Tk Yu=0Thorhb, alFH— nbOANEE Vel THEHDET L%
BHL-HICZ f T

|Yal = |Yal = |Yal (10)
LB ENDLETHD, AECa2 st Wal3 -t HBLDOANKHL TXEhEHh

Yl = |Ys| = |Ye (11)

| Y| = | Y| = | Yel 12)



68 TAERZ « SREFEK - fhEBER

Mo CTRET D Z ENEHNBRSCHTHERMELILD, LrLiesrb, ZhbDF&RHFIRK @)
BT ENTERLADL, EHDRSIARAETH D, A G) DHEICIX

Yu= Yu=Yu=jY Y= Y=Y, Ys=>—2Y, (13)
Ml BFAMETH DM, ViDATTHL

[Vel : Vsl : [Vl = [ Y] | Y| 2 [ Y] = 1:2:2 (14)
BhHCKEIHENEERLD, V 5IO V0 ANBECHL TxEthth

IV : [Vl < [ V)= 221 -2 B8 kTR 2300 (15)

Lich, BHESHER14) X015 DED 2 FDH L8 D, Taks, K 1(c) b boTr b,
Vi DANBECKTHHNEBEV, Vs, Vet V, DANBECHT HHDEBIE Vs, Vi, Veic%
Ly, A a L Tal bR~ L a2 8~ CORBEEEIELL,

U ED SR EEBL THHTELIL 17 Y » FEEOBER Y X2 1 2RT, 22 ThH
HEDOEHRE L TRANE— PHEORREOMB X & 1, UlziE, Sn X Vi ANEEC
HIWWHIIEBE V, 2R,

S,; = 20 1ogye l‘;;— (16)

LD THD, T HBESHERLTOIC, —2DANCHTHIHNE—FbloOHN
W.nks, HAxE—+blolH Wockd s ol Ha— O HDORO MY /"L T
BB, GIZIERIHETIE Wy, W THY, BEX (WSWoa & TH 5, s, Vs DANEE
CHLUTHNEEV, V%L, LihsT, TOBEBNOLIFECLITHE2b X212k
AL TWigw, HMOBEEMHEZIHEDEE Vi 2 ARic s 5t &, WOHNEE Vs Vs DfiL
MO REEEEL R LLDTH B2, HOENRD L X LEBC, ADERE VcxL T
DBEEV, & Vs xHELL, AHETHA20b IR —HDA%Y K 2ITRLTWS,

K2D~147 Yy FEMEZ, fOEFTICEL LT D, fo DEGHTEIT S FEDK

0.2
f

Refl. coet,

LA

0.1+

~
(=3

80° 90° 100° Al 80° 90° 100° Bl
(a) X 4 & B (b) & B &

(a) Reflection coefficient. (b) Isolation.



(3,3) #— bernd 7Yy FEKO—ERE
011 8.0
5
010 & ol
g H
= 009 3
(f 6.0
way £ 008
e
5.0
0.07
006 .01
80° 90° 100° pl 80° 90° 100° gl
W. W,
T - - . W, . A 5) 6
(€) MAENHE: Wy @ wormnts (), & (Wola

(¢) Output power ratio; Wy;. W
(d) Output power ratio; (W)

Ws )
and ( W, )a

al

0.45
05 °
: 0.4 0
° H
. * 0.35-
Z 02
= 030
01
; 025 )
80° 90° 100° Al 80° 90° 100° pl
(&) MPENIL; Wy €) WHEAL; (%/i) .
4 a.

(e) Output power ratio: Wis.

We
f) Output power ratio; (—— :
(f) put p S\ Wy Jas
|9l | —o 9 P ==
> Ve o| -7 ¥ o —————y
. Q= 104 i
sty 10 posn,
\ . IS -
N - V' N T
4 - ’ \
\ o Il \‘ :
\
\ o ' -
b g ! v a
N ag ll \
5 L
N ] v 29
\
Y ,r\fﬂeo"Arg(%)a‘ \
N PN ‘e
\ ) N 14
\ Se 2 1
273 ! S \ 1
3 1 St : !
k d o ]
° l
80° 90° 100° pl 80 90 100 B

() wHRIEGHS; Arg (70)
Vs
L 180°+ Arg (?)

Phase difference between output

(8) &ﬂ%E&ﬁ%;Am<%%>

a3
al

(g) Phase difference between output al

Vs (h)

voltages; Arg (7) g
i ;s (1) .
voltages; Arg ( Ve and 180
ﬁ)
+Arg ( V. e
(3,3) = Leng 7Yy FEKD AT Y o FEE
Hybrid characteristics of (3, 3)-port hybrid circuit.

2
Fig. 2.

69



70 TAEFE - REFK - dEEER

%tk L LT, Rat-Race B0 HE & AL T C LA TE2Y, Z0FELTHIY
7 F 3 2 v AfTH [Yool O fAEERD & THY, Yol BT F s 2 Af75L LT

[Youl = [[Yaul (Yol ] [Yar 17)

[Yaf] = [Yna]—[Yrsb] [val;]—l [Yba] (18)

ORGEAD Y, KAXLOBEE [Yad =Yool ZHATINTH L0 0, [Yol DXL ERET
X\, foDEHT

YAYu—5YuYh—AYnYh  —4YE(Yy—Yy)
[Yarl = ?1Y— CAYR(Yu—Y)  YAYu—5YyuYh—d4Y,YE
2V (Yy—Ye) —2Y% (Y~ Vi)
—2Y% (Y — Ya)
—2YH(Yy— Y 19

Yll Y123 ST Y124 (8 Y33 T Yll)

Lich, foOfEBET
Vi =9V, 40 . Vg = 5 2°%,
272 L, 4 = tanhjBl (20)

DOBEAD, a3, b3 FE— MCAY 2! DT F I 2 v ADSGK L
M THHELED L LD, COMEERTIR,TH
foDEBT[Yol=3Y11; TH Y, U7 F § & v ADHIIAE
ThHbH, COMEEITR- BllEEY K3ITRL, £DS 7Y
v FEEOBEREIEMERY K4 12mT, X3 CTHEAO 778 L
DSOS K1) MU THD, MADLREHRE, 78 E3 #fLre 6,3) £ b-
ERIOM DBEMMEEDE AN HESND Z LT ~ATY y FEE

Fig. 3. Compensated (3, 3)-
mab, port hybrid circuit.

2

(=]

° Refl coef.

80° 90° 100° Al sl)' 90° 1 1‘30' Bl
(@) K & % B (b) %r Wk B

(a) Reflection coefficient. (b) Isolation.



(3,3) H— FernA 7y FERKDO LB 7

010 o9
B :
bl
o <e
v 3
3 a
& 7
005
6
5
} 4
80° 90° 100° Bl 80° 90° 100° Bl
HOBE NN ; W, W. W,
o i e @ wrmnks (), & (W)
(¢) Output power ratio; Wiy LK W 40
(d) Output power ratio; (—#) and
W 4 /al
6
( W4 >a1 .
00‘51
05 =
°
D4 2
v S04
03
S
&
0.2
0.1
80° 90° 100° Bl 80° 90° 100° Bl
(e) WHBEI; W, W,
; L 0 wnmnk; ()
(e) Output power ratio; Wiys. 4 {;
sl (LOEE
(f) Output power ratio; ( W, >a3.
|9’|. e 12|
20°] ==--* 5 _—
- Ve e !
Ve 5 F=Arg(y,
Y:Arg(z)al ~1 5 i
o ! 3

oS,
~

Vi)

\\ o
3 \\7\’_1800Arg(w »

80° 90° 100°

(g HWHBEMIHE; Arg (%)

(g) Phase difference between output

al’

voltages; Arg (%)

at’

Bl

a3

() mHmEsEE; A (75), -

180°+A (£>
+Arg Ve
(h) Phase difference between output

voltages; Arg (%)a!& and 180°

V-
+Arg (_V—i>a1 g

4 HE L7 (3,3) H—benA 7V y FEAKOA~17Y v FEHE

Fig. 4.

Hybrid characteristics of compensated (3,3)-port hybrid circuit.



72 REME - REFK - HEER

4. £ & B 1 at 14
Rat-Race [Bl#% & [ /e a2 H2 (3,3) £— b A
7Yy FEREMRT S S LA THHZ ERBRRL, 5 A ,
EDAAT Yy FEEORE RS LR L, WleF 6 3 5
5o THEORE LTI TH D, HKEL TS M5S0
SRRBHOND 1, CHRELRSEE 575 RE R 2% e
FGDO—FROBEDOLTHRATRETH Y, BELHE @5 ML 3,3 +—Ford
SR 52, EEMCRBORE RBEATLHL 5, & 4 kgt i
Fig. 5. Practical configuration
WXDFETHIUE XS DL 5 7chE T, BBORE LI of compensated (3, 3)-
BB TH D, CORTH—FE BB LE S+ 5C vouk Relmicigionc

EIKBET A LxREETH 52, WHDEHEOKRKICHEEr — 7 A REHT b oD
ML RCRTE D, HIEEERST A LB L AWBECRESCERNERY AL
X 5y

BERIC, FREXTHEEXY G TV DK% 2 RRAKS B4 R 7,

b ik
1) MAEK - KHER: BB HAKEERBIC IS (n,n) K- bend 79 5 FERKOMRK, 1§k
56-A, No. 4, 197 (1973).

2) RAEFE - GEEE - AAKT : Rat Race Mo AL HIRILE, (F%2, KL~ A7 AHHRFE
£ ¥R, CT 71-12 (1971-07).



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

