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Abstract

A design method of the new 1.251 -ring 3dB directional coupler using fundamental A /8-sections
is proposed and its frequency characteristics are analyzed.

Furthermore, the experimental verification has been achieved in microstrip network, and, hence,
the validity of the design method of a microwave component with the basic A /8-sections proposed

in this paper is confirmed.
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I. M =

dfeluele ¥ w4 ZA§r] (Hybrid-Ring directioal coupler) & A7) F¥ wlolzzsl g
dejnlElg) 3 2o AHEEE b JEHQ 4249 FHUEAYD, o]FL R 12 AL JA
o, &% ZQEZe] olo]aso]4d (isolation) o] HA, Y T oEel Aol fojxmz
printed-circuit array tE|vhg v P32 Fol glojA e AHEuAA(FAIZ LA, wlola
23} 4324 mixer 3ZAAF] AL Q-9 B3] Fele] T =+ Y-27] AZ 2|
71k =el, S A¥7l+ FAh4A(radiation elements) o] AEAFE A4z 317 st
AH P71 3 ToEzbe] ofe|ido]ddo] F 23 array feed systemol] #-&3lch, x=ale)
ol (strip line) o] 33 T2+ g ZPe Box Yo do|E o], FAS 2} e} &
o) F+A4E " A d

vtot7bAl,  wmlolzzsldioll  glojA] B X lal (branch line) o]y} 23 3Al 23 (parallel line)
couplersh Z& 2% diAAHL 7lAE WHY AYsE 28 ZoEle EaAFoz 9009 o4
% 7bAA seluels 2P FA(equiphase)d HiHBlzolmz H4uA IHZE Yoz %
gor AR YA fesich, =2F sl & APrlE v Ayr o g o
He 94e sHAn Qe

stelne|=s) Wik AGre] AAY #NAE, FH rat racest £u]$E 3dBsolHa=
B} RgAARIY A% A 4F4e FA%Y S4Udoldas) 22 deA glon, 19614 C.
Y. Ponoll 2j3}\ 129 2= (arbitrary power division) & 7}x) & slo|lu ez wrakal 2 a7
o] AA|Ee] LE =Y,

2 ¥, 198249 1149 AREL M TR e Ade =4 Mekd solnelry waky A
719] CADell 9& Buid dAW-E Adslgden,® 108649 129 AK. Agrawal5ol| ¢]3ld A=A}
ol A 7MY 29 AdE CY.Pond AAIYo] 847, oo AYPxe slojnzc
W A7 AAE v e,

4718 Baixetel, Z¥A2Y coupler}t | Edola, sloluelra Wikl AYrle THF
22 1/4544e ARE JlEoz sz gle Aol SAelH, = AL RE ulolmzul £}
/443 A2 & o83t Y= F29 AU o] Ygv-o,

a2, £ 2RdAE 1/4 33 A2 7lEo] od, F 1/83}% A2 S 0|43 1,251 3dB
stelu= &) WA Ao AAYE Adstn AAY WP AYrlY AR, ofo|Ld o]
P E 2y Z2E7 4R Fas EAL 43,

Hotzbal, QAR 1,254 steluel= ) wWEgd AP E vlolaz A e ojgdld =
Al F34 9, 4GHzoll A Agsle] 2 EAS 24¢ A o]Ex9 Z YA4L wso=x /8
AZE 712023 vlelazal 42 4AY el3AL J&sm Qi)
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Fig 1. Conventional Hybrid-ring directional coupler
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KZ_}_ Y22=1 (1)
o] ®r},
ez a2y 134 22 1% dA 71y 3Ee 4 - 2HEAS Jeblie AygE [S]E o
= A @)% 2ol v 4 gl
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Su/S=Y/Y; (3—1)

oln, oJH TOES 22 ¥ AYolt 2UIOEL TOE 1 Y 30] so] oz A
u] (AR ) &

Si2/ S =—-Yo/ Yi ‘ (3‘2)

of Ak wWehd, Y3 Yool v1E A5 4okt AYSE 4 4 A,
2y, 29 19 %4 AW)E 2 AAYeE ol AR A2 A2E 3/4FE Y,
o ohd Yo2 iAsle] AAY AFEE ¥ol1V E AL 2 A2k 2779 RolE /8
7 gl 9 Az AR 4348 Y9 WA Aol 12527 Hw, rlME 27 20
dehi kst o] 44 W) Aolsh 125wkl WA AW AARel Bed Az
2% 20 vebd 1.250-rings] AAYE A Sstd 24 R4 $HEAE 4% @
A Y Y ojolzdlo|de] 2A¢ Farlz ¥,

2
£

Fig 2. Configuration of an 1.25 wavelength hybrid-ring

a3 20 el 1.254-ring?] FI4 $HEAL 43 st diAZ A-AolA Ay
(open-ciruit) o] ==& port-1 ¥ port-4, £+ port-2 3 port-3o] 7zt7t FAbo] AFE LA
71 +22 = o3 (even mode excitation) & A& A-A’ollA] e} (short-circuit) o] = %2 port-
1 % port-4, =+ port-2 ¥ port-3oll 77 Aol 35 a7 7|22 o (odd mode
excitation)oll S3t F7132& 27 39 o] YEuln .7 e oo g yo F y,9
BT AR vt 2yt v 2 02 debdE s 20,

—244—



A/8 AZE ol 8¥ MZE YA soluge Y Wy AYse 44 —5

@ port-1 ¥ port-4% FAo2 A& AL

»ne=jYtan(6,/2)

»we=jYstan(6/2) (1)
%, 6=6/2
6,=56,/2
o],
6= (7/2) (Xe/Ag) = (=/2) (F/£5) (5)
& A AA FA Fgo el 93
Ag . T
f, . AA F4 Fa4
f. 394
k e.
—————— —_—
_— —
#1) Y @ Y2 @ Ys (82)
—_—r —
_ ——

Fig 3. Equivalent Circuit for Even or Odd Mode Excitation
@ port-1 ¥ port-45F Aoz A A7l 7S

ne=—jYcot(6./2)
%é=—jYscot (6/2) (6)

4, 28 39 §71320) i3t ABCDIH [Fl=

1 0 .
1 1]
olmz, thiol FAol sl Aty -] 7 g47 FIH A,

Z, -7 2= Aol HE yi,y:9 & A7 Aol Adsid Aol ABCDHHE [F]¢
9 [Fl°g 7 4 3o,

b, 4 (5)9] 6% BHAAD Aol Fos fol hE THLAAE T, W T, 2F T

1 0
w1

cosb, jsing/Y,
7Y.sing  cosé

[F]= ™
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% Te % Ro?t A(®)ol sated Fajic,
_A+B—C-D
*~A+B+C+D |°

r.= A+B—-C-D
°" A+B+C+D |°

r

_ 2
T.= A+B+C+D

_ 2
L=ZFB+c+D |°

=g, A AeivlE, & 4 $FEH FHLEHE 4(8)L o]t A FE =
o,

1714, Port-1(=%& Port-4)o] J=al #-49 Port-2(E% Port-3)7t A= 792 ABCDH
g 77 ohgw o] FaA,

@ Port-1(=+ Port-4)2] g3l #AS-

4(4),(6) % (MZ ¥8 $.7] o= ozo] Ba ABCDHE [F]* 9 [F]°: Port-1=%
Port-47} &3 A% ohe 4(9) 9} o] Fojzict,

cosé + (Y;/ Yz)tan(6/2)sing, 7(1/Y;)sing,
[Fle=| |
jl{ Yitan(8,/2) + Ystan(4,/2) }cost, cos&— (Y,/Y;)tan(6,/2)siné,
+{Y,— (11 Y2/ Y;)tan(4,/2)tan(4/2) }sinG,]
(9-1)
cos+ (Ys/ Y,) cot(6/2) j(1/Y;)sing,

[Flo= ) .
—jl[{Yicot(6,/2) + Yscot(6:/2) }cosé, cosé, + (Y,/Y,) cot(6,/2)sing,
+{(Y1Ys/Y:)cot(6/2) — Y, }sin&]

(9-2)

® Port-2(=+ Port-3)& 8oz 3l AL

Port-2(®+& Port-3)& UH o2 3l Aol 28 39 571320 oJA Port(#1)3 Port
#2)9] Mzl vid A3 Femz $ 7 mox o7 w3k ABCD-#d [Fl¢ 9 [Fl°: o&
A (10) 3 Zo] FsiAlcl,

—246—



A/8 AZF o] 4% MEE Y49 Hojuelz g Wy AYrlel 4A -7

cosb,— (Y1 /Y;)tan(6/2)siné, 71/ Y,)siné,

[Fle=| _ .
j[{Yitan(6,/2) + Ystan(6/2) }cosé, cos& — (Ys/ Yz)tan(&/2)sin&,
+{Y,— (Y, Y3/ Y;)tan(6:/2)tan(64/2) }sin8,]

(10-1)
cos+ (Y1/Yz)cot(6,/2) j(1/Y,)sin&
[F]o= .
—j[{Yicot(6,/2) + Yicot(4/2) }cosé, cos& + (Ys/ Yz) cot(6/2)sin,
+{(Y1Ys/ Y2)cot(6:/2) — Y, }siné]
(10-2)

II-2. 1.25A-Ring2| AAIY

AellA 71Ed A9y A10)d 2z A (4)F A6)E Adstxy, Y, =Y.9 =4, AA F4
F3he £, W 1/4 3 AAA Aol 6=1/2 F G=n/4, G=n/2 L 6=5z/4%F U] 3
2atat ohe3t e,

(1) Port-1(:=+& Port-4) & 8oz 3l A%

port-1((2 & port-4)& ez s, AA FA Fadie af dAlAl4 T, o T, 25
A4 T, 9§ Tt 247 AQ)5 2o

ro22Y+i(1- Y- Y7
T 2, +5A+ Y2+ 19
_—22Y,+j(1-¥;*— 1;?)
To= Y 170+ %2t 7 11)

T.= 2%,
¢ 2Yh+i(1+ YA+ Y3

T,= 2¥;
°T 2Yi+5(1+ Y2+ V)

webA, AP Ee] 74 243+ 4] (12)9F Zo] A4,

S1=(1/2) (Te+T) = 2 Y{—({—ljj(.ll-,’l-zizéz;zz)

- _ 227,
SH_ (1/2) (Pe_r‘o) - 2Y’l+]'(1+ Y'12+ Y’zz) (12)

— _ 2Y,
Sl_(l/Z)(Te+To)_2y'l+j(1+ Y’22+ Y’lz)

S =(1/2) (Te_ To) =0
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(2) port-2(®+ por-3)% oz 3+ A4

port-2(E<x port-3)& dFoz 3t AA F4 Fosolre] 1§ WAAS T, 9 T, 28
FAAI4+ T, o Tox 47 A (13) 3 2o,
p=—22Y+i0- Y - V)

¢ 2V +j(+ YA+ YD)

o 2Z¥i4j (1= Y- ¥32)
RS ESAES )

2Y,

=¥ 170+ V7577 (13)
T,= LY,
°T 2V +5(1+ Y2+ 13P)

apebA, Abak g3 7 24+ 4] (14) 9 2ol A4lgd

Sez=(1/2) (Te+To) =Sy,

$2=(1/2) (Te—To) = —Su

$12= 5 ; (14)
Si2=8:=0

A71A 27 20l vEbd 1,25A-ring3) 25} WA A2 S5 dd =24 FeuA,
TA, Se=Su=024 A ololadoldde z2A¢ WFAFL Yonz, SAAYY AL

Sn=Szz=0% n&%;‘]?]{. dolﬁ}. é,

Yii+ Y.2=1 : (15)
%, S (3dB Coupling) 2] AL 4 (12)% A (14)ANA | S, | = [Sal o | S, | = | Se
| olm2
Y,=/21 (16)

olth, A(15) A A (16)22 ¥ Y, 4 Y, & Fd Y,=1//3, Y,=/2/3°] sl=% 23 2
o 2% TA%Y 3dB w34 A¥rIZ T34, Y, F Y,9 HE upEw 2ulg (coupling)
¢ 248 4 Y8e ¢ 4 Yok,
ol®, port-1(E£+% port-4)§& Y3 portZ ad 23 A57t9] AL
4_311‘4_841= LS.M_ 4_514200 (17)
°o]22 54 (in-phase)°]l 1, port-2(E+ port-3)& YFoz 3
lez“ LSn: 4543_ 4§3=180° (18)

olz2 oA (out-of-phase)©] T},
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m Fo+§4d2 AMZED,

[I-2014 AAE 1,254-ring $FAAYE7 e Fo4 SHEAE [I-10 7€ Sz A4
g AFNE 29 4o R,

DSy —— .
20 200
)
2
2
g 10} 190
©
-
£
s 0 180
g H
3 £
3 _ 5-10 {170
- -
g
z &-20 Lsp-foa i — 4160
572 [sn-fos: ——
3
-40 ~-30 . L s 150
= 07 0.8 0.9 1.0 14 1.2
NORMALIZED FREQUENCY  NORMALIZED FREQUENCY
& 4(a) Response curves for the 1.25 8 4(b) Phase differences between outputs of
wavelength hybrid-fing the 1.25 wavelength hybrid-ring

(Coupling, Isolation, and Reflection)

27 4(a)E AT =(coupling), otol&dle]d H dlAAIFS o] ¥l FH4EAE AR 2
Folw, 27 4(b)E #3437 JAAE vehiR itk 4714 FAY 7 F3he] B4 o=
oA o A8 Aolx ¥13 A,

E I, 478 1,250-8 sjoj=als Aw|
Table 1. Designed 1.251 -ring Hybrid Coupler

section Y, Y. Y,
normalized
Characteristic 1/ 3 2/3 1/ 3
admittance
length of A/8 A/4 51/8
~ each section
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v, 48 % HE

Mgl AAHE Adsta MRl 1 F4454¢ Adstod MY 1.251-ring $F4 2
Yoo AAES e BUs] el sholazasy selez AAY H2E ARsd F
J454E 4G, ctolaza=y g dzddeldas £As], [8] W [9]o] <lshe
Agsigen, 1 AARE S29 R},

B 2, 8ol ABE 2dB Y&AM ZeUiol MAIX
Table 2. Values for Fabrication of the Designed 3-dB Hybrid-ring
Directional Coupler Used in Experiments

sections Normalized Earr Ag(mm) Line width(mm)
Admittance
Y.=Y,s 0,577 2,026 22,422 0.625 "
Y. 0. 816 2,103 22, 008 1,202

* the relative dielectric constant &,=2.60
the thickness of substrate h=0.6mm
the disign center frequency f,=9.4GHz
the loss tangent tand=0.0022

28 5% FAFHS 9.4GHzol A AA A= 1,251 -ring 3dB WA A 719 AbAS by
o},
¥ 62 3 29 HeuEeE o] &sle AA= A=, 1/8 AL E o] L% 1, 251-ring 3dB ¥

7 8 9 10 11 12 aHx
N !

LN

Sat )} —————
su: ———

U
N

courLinG (dB)
Lo

©

lop_ddai

REFLECTION AND ISOLAT

A RO 4O 450154
ME LN

A
o9

7 08 08 10 13 1z 1.3
NORMALIZED  FREQUENCY

Fig 6. Measured Response Curves for the

1.25A -ring Directional Coupler

Fig 5. Photograph of the Fabricated 1.254 -ring
Directional Coupler
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1/8 A2 o1 &Y A2 YA sjelne 3 $P4 AW AA -1

FAALI Y FHSFEAL YEdch 74, 1/8AEF ol &3 1.251-ring ¥4 AW+
2 EAel YolA, A/4 A2E L2238 1,54-ring WFA A/NORDL ARgIEAe] HA 3}
A ase olde] Y+ & F U

23 4(a) W 2¥ 694 & § e uksh o], ¥ =FolA Atd 1.25A-ring 3dB WA
A7 e F4EAS o] X APAE 4= Ao YoM HF BlstAE o] &3t
3 AFAsSols E7stn 2 Aol glojA, A/8 AZE s Eozd mlojazsg) aa HAW
o getiel QZEges, voprbd xeh FasA Azshd 2 EA4L 44 AL Aoz A
B3

V. g =

2 =RolAE FA 1/4 AZE o &% vtolazst 2349 AN A28 Ylse] 1/8
2§ rl¥o2¥ 1251-ring 3dB HHAALAY AAEL ALRIL, FAETHL A4
o olrbal, AR 125Aring HHAAYAE chol222EY AE o FA Fos
0.4GHzolH Aalo] 1 4454 A% A3} o84S 3 YL WY 2A A/s42
£ Jlgezd slolazs 47 AAYY BR4E JFeAA

#Atel 2

2 A7E £9%00 oid, APHIE NG FA BIAGARE BAA 23 Aol
$¢ 7 9724 % 14, 2 34 292 o] XFTolA A=A,
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