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Design and Fabrication of Stripline Circulator
Including Structure of Ring Resonator
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Abstract

In this paper, stripline circulator including a ferrite resonator which is consisted of a circular disk
and two annuli disks is designed and fabricated. Using RGF{Recursive Green Function) technique,
electromagnetic field of port and input impedance is presented. The circulator characteristics are
compared according to the ferrite arrangement, bias field intensity and port width. The pass-band
frequency of the fabricated circulator using the designed data is from 1.55 GHz to 2.95 GHz, the
reflection coefficient Sy, of input port is —30 dB, and the transmission coefficient Sy between input
port and isolation port is —28 dB at resonating point 2.38 GHz.
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Fig. 1. A radially inhomogeneous circulator showing the inner disk and annuli,

(a) Top view of ferrite resonatoer, {b) Side view of circulator.
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Table 2. Stripline circulator design parameter.

H 55 [Oel 47M,[G] A H[Oe] &, 7;{mm] v[mm]
G-510(1=0) 550 48 143 193
G-1400(=1) 2700 1400 60 151 3.87 -
G-4256(1=2) 1600 84 151 5.80
Conduct - - - - 580 51
Ground - - - - 5.80 -

Ash ARATY A AR A dERT 2R Fn
Zo) o AL MAA 238GHRY Sy olM 50

876

MHz BE FRA7F 24 YR, Sy e
7F 30MHz B $A veidt 283 3

2




511 FORUARD REFLECTION

CH 4 - S11
LOG MAG. PREF=0.00048 10.00048-01U | REF, PLANE
0.0600
F MARKER 3
2.380000 GHz
-30.618 4B
@
MARKER TO MAX
PMARKER TO MIN
; 1 1.556000 GHz
: I -5.216 &8
1.495000 GHz 3.100000
S21 FORUARD TRANSMISSION 2 2.895000 GHz
LOG HAG. SREF=0.00048 10.00048-01v | ¢ -11.281 48
s i CH 3 - S21
M1 - : H P 27| REF. PLANE
; e 0.0000 nm
"'\l\ MARKER 3
¥ 2.380000 GHz
0.0
MARKER TO HAX
L PHARKER TO MIN
1.495000 GHz 3.100000
1 1.555000 GHz
531 FORWARD TRANSMISSION 4 ~3.121 4B
LOG HAG. PREF=0.00048 10.00048-/DIV
: : i -3,
Mo
- & : "\
1.495000 * GHz ) 3.100000
2 = 3
285 FHE Sy, Sa# Sy

Fig. 5. Measured S;;. Sy and Sj.

FEO ES Fnbeld 540 YleiAE Ay
of Heou olE g3t A A%E By

AMETOIE S 548 AHEW lF d
MAMA S Sy & 238GHzelM -30dB, olol& |
oMY A Y doRe) ALASF Sy
Sy 9 A%

HHEL oF 14GHS FUY SHES R
V.2 2

+ @TdME 4y Helole gAad £ sj9
& ATolE fragR A" AEHE 72
o) MEHCIEE AAST AFsd 98 v
A% & tra F N Y A4S grae
Bagert 98 tadds 98 8 grag &
MR F7heke 499 394 @ A9 z3
A7t R $ tae) xixses 99 o
239 TIAAERTG F o %3g AFyo)d

S0l vehgth A o)Hd BEA4L o)ty

B8 F7) 22E 2E 2EYaQ MEHolH A4 2 AR

o
B
U): E
wf "
" —— Measured
50 | " ~ - -- Calculated
15 270 2‘5 30
Frequency [GHZ]
(a)
o}

~—— Measured
- -- Caleulated
50}
15 2?0 215 3.0
Frequency [GHz]
(b)
5
a0k
sk
20l
@‘ P —— Measured
;“; ol - - - - Calculated
35
4ol
45|
50
55 L L
15 20 25 30
Frequency {GHz
(c)
T2 6 FHAS )2AY A g8 54wy

(a) S“. (b) 521. (C) 531

Fig. 6. Scattering parameter compared the calculated
data with the measured data.
(a) S]], (b) Sgl, (C) 531.

877



BETHEREHRGEE F 104 HO63% 19995 107

T B2 SoE WAL A28 WA

R e
o 92 AAaTA He ANE 2HY F 9
o AZR AFHolre 54 Adud 94g o

o WhAMAIS Sy, & 238 GHzol A -30dB, ool
old del A Y ToRe] HFAF Sy -8
dBE ety o - &% 9o dAfAs 559 A
$ =2 oF 14 GHzE YERT

B oERolA o4 8 1AFFE A N9
delolE fgxd FXE ZE 2EHH] MEY
olg AAWY ohe MMICE wlo|AZAEYR
ol MEdolg HAT F&5tA &8 F °‘E}.
gy e Zasted s T F
g 248 & 7] dEd d3e F

= AEdole g 44 4A% 5 3

-\ﬂ—E

JIkal

b

Ho
ra

[1] H. Bosma, “On stripline Y-circulation at
UHF", [EEE Trans. Microwave Theory Tech,

A Ed

I

19974 29: AEuidy 4123
ZHF¥AH

19994 29 AFYSE e
Az ahah(F e A}

19999 39 ~&A: MFgety o
shel B 23 (LALFE)

[ AEor] RFIEHA, °F

12

ofn

\ =
%_/K] e 0])\%%_/\] A

878

vol. MTT-12, pp. 61-72, Jan., 1964.

(2] C. E. Fay., R. L. Comstock, “Operation of
the ferrite junction circulator”, IEEE Trans.
Microwave Theory Tech., vol. MTT-13, pp.
15-27, Jan., 1965,

[31 Y. S. WU, Fred J. RosenBaum, "Wide -
band operation of microstrip circulators”,
IEEE Trans, Microwave Theory Tech., vol.
MTT-22, no. 10, pp. 849-856, Oct., 1974.

[4] Douglas K. Linkhart, Microwave Circulator
Design, Artech House, Inc., pp. 67-128, 1989.

[5] Clifford M. Krowne and Robert E. Neidert,
“Theory and numerical calculations for ra-
dially inhomogeneous circular ferrite circul-
ators”, IEEE Trans. Microwave Theory Tech.,
vol, 44, no. 3, pp. 419-431, March, 1996.

(6] Harvey S. Newman and Clifford M. Krowne,
“Analysis of ferrite circulators by 2-D
finite-element and recursive green’s function
techniques”, /EEE Trans, Microwave Theory
Tech.. vol. 46, no. 2, pp. 167-177, Feb.,, 1998,

¥ F 9

I~

1984 29 AFHSE FATH
ZH(z3h

19894 29 @Y tieg A
A5 &3 (FHAN

19923 24 sty kg
AFATHIH T

1992 3¢~¥A: AFHREL F

>



