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Abstract

A wideband correlator, with 45% relative bandwidth is proposed at the frequency range of 3.1-51 GHz.  The structures
of the correlator components such as the delay line and the Wilkinson power divider are designed to be realized in transmission
line form using the Agilent's Advanced Design System (ADS). The correlator made by using three unique wideband 3-dB
couplers, rat-race coupler and one 3-dB wilkinson power divider to reach the required bandwidth. The insertion loss, amplitude

imbalance and phase imbalance between ports are presented. The proposed correlator makes compact size better than correlator
of conventional structure.
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Fig. 1. Block diagram of six-port correlator.
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Fig. 2. Proposed structure of wideband Correlator.



20098 23 HxtZE3

Fig. 3

ozl 4

Fig. 4.

=87

Double column wilkinson power divider.

(b)

Metamaterial ©& MZE 0|&35t0f H etst
180°5H0| 22| = rat-race coupler (1) HMigtel =
o, (2 mjerst 5t0|EE|E rat-race coupler
The proposed 180 ° hybrid Rat-race coupler
using Meta-material Transmission line (a)
Proposed Mode!, (b) Fabricated hybrid rat-race
coupler.

==X X 46 # TC H

(281)

H2s 149

# correlator®] %% %‘é% AXsAT B

AR 2k

o

coupler 7&% 4ubARl 90 ° dto]HEE couplere] H]
& e Fo| W& three-arm 0 ° 3to] B = couplerE
through ¥:E¢} coupling X Eo| Z& Z7|e AlZ7}

er, 3dB 29712 F4E ¢ J=F HASAG
19 4% metamaterial A% A2 E o] &3t Ao

3lo| HE]Z rat-race coupler®] AZE 71
BojEr) ¥E 12 g8 ¥EoH XE 2¢}30]
XE X E 4+ isolatione2 AAEHATE 180 ° 3fo)
2= rat-race coupler®] &AM 0° ¢ 270° 9 A
Mz Fx2 AA, E3 metamaterial AL HEES

hel
2%
=
=

of jm i o

.30 -

Measured S11
-~ Measured 521
- Measured 831
- Measured 541

40 4

50

220 4
30 4

40

50

_60_' d , Measured S11
i i|! -~ - - Measured S21
.70 : : ~~~~~~~ Measured S31
E L e Measured 541
-80 i
;
-90 - !
T T T H 1
2 3 4 5 6 7
Frequency (GHz)
b)
I3 5 =ME Z4 oo () 180° 3H0IEZ|= rat-race
coupler, (b) Metamaterial M& M=2E o|g%h
180 ° 3l0| 2B/ E rat-race coupler
Fig. 5 Compare measured (a) 180° hybrid rat-race

coupler, (b) 180 ° hybrid rat-race coupler using
metamaterial transmission line.



150

Metamaterial

1 S
A5 R

Measured S31
----- Measured 841
804V L Simulated S31
------ Simulated S41°
-35
-40 : . ; Y . T . . . .
2 3 4 5 6 7
Frequency {GHz)
(@
0
*p-a-0-09
5 o 1
/l
/
-10 - 't
15 4
20
.25 —&-— Measured S11
~-®— Simulated $11]
-3¢ 4
35 4
T T T T T 1
1 2 3 4 5 6 7
Frequency (GHz)
(b)
.o

<

Frequency (GHz)

{c)

a8 6. A#3HE FHH correlatorel AlEajojMT &
ek Z3t
Fig. 6. Compare amplitude of the compact and

wideband correlator simulated with measured.

Sl0|E2|E Rat~Race Coupler® 0|28 4A¥ 3=

(282)

oy R o|g

isolation X Ed| tlFoz MAAZI ZA7]A AAE
atqich

% 5 YAl dlo]B = rat-race coupler 9
metamaterial A% HA2ZE ©o|&¥ rat-race coupler?
ERAHE vuste Yehdch A4 =HE, <
T-29] hybrid rat-race coupler Xt} metamaterial A

+ ARE AHEet 4S8 Sole B4E EUH ®
& &4E 20122 dIFJNE Ae] HE 54E

AAE 28 62 30-52 GHz dgolAe A
P 2 3F9 22 9889 correlatorg S
ER% AHE AlEH AT vwate 18 6o YR
Aot 18 62 6-(a)9 £8 XE 39 XE 49 49
dg Az ¥} &4 6-(09
correlators $33t] YoE &9 HFE A EHIA
3 ZR3Z2HE Hwso Y, £ 23402
AukHQl correlatore] 23 B Fug gy 2 =)
A ANE AFHE & & Uk

v. 4

=
2 =82 29 Wiknson A3 EA7|z AAH
correlatorg 7|¥FO.2 metamaterial A% HZE o]&
3 2839 dlo)BE X rat-race couplerS A¢ratsd
o} dukgel slo]B = rat-race couplerd]l meta-
material A AEE THEo] UNbEQ dojHI=
rat-race coupler Xt} 42839 T3 coupler: HE
T Aok B EAAME Y AFE 4& F INA
o dukd o 94 WdrlE 31-40 GHze dY
Zo EAQE Zerh AR Fdide] 29 Wikinson
A Ful7]9 metamaterial A% AZE o]-43 3lo)
B E ratrace coupler® HEF 4 W=
30-52 GHzd WY E& Zerh dubERl |4 vy
o HY A& W, 1 GHz o9 g EE Zenh 717
A7 E A¥Yste] AHE 7HR six-port ¢ Wd
71 HiE J& o, F 9 AF3tE E4E 7R Hol
A Azl =3 AHE AL & F T

a2

fa

Mo

[1] D. C. Schleher, Electronic warfare In the
Information Age, Attach House, 1999.
[2] J. S. Lim, et al. ,”A Novel Technology of



(3]
14l

(5]
[6]

(71

(8]

[9]

20094 28 MX-EE 3

Microwave Direction Finding With A Combination
of Amplitude Measurement and  Phase
measurement”, ISAP2005, pp,1269.1272, 2005.

G. W. Stimson, Introduction to Airborne Radar,
Hughes Aircraft Company, 1933,

R. Knochel, Broadband flat coupling two-branch
and multi-branch directional couplers, I[EEE
MTT-s Int. Microw. Symp. Dig. 1990, pp.
1327-1330.

D. M. Pozar, Microwave Engineering, Addison.
Wesley Publishing Co. 1991.

G. F. Engen, A review of the six—port
measurement techrique, IEEE Trans. Microw.
Theory Tech. 1997, vol.45, no.12, pp, 2414-2417.
Kai. Chang. Handbook of Microwave and Optical
Components Volume 1 - Microwave Passive and
Antenna Components, John Wiley & Sons, New
York, 1989.

M. A Antoniades, G. V. Eleftheriades, “A
broadband wilkinson balun  using microstrip
metamaterial lines”, IEEE Antennas and Wireless
Propagation Letters, vol. 4, pp. 209-212, 2005.

M. A. Antoniades, G. V. Eleftheriades, “Compact
linear lead/lag metamaterials phase shifters for
broad band applications”, IEEE Antennas and
Wireless Propagation Letters, vol. 2, pp. 103-106,
2003.

2 EEAAEY)

2008 WA TIetE A B E Al
233} A} 29

2008 3€~@dA 4w
A}k ab A Aba A

<FHAP} 1 2RFI HE A

A, <telvk, RF Power Amplifier,

VCO, Digital RF 5>

=N HM46HATCHH2E

X Kb oA

H

151

ME BRI
YA T =8
vol. 31, no. 6 #=



