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Abstract - This paper proposes a dual band branch line coupler (BLC) using a composite right/left handed (CRLH)
transmission line. The existing dual band BLCs with open stubs require hundreds of line impedance for the open stub as
the frequency bands approach to each other, so it has been almost impossible to realize them. However in the proposed
BLC, a CRLH transmission line replaces the open stub with an extremely high line impedance so that the BLC circuit
may be realized even two frequencies are close to each other. As an example, a dual band BLC operating at 1800MHz
and 2300MHz (the frequency ratio is 1:1.28) is designed and measured. Open stubs with 560% line impedance are replaced
by CRLH transmission lines for realizing the dual band BLC. The measured performances prove that the dual band operation is
well acceptable and the proposed design method is successful even the ratio between two frequencies is not around two nor

more.
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Table 1 Length and impedances of transmission lines of the
dual band BLC using the previous design method
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Fig. 3 Characteristics of the ideal dual band BLC using
previous theoretical design in Table 1

3. Hetst= olFtief BLCe MA, 3 20 ¥ HE

3.1 CRLH 7#=& 0| &% nuuA AHHE M=2o| oz

2 =wdAe AV 2L EAE dZE A Z;=561Q
o s e AFHAZE diA FEE7] skl CRLH
FHRE o] &3}t ¥ dla)= HFLAE ¥E3 CRLH
AEd A=29 o9 4 =9 Y44 EAS vz g
[71-[10]. LH #A: 9 F2E JlH 3 g

% o o
2
hu
v
M
e
Q
ra
[l
i

=, BHEe dAfH2e] EAstE Fre FAEL-HEC A
H(RH A$H2 ai3) 2 £4& ousies niawy 2
°l(dz)d AFHETY 4 CRLH HA=2E FAIG, 29
4(a)oll= HY RH A= #dste 5712 AEL-HEC
T A oA &

LH H=Zs L-C#e dAd wapr &9 fdsxs 2
A & F ded, olF BEe AFHEZRH A$ ’Hi)ﬁ}

Z¥stel CRLH 428 A dabs T 3344 =9
o FoulE BolE ZA T 4 A o W T -MM
dAE o| A5t obd HEe Qo9 Hgo s
@9 RH A$MEAAE BEA G5 Fop A
Folvlg Zol7k MR AGE o] YR 2 LA 3
o)A Mzmu M4 Zol® e AW 2HRe A
542 WA B8] gste] 5600) A 2EHEA HER

2464

% 5a)st Zeo] AHejstn 1 &
] 5(b °ﬂ Btk AlE#HolHA £4
FHAoZ AR EAe] Kol
1 001\1H79} 2300MHzell 4 S11
2 ¢ it weks & 5

g & 5 Y =3
o] -10dB °]&te] & 7}%
oA 19 Sa)et FAFE MEAMr RFAMSE & Holi=
CRLH #&2&% 7434, ndddxy HE AHHEE A
vt & £ d3, dFHo s 560Q W ~EE7 gl
T olFdd BLCE HAT & .

O 6a) ngdds AE AHBE dAE7] Yo
CRLH #AHHMZE HE . 2 7tE odxl 3| Zo)m, o
d 6b)e AHE54E 253 9tk CRLH ©9 A$4=z
g HUC-HEL-AECY T==2 Hadod 2/ @
Z27F dFH] g, B4 Fad G929 5het &
ARRE S21, S11 548 29S¢ &+ Jdu #AFIGSE gy
ol olg P& EAL 2L s= CRLH A4z 74
ol LH F&d 3
IE gytemg 2 ]

TAG ST ] A3 A digef
B %Lroﬂxi *}QBLL C ge ;Ur 7nH
Zad x;

fﬂrriW 74]%}5]-04
20pFe]t},
RH ‘:'-tv'mﬂ st A

5

sd= %ﬂ—o} A51a 27} 5600 ob AT Felolw W
= A, gk 9es gz dada(Z)e 5IEA 8
E 5600 A28 A /W dudaAd Fd& & + o
£ Aolth o} F¥ 560Q HE 2HBI} 2= FRs 5
4€& LH &% =¥l CRLH 427 dals) F7) o&
o},
i
£
0
052
1.5
& Frequency
(b)
3% 4 CRLH M& M2 (a) B2l &2 (b) #I4F S49] o
Fig. 4 CRLH Transmission line (a) unit section (b) phase
characteristics



o
s
B
Q
E
o]
g -
» 40
L 1) o
§(2,1) oo
_w 1 L L AL L 1 L L | 1 1 1 1
1.0 15 20 25 30
freq, GHz
(b)
a7 5 (a) DYIEHA My AEE Ze 20X 32
b) H&EA
Fig. 5 (a) 2-port network with the open stub with very high
line impedance (b) transmission characteristics
.|I
r uln
.;i
] ﬂ_@
(a)
@.
g.
[
£
E -
3
@
freq, GHz
(b)
a8 6 (a) DA Y AEEE A Ste ME CRLH

MEMEE ZbE 2R 32 ) MEEY

Fig. 6 (a) 2-port network with the shunt CRLH structure
replacing the open stub with very high line
impedance (b) transmission characteristics

JRLH HMa&4 2 F=& o|28 oY Bl x| 2fel HEY HA

Trans. KIEE. Vol. 58, No. 12, DEC, 2009

32 mMotste o= BLCY M= 2 £FH Ho

ag 78 s AN ~HEE 9iA45s CRLH =
EHHE o]&3to] 1800MHz, 2300MHzelA F&st=s 47
ale] A o)Fuld BLCE AMHE BoFar QQuh AF
2 93 E 19 ALE e 7)FE o] EEHY. AEH
29 z=7)E 7HE 298mm, A2 64mmel® RH Y29 =
HEE 23835 93ty 4oz o FUh

HAE oFdY BLCY EA4& AEdHold & A,
1800MHz3} 2300MHz il Al S21, S310] ZhzF -3.87dB,
-431dB, 1g]lal -368dB, -3.96dBelgon, & FiF gy
ol Azt @abe] walsh Az 54L& EF -20dB olske] #%
£ Bgrh ojaEel AT F oFugeelA S21, S31¢]
BE -3dBelAX Yl md¥E2 HE 2HEE H4ilsY
LC A48 LH A442 328 1£43% CRLH 429

>

A% gt e A5FUE olFdg F
FEAMo|nE WolEd & Yt Sl ¥ & AUk 9,
T 2Egazte g oAl ghel 90l sk
$l=d], 1800MHzol 4 89.34°, 2300MHzol A 83.71°¢] )42}
E48 ®Held,

oY 9% A& olFuiel BLC 322 =3 Axjelth
1800MHzol A 24 e S21, S31S 2z -4.83dB, -4.87dBe]x,
HhAbA Rt} AR E4de Zbzh -12.01dB, -1846dBE HHERY
olch w3 F s B2 Fuleel 2300MHzol M e Al E4o)
~428dB, -442dBelm, HhAL = AHe EAE -17.05dB%
-27.32dB2 124510'4 5 &9 93 9jakzkie 1800MHze
A 90.92°, 2300MHzel A 90.18°% 4= o3 HAZU
90°e} w5 frAbsteh

a3 7 ol &Y BLCE HME AR
Fig. 7 Fabricated dual band BLC

S-parameter, [dB]

i S0 B PR

1.0 15 20 25 30
freq, GHz

B i e Jit e B

2465



H7|8tsl =X 583 12% 20094 12¥

140
120
i L
91(.[!
P 80
-] L
= 60
<]
40
L
o 20
tikss | Phase_diff=S(2,1/S(3,1) -ess
1.0 12 14 16 18 20 22 24 26 28 30
freq, GHz
(b)

a2 8 nYmeA ME AEE il CRLH M2 AHEE
olg% o5 BLC2l AlEold S (a) oHRle
A dhAbAIS HelE 4 (b) fIaE

Fig. 8 Simulation results of the designed dual band BLC
using CRLH stubs instead of the high impedance
open stub (a) insertion loss, reflection loss and
isolation (b) phase difference

S-parameter, [dB]

120
'g‘mo
-4 L
8 sc_
= 60
g -
8 4
< 5
o 20
n”llll 1||| 12'118(311
10 15 20 25 30
freq, GHz

(b)

a2 9 MEE o|lEUY BLCe 5 S4 (o) wieled, #
AAE, Hels EM (b) fIaA

Fig. 9 Measured results of the fabricated dual band BLC
(a) insertion loss, reflection loss and isolation (b)
phase difference

4.2 =
2 oEgoNE shbe AW/E gl Fas: ool
e olFRAlN ExsE BAA el AEI(BLO)S)

drAol detel AFsach. Faol ALY oFUd BLCE
% Fo5dt As F 6 Arkel Aolrt Ak AfAE T

2466

go] wad golgtgon}, Fug=e o7l 15w oJUlR
il o B R 3?54% AL 28 Mze gads g
o] $uWlQ FFoloj F@o| Brbgditi: EAHe] AN
th B =2dAe nddAds sy 2B A2 dAFE
o] A CRLH AFARE o] &38le] uddujeds 7w
2BHH HAR2E gAssid, ¥ n}—? 2pol 7} 7hahg- 7 5-oll
Fdo] Ertsdd Fo FAHE HEs

AA AR 2 2oz A wye A4S #<ls
7] 9184 1800MHzet 2300MHzel A F2sts ol F Y
BLCE dAsn (F FId58 1:1.28), 7] 855+
56009 7Y 2B HZE CRLH £HH AZ2 o st
AAE A8k, dA A 9 ZAse olFdlY BLCH
E2to] &3 o) FFE ATk AE Iz F
A ZAsxt o]FuUed BLCEAMS 7|3 EAS & HAFS
th. ok A Fa Al wAad ekzte] &AL v, Al
A, Z=A14 e u o] 44 (nonideality)oll A HAF Rom
g gloy AFd S FF AE:d B9
4 3 Z2FNAe] AUEE BASFH GrtEA] NAE
gloglel BAFE B =EdA Aty R 5 FIs
o] Apol7} =LA @& olFuUlY Alxg B A FF F
oA w$- f85A ALEE & Y& AeR ydgdh

)

[1] K. C. Gupta, et al, Microstrip Lines and Slotlines,
[1] H. Joshi and W. J. Chappell, “Dual-band
lumped-element bandpass filter”, IEEE Transactions
on Microwave Theory and Technology, vol. 54, no.
12, pp. 4169-4177, December 2006.

[2] K. K. M. Cheng and F. L. Wong, “A novel approach
to the design and implementation of dual-band
compact planar 900 branch-line coupler”, IEEE
Transactions on Microwave Theory and Technology,
vol. 52, no. 11, pp. 2458-2463, November 2004.

(3] 2A4, A2E, B. Dorjsuren, ¥F4], e, “dol9
Fuju s 2t ARE olFud BdAd AF”
ot 28t 3] = F A, 4208, 5&, pp. 444-449, 2009.
5.

[4) 94, 42, o470 ¢+ HApe, "AIHATZE
o] &3 ZuFw vhF A Fulr] A" A7 &
3 =2 A567, 62, pp. 1099-1104, 2007. 6.

(5] 9%+, 2@, A&, 483, g, "HAHFHFEAN
gl M2 DGS vt Baxggl selns AF)
717, §A7) e =EA ASTH, 8%, pp. 1416-1421,
2008. 8.

[6] K. C. Gupta, et al, Microstrip Lines and Slotlines,
2nd edition, Artech House, Boston, 1996.

[7] C. Caloz and T. Itoh, "Transmission line approach of
left-handed materials and microstrip implementation
of an artificial LH
Transactions on Antenna and Propagation, vol. 52,
no. 5, pp. 1159-1163, May 2004.

[8] I-H. Lin, M. DeVincentis, C. Caloz and T. Itoh.

transmission  line”, IEEE



k)

"Arbitrary

right/left-handed

dual-band components using composite

transmission lines”, IEEE

Transactions on Microwave Theory and Technology,
vol. 52, no. 4, pp. 1142-1149, April 2004.

Z. Yu, H. Li and H. Sai-ling, "A Tunable Dual
Broadband Branch line Coupler Utilizing Composite

Right/Left-Handed Transmission Lines”,

Journal of

Zhejiang Univ. Science, vol. 6A, no. 6, pp. 483-486,
June 2005.
[10] H. Lee and S. Nam, "Triband Branch Line Coupler

Using

Double-Lorentz

Transmission Lines”,

Microwave and Optical Technology Letters, vol. 30,
no. 5, pp. 1174-1177, May 2008.

AA & A
ut ol 2 (4 R #)
20009 #AFH AR EENYE 24

CRLH #

FohA), 20099 @A WF TEA AT

4 277

Tel : (041)530-1630
x @ (041)530-1735

E-mail : ddfno0@naver.com

- A F (A #E E)
20084 #AFN AR ETHE =9
(FSHAD, 20004 @4 Foiste A71E
AEsts AR Ao,
Tel : (041)530-1630
X © (041)530-1735

E-mail : tigerjk999@nate.com

o F A (M & M)

19913 A 7d AzRE e Z9(FEAL.
19939 Foigrd AAFEE EA (A
2003 Algd e W71 EFEH e
Z2(FHh). 199372005 FFAAET AT
Y (ETRD "1?4"1?“’1 200578 A =HE
gt A7) BAFEL 2w,
el : (041)530-1332

(041)530-1548
E-mail : jslim@sch.ac.kr

(o)

Seix| 2tel HEH dA

Trans. KIEE. Vol. 58, No. 12, DEC, 2009

H4 &8 A (8 & R
1080y M 7o) A AT = (AL,
1991d S AAEEH EH(HAN.
1996 Buhetgl AAbFsy FLA(FEN.
199171998 AFA A A AREFAER M9
o Tel, 199878 A AMEGS W AAHH
FEH I,
Tel : (063)270-2458

x 1 (063)270-2461

E-mail @ ycjeong@chonbuk.ac.kr

o = (& &)
1984 A 7o) dzbF et G (3-gA.
1986 Foigty AAbEErE (M A,
1990y Boishyl MzpFst E(FHh.
199071992 F|=HAAFAATY(ETRD A
dATY, 1992784 wHFHSL AV
Ex gt @
Tel : (041)530-1331

x ¢ (041)530-1609

E-mail : dahnkr@sch.ac.kr

2467



	스캔0002.jpg
	스캔0004.jpg
	스캔0005.jpg
	스캔0006.jpg
	스캔0007.jpg
	스캔0008.jpg
	스캔0009.jpg
	스캔0003.jpg



