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Homogeneous Dual Composite Right/Left-Handed Metamaterial Using
Subwavelength Defected Ground Structure(DGS)
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Abstract — In this paper, a homogeneous dual composite right/left-handed (D-CRLH) transmission line (TL) is proposed
by using a defected ground structure (DGS) on the ground plane. In order to satisfy a homogeneity condition of
metamaterial, a subwavelength unit cell is designed by way of a spiral DGS and a meander stub. From a dispersion
diagram, it is expected that the frequency bands for the left-handed (LH) property is 3.5 - 4.4 GHz. At 3.8 GHz in the
LH band, backward propagating phenomenon is observed from full-wave analysis. The experimental results show that

the proposed TL has a stop-band in 1.75 - 3.6 GHz.

Key Words :
Metamaterials, Homogeneity

.M 8

Left-Handed(LH) =&l o3k 7Ade 1967 HAloF &
282} Veselagool 9la] Hx= AlotH AT} Veselagos =
Aol dwrHom AAA ] EAFA e Fo FHEHS F
&Szt A7) (E-Field), 2713 (H-Field), %9149
(Poynting) ‘3“517} 1€ B HHo=
WHo] ol & WAL Wi Eo]d
Aot o]Z2H o7 Aoratyrt 19 o]2¢ wEwW LH
4 UM SRS} #EEe] dgitdko] A= wkg
WHEES o] #3= backward waveE #HASHA doh I S
o] ZAAGR Qo] 2~d(Snell)e] WHWHRo] Hoz uly A
=™, =22 (Doppler) &3¢} A3 = E (Cherenkov) WAL 4
Al Z1Ee] B A g2 apd A dh[1-4]. o] ef At
He Mdez Al ¢ fd&3% &S &
< Right-Handed(RH) ZZolgtx FE2t} LH 22
&8 Veselagool 23 o] 27 Aoko]F 300]d o] At
University of California, San Diego(UCSD) 1ol <23}
B3 98 FZ7](split ring resonator)?} 9FS =4 (thin
wire)e Ae Ao HAZE AFH R FHEIJTHEL
olglgt 53¢ 4HS& /1%l LH 389 4384 THolF &
A 4 mrolaR s A & A4S EYdoRTt H
Dol U FAS vEoR HlHER ggoz o ool

.
>,
to
M H
Mo
1o,

L O DI

toaAAA A3 U Fo ARV SN 2

E-mail : sungjoon@cau.ac.kr
* 7 3 A Fdd To AAAT s AArA
AgdA 0 20099 8¢9 5
HFT LR 20093 10 7o

2242

Composite Right- and Left-handed (CRLH TL), Dual CRLH (D-CRLH), Defected Ground Structure (DGS),

gA= T dvt. V& EEA PAR dukEe LH B4,
B4 WEEAe] AL O ¢ dd HEe] AWd A
Ak, 71Ee] A S B AERE ol ARE
AN 5= A =
HEtE A a7 %:— 7tA ez ¥ shsstth AA
2 B3 938 FA7](split ring resonator)t $FS =4 (thin
o -

A9 el A
3 P HAEHAE HA o] gt HExF
AEHAZ2 BAe= :rL—d%J el Ed e
right-/left-handed(CRLH
TEE o839 RH &
oH6-8]. A}l
At W HdEHs o
3 zAstell A 7IEe AR v

,
kv

Caga e Ag AR AAE F
2E
]

wire) S °]&3ts FFE WaolH, A=
| ,

composite
43 A94

FEl ol

By
BN
)
_O|L
2
o
fr
I

mﬁ
ut}
ot

=
jas)
=
o
Me -
»
o
RN

=
:oL_r‘
)
o of
"
fi
o
o>
flo
=
o
0o ot ot
Jm
ox
o

o
=
I

2 o
©
A e S

A B

ofy M 2
2

fo o mx 9
tlo

o
fiu

G Sleh me CPWi vl
7149l A go] Belain, 71E
AgAzel A3 £A0] 7HssHeH9l CRLH v
AFspol At LH W19 7443, nFsel A RH
gy

< CRLH MEg=E2

[y
HU

N m&‘i_O,L'
=

I~
av)
O,
2
2L
N
ok
ol

e

{s
I

r

ooy o8 o g

. 12 Y [o rﬂ
[t rlo

TxE WdF  dual-CRLH

(D-CRLH) 27} A|¢ts $vH10]. D-CRLH %+ CRLH
Tz gy AFgoA RH 9S 7kA 1, 53¢ A LH

o9& 7kAH o]$ tiA] RH EH°~d|a Zt= BEA4E vEt
CRLH ?ZQ} D—CRLH TR 22 HTXY AFHE W
2 o5 FAEE 7 D1r-rl:r”“’l io] FETE ol
2 TEZ,Q'L(hornogeneous) T MK gl ske] A
How #FAT Fz2Z w57 98 Z g9rxe ==



N
2

< A ol WEEHY Fdo Fa% A5z
= 6MOIE} D- CRLH AEH25= DGS T2 98 A
7P H A 9 2] ¢ meander 2= T
°1E”]EV‘5 Tt 7)1Ee] A A
o] A% 4Z]:rLZ(defected ground structure; DGS)E A&
D-CRLH WEI="S FdS W2 vste[1l] £ =
o

ka1

EJ

e Y AFHATFEDCSE ol §
A4 o we W A8 AvAE

L oE Ay (R oME o & N R Y
2

stel o =

Ao 2 e 24

den X3 meander AHS o] gl FIHo=

2 oYEl A e AT 4 Q). oy AAL ol &

3le] YAE AR F29 meander 2H 9 AMES 7|E

9] A7 A9 DGSE °l 43 D-CRLH x%%jisq z¥

G2 Aolg 120\, % WS Fadsigda vegsa

o T3 21 dAAE I AFHRE 4AE F
A

2. dHt& ol D-CRLH M&ME 0|2

D-CRLH A&dzE F7]140
3 FThd, d—0 o] 90;1 o] A4
t}. o] D-CRLH A&z 7} 9
AEHE 7] uq]l"%o]t}

ojl it

WEHEd D-CRLH #4541
A d/A 00 PAAAE e AAH o FAT
Azl el glo] B xxolrh #4¥ D
Az2e A7 e <09 p<09 A4S wF3H, o] F 7}

=L oox
ofr ofy et

o
=
-
T
™y

A A VeselngA 7o wet g3E 4 o)
dubx o g 7 o9l Fxo FeYEKE 1y 139 22
g Qs 729 Y ojEmEe Yo dejd F glor,
a9 AN G 2
wl 1
Z ((,L)) y 2 y Wee = (18.)
1—(w/w,,) L;C,
(.L)C 1
Y (w) =J - 2 » Wepy (1b
1—(w/u}sh) L,C,
ﬂ(w): Z.(a)) and e(w) = Y"(w) 2)
Jw Jw

d— 0

a8 1 o|A™el D-CRLH M&M=z2 S8z =
Fig. 1 Equivalent circuit model of ideal D-CRLH TL

Subwavelength Z &H% x| 7t = (defected grounded structure : DGS)E 0| &

Trans. KIEE. Vol. 58, No. 11, NOV, 2009

D-CRLH #&H 29 w9 72 o)zt d/A,—~09] =7
S WS HH FEHS FJuE gy Fri7EeE 7 F
& ASARI An, =3 48 Avs 29 4 o=
|2 Yol o) FalAE 54 QulEze] Aol sbssiA
D-CRLH #&Adze AA Axads Blw)7t dojAH =
Aol #ANL et 2

41+ Z(w)Y
ﬂ(w)_CObl (C;) (CU) (3)
Z (w)
Z
()(w) Y(CL)) (4)
stz Bl 59 73 Ve 2RHom 54
i el avleh $EE AAAEY 23 Yol & o @
2l RH =4dA 3&Ee #+&5=7 22 w3ds 7HA
A Ak WA, 73 Yol EF 490 LH WEE Ao A
A& ES FEHEE A2 RS B Ak olH @
=53 g 2ozl 09 o] dH o= w#AI D-CRLH A
FARE a2 A& F Utk AT d9jFxe] Zol
7} F%3 Featy AAdew #4¢ DCRLH 444
22 4Fdte] AA78A A4 Yol 4§ bsete
3. DGSE &8¢t #MotE D-CRLH MEME HAH ¥ sy
483 wde D-CRLH AEA2e AdHoZE &4
7 ereth aEAW, 3 fEspel st WS @e 2
o/ qlste] AT %A 2AL FHAL 49 A
AR oz A D-CRLH dEH427F 2 4 vt & =&
oAM= Y 29k ol AWzt ANAELE AFE W
FEE TH A4dste AAHez #Hg D-CRLH A%
Hzg Azt Fadels welpat Aguss 7
AA Rz AAA FAN QA g, anE AE
Ao w9 Fxe o] d—0 o & THHZAIE Aol
ol Aoz wAIF D-CRLH dFAZoty, w3 AH=
AFHRTE A7) EAG AL e
Atd D-CRLH AFH=29 7= 2de o] g9l
D-CRLH 2d3 tj4 th2n, 4 ¥ D-CRLH A&HEAZ9]
S/ R Rde a9 20 AAEol . o] FRolAM
Bt A3 Quda 23 §Y oj=ndaye] fAAe o
23 2
Z (w) = |jwL 1 ljwL
P jwC, d
w
7.](4)[/11(1—(4) LPC'J)/(l—f)2
se
h - 5)
wherew,, = —————
se LdCd
1
Y(w) =1/ ijs—FW]H]pr
N et
= jw
! 1_((1.)/(.0311)
1
where w,, = —— (6)
LSGG
st Homogeneous Dual Composite Right/Left-Handed HEt=Z& +3 2243



HM7|&s=gX 583 115 20094 11

a7 2004 Al¢t® D-CRLH AEAR Fx9 S713 =2
o] A9t xE JAW 9 DGS Fx9 2zl A9
7 HAAX " s Aol meander ~H O R FAEoO] Q) F ™
Adadre 1-D AFSH2] HAHW ol A3t 45" DGS
T AAH gtk ¥ 29 3132’2}4 LC 3 =2l Ay
N-EA(0) ¢ 998 =(L,)E DGS 729 ~vtold 3
T A Fo uwe A4 "o %*}’3}74] HEde] LC3 =<
AMAEA(C) 9 JAGEA (L) = 4 Ao =279
meander =59 ®© o o3 AAHA

B i
i
C
+i05C,== 0.5C,=

A

O

d% 2 MeotE D-CRLH M&EM=Eo| 17 el =2t A ete
Txo e F™E SUtEE 2E

Fig. 2 Unit cell of proposed D-CRLH TL and its equivalent
circuit model

ABCD ##& zd 7}53iv w44
o] 7bsstth oY@ EAE THAE
ghol e e 47t C,=0.07pF. L, =0.61nH, C;=5.
L,=0.45nH, C,=09TpF, L, =839nH °|tt. F&€ <Y

Haoh AdA | A G2 el s WS 24
o] 7}satth AAE A L-C ilib el et
ExE&S #3837 g8t Aoty F=dH mevHy eSS
olgatel 4 @ AN FoAsel e fALT T
Aee A7 2g 4 gdon ot ¥ 39 F et 9
ct.
=== Mu
—— Epsilon
RH band Stop band LH band RH band
10 0 1 1% 0 RWUWHWNIWBWY QUGB UEH
Frequency[GHz]

a8 3 Meot=E D-CRLH M&Mzel g1 FXg M
Fig. 3 Permittivity and permeability curves of proposed
D-CRLH TL

2044

44—% ] 83} MATLAB—% =3 ?6}211 a9zl
& St Fogel wE Ag A 8
N9y 242U LH HegS +2 &

A ZA0) = RH-LH-RH WY &9
ES Holx vk F, 071.7 GHz9} 4.4 GHz
T FolA & 97 J8gsE RH 9 $&
ow 35744 GHzY F35 FikolA dued

Bt

(w) 7} FFa

=
T

o

=

oftt
T s

s LH 992 F4sn k. =@ RH 99 LH

3t

28

oo Abel 17735 GHzo F3h= F3tellA AA s 3
s

Frequency [GHz]

0 30 60 90 120 150
pd [degree]
3% 4 MotEl D-CRLH M&M=ze 24 M
Fig. 4 Dispersion curve of proposed D-CRLH TL




38 5 HFSSZ Full-wave 22| M= a5 o wze ™
21% 2% (a) RH tHH(1.0GH2)dl A o] ™7 &=
(b) LH CHed(3.8GHZ)olM el M7|1& 2% (c) RH i<

(5.0GHz)oll M o] M7|& 2%

Fig. 5 Full-wave simulated E-field distribution by HFSS as
changing the phase at (a) 1.0 GHz (first RH band)
(b) 38 GHz (LH band) (c) 50 GHz (second RH
band)

% oAM= ¥ 4
29 LH¢ RH W9
Hoj Ao A $d&me}

2
i

i

>

>,

a
o
o,

i i
2
2

and op‘

offt rx

Al e 2
ﬂ
R
2
ol
o
N,
do
o
s
N

&

Lo
jo)

%2

]

=

5_|

o 2
09(_:4‘,
)
oot
[o

S

I
R
-
@z
12 L
wn

e
~
>
_C?L
¥
to i

i H
)

o
ox £l

B b
b1

2

ox M
X o

N,
oft
P,ﬂ,
2
tab
0
_?L
2y

m¥
!
jas)

o o g il o

o

i)

)

)
lo
o

> o %

fol
z oA jo & g
=
o T

fu
ol
o

i)
o,

o
o &

£ o
=]

14
E
o
2
il
[
~N

mooX
111
N
r.‘
5
il

o M
_‘L
N =
IS

12 4 H
2

=
o
j=o}
jast
A
oX,
%
-
st
4
ox,
tlo
o
2
ol
N
D)
— 0o

T xR

Mo

2 A
-y

>

§]
o
gl o
L
Q
P 2

N FE
¢

o

HU?:EZ

228

JIN'TQL'
R=I N

T

2 N
=)

o ¥
12 Hr 2

1o
ot
tlo
Job
rO
_c‘>L
32
fl
oM =2 Koe

tlo o® -
T
fo,

sldEe Fo ool § 38 GHzE #ste]
= 3 o)
=

ot
e

ol
-

a3 6 MeotEl 107 =heltt=2|l D-CRLH XM&M=z 2 d
Fig. 6 Proposed D-CRLH transmission line of 10 unit cells

Trans. KIEE. Vol. 58, No. 11, NOV, 2009

HE=Hog7 19 29
sto 24 D-CRLH A$A
AT AA Al AR
(e, =2.2,h =1.5Tmm) o] 474]’5.
ARAA Zgste] 57.8 mm o] th

2= = ol

@9 F2E 107 FrIHeR o4
ﬁlﬁ?%igu:l o= 18 69
9. RT-Duroid 5830
S

Agdz Aol F

a9 7 10789 @9 xR o]Folx HAl A
D-CRLH AFEAZE EdS et XE1S o9
AFEEIA XE2E YT ALEEow 7t X
50Q SMA AYEHE AH&3tAth o] dEHZe] 54
Aae @972 Ao wep WA ¥, 239
ALEE dolry] s MEYA EX7E o]&do S-
vHE FA489om, 1 A= 19 83 2k S- y}a}u]
AN Foto] A Y 4% AL &8 SA A =
A Aol BeE FFolA 1o HA &Fe o
2 A3 7iJJr A FAgke] wgate] ofg 3oR

#<S &3 LH ¢ RHe &3
Row, 1 /‘}01 AA o]l HAEA P
Balanced EE=E <213 4 9. AFe RH 4
071.75 GHz, AA 9L 1.7573.6 GHzell ZAA FAH=HJLo
v, LH W92 36744 GHz7HA, & ¥4 RH W92 44
GHz ©]7¢¢] Wl =AU S-gaprE 2z oA
A& Fagld d gigelA 95 dB o4& vER
Atk 29 8ol M #EW LH, RH F3 g9e 29 3
4ol dZ3 93 Hd 01-GHz zkol7F vH, ol 57}
slmrdo et ghs wAgE FoFdA FEEA7] o
Tolth

[
E
e
b
i o

il

pod)

o
12 offt ox
fo o o

to g

oft

ol
18

q

S

&

min_sz’

374mm S

a8 7 M=zHE 1070 chel =2l D-CRLH &M 2
Fig. 7 Prototype of fabricated D-CRLH transmission line

[dB]
8

-- Simulated(S11)
---- Simulated(S21)
Measured(S11)
—e— Measured(S21)

RH band
1

Stop band

T

n
0 1 2 3 4 5 6 7 8
Frequency [GHz]

% 8 Ay ¥ E™E S-mizlo|e Zohgt
Fig. 8 Simulated and measured s—parameter results

Subwavelength Z &% x| 7t =(defected grounded structure : DGS)E 0| &$t Homogeneous Dual Composite Right/Left-Handed Ml EtE& T3 2245



HM7|&s=gX 583 115 20094 11

5 &8

B =RdAEs ‘%/L%‘ DGS¢} 74 H A" meander 2=H

CH{LII uﬂg}“ 2] x]ﬁ:}ﬂg;sé xﬂ;ﬂ

g &t v UﬂE‘r%é‘ kil
%

LK oofy oL
3@ mo xR

ol
-

oA 20089 AR(MEFAHAAT)Y Ao
= ATREAFAGY A4S wol FAY AT,
(KRF-2008-331-D00438)

—L

[1] V.G. Veselago, The electrodynamics of substances
with simultaneously negative values of e and p,
Sov. Phys. Usp, Vol. 10, no. 4, pp. 509-514,
Jan-Feb. 1968.

[2] J.B. Pendry, A.J. Holden, D.J. Robins, W.]. Stewart,
Magnetism from conductors and enhanced nonlinear
phenomena, IEEE Trans. on Microwave Theory and
Tech., vol. 47, no. 11, pp. 2075-2084, Nov. 1999

[3] AK. Iyer and G.V. Eleftheriades, Negative refractive
index media wusing periodically L-C loaded
transmission lines, in IEEE-MTT-S Int. Microwave
Symp. Dig., June 2002, pp. 1067-1070.

[4] &A1&, €M%, 223, ALF, 5534 dE7o] e
4] AN P4 = 2 Y=Y Hd &
24, dg3e3 A, Vol 15, No.2, April. 2004

[5] R. A. Shelby, D. R. Smith, and S. Schultz,
Experimental verification of a negative index of
refraction, Science, vol. 292, pp. 77-79, Apr. 2001.

[6] A. Lai, T. Itoh, and C.Caloz,
right/left-handed transmission line metamaterials,
IEEE Microwave Mag 5 (2004), 34-50

[7]1 C. Caloz and T. Itoh, Application of the transmission
line theory of left-handed (LH) materials to the
realization of a microstrip LH line, IEEE Antennas

Composite

Propagation Symp. Dig. vol. 2, pp. 412-415, June
2002.

2246

s, Zz‘%’d F34, ol A, ve=d dAF
el Y yxtx Zeroth*order Resonance
QrHE| L, EH@‘_}—@X]—%’—@]— 3], Vol. 44, No.7, July. 2007.

[9] M.D. Pozar, Microwave Engineering, 3rd edn. (Wiley,
2004)

[10] C. Caloz, Dual composite right/left-handed
(D-CRLH) transmission line metamaterial, IEEE
Microwave and Wireless Components Letters, Vol.
16, pp. 585-587, Nov. 2006.

[11] Y.H. Ryu, JH. Park, J.H. Lee, J.Y. Kim, H.S. Tae,
DGS dual Right/Left Handed
Transmission Line, IEEE Microwave and Wireless
Components Letters, vol. 18, pp. 434-436, July 2008.

Composite

g 2 A (& F )
1981 7€ 19¢ 4.
2009 8¢ FTul ol A7 E T
=4 (3.
2009 9€AA TdUTw o AR
A7) Z R Ay,
el : (02) 812-7460
E-mail : eravgad@naver.com

o dFE MK R
20023 AAY Fo AR =
(8FAB). 2004 University of California,

=y Los Angeles 78383 & (XA},
“ 200611 5T 5HEl %< (FSHAD),

200611 ~ 2007% University of California,
Irvine Post-Doc.
2007 3E~EA Fdd AR EE
B RA

el © (02) 820-5827
E-mail : sungjoon@cau.ac.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


