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Abstract  This paper describes the design of size-reduced directional coupler using the artificial dielectric
substrate and its increased effective permittivity. Directional couplers are widely used in measuring RF power
indirectly and coupling signal power. Artificial dielectric substrates have higher effective dielectric constant than
standard dielectric substrate due to the lots of metalized via-holes, and the increased effective permittivity results
in size-reduction of circuits. As a design example, 15dB directional couplers are designed on the standard
substrate and artificial dielectric substrate and their size are compared. The size of the directional coupler using
the artificial dielectric substrate is only 1/3 of that designed using the standard substrate, while the performances
are preserved. In addition, the measured performances of the size-reduced coupler are well agreed with the
simulated ones. The measured coupling coefficient, matching, and insertion loss at 2GHz are -14.62dB, -24.1dB,
and -0.38dB, respectively.

Key Words : Directional couplers, Artificial dielectric substrate, ADS, Microstrip

9 HEAQl §EGAR0] BE AgHTh weby

98
Folzl Z)ghe] tiste] of® BT Fuisolxe] A7)k

RN AAEE 2030} 32E A4S 95t 7] dE 7Fsshd, o] A7le EEAolth

229l 7|Hol} AEHE F2E FALRHGHL)7} 9 mrelaRAEY vlskyd] gloid g e
eql AR & Alolo] T FEe] F455S e v EHQl AAY SEHoR § =9 Halslol, ﬁ% o
O|ZEZAE Y(microstrip) AR FLRE 7]EOZ 3} Q) A 9] AH T4 (metal layer)Oﬂ npo]AZAEY M
t}. oW 7|zho] oA 1 7T QoA AAEE nE  ARE LI ofeE FAA Q] shH S5 FAW
AFHR A sR2oxk= 1 7)) fAAVE 2= vl & AT F o47]0 oA oS RAAIE BEshs o
TWAIAA} %'%‘—’i}(]sllm(/sch ac.kr)

HAed 119 049 28Y =AY 119 06 159 AREAL 113 079 07

3169



A7) kE) A 4127 ATS, 2011

el HlolEg #7140 drlelol, AT o faG
Agol 37 F7ke AR F27h waE o) ik
[1-6]. o]=|gt 2= AAT gredor HyS 715t
Afo|m g2 718 AA| 7)o Artificial Dielectric Substrate,
ADS) T 7|HA=% 71574 A|(Substrate Integrated
Artificial Dielectric, SIAD) +%e2kal Stc) o] FLZoA]
LAz g = e fAlA Bl 19 A71H 5
o] Tl shte] MEe AARAS] S4o] B2
Eeg giFEF o7 885 B(effective permittivity, eer)
o] Z7}5lA ") fEFHLo] Z718H, ulx] vl-A
£(e)0] 2 OB AL 7]gho] FofT A3} Folg A
o] Huw, olF szo| 458} AAd] $831 o)

ot ool

ot BT ulgAEE 2 SAA T)Ho] Folx]

Aol A GRS WRT 4 s THHA |ETE

o Age o) Aol AAFIOL, AT 2A7|oE A

WA AN A%

o] MEYI, Ed olF APHOR US| Aste]

o7 Tl 1 S84
[e)

)
2
i)
fo
ot
=
>
N
2
)
2N
oft
o
o2
o

Ay
o

ol
o)
N
=2
il
i
2
rO
&
)
N
—-

U 220 Bg rold g% 5 U AR 7]
WL AR, vfe|ARAEY LEE s|EOR
She 239 828 PAsks sl Alku ksl
E3 71AR) 7| HTe] cstel ulol&o| ujde] whet
Wslshe B4 QTHAs AN A7AT) wE
of AR ZBTRY BT $E AT B B2
30 UEHT.

A, BHoR o|Fol AL 2k

f

£ B4, 94 9 vlolg
Aulz A2Ee]  gleld WA (directional
cowpler/ts &2 RAAEO] 23 2 myes

(monitoring), 3} BE7|9k e slzolxle] B4 41
50 A3, T3 of ALolA BHRI WAt o
Fopar A 4150 4 5o Suw del AgEn
oh M Solx RABAG 215 AAgolu AhulSe
qlojA] sk, Auste] A ARGl B 4EH L glo
2, ofo] Wuri7] 9lste] AATE TAHE A T

HE|REe) 498 AGIE ofds] RAT 5 gt 8
FAkgel B giek

ofo] £ oAl RHFAG ALgolLt ] Fo
ge) AR YPYARIS £FTsIe] AAS B
A AR NBPEE AEI AT Al dhste] A
ARl £ @A ol Slste] WA HAT G
AT FhAA 7we] T4 R 5

A g, 12]ar FAlEAl
& Fda7Iol diste] AHERith ololA EEY 7|
I 7HFAA 7)ol A AR IE AAske] 1 A

£ ulwsti, ololAl AAE A2t W A3t ZuE AN
st o2 HEY vlo|aRAEY HRTLE o] g3

A9ok MwG o) FU Fupola fARE A5E §
ABpEAE £FIE PFYARIE AAY 5 U3
ol ua} gk

microstrip line and pattern plane

-
|
+—> via-holes

- ——

[
1 |
1 1
1 1
Il 1

_____.

N bottom ground plane

(a)

(b)
[33 1] 7FAA 71l A9 nlo| 22 AEY HdEAR
o Tx (AT GBAUH B
1] Microstrip line structure with the artificial
dielectric substrate (a)side view (b)3-dimensional
view

[Fig.

2. MEY JHRHH JIBTZ

Y 1 ZHgAA] FmelAe] nlolaRaEy 4
Mz o] g twe} 33949l 19 1el Aol

F A %9 FAE 42, Hoet s, £ 43
A %9 M$ALE ot 14 YHAOR £ GHA
Hlg A&l AR SebE HAe BE 27 S Ho] ¥
gelck. S H BE Hpweh ghd), 2 ol v
Fo o3 #7191 S7b AWAEL D o)2 QA £
§AEY F7} nolazsey Mo ¥ Jake v)X|
£ 317] Slatolth. 9% SaAe] Sigeli nho] Lz
£ AgHz )2 selo] TaEw, o fAAe
olIme Fo%o] WA EEdte] HAWS o]gr). &
FHA ol BFE wo] FEFE AAHLE nhx] £

AP HrH ) Shte] SAAPE EAsI A Held

H

3170



PP 2B U 7R

A 7B &8

AR TP Tl wlojEo] 1] o]
1l AN F71H02 TR, volE thitols 34
Ho| fEHoR ZASH: T2 o), oldl 728
AAHopEE B0l hitell FHE g AshAEAA 1
A EHE W9 Lol Bt AvAELe] Z7l
47 7eist7] wgolch, weba whg) dolet 57} #u)
AEIze] 271 B RAEGURE) S/ ololAn, 2
I S Fold Mg o S e
el B GAEE 2 SHe ols7h ek

ol=gt 751%"8’ 7}0 AA 713tz ASARANAN=
thp9] HoZo] o5t {AERHES S7HENE o), o
9 dojt AFo BAgHE Qg S8 Qde A9 =
7} 2 o2 21%t 88 FEX-E(effective permeability, e)©|
F7leh SAE B B 4 Atk wekH SR
3 ganAsel WA el Anges

Neff = V Eeppllesy 2 EBEE FAZEEC] 718t
A ek olmel  AgMReld Y wbge
A, = No/neppolag, E2¥ Aedzel wmd o

()\O/nfff) < (Ao/nstu,ndu,rrl)gl AR ?_]’5‘]—03] 22'1.017]'
Hogobdd ok wa fE 54 auds

Zyeff = Meff/ggff o2 #xd=Ed, o] i faF
Agel F717) o FeeAng, Bad HeHRel 4%
s} o G o] Uk AAE FEFEAEE)
st Adid ez AHujslng ol& FAsEElE, faG
Heo ZARARO R 320 458E ¢S 5 ik
gk g2 B]f-dgo] 2.20]3L Hy, H7b “121 Smi
31milsQl §-AA] 7]T-E o] 835te] 50020 EA ¢ud
£ = mo|aR22EY AFHARE HAS P% 732 %
HEX REY vpo|ARAEY 7]7He] 7H-9of 50Q
S 2.77mmo|H, 2GHzOA 13Hg(A.)-S 109. 5mm0]E}
et Hlo] 2o A2 08mmE St wX] AR
1.3mm=E 3t 7FSAA| 7| HERo|A 50Q nlo|ARAE
Y AR AEL2 1.28mmo]1L, 2GHzoA] 133 (A,)2
83.8mmo|t}. FFF 7|ZofA] 1.28mme] AZ-2 80Q0]
ek Aze) MBolct. vlm 23, 4374 slwe]
SR AL DoDF 2421 S8, 00 A
Pagd), o) RE /A /T RASAS B2
oS85 ) TI2o) 17 thE BAG S DB E A
o % ook

fr

«

Jl—H 2 I>

s

3. WaNZEE| B2 7X

A1 Hopold e] ALgE W

3171

2710l dste] ztere] HFstaAt gk 1% 2=
J 1—4 T2E HojFe JfEEolths]. gxHE
A}2(through port = direct port)
=2 ;i!x 73/\5]% A, o] o AY<=4l(insertion loss)>
S21(dB) gLoE Uehiith WY ATIe] HeHel o
stolal & 4= QI A132] AdK(coupling)S THAHE JAL
g ol disto] TdABoA WS AdE B A%
Al4x(coupling coefficient)y= Ydt= ATk AT H o]
HA3(coupling  port)ell UElLbE HEE oJn|sh=t]
S31(dB) #to& uehdth g TR gEdAte] ¢
AR Als o] ekl Ex ere ZelgAkisolation
port)S &Jmlste S41(dB)= YERdT) oFHos o}
4olls olEl ATE LehiAlt ohelid), AR b
o A57} ool el Hehie
Wls u}ola@w vz U O
2o 722 #sHl Hrk of| Fold AB
&o] el tste] AFo] woln

117
~
_,_,
r>~
r>4
rlo
F-V.l

s

é& Joll 23t ZW]?‘P Ol{’c_% Argsh= Zlo] opde),
FREAR7E 7HrAA a2 E 233 5 SleE
Ho|uz} k= Aolu g, Mgk d A7) o] thgt o] 24 i
ko of7] 4] mhX| e gk,
Port1 Port2
—>
DCoupling
<— ——>
Port3 Port4
(@
Port1 | W | Port2
S
Port3| | Port4
L

(b)
(38 2] $yamrle 72
az~EY 3|2
[Fig. 2] Structure of directional couplers (a)schematic
circuit (b)microstrip line circuit

(a)schematic 3]& (b)m}o]



A7) kE) A 4127 ATS, 2011

ME

4. WEHTBIIO A M7 W M

ojA] 7HAA ASHAR F2E ol-&ote] WA
715 agslsto] AARE Aol tigte] 7|&staxt ek
wiA) 2@slelr] oldo] HEd vlo]ZRAETY A
2 F2E o]&3sfo] 2GHz H¢9] 15dB WA &
Aslsich Wl ezl Salol ofsto] Aakeln, 15dB
AR 0.1789) ATAROE 710k Beks]. B4 9]
TJEg 5020 Fehel 2 et o] ofsio] At
Azo] £/71nE Ju]E A (even/odd mode impedance,
Zoe, Zooyg ZtZt G 4= Sl AXE A} ZH2} 59.85
Q, 41779 F& = Qlth o] Tlo|HE o]-&3to] &Y
7702 2GHoN 15dB W ATIIS A S Sk
I8 3(a)2 50x50mm’e] 7|8 ZH= ®EE ujo]3
EAEY 7|l AAg 15dB WeFdd3r|2 glolokx
BojEm oy AHA ZAI W=2.6mm,
S=0.6mm, L=27.6mme] == o9tk 500 uT
(feeding) A2 9] &2 2.77mmeld|, 4] @A} dAZd%+=
oY MRS AR a5a Aedr] Biol A sk W
e, 1% 3@l WA AltEen TAR uieh 2ol

27.6x5.8mm*(=160.08mm?)°] T}

(layout)

[3& 3] 50x50mm’2] 7))l A WaFd Aol &
olok ()EETP Hho|ARAEY I=Z (b)7H

AA 7oz Ag3t 32
[Fig. 3] Layout of the directional couplers on the
50x50mm’ substrate (a)circuit with the normal
microstrip line (b)size-reduced circuit with the

artificial dielectric substrate

oAl 19 3(a)9] IEE 7HAA 7HFRE A8
o] 2g3t Aute] tisto] 7|edl BI|= sk} Hdadt
ol B Aol M HlfEo] 2.20]a Hy, Ho7t 242t
5mils, 31mils?] §-AA] 712-& o]-&ste] 7H-2AA 7]
T2 5 AR B3 H|o|Z 9] Xg3} #X] HAo] Zh
ZF 0.8mm, 1.3mm¢l 7}&-AH| 7| tx7)F AF&Eh

% 3(b)= THAA 7]tz AAlE 15dB R
AAY719 goloks HolFa ok &4 H Hw9
HOlZ Y8f 50x50mm’9] A7| 5 ZH= HAZEE 7)o

FEstgch A Zy= W=1.17mm, S=0.27mm,
L=21 3mm.] 245 HolZr) E3F 50Q 1Y (feeding)
A2ol Z2o 128mmeld], vy ARS A3t &43F 2
7] FEo] Ax|shes WAL, 19 3(b)9] HA A
o2 FAJE "k} ZFo| 21.3x2.61mm*(=55.59mm’)o] T}
7WRAAl 712 g olgste] AR W ATTE
238 7|3 AASE A} vjnd B, 50Q AFAAE
= At =5t 43| ‘:'H—J HA O] Aol A9 173
k. o|e} o] 3|27} 4
el 1 APFP=o] 7HrAA 71
otk

&0l 7kt A3t Q7] o

S-Parameters [dB]

T
10 15 20 25 3.0
Frequency [GHz]
(38 4] 523 WRdAIel 47 54
[Fig. 4] Simulated characteristics of the normal directional
coupler

I9 4= 09 3(a)) BQ BEd Wk Asy)e A
A BA4e BojFm gtk 41534 2GHzol A -15dB
o] ARPE(SING HolFT glek. 2)Re] g B3
7] $J3lo] HFSS Y ADS Momentum © 2 H%}7| 2] A&
#|o] A(electromagnetic (EM) simulation)S 3§35} ch.

a3 5= 39 30)ol 2o, 7R JErze 23
slalo] AABE Wk Asty o] A EAHL HojET Q)
t}. R 2 2GHzo|A] -15dB2] A3F=(S31)E Ho
L 3lem, oJd3s] -25dB o5t L7t P WhAAIS

3172



2 molz Qrh 1Y 5T I 49} Hu o npy)
Si1e] 2 #abrh gl ZAY Hou, o) tho] ulof
2ol oJ3F ululgk Afoloju], oj3] S11o] -30dB A o]
b RAE g Aole & 4

S-Parameters [dB]

-
20

1.0 1.5 25 3.0
Frequency [GHz]
[38 5] 7HpdA) 7oz Lgslst W ddstrel 2

719 AA 54
[Fig. 5] Simulated characteristics of the size-reduced
coupler with the artificial dielectric substrate

29 62 A Jigtom Adsk YA
2 A% AR ARG Bojrh ARl okl g
of TR HolEo] Holx] ghorf AARE Tl u]
of o] F71402 FaElo] glov], 1 7lzhe] bl
= 29 6ol Holi= Y= F=e] sjeo] FAHo] Yck
Z2 BEF](prototype) 3|2 AAR HEA W AL 34
(in-house fabrication)2 ©|-&3}F o0 F 3|2 o] Ao
UotAl o EEStARE, B =RolA AAlskaizt sk
233t A9 HAZ SEs] LT U3 vlolE =

Holle &A417F flek

| 1508 DirectionalCoupler

Z0G0MHz

[32 6] 50x50mm” =L7]9] 7|ghe] 1&E 74g-AA 7|
oz sdslel WA A2 A

[Fig. 6] Photo of the fabricated size-reduced coupler with

the artificial dielectric substrate realized on the
50x50mm’ substrate

3173

S-Parameters [dB]

T
20

1.0 15 25 3.0
Frequency [GHz]
(2 71 7kl 7o »3sjet FPyATe &

A 54
[Fig. 71 Measured characteristics of the size-reduced
coupler with the artificial dielectric substrate

19 72 E5071B HE] 321 B4 7](vector network
analyzer)E ©|-§-5to] A2k 3|29 55 S7% 43}
2 wolzy 9y 24 AT} -14.64dB2] AFHE9} -24dB
o]5}e] Agt=, 12]al 0.38dB2] 41¢]<=~l(insertion loss,
S21) S I Slck S9N YA
HEE Bl -15dB9} Hj>
% o 5 1ok
4239 7A50A 7
g J5°

N

I
| %

=4 4

7} 0

| el sick 59
~0.2dB oJy|¥ A=

o
or_\"l

o
il

[E 1] B 2d719 Algdeld 9 &4 Zau|w
(@2GHz)
[Table 1] Comparison of the simulated and measured
characteristics ~ of  directional  couplers
(@2GHz)

B N Lein
5]

AlEdolA
-39.5

-0.14
-14.992

h‘.

S(1,1)[dB]
S(2,1)[dB]
S(3,1)[dB]

5. 28

(<]

B e H2d 7o ixﬂ 7)BAze] T
F ATWAL L F7tol| T2 FAEFAEY F7HE
of upe]AR2AEY X*Q’Hiﬂ *dﬂﬂ o=

7EI

Ll

o]

I

0?~

i
oo Mt



A gt sl A1 A7, 2011

,d
o
oX
i
o
N
i

e A7 A7}
thre] ulojZe] ¢f
A 717e] fFasd
o2 ol-gatH LuFAl
ga}u} 3} o 2 2GHz
A3 E 2529 719

do ox
2
i_tg
>

N &
% 4
oo
off
2
o

)
TN 1 =
1o ox
mlm b Mo
ofll

>{\1

g}
°of

B
2 IS

>

i)
NI
N
N8
0 o

s
N

2 do o ot o
4o
N
Y
2

B
R1 ol
ﬁ
toh

§}7

-

o) 15dB9] A3k
3} bR Tlez
Pk ol g3t B9
299 13 HuE GAge
212 AH A% 9D ST A mEYol Hst
Hgol ] gk A maith AYshE YA
o zxE 2FE QURTE Adede 42
-14.62dB, -24.1dB, -0.38dBZ A|&Eg|o]Ao] H|ste] s
3 o] gk THiTh B Rl ARk R4l
29 agsh e 1 S8t Homw o
A%29) @57} ool d e golc.

rlr
oL
o§£

> ok
iy
ol
o
2
 °
}=J
2z
NI
i)
N F
Jo ©
)
i_:{,

J>
<t
i
s
-~ [
o
Lo
=)
2
2
£

References

[11 W. E. Kock, “Metallic delay lenses,” Bell Syst. Tech. J.,
vol. 27, pp. 58-82, 1948.

[2] S. B. Cohn, “Analysis of the metal strip delay structure
for microwaves lenses,” J. Appl. Phys., vol. 20, pp. 257
-262, Mar. 1949.

[3] S. B. Cohn, “The electric and magnetic constants of
metallic delay media containing obstacles of arbitrary
shape and thickness," J. Appl. Phys., vol. 22, pp. 628 -
634, May 1951.

[4] S. B. Cohn, “Microwave measurements on metallic

delay media,” Proc. IRE, vol. 41, pp. 1177 - 1183, Sep.

1953.

Martin Coulombe, Hoang V. Nguyen, and Christophe

Caloz, "Substrate Integrated Artificial Dielectric (SIAD)

Structure for Miniaturized Microstrip Circuits", [EEE.

Ant. and Wireless Prop. Lett., pp. 575-579,

2007.

[6] 1. Awai,

Sanada,

—
W
[t

vol. 6,

H. Kubo, T. Iribe, D.Wakamiya, and A.

"An artificial dielectric material of huge
permittivity with novel anisotropy and its application to
a microwave BPF", [EEE Int. Microwave Symposium,
Philadelphia, PA, Jun. 9-13, 2003, pp. 1085-1088.

TR, AFAL o VIBAEY AAAE olgd
M‘ﬂﬁ}ﬂ {e AR A", sl
=24, 1 73, pp. 1542~1548, 2009 74.

[8] David M. Pozar, Microwave Engineering, 3/e, Section

7.6, pp. 337-349.

[91 H. Howe, Stripline Circuit Design, Artech House,
Dedham, Mass., 1974.

[10] K. C. Gupta, R. Garg, and 1. J. Bahl, Microstrip Lines
and Slot Lines, 2/e, Artech House, Dedham, Mass.,
1996.

[11] L. Young, "The Analytical Equivalence of the
TEM-Mode Directional Couplers and Transmission-Line
Stepped Impedance Filters," Proc. IEEE, vol. 110, pp.
275-281, Feb. 1963.

ol
=]

=& Al(Jongsik Lim) [B4133]

e 19914 2¥ :
(F3HAh

* 19939 29 : A7 ok A
ekt (344D

* 20039 29 : ALt s A
PVAFEBIR (FIPEAD

* 1993 29 ~ 2005 2¢¥ : It

FARNEAATY Y7

sHgetL A%

A7 Ak

® 20059 3¢ ~ @AY :

<Pl o
2nEst BH SREE AA 5E4F A% nddy
982 3§ 3] P2 YUY 2 2 5§ 5

T X AdJakyung Koo) [Z3|9]

® 2008\ 29 : st R
7143 (F3Hb

« 20101 29 : STt et
o A7 BN AT gE (et

A4 A%)
e 20104 39 ~ AR : (D)EEY
N5
<A Hop>
ZiFn A FE/4E JAREE AA BoF 5

3174



ATl 433 AT heAA HTRe] S8

0] Z(un Lee) EXE]

* 20109 29 : =AY HE7
ST (TP

e 20104 39 ~ A : &HI
ofstl A7) AN 28Tkt
AAby Aets

<tEop
27T P 5E/4E RAE A 2oF

0| XH =(Jaechoon Lee)

[0

=3

—_

|

° 2010 29 : LA AW
ST (FID

e 20104¢ 3¥ ~ A : &3k
ofstel W71 A 2w st
MY Aot

oF SHDal Ahn) [58l2)

19849 29 : A7 ARZEkar
(FHAh

1986 29 : A7 ek A
Aot (334D

1990 8¥ : A7 thErd
Aot (FEhaAh

1990 8 ~ 19924 8Y : %
A AR FAAFAATY APAT7Y

e 19924 9¢Y ~ &R : G stw AFE

2

A

<o
RF, mfolaest 547} sl4 2 44 5

3175




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


