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Abstract:

This paper compares numerical and analytic
solutions for a typical plasmonic waveguide
consisting of a thin film sandwiched between a
cladding cover and a substrate. Two
configurations are analyzed using the
Electromagnetic Waves, Frequency Domain
interface (emw) of the RF Module of COMSOL
Multiphysics: dielectric-metal dielectric (DMD)
and metal-dielectric-metal (MDM) layers. The
analytic solution developed by Orfanidis [1]
provides a comparison with the numerical
results.
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1. Introduction

Surface Plasmons (SP) or Surface Plasmon
Polaritons (SPP) are electromagnetic excitations
that propagate at the interface between a
dielectric and a conductor, and are evanescently
confined in the perpendicular direction to the
propagation. They arise via coupling of the
electromagnetic field to oscillations of the
conductor’s electron plasma and are
characterized in terms of dispersion and spatial
profile. From an electrodynamic view, SPs are a
particular case of a surface wave: from the optics
view, SPs are optical modes of an interface: from
the solid-state physics view, SPs are collective
excitation of electrons. The behavior of Surface
Plasmons can be described by Maxwell’s
equations as long as the properties of metals at
optical frequencies can be obtained from
experiment or theoretically calculated from the
Drude model of electron conduction.

Surface plasmonic waveguides have the ability
to confine light at sub-wavelength scale and have
a large number of applications in the field of
nanocircuits, nanophotonics devices, biological
and chemical sensors, holography, and other
applications. Use of plasmons in electric circuits,

or in an electric circuit analog, combines the size
efficiency of electronics with the data capacity of
photonic integrated circuits. Both surface
plasmon polaritons propagating along the metal-
dielectric interfaces and localized surface
plasmon modes supported by metal nanoparticles
are characterized by large momentum values,
which enable strong resonant enhancement of the
local density of photon states and can be utilized
to enhance weak optical effects of opto-
electronic devices. Different plasmonic
waveguide structures have been proposed, such
as layered structures, metallic nanowires,
metallic nanoparticle arrays, hybrid wedge
plasmonic waveguides, and other configurations.
Here, a typical plasmonic waveguide consisting
of a thin film sandwiched between a cladding
cover and a substrate will be considered. Two
configurations are analyzed using the
Electromagnetic Waves, Frequency Domain
interface (emw) of the RF Module of COMSOL
Multiphysics: dielectric-metal dielectric (DMD)
and metal-dielectric-metal (MDM) layers.
Results are compared against an analytic solution
developed by Orfanidis [1].

2. Double Interface Plasmonic Waveguide
— Analytic Solution

The waveguide geometry for the DMD and
MDM configurations is shown in Fig. 1. The

waveguide consists of a thin film &,
sandwiched between a cladding cover £, and a

substrate & . The layers have infinite extent

along the z — direction. In the DMD
configuration, the film layer is metal, while
substrate and cladding are dielectric layers. In
the MDM configuration, the film layer is
dielectric, and metals are substrate and cladding.
Only TM plasmonic modes will be considered,
although TE modes are also possible in more
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complicated media, such as metamaterials and
magnetic materials [2].
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Figure 1. Plasmonic waveguide in either DMD of
MDM configuration.

The analytical solution given below is taken
from textbook by Orfanidis [2]. Ina
waveguiding system shown in Fig. 1, the electric
and magnetic fields are propagating along the
guiding X direction. The layers have infinite
extent along the z — direction. Fields are
assumed to have the following form:

E(x, y.1)=E(y)e/” M
H(x, y,1)=H(y)e/"

where ,B is the propagation wavenumber along
the guide X — direction.

For TM modes, there is one longitudinal field
E  and two transverse fields £ ,» H_ . The rest

components of the electromagnetic wave are
zero. The longitudinal field satisfies the
Helmholtz equation

FE, @
ayz cx

The transverse electric field £ ) is computed

from Maxwell’s equations in terms of
longitudinal field:

B OE, 3

Y )

The transverse magnetic field /7 _ is obtained

from transverse electric field and TM impedance

R R ©

s

Mrv WEE

The cutoff wavenumber kc appearing in the

Helmholtz equation depends on dielectric
constant & of the propagating medium,

k> =kee— B, where

ky, =2n/A4, =w/c, is the vacuum
wavenumber and /10 is the vacuum wavelength,
and C, is free-space speed of light. Therefore,

k . takes different values in each layer.

Within the film with a dielectric constant of & I
the transverse cutoff wavenumber satisfies
k ; =kj¢ =B ? . The fields cannot penetrate

into the metal and will be essentially surface
wave that decay exponentially away from the
metal dielectric interface. Defining film

attenuation coefficient by ¥ = jkcf , We obtain

the following relationship within the film region:

y =B ke, Di<a ®

We look for field solutions that decay
exponentially away from interfaces so that cutoff
wavenumbers in substrate and cladding regions
are pure imaginary. Defining transverse

attenuation coefficients by &, = jk_ for

claddingand &, = jkm for substrate, we obtain

the following relations:
:lgz_k()zgc: yza (6)
:ﬂz_k(?gs’ yS_a

a

2
c
2
aY

Thus, the TM modes are obtained by solving the
Helmholtz equation in each layer

0°E (7)
p ~—y’E, =0, for|y<a
Y
0’E
5 *—qlE =0, fory>a
Y
O°E
p *—alE =0, fory<-a
Y
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Equation (7) is supplemented by the continuity
boundary conditions for the tangential fields at
the layer interfaces:

E

x

y=a—0 x

®)

y=—a-0 T x y=-a+0’ ~x y=a+0

Hil o =Hel o ©

Hz |y:a—0 = HZ |y:a+0

Inside the film, the solution to the Helmholtz
equation can be constructed using linear

combination of hyperbolic terms Sinh(}y) and

COS(}/y) - referred to as plasmonic solutions.

The solution that automatically satisfies the
continuity boundary conditions (8) can be
expressed as following:

E, sinh(wﬂ//), ‘y‘ <a (10)

E (y)=1E,sinh(ya+y)e ™ b=al y>q
E, sinh(ya —y/)e“‘(“”), y<-a

Transverse electric field is obtained from relation

3):

2 OF .
,Jiﬁﬂi"oniccsh(WJFw)) Mga (1 1)
-y’ ox 14
E (y)= 7_*7527;:—E(,;—ﬁsmh(7a+u/)e b y>g
. N 'VE . ¢
_ jﬂ, oL, :Eoﬁsinh(}ﬂ_([/)@a\(”“), y<-a
—-a; Ox a,

The transverse magnetic field is then obtained
from the relation (4), where TM impedance is

defined as 17, = B/ @&, &, for film layer,
Ny = P/ os,¢s, for cladding layer, and
Ny = B/ we,¢, for substrate.

The interface continuity conditions of the

tangential H-field (9) yield the following two
equations:

12
tanh(ya + ) = — £ 12
&y
tanh(ya —y )= — “rs
&y

Five parameters ﬂ , YV, ., O, Y are
determined from five transcendental algebraic
equations (5), (6), (12).

The field amplitude £, can be obtained from

total power Po transmitted in plasmonic

waveguide. The X — component of the Poynting
vector gives the power flow in the X — direction
per unit area:

9, = RelE, ()] =

X

%Re[l/ﬂm] |Ey(y12

Integrating (13) over the area )z, we obtain the
net power transmitted along the X — direction:

X X
—00 —a a

~a a 0 (14)
P = _[ P.dy + _[ ?dy+j$’xdy w=
P+ P, +F,
where W is dimension of waveguide in the

z — direction. Power transmitted in the
substrate, film layer, and cladding is obtained as

Y ‘cosh( - }z (15)

Fi=c R{ ko, } 2 Ry:[a:/]
sinh(2 Re[y]a) c[;ih(Z Re[y/])
B B 2Re
Pr=¢ R{kof/ . sin(2 Im(y Ja) cos(2 Imy/])
2 Im[y]

B ‘cosh( - Xz

Fe=c R{koga } 2 Ry:[auyi

where /,: = %WU0|H0|2,

H, = joeye Eyly,and 7y =1y / & .
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3. Use of COMSOL Multiphysics

Geometry of the 2D model is shown in Fig. 2,
where film is sandwiched between a substrate
and a cladding cover. TM polarized wave is
guided in the X — direction. Thickness of the
film is 1£om . Plasmonic waveguides are
operated at optical or infrared frequencies where
the metal has permittivity with negative real part.

Dielectric constants of the layers are given in
Table 1.

y
= £
= £e A~
- par]

.. g f2a & |2
£ g £
Z, d z

Figure 2. Comsol model of plasmonic
waveguide.

Table 1. Dielectric constants of the layers.

Configuration | Substrate, | Film, | Cladding,
&, &f g,
DMD 1.7 -4 3.5
MDM -1.6 2.2 -4

Electromagnetic wave propagation is governed
by Maxwell’s wave equation in frequency
domain:

VXl(VXE)—ké(&'r —jUJE=0 (16)

H, W&,

Electromagnetic Waves, Frequency Domain
(emw) physics interface is used to solve
governing  equation (16). Electric  field
components are solved for “In-plane vector”.
This option is appropriated since there is no out-
of-plane component of the electric field for the
TM polarization.

Numeric Port boundary conditions are applied at
the left and right boundaries. Wave excitation is
“On” at the left side to lunch the guided wave,
and “Off” at the right boundaries to avoid back-
reflection of the propagating wave, so that

guided wave is perfectly absorbed by the passive
numerical port on the right side.

This model considers a section of a waveguide
that is finite in the ) direction. Because the

fields drop off exponentially outside the
waveguide, the fields can be assumed to be zero
at some distance away from interfaces. This
makes the boundary conditions in the y

direction irrelevant, assuming that they are
imposed sufficiently far away from interfaces.

Numerical Port boundary conditions require first
solving an eigenvalue problem that solves for the
fields and propagation constants at the
boundaries. Study set up consists of two
Boundary Mode Analysis steps followed by
Frequency Domain step.

Global ODEs and DAE' s (ge) interface is used to
solve five transcendental algebraic equations (5),
(6), and (12) in order to compare numeric and
analytic solutions.

7. Results and Discussion
Field profiles in the DMD waveguide for the

case of kya = 0.2 are shown in . The fields

extend into the dielectric and metal regions, but
they are confined to distances that are less than
their free-spaces wavelength. The longitudinal

tangential component of the electric field £
and transverse normal component of the
magnetic field H , are continuous across the
interfaces, while longitudinal normal component
of the electric field £ , is discontinuous. Results

are in agreement with analytic solution shown in
Figure 3 by dashed lines.

DMD waveguice: €,=1.7, €=-4, €.=3.5

120F| — Comsol
o Analytic

Electric field, Im[E,] (V/m)

via
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DMD waveguide: €5=1.7, €=-4, €.=3.5
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Figure 3. Field profiles in DMD waveguide,
koa=0.2.

The dispersion curve is shown in Figure 4. Note
that propagation constant is decreasing function
of frequency. For the considered parameters of
the DMD waveguide, TM mode propagates with
no cutoff frequency. As the frequency increases,
the magnetic field tends to be mode concentrated

atthe &, — & metal-dielectric interface, and
solution tends to the single-interface solution as
@ —> . Again, numerical results are in

agreement with analytic solution shown in Figure
3 by dashed lines. Distributions of the electric

field for the cases of ky,a = 0.1and kya =0.7

are shown in Figure 5.

DMD waveguide: €,=1.7, €;=-4, €,.=3.5
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Propagation constant, f/i,
Figure 4. Dispersion curve for DMD waveguide

Results for the analysis of the MDM waveguide
are shown in Figure 6 through Figure 7. Field

profiles for the case kya =0.6 are shown in

Figure 6. The dispersion curve appears in Figure
7. Unlike the DMD waveguide considered
above, the propagation constant of the MDM
waveguide is an increasing function of
frequency. There is lower cutoff frequency,
which can be calculates as [2]:

&, 17)
Co &r +\l‘€f +|‘90|
fcumﬁr :E e,
n :

gp +qes +|gy

For the MDM waveguide parameters considered
here, numerical value of the cutoff frequency is

fcmff =51.7THz and cutoff value of the

normalized wavenumber is (ka) cutoff = 0.542 .

The upper limit for the propagation constant is
defined by the following relation:

(18)
BB, = ko

The limit [, is the wavenumber of a surface

plasmon at the &,—&, metal-dielectric
interface as @ —> 9. Numerical value of the
upper  limit is S, =2.211k,. Field
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distributions near the lower cutoff frequency and
upper limit are shown in Figure 5.

ka=0.1 freq=9.5427E12 Surface: Electric field, x component (\V/m)

100

50

-50

100
vJx

ka=0.7 freq=66799E13 Surface: Electric field, x component (v/m)

o

Figure 5. Electric field distribution in DMD
waveguide at ka = 0.1 ( f =9.54THz , left)

and ka = 0.7 ( f = 66.8THz , right).

As an example of surface plasmonic wave
propagation in a more complicated structure,
consider a coplanar waveguide. Geometry of the
basic surface plasmon coplanar waveguide (SP
CPW) is shown in Figure 8. A dielectric
substrate (D) has metal layers (M) of thickness #
patterned on top of the substrate. A central metal
layer of width W is separated by gap distance
g from the side wide layers. The modeling

methodology is outlined in the verification
example of the layered plasmonic waveguide.

MDM waveguide: €5=-1.5, €=2.2, €.=-4

55|~ Comsoal
~@ Analytic

Electric field, Im[E,] (V/m)

vla

MDM waveguide: €,=-1.5, €=2.2, €.=-4

401

— Comsol
30T .o Analytic

20

10r

-10r
=201
-301
-40r

Electric field, Re[E,] (v/m)

-501
_60F
70t

-4 -2 0 2 4

vla
— Comsal
o Analytic | 7

MDM waveguide: €,=-1.5, €=2.2, €,=-4
T T T T

Magnetic field, Re[H,] (Afm)

-4 -2 0 2 4
yla

Figure 6. Field profiles in MDM waveguide,
k,a=0.6.

Geometry parameters of the analyzed waveguide
are: w= g =50nm, h=100nm. Dielectric
substrate is Si0), with dielectric constant
Esi0, = 3.8 . Metal layers are silver. The Drude
model dielectric function for Ag is [3]:

o (19)
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where &, =37, o, =13.8-10"rad /s,
7o =2.736-10" rad / s, which is consistent

with experimental data by Johnson and Christy
[4]. Operating free-space wavelength is

A, =1500nm .

MDM waveguide: €,=-1.5, =22, €.=-4
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Figure 7. Dispersion curve for MDM
waveguide.

Air

Figure 8. Geometry of surface plasmon coplanar
waveguide.

There are two fundamental propagations modes
with subwavelength confinement. Propagation
constants of these modes are

B, 1k, =1.948— j8.68-107, and
B, 1k, =1.456— j3.96-107.

The first propagation constant corresponds to the
even mode and the second represents the odd
mode. Distribution of the longitudinal
component of the electric field along the center
line of the metal layers for even and odd modes
is shown in Figure 9. Power of the propagating

modes is well confined around the central metal
strip, as shown in Figure 10.
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Figure 9. Distribution of the longitudinal electric
field component along the center line of metal
layers for SP CPW (a) even mode and SP CPW
(b) odd mode .

8. Conclusions

Plasmonic layered waveguides in DMD and
MDM  configurations are considered and
analyzed.  Analytical  solutions  provide
verification of the analysis methodology. This
verified modeling technique is extended to the
analysis of more complicated geometrical
configuration of surface plasmon coplanar
waveguide and subwavelength confinement of
the propagating fundamental modes is illustrated.
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Figure 10. Power flow distribution for SP CPW
even mode (left) and SP CPW odd mode (right).

Excerpt from the Proceedings of the 2015 COMSOL Conference in Boston


http://www.ece.rutgers.edu/~orfanidi/ewa/


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





