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Dependence of Q Factor on Surface Roughness in a Plasmonic Cavity
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We investigated surface-roughness-dependent optical loss in a plasmonic cavity consisting of a 

semiconductor nanodisk/silver nanopan structure. Numerical simulations show that the quality factors of 

plasmonic resonant modes significantly depend on the surface roughness of the dielectric-metal interface 

in the cavity structure. In the transverse-magnetic-like whispering-gallery plasmonic mode excited in a 

structure with disk diameter of 1000 nm, the total quality factor decreased from 260 to 130 with increasing 

root-mean-square (rms) surface roughness from 0 to 5 nm. This quantitative theoretical study shows that 

the smooth metal surface plays a critical role in high-performance plasmonic devices.
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I. INTRODUCTION

Plasmonic structures enable subwavelength-scale optical 

devices through strong confinement of surface-plasmon polaritons 

(SPPs) [1-11]. Further miniaturization of various nanophotonic 

structures such as cavities [1-4], waveguides [5-7], and 

nanoantennas [8-10] has been achieved by overcoming the 

diffraction limit of conventional optics. Plasmonic lasers 

are particularly promising as ultrasmall, efficient, coherent 

light sources in photonic/plasmonic integrated circuits [1, 

2, 11]. Recent studies of plasmonic lasers/cavities show that 

their quality (Q) factors can be increased further through 

rational cavity design, while keeping the mode volumes 

extremely small [1-3]. In addition, these optical properties 

of plasmonic structures significantly depend on the surface 

roughness of the dielectric-metal interface at which SPPs 

are excited, and thus it is very important to fabricate a 

metallic structure with an ultrasmooth surface [12, 13]. 

The typical roughness of deposited silver or gold is a few 

nanometers; one of the smallest roughnesses was reported 

as 0.59 nm [1]. However, there have been only limited 

studies to quantitatively investigate how optical loss in a 

plasmonic structure is affected by the roughness of the 

metal surface. In this work, we calculate the surface-roughness-

dependent Q factors of a semiconductor nanodisk/silver 

nanopan plasmonic cavity structure. Systematic three-dimensional 

(3D) finite-difference time-domain (FDTD) simulations were 

performed to study how the Q factors of plasmonic and 

optical modes depend on the surface roughness at the 

dielectric-metal interface. In our simulation, the roughness 

of the randomly patterned surface was described quantitatively 

using a root-mean-square (rms) height and a correlation 

length. In addition, to investigate the physical origin of the 

optical loss in a plasmonic cavity mode, the total optical 

loss was analyzed in terms of absorption loss and radiation 

loss as functions of an rms height of surface roughness. 

We believe that our theoretical study will be useful in 

designing novel, high-performance plasmonic cavities or 

lasers.

II. SIMULATION METHOD

We consider surface roughness of a few nanometers at 
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FIG. 1. (a) Schematic diagram of the semiconductor nanodisk/

silver nanopan plasmonic cavity structure. The diameter and 

height of the InP nanodisk are 1000 and 235 nm respecti-

vely, and the refractive indices of the nanodisk and glass are 

3.2 and 1.45 respectively. Random patterns were introduced 

on the bottom surface of the silver nanopan. (b), (c) Cross- 

sectional views of the nanodisk/nanopan plasmonic structure 

(left) and magnified images of the dielectric-metal interface 

at rms heights of (b) 2 nm and (c) 5 nm (right). The scale bars 

in the left and right panels are 200 nm and 50 nm long, 

respectively. (d) Top and side views of field intensity 

profiles of the TM-like WG plasmonic mode, TM-like radial 

plasmonic mode, TE-like monopole optical mode, and 

TE-like dipole optical mode (left to right), at an rms height 

of 0 nm.

the dielectric-metal interface of a plasmonic structure, which 

could be introduced necessarily in a fabrication process 

involving metals. Our plasmonic structure consists of a 

dielectric nanodisk and a silver nanopan (Fig. 1(a)), the 

same structure as reported by Kwon et al. for the experimental 

demonstration of plasmonic lasing [1]. The top of the 

nanodisk is bonded to a transparent glass substrate, and 

the bottom and side wall of the disk are covered with 

silver. 3D FDTD simulation is used to calculate the optical 

properties of this nanodisk/nanopan plasmonic structure at 

room temperature. The diameter and height of the nanodisk 

are 1000 and 235 nm, respectively. In the simulation, the 

spatial resolution is 2 nm (10 nm) inside (outside) the 

cavity along each axis, and the calculation’s domain size is 

3.0 × 3.0 × 1.5 µm
3
. The refractive indices of the nanodisk 

and glass are set to 3.2 and 1.45, respectively. Silver is 

described by Drude model, which fits its experimentally 

determined dielectric function [14]. Random patterns to 

represent the surface roughness at the dielectric-metal interface 

are generated using a corrugation function with an rms 

height that varies from 0 to 5 nm, while the correlation 

length is fixed at 10 nm (Figs. 1(b) and (c)) [15]. The rms 

height and correlation length are defined respectively as 

the standard deviation of surface-height variation, and the 

peak-to-peak distance between two patterns. The correlation 

length of 10 nm is small enough compared to the resonant 

wavelength of plasmonic cavity modes, so diffraction effects 

can be excluded. We only consider the surface roughness 

at the bottom interface; the side wall is assumed to be 

perfectly flat. Detailed analysis of the real roughness pattern 

of such a plasmonic cavity will be necessary for further 

study. Figure 1(d) shows the field intensity profiles of four 

plasmonic and optical modes that are excited in the plasmonic 

structure at an rms height of 0 nm: the transverse-magnetic-

like (TM-like) whispering-gallery (WG) plasmonic mode, 

the TM-like radial plasmonic mode, the transverse-electric-like 

(TE-like) monopole optical mode, and a TE-like dipole optical 

mode.

III. SIMULATION RESULTS

To investigate the effect of surface roughness in the plasmonic 

cavity, first we calculate the mode profiles of two representative 

plasmonic and optical modes: the TM-like WG plasmonic 

mode (Figs. 2(a)~(c)) and the TE-like monopole optical 

mode (Figs. 2(d)~(f)). As shown in the calculated field 

intensity profile at an rms height of 0 nm, the TM-like 

WG plasmonic mode is well excited at the bottom surface 

of the silver nanopan (Fig. 2(a)). The top view of the field 

profile was obtained at a position 40 nm above the bottom 

of the silver nanopan. With increasing rms height of the 

surface roughness the field profiles change significantly, 

while the SPPs are still confined to the bottom surface of 

the nanopan, and the intensity antinode of the plasmonic 

mode is also observed. In particular, we note in Fig. 2(c) 

that the local excitation of SPPs at the roughened surface 

patterns (several bright spots at the bottom surface) leads 

to distortion of the field profile. Such field concentration 

at a metallic nanometer-sized structure can cause a qualitative 

deterioration of the plasmonic mode and significant optical 

absorption, as the rms height of the surface roughness is 

large [12]. In contrast, the TE-like monopole optical mode 

excited inside the InP nanodisk does not show significant 

distortion of the field profile, despite the increased rms 
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FIG. 2. Top and side views of electric-field intensity profiles 

of (a-c) the TM-like WG plasmonic mode and (d-f) the 

TE-like monopole optical mode, with varying rms height of 

the bottom surface from 0 to 5 nm. The rms heights are (a, d) 

0 nm, (b, e) 3 nm, and (c, f) 5 nm. The correlation length is 

fixed at 10 nm. The top view of the field profile was obtained 

at a position 40 nm above the bottom surface of the nanopan, 

as indicated by a gray dotted line in the side view. All images 

are normalized to the maximum intensity at an rms height of 

0 nm. In (f), the intensity was tripled after normalization.

FIG. 3. Q factors of the TM-like WG plasmonic mode (black 

squares), TM-like radial plasmonic mode (blue circles), 

TE-like monopole optical mode (red diamonds), and TE-like 

dipole optical mode (green stars) are calculated as a function 

of rms height of the metal surface roughness. Error bars 

denote one standard deviation from the average of five 

simulations.

height of the bottom surface roughness in the nanopan. 

Strong field concentration at each rough feature is not 

observed in Figs. 2(e) and (f). These results indicate that 

the TM-like WG plasmonic mode confined to the bottom 

surface of the nanopan is more affected by metal surface 

roughness than is the conventional optical mode. 

To examine quantitatively the optical losses of the plasmonic 

and optical modes excited in the nanodisk/nanopan structure, 

we calculate each of their Q factors as a function of the 

rms height of the metal surface roughness (Fig. 3). Five 

different surface roughnesses are tried, and each rms 

height varied from 0 to 5 nm. In Fig. 3 the Q factors are 

plotted, with errorbars denoting one standard deviation from 

the average of five simulations (different random structures 

but same rms height of roughness). As expected from the 

mode profiles of Fig. 2, the Q factors of the plasmonic 

modes decrease quickly with increasing rms height of the 

metal surface roughness. The Q factors of the TM-like WG 

and the TM-like radial plasmonic modes change from 260 

to 140 and 180 to 110 respectively, as the rms height increases 

from 0 to 5 nm. On the other hand, the Q factors of the 

optical modes are higher than those of the plasmonic 

modes, even with the introduction of roughness, because 

the optical modes are less affected by the absorption loss 

of the metal. 

We observe two unique features when we compare the 

Q factors of the plasmonic and optical modes: (1) the 

error bars for the plasmonic modes are much larger than 

those for the optical modes, and (2) the rate of decrease of 

the plasmonic modes is faster than that of the optical modes 

at an rms height ≤ 3 nm, but slower at an rms height > 

4 nm. First, the plasmonic modes strongly confined to the 

bottom surface of the silver nanopan are highly sensitive 

to how the random patterns at that surface are dispersed, 

and thus a slight change of the metal’s properties such as 

surface roughness can lead to a significant change in Q 

factor. Therefore, even in the case of identical rms height 

of the surface roughness, the deviation of Q factor can be 

larger in the plasmonic modes. Second, regarding the fast 

decrease of Q factor in the optical modes at an rms height 

> 4 nm, we can understand that such a large rms height 

starts to affect the properties of the optical modes, and 

thus their Q factors also decrease, although the intensity 

antinodes of the optical modes are relatively distant from 

the rough metal surface.

To further investigate the physical origin of optical 

losses due to surface roughness, we calculate separately 

the absorption loss and radiation loss of the TM-like WG 

plasmonic mode by accumulating electromagnetic power 

dissipated into the silver nanopan and scattered out of the 

cavity, respectively. The absorption Q factor (Qabs) and 

radiation Q factor (Qrad) calculated from these optical losses 

are plotted as a function of rms height of the bottom surface 

roughness (Fig. 4, left and right axes). Qabs and Qrad 

decreased from 270 to 140 and 6400 to 2200 respectively, 

with increasing rms height from 0 to 5 nm. As mentioned 

above, the decrease of Qabs can be understood by the local 
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FIG. 4. Absorption Q (Qabs, black squares; left axis) and 

radiation Q (Qrad, red circles; right axis) of the TM-like WG 

plasmonic mode are calculated as a function of rms height of 

the metal surface roughness. Error bars denote one standard 

deviation from the average of five simulations.

excitation of SPPs at rough surface features. On the other 

hand, it is noted that Qrad decreases more rapidly with increasing 

rms height. The ratio radiation loss to absorption losses 

Qrad/Qabs decreases from 23.6 to 15.0 with increasing rms 

height from 0 to 5 nm. This shows that the absorption loss 

is dominant at a small rms height, whereas both absorption 

and radiation losses are critical at a large rms height. 

Since the absorption loss is always dominant and difficult 

to decrease, even in the case of the smooth metal surface, 

to obtain a higher Q factor in the plasmonic cavity we can 

conclude that it is more efficient to reduce the radiation 

loss. 

IV. CONCLUSION

In summary, we have performed systematic 3D FDTD 

simulations to examine the surface-roughness-dependent Q 

factors in a nanodisk/nanopan plasmonic structure. The 

simulation results show that a surface roughness of even a 

few nanometers can cause deterioration of the optical pro-

perties of the plasmonic cavity. The Q factors of plasmonic 

modes tend to significantly decrease at an rms height ≥ 

just 1 nm, whereas those of optical modes decrease more 

slowly, until an rms height of ≤ 3 nm. In addition, absorption 

loss is dominant in the optical loss at a smooth surface, 

but radiation loss also becomes important with increasing 

rms height. We can therefore conclude that it is important 

to fabricate a metallic structure with ultrasmooth surfaces 

to yield a high-Q plasmonic cavity.

ACKNOWLEDGMENT

H.-G.P. acknowledges support by the National Research 

Foundation of Korea (NRF) grant funded by the Korea 

government (MSIP) (No. 2009-0081565). S.-H.K. acknowledges 

support by the NRF funded by the Korea government (MEST) 

(NRF-2013R1A2A2A01014491 and NRF-2013M3C1A3065051).

REFERENCES

1. S.-H. Kwon, J.-H. Kang, C. Seassal, S.-K. Kim, P. Regreny, 

Y.-H. Lee, C. M. Lieber, and H.-G. Park, “Subwavelength 

plasmonic lasing from a semiconductor nanodisk with silver 

nanopan cavity,” Nano Lett. 10, 3679-3683 (2010).

2. S.-H. Kwon, J.-H. Kang, S.-K. Kim, and H.-G. Park, 

“Surface plasmonic nanodisk/nanopan lasers,” IEEE J. 

Quantum Electron. 47, 1346-1353 (2011). 

3. M.-K. Seo, S.-H. Kwon, H.-S. Ee, and H.-G. Park, “Full 

three-dimensional subwavelength high-Q surface-plasmon- 

polariton cavity,” Nano Lett. 9, 4078-4082 (2009). 

4. W. Zhou, M. Dridi, J. Y. Suh, C. H. Kim, D. T. Co, M. 

R. Wasielewski, G. C. Schatz, and T. W. Odom, “Lasing 

action in strongly coupled plasmonic nanocavity arrays,” 

Nat. Nanotech. 8, 506-511 (2013). 

5. Y. Hwang, M.-S. Hwang, W. W. Lee, W. I. Park, and H.-G. 

Park, “Metal-coated silicon nanowire plasmonic waveguides,” 

Appl. Phys. Express 6, 042502 (2013).

6. Y.-S. No, J.-H. Choi, H.-S. Ee, M.-S. Hwang, K.-Y. Jeong, 

E.-K. Lee, M.-K. Seo, S.-H. Kwon, and H.-G. Park, “A 

double-strip plasmonic waveguide coupled to an electrically 

driven nanowire LED,” Nano Lett. 13, 772-776 (2013).

7. R. F. Oulton, V. J. Sorger, D. A. Genov, D. F. P. Pile, 

and X. Zhang, “A hybrid plasmonic waveguide for subwave-

length confinement and long-range propagation,” Nat. Photon. 

2, 496-500 (2008).

8. J.-H. Kang, K. Kim, H.-S. Ee, Y.-H. Lee, T.-Y. Yoon, 

M.-K. Seo, and H.-G. Park, “Low-power nano-optical vortex 

trapping via plasmonic diabolo nanoantennas,” Nat. Commun. 

2, 582 (2011) [DOI: 10.1038/ncomms1592].

9. N. Yu, P. Genevet, M. A. Kats, F. Aieta, J.-P. Tetienne, F. 

Capasso, and Z. Gaburro, “Light propagation with phase 

discontinuities: Generalized laws of reflection and refraction,” 

Science 334, 333-337 (2011).

10. N. Large, M. Abb, J. Aizpurua, and O. L. Muskens, “Photo-

conductively loaded plasmonic nanoantenna as building 

block for ultracompact optical switches,” Nano Lett. 10, 

1741-1746 (2010).

11. R. F. Oulton, V. J. Sorger, T. Zentgraf, R.-M. Ma, C. 

Gladden, L. Dai, G. Bartal, and X. Zhang, “Plasmon lasers 

at deep subwavelength scale,” Nature 461, 629-632 (2009).

12. S.-K. Kim, H.-S. Ee, W. Choi, S.-H. Kwon, J.-H. Kang, 

Y.-H. Kim, H. Kwon, and H.-G. Park, “Surface-plasmon-

induced light absorption on a rough silver surface,” Appl. 

Phys. Lett. 98, 011109 (2011).

13. P. Nagpal, N. C. Lindquist, S.-H. Oh, and D. J. Norris, 

“Ultrasmooth patterned metals for plasmonics and metamaterials,” 

Science 325, 594-597 (2009).

14. P. B. Johnson and R. W. Christy, “Optical constants of the 

noble metals,” Phys. Rev. B 6, 4370-4379 (1972).

15. N. Garcia and E. Stoll, “Monte Carlo calculation for electro-

magnetic-wave scattering from random rough surfaces,” Phys. 

Rev. Lett. 52, 1798-1801 (1984).



<<
  /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


