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ABSTRACT

This abstract presents micromachined, implantable, all
diamond microfibers to facilitate reliable, precision recording of
extracellular biopotentials and neurotransmitter concentrations in
neural networks (Fig. 1). Each of such microfibers consists of a
conductive boron-doped polycrystalline diamond (BDD) core
encapsulated in a thin insulating polycrystalline diamond (PCD)
cladding. The BDD core enables single-unit recording and
neurotransmitter sensing from target neurons with high
spatiotemporal resolution and fidelity, while the PCD encapsulation
serves as a biocompatible and hermetic package as well as a
dielectric barrier to prevent signal cross-talking. The fully
developed fibers had been successfully tested ex vivo in different
chemicals under different concentrations.

Keywords: Boron Doped Diamond (BDD), Polycrystalline
Diamond (PCD), Neurotransmitter, Neural Recording.

INTRODUCTION

The central nervous system (CNS) consists of large networks of
neurons that communicate with each other both electrically and
chemically for information processing, analysis, and generation of
outputs to achieve complex brain functions and behaviors. Rapid,
transient, long-distance communication in neural circuits primarily
occurs via electrical impulses (action potentials) along the axon,
while neuron-to-neuron communication occurs chemically at the
synapses [1]. Dysregulated level of neurotransmitters (NTs) in the
brain is believed to be the main cause of several neurological
disorders, such as Parkinson’s and Alzheimer’s diseases,
schizophrenia, and epilepsy [2-4]. In particular, dopamine (DA) is
one of the most important NTs that modulates motor activity,
motivation, reinforcement learning, among many other functions.
Abnormal DA activity in the basal ganglia has been demonstrated
as an important indicator for monitoring Parkinson’s disease and
schizophrenia [5-8]. Hence, a complete understanding of these brain
diseases will require real-time monitoring of dynamic changes in
both extracellular electrical and DA signaling.

Such comprehensive research demands advanced brain mapping
tools with minimal invasiveness and high spatiotemporal resolution.
Of many different mapping approaches, implantable
microelectrodes capable of recording extracellular biopotentials and
neurochemical signals from small, targeted groups of neurons have
shown great promises for neuroscience research and emerging
clinical applications. While extremely popular in their use, metal
microwires and silicon-based microelectrodes suffer from signal
instability and degradation after chronic implantation for several
months to a few years, resulting primarily from inflammatory
responses and fibrous encapsulation evoked by electrode insertion
and subsequent relative motion [9, 10]. Increasing evidence
suggests that the dimension and stiffness of implanted electrodes
contribute greatly to tissue damage and fibrosis in chronic
implantation [11]. To overcome the problem of traditional hard
material-based electrodes, soft electrode technology has been
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explored aggressively to reduce their mechanical mismatch with the
surrounding tissues [12]. However, fabrication of soft electrodes
with small dimensions and good durability is still challenging due
to the physical limitations and tradeoffs between size and
mechanical strength. Recently reported carbon fiber (CF)
ultramicroelectrodes have a small cross-sectional footprint (8-9 um
diameter) and low stiffness that promise to reduce chronic tissue
damage and neuron death upon implantation [13, 14]. Despite their
many advantages, currently, fabrication of these carbon fiber
electrodes requires laborious and time-consuming alignment and
assembly of individual fibers onto pre-patterned printed circuit
board (PCB) substrates, which is impractical for building high-
channel-count carbon fiber electrode arrays. In addition, thin
polymer encapsulation does not provide an impermeable barrier for
carbon fiber electrodes [15], and its long-term efficacy for chronic
implants remain undefined.

In this paper, we present a micromachined, implantable, all
diamond fiber ultramicroelectrodes to facilitate reliable, precision
recording of extracellular biopotentials and chemical signals from
brain networks for potential applications in both neuroscience and
clinical research. Our device takes advantages of the unique
properties of polycrystalline diamond (PCD) thin films, such as high
biocompatibility, long-term stability, and biochemical inertness
[16]. Compared to commonly used electrode materials (e.g.
platinum and glassy carbon), diamond also exhibits excellent
chemical non-reactivity, low double-layer capacitance, and a wide
aqueous potential window, which make it an ideal material for
neurotransmitter sensing [17, 18]. Our diamond microfibers are
completely made of thin films of doped and undoped
microcrystalline diamond and differ from conventional diamond
electrodes, in which only the tips of sharpened and insulated metal
wires were covered by a thin layer of boron-doped polycrystalline
diamond (BDD) [18].

DEVICE DESIGN

As shown in Fig. 1, the unassembled fiber contains three main
parts: a fiber shank, a contact pad, and an anchor. The fiber shank
consists of a conductive BDD core encapsulated in a thin insulating
PCD cladding. The BDD core is exposed at the tip with a small
cross-sectional area to enable single-unit recording and
neurotransmitter sensing from target neurons with high
spatiotemporal resolution and fidelity. The PCD encapsulation
serves as a hermetic package and a dielectric barrier to prevent
signal cross-talking during neural recording. The anchor is designed
to fix the fibers onto the silicon wafers during fabrication, and
eventually will be removed by cleavage, in order to expose the fiber
end as the recording site. The contact pad, as illustrated in Fig. 1,
has the exposed BDD layer to form interconnect to a custom-
designed, printed circuit board (PCB) using conductive epoxy. The
PCB is connected to testing instruments via a surface-mount
connector and ribbon wire. The devices designed for rat’s model
have different widths of 10-20 pum, lengths of 1-3 mm, and an
overall thickness of 6.9 um. The contact pads are designed in two
different ways, one with holes that go through the pads in order to
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Fig. 1: Conceptual diagram of the all diamond fiber
microelectrode

fix the pads with the silver epoxy, and one without the holes.
Besides single-shank microfibers, two-dimensional (2D) fiber
arrays are also designed, combining multiple shanks with the same
or various lengths and widths on a single platform.

FABRICATION METHOD

Fig. 2 shows details of the fabrication process. As illustrated, in
the step a), a 1.9-um-thick polycrystalline diamond layer (PCD) was
deposited on top of a 3-inch silicon wafer as the bottom insulator,
and a 3.7-um-thick boron-doped-diamond (BDD) layer was
deposited on top of the PCD insulating layer. Both diamond layers
were synthesized using a custom-designed 2.45 GHz microwave
plasma assisted chemical vapor deposition reactor (MWPACVD)
with a gas mixture of hydrogen-diborane and methane (1%) in a
hydrogen atmosphere, under a 700 °C temperature. The B-to-C ratio
was 20,000 ppm and the B-to-H ratio was 200 ppm. The deposited
BDD layer was initially terminated by hydrogen, and after being
exposed to air for a long time, the surface was converted gradually
to a partially oxygen-terminated surface.

In step b), a 1.3-um-thick copper layer was deposited using
thermal evaporation (Edward Auto306 thermal evaporator, Edward,
Inc.), and patterned via ultraviolet (UV) photolithography (ABM,
Inc.) and chemical etching of copper to be used as a hard mask for
the following diamond etching step. In the diamond etching step,
BDD and PCD layers were patterned by being etched in an electron
cyclotron resonance reactive ion etcher (RIE, Lambda
Technologies, Inc.) using SFe/Ar/O2 with a microwave power of
400 W and a radio-frequency (RF) bias of 100 W (150 V). After the
diamond layers were patterned, the copper mask was removed by
the copper etchant.

In steps ¢) and d), another layer of PCD with a thickness of 1.3
pwm was grown on top of the patterned diamond layers and exposed
regions of the silicon wafer, using the above equipment and
approach. Afterward, another copper layer was deposited and
selectively patterned on top of the new PCD layer to be used as the
hard mask for etching the top PCD layer. In order to be sure that the
needle part of BDD layer underneath would be fully covered, the
copper mask is slightly larger (from 2-10 um) than the BDD layer.
This mask also exposes the contact pad at the backbone of the fiber,
so after the top PCB layer was removed from the contact areas, the
BDD layer underneath would be exposed for good connectivity. The
top PCD layer would be patterned using the RIE method with the
new copper mask. After that, the device was released from the wafer
using chemical etching of silicon in a hydrofluoric acid/nitric/acetic
acid (HNA) solution (step (d)). Then the anchor on the tip end of the
fiber was cleaved using a pair of tweezers in order to expose the
recording site at the tip of the fiber (step (e)). Finally, the released
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Fig. 2: Process flow for making the all diamond microfibers. a)
Deposit BDD /PCD thin films on top of the Si substrate; b)
Pattern BDD/PCD with a copper mask; c) Deposit the top PCD
layer and pattern the Cu mask, d) Etch the top PCD layer and
remove the Cu mask, e) Release the device and open the tip of
the microfiber.

device was bonded onto the PCB stick using the conductive silver
epoxy.

DEVICE CHARACTERIZATION AND RESULTS

A. Fabricated Diamond Microfiber

Fig. 3 (a) shows prototypes of the fabricated diamond
microfibers. The cross-sectional view in Fig. 3 (b) gives clear
indication that the BDD microfiber core was completely insulated
by the dense PCD cladding. The tip had a trapezoidal cross section
due to isotropic nature of plasma etching of diamond films. Our
fabrication method allows batch production of diamond electrodes
with different geometries on the same wafer and is compatible with
conventional microfabrication techniques. Each 3-inch silicon
wafer contains 440 devices, including 248 single microfibers and 32
2D arrays each of which includes 6 fibers.

B. Mechanical Flexibility

Analytical approaches were used to study the mechanical
properties of the diamond microfibers since the previous studies
show that mechanical property mismatch between the hard implant
and soft tissue may increase risks of negative neural response, glial
scar formation, inflammation, and mechanically induced trauma
[11, 19, 20]. Although diamond has a relatively high Young’s
modulus (1050 GPa), the bending stiffness of the microfiber is a
more relevant indicator of device-tissue interactions than Young’s
modulus [21]. Given the rectangular cross-section of the fiber, its
bending stiffness can be calculated by: F/d=(4Ewt’)/L?, where F is
the force, d is the deflection, £ is Young’s modulus, w is the width
of the cross-section area, ¢ is the thickness of the cross-section area,
and L is the length of the device. As such, our diamond fibers are
relatively compliant with the F/d value ranging from 511 mN/m to
27.59 N/m depending on different dimensions of the fibers.
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Fig. 3: (a) SEM images of a microfabricated, all diamond
microfiber array. Inset shows a released single fiber. (b) SEM
image shows the cross-section of a diamond microfiber with
dimensions of ~17.4 um in width and ~3.7 um in thickness.

However, the flexibility of the fiber imposes a challenge for
device insertion into the brain tissue. It is well known that fibers
with large lengths and small cross section diameters may
mechanically buckle under minor loads, which can be studied using
the critical buckling force: Fpuckiing =(m’Ewt’)/(5.88L°). As a result,
the critical buckling load for different fiber designs varies from
643.3 uN to 11.6 mN, which is mostly larger than the insertion force
required to penetrate brain tissue (~1 mN) [22].

C. Electrochemical Properties

Experiments were performed to evaluate the general
electrochemical characteristics of the all diamond microfibers using
electrochemical impedance spectroscopy (EIS) and cyclic
voltammetry (CV). All measurements were done with a three-
electrode cell comprised of the diamond microelectrode as a
working electrode (WE), a platinum wire as a counter electrode
(CE), and a standard Ag/AgCl electrode as a reference electrode
(RE). The electrochemical impedance of the electrode at 1 kHz was
1.3 MQ, in an acceptable range of the extracellular recording. Cyclic
voltammograms (CVs) of the devices were measured in different
chemicals, including  phosphate-buffered saline (PBS),
ferri/ferrocyanide (Fe(CN)s>/4), ruthenium hexamine
(Ru(NH3)s*3"), and DA. Fig. 4 (a) shows the CVs of the diamond
microfibers in pH=7.4 PBS under various scan rates. The double-
layer capacitance (Carin F-cm™) of 18 puF/cm? was calculated based
on Cy=i,/vA, where iy, (in C-s™! ) is the average current of the
forward and reverse sweeps of the CV, and v (in V+s™!) is the scan
rate of the CV, and 4 (in cm?) is the electrode area [23]. CVs of two
one-electron transfer redox couples, Fe(CN)s>"*+ and Ru(NH3)e>"3*,
are shown in Fig. 4 (b). In both cases, the diamond microfibers
exhibit the trademark sigmoidal response characteristic of
microelectrodes, occurring when the radius of the electrode is
smaller than that of the diffusion profile of the analyte. The
magnitude of the steady-state current responses for the anodic and
cathodic scans are nearly identical, indicating a reversible electron

transfer process. The BDD electrode exhibits featureless
background current and a much wider potential window in PBS
(~3.8 V) than standard gold, platinum, and glassy carbon electrodes
Fig. 4 (c), permitting detection of analytes across a wide range of
voltages without the interference of faradaic background current.
Square-wave voltammetry (SWV) was used to demonstrate the
feasibility of ex vivo DA sensing using the fabricated microfibers.
In this case, DA was serially diluted in 0.1 M, pH=7.4 PBS. Fig. 5
shows the response at lower DA concentrations of 0-25 uM; sharp
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and well-resolved oxidation peaks in response to different dopamine
concentrations were observed. A direct correlation between the
dopamine concentration and the current amplitude was observed
with excellent linearity (R2= 0.999) over the tested concentration
range.

CONCLUSIONS

This paper reports the design, fabrication, and characterization
of all diamond microfibers for potential applications in
neurophysiological recording and neurotransmitter sensing. A
wafer-level approach was developed to monolithically fabricate the
microfibers with high yield and productivity. The fabricated
microfiber has a small cross-section area that matches the size of
neurons, suitable for single wunit recording. Results of
electrochemical measurements demonstrate that the diamond fiber
is able to detect low concentrations of DA with excellent linearity.
Ongoing work includes in-vitro and in-vivo characterization of the
devices using cell cultures and rat’s models.

ACKNOWLEDGMENTS

This work was supported by the National Institutes of Health
(NIH R21NS096637-02). The authors would like to thank Dr.
Baokang Bi for the help in microfabrication

REFERENCES

[1] E. R. Kandel, J. H. Schwartz, and T. M. Jessell, Principles
of Neural Science vol. 4: McGraw-Hill New York, 2000.

[2] S. J. Lewis and R. A. Barker, "Understanding the

dopaminergic deficits in Parkinson's disease: insights into
disease heterogeneity," Journal of Clinical Neuroscience,
vol. 16, pp. 620-625, 2009.

[3] H. Gunduz-Bruce, "The acute effects of NMDA
antagonism: from the rodent to the human brain," Brain
Research Reviews, vol. 60, pp. 279-286, 2009.

[4] M. Glass and M. Dragunow, "Neurochemical and
morphological changes associated with human epilepsy,"
Brain Research Reviews, vol. 21, pp. 29-41, 1995.

[5] P. Brown, "Oscillatory nature of human basal ganglia
activity: relationship to the pathophysiology of
Parkinson's disease," Movement Disorders, vol. 18, pp.
357-363, 2003.

[6] J. Obeso, M. Rodriguez-Oroz, C. Marin, F. Alonso, 1.
Zamarbide, J. Lanciego, and M. Rodriguez-Diaz, "The
origin of motor fluctuations in Parkinson’s disease
Importance of dopaminergic innervation and basal
ganglia circuits," Neurology, vol. 62, pp. S17-S30, 2004.

[7] C. Hammond, H. Bergman, and P. Brown, "Pathological
synchronization in Parkinson's disease: networks, models
and treatments," Trends in Neurosciences, vol. 30, pp.
357-364, 2007.

[8] C. Mehler-Wex, P. Riederer, and M. Gerlach,
"Dopaminergic dysbalance in distinct basal ganglia
neurocircuits: implications for the pathophysiology of
Parkinson’s disease, schizophrenia and attention deficit
hyperactivity disorder," Neurotoxicity Research, vol. 10,
pp. 167-179, 2006.

[9] M. Jorfi, J. L. Skousen, C. Weder, and J. R. Capadona,
"Progress towards biocompatible intracortical
microelectrodes for neural interfacing applications,"
Journal of Neural Engineering, vol. 12, p. 011001, 2014.

237

[10]

[11]

[14]

[18]

[19]

[23]

A. Weltman, J. Yoo, and E. Meng, "Flexible, penetrating
brain probes enabled by advances in polymer
microfabrication," Micromachines, vol. 7, p. 180, 2016.
J. Subbaroyan, D. C. Martin, and D. R. Kipke, "A finite-
element model of the mechanical effects of implantable
microelectrodes in the cerebral cortex," Journal of Neural
Engineering, vol. 2, p. 103, 2005.

J. H. Lee, H. Kim, J. H. Kim, and S.-H. Lee, "Soft
implantable microelectrodes for future medicine:
prosthetics, neural signal recording and
neuromodulation," Lab on a Chip, vol. 16, pp. 959-976,
2016.

P. R. Patel, K. Na, H. Zhang, T. D. Kozai, N. A. Kotov,
E. Yoon, and C. A. Chestek, "Insertion of linear 8.4 pm
diameter 16 channel carbon fiber electrode arrays for
single unit recordings," Journal of neural engineering,
vol. 12, p. 046009, 2015.

T. D. Y. Kozai, N. B. Langhals, P. R. Patel, X. Deng, H.
Zhang, K. L. Smith, J. Lahann, N. A. Kotov, and D. R.
Kipke, "Ultrasmall implantable composite
microelectrodes with bioactive surfaces for chronic neural
interfaces," Nature materials, vol. 11, pp. 1065-1073,
2012.

P. E. Donaldson, "The encapsulation of microelectronic
devices for long-term surgical implantation," /EEE
Transactions on Biomedical Engineering, pp. 281-285,
1976.

A. Kraft, "Doped diamond: a compact review on a new,
versatile electrode material," Int. J. Electrochem. Sci, vol.
2, pp- 355-385, 2007.

M. Hupert, A. Muck, J. Wang, J. Stotter, Z. Cvackova, S.
Haymond, Y. Show, and G. M. Swain, "Conductive
diamond thin-films in electrochemistry," Diamond and
Related Materials, vol. 12, pp. 1940-1949, 2003.

Y. Einaga, J. S. Foord, and G. M. Swain, "Diamond
electrodes: diversity and maturity," Mrs Bulletin, vol. 39,
pp. 525-532, 2014.

V. S. Polikov, P. A. Tresco, and W. M. Reichert,
"Response of brain tissue to chronically implanted neural
electrodes," Journal of neuroscience methods, vol. 148,
pp. 1-18, 2005.

J. Harris, J. Capadona, R. Miller, B. Healy, K.
Shanmuganathan, S. Rowan, C. Weder, and D. Tyler,
"Mechanically adaptive intracortical implants improve
the proximity of neuronal cell bodies," Journal of neural
engineering, vol. 8, p. 066011, 2011.

R. Chen, A. Canales, and P. Anikeeva, "Neural recording
and modulation technologies," Nature Reviews Materials,
vol. 2, p. 16093, 2017.

B. Wester, R. Lee, and M. LaPlaca, "Development and
characterization of in vivo flexible electrodes compatible
with large tissue displacements," Journal of Neural
Engineering, vol. 6, p. 024002, 2009.

B. Fan, Y. Zhu, R. Rechenberg, C. A. Rusinek, M. F.
Becker, and W. Li, "Large-scale, all polycrystalline
diamond structures transferred onto flexible Parylene-C
films for neurotransmitter sensing," Lab on a Chip, vol.
17, pp. 3159-3167, 2017.



	MAIN MENU
	Help
	Search
	Print
	Author Index
	Keyword Index
	Table of Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


