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Abstract—We report the design, fabrication, and proof-of- detection [1]-[4], optics [5], and generation [6]-[8] have been
concept characterization of an X-ray generator for improved reported. X-ray sources play an important role in applications

X-ray absorption imaging that uses a nanostructured eld ¢,y 55 medical imaging, industrial inspection, transportation
emission cathode as the electron source and a microstructured

transmission anode as the X-ray generating structure. Field safety, and scientic research. X-ray generation technology

emission cathodes consume less power, respond faster, andl€veloped over a century ago is still used today in the majority
tolerate lower vacuum than the thermionic cathodes used in of commercial X-ray sources. A typical X-ray source consists

conventional X-ray generators. The use of a transmission anode, of a thermionic cathode and a re ection anode inside of a
instead of a conventional re ection anode, allows ltering of the vacuum chamber that has an X-ray transmission window. The

background radiation (bremsstrahlung) while allowing ef cient -
generation of X-ray at lower voltages by exciting atomic shell cathode generates a beam otatfons that is accelerated

transitions, resulting in emission of X-ray with narrow spectral towards the anode; depending on the application, the bias
linewidth for sharper imaging of biological tissue. The fabricated voltage on the anode is from a few kilovolts to over a hundred
eld emission cathode contains arrays of self-aligned and gated kilovolts above the bias voltage of the cathode. Electrons
silicon eld emitters. The eld emission cathodes turn on at bias o mitted by the cathode collide with the anode and convert their
voltages as low as 25 V, and their gates transmit almost 100% Kineti . X diati f . f which
of the electrons to the anode. The cathodes produce per-emitter Inetic energy into X-ray radiation, a ra(ft'o_n 0 W ICh escapes
electron currents in excess of a'lA (Current densi’[y >2 Alcmz) the vacuum Chamber thI’OUgh a transmission W|nd0W made Of
at a bias voltage of 80 V. A desktop rig is built to generate X-ray a suitable material, such as beryllium. The X-ray emission is a
with a eld emission cathode and transmission anode. Using the mix of bremsstrahlung radiation (broad, continuous spectrum)
facility, we obtained X-ray absorption images of several objects. anq characteristic radiation —a signature of the material that
The images clearly show details under 50Qum in size, as well . - . .. .
as soft tissue and ne bone structures without using contrast Is emitting .the X-ray ("_e" em'SS'O,n, at speci c wavelengths
agents. [2014-0087] corresponding to atomic sheltansitions of electrons) [9].
This article is the extended version of a recent report on an
X-ray source composed of a nanostructured silicon eld
limitations [12]. Field emission cathodes use high surface
|. INTRODUCTION electric elds (>3x 10
M ICRO AND nanoelectromechanical systems (MEMS

and NEMS, respectively) for X-ray applications such as

Index Terms—Field emission, medical imaging, X-ray
generation.
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Fig. 4. Simulation of the trajectory of 1000 electrons as they travel through
the anode structure using the 2D Monte Carlo simulation software CASINO.
The trajectory of the backscattered electrons is shown in red while the
trajectories of the electrons that stop inside the anode structure are shown
in blue.

reduce the background radiation and improve the contrast of
the images [9]. If the anode voltage is between the rst and
the second ionization potentials of the atomic shell transitions
of the X-ray generating material (K-shell and L-shell), the
radiation spectra will be mainly composed of the atomic shell
transition peak that corresponds to the L-shell characteristic
energy, resulting in emission of X-ray with narrow spec-
tral linewidth for sharper imaging of low-Z materials [18].
In many X-ray generating materials, these peaks are of low
enough energy that the supporting substrate in a transmission
anode helps attenuate the background radiation surrounding
peak emission. Using the software CASINO developed by
the Universite de Sherbrooke [44], we conducted 2D Monte
Carlo simulations of the interaction between the high-energy
electrons and the anode structure to determine the thickness
of the X-ray generating material. At 60 kV, i.e., the maximum
anode bias voltage in our setup (see Section III.B), a 2.5 m-
thick gold Im absorbs the great majority of the electrons
(Figure 4) and the majority of the X-ray produced by the anode
are not reabsorbed (Figure 5).

In a transmission anode, the X-ray that are transmitted
through the anode plate are used for imaging; this is different
from most X-ray sources, which are based on re ection anodes
where a portion of the re ected X-ray is used. The X-ray
generating surface of a re ection anode is slightly inclined
with respect to the faraway direction of the incoming electrons,
i.e., cathode-anode axis, to reduce the effective focal spot of
the X-ray beam and to steer a fraction of the photons off-axis
to be transmitted outside the vacuum chamber. Unfortunately,
because of the orientation of the X-ray generating surface,
re ection anodes are affected by the so-called heel effect,

Fig. 5. Emitted and absorbed X-ray vs. anode depth from a simulation of
the interaction of 1000 electrons with the anode structure using the 2D Monte
Carlo simulation software CASINO.

Fig. 6. Picture (top) and schematic (bottom) of the cathode testing rig.
i.e., a gradient in the intensity of the X-ray due to absorption
of photons by the anode material with the larger intensity of
the beam located towards the cathode. An image created using
these X-ray re ects the spatial non-uniformity of the intensity
and the variation of the effective focal spot size and shape
across the X-ray beam.

III. DEVICE CHARACTERIZATION
A. Cathode Characterization

Current-voltage (I-V) characterization of the eld emission
chips is conducted inside an ultra-high vacuum chamber with
pressure down to 5 % 10719 Torr. A picture and a schematic
of the setup are shown in Figure 6. A wafer covered with

eld emission chips is placed on a movable stage, which is
connected to a Keithley 237 source-measure unit (SMU) to
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Fig. 9. Picture of the X-ray source.

Fig. 10. Picture of packaged eld emission cathodes.

where  is the electronic charge, h is Plank s constant, and
Me is the electron s effective mass, andt y and v y are the
Nordheim elliptic functions where

q3 Elocal
= — 4
Y= 3 “)
and o is the electrical permittivity of free space.

The Nordheim elliptic functions can be approximated as
ty =1.lando y = 0.95—y? [47]. The local electric eld is
related to the applied voltage Vg through Ejoca Vo = Vg
where is the eld factor. Therefore, if we also assume that
the emitter is at low temperature and it is made of a material
with high electrical conductivity, equation (1) can be rewritten
as

127 < 107°
le Vo = tip———— V3

9@7 _6(53x 107 92
— Va
Equation (5), predicts a linear relationship between

In 1g)VZ and V' with slope —6(53x 107 32) . The
eld factor relates the bias voltage to the surface electrostatic

eld and it is to rst order equal to the inverse of the tip
radius r. A better estimate of the eld factor of a sharp eld

X exp

(5)

Fig. 11. Schematic of the table-top X-ray source setup.

Fig. 12. X-ray images of a ash drive with varying dose.

emitter with proximal gate (i.e., an emitter with tip radii far
smaller than the other dimensions of the emitter, and with
gate-to-substrate separation of the order of the emitter height)
is given by [22], [48] [50]

(6)

where kg = 2.5 x 10% n = 0.69—0.8, and r is the tip
radius in nanometers. Figure 7(b) shows a typical F-N plot
(i.e., In IE)Vé VS. VG_ I of the emitted current; from its
slope, a eld factor equal to 5.7 x 10° cm™! is calculated
with a workfuntion for silicon of 4.05 eV. Based on the
value of the eld factor, we estimate that the emitter tip
radius is [83 nm if we use n = 0.69, which is close to
measurements of the tip radii using SEM imaging, further
corroborating that the current is eld emitted (from SEM
metrology of 50 tips selected at random we obtained an
average tip radius of 10.4 nm and standard deviation of 0.8 nm;
the standard deviation is in agreement with reported statistics
of arrays of single-crystal silicon tips sharpened using long
oxidation times [51]). The maximum current of 1 mA is
obtained from ten 7 by 7 emitter arrays (a total of 490 eld
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Fig. 13. X-ray image of an ex-vivo human wrist.

emitters); therefore, each emitter tip generates on average over
2 A of electron current, signi cantly higher than the per-
emitter currents from silicon FEAs previously reported [22],
[28] [30]. Since the spacing between two adjacent tips is
10 m, the current density of our FEAs is 2 A/cm?, which is
also comparable or higher than the high-current-density CNT
eld emitters reported in [34] [36]. However, the current per
emitter is not large enough to produce emitter burnout because
of the high thermal conductivity of silicon and because of
the conic shape of the emitter tip with a rather wide base
(see eld emitter thermal model proposed by Utsumi [52]).
We also investigated the dependence of the I-V charac-
teristics of the cathode on the background pressure. The
background pressure can be varied in our testing rig by
venting nitrogen into the chamber using a precision leak valve.
Background pressures of 5 % 107 Torr, 5 % 1073 Torr,
5 % 1077 Torr, 5 < 107° Torr and 5 % 107> Torr were
sequentially set; at each pressure level, gate-to-emitter voltages
are swept between 0 V and 60 V. The I-V characteristics
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at each background pressure are shown in Figure 8(a)-(e).
The eld emission cathode operates relatively stably at back-
ground pressures up to 5 < 107 Torr. Signi cant degradation
of the I-V characteristics is observed at 5 < 107> Torr. The
vacuum chamber is then pumped back to 5 x 10~ Torr, and
another [-V test is performed; the I-V curves at this pressure,
shown in gure 8(f), indicate that the device has permanently
degraded after operating at 5 %< 10~ Torr, resulting in much
higher gate interception current.

B. X-Ray Generation Characterization

The implemented tabletop X-ray source is shown in
Figure 9. The system has an 8-inch cubic vacuum chamber that
contains the eld emission cathode and the transmission anode.
The chamber is maintained at a pressure of 2 % 107% Torr
using a turbomolecular pump and a diaphragm pump. The
cathode bias voltages are applied using a ange with a plurality
of SHV-5 feedthroughs. The cathode holder is mounted onto









382

[7]

[8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

JOURNAL OF MICROELECTROMECHANICAL SYSTEMS, VOL. 24, NO. 2, APRIL 2015

P. Rangsten, C. Ribbing, C. Strandman, B. H k, and L. Smith,
Field-emitting  structures intended for a miniature X-ray
source, Sens. Actuators A, Phys, vol. 82, nos. 1 3, pp. 24 29,
May 2000.

M. Azad, D.-O. Choe, and H. Kim, Mini X-ray imaging based on safely
shielded pure beta radioisotopes, in Proc. 26th Int. Conf. Micro Electro
Mech. Syst. (MEMS), Taipei, Taiwan, Jan. 2013, pp. 1101 1104.

B. Beckhoff, B. Kanngie er, N. Langhoff, R. Wedell, and H. Wolff,
Handbook of Practical X-Ray Fluorescence Analysis. New York, NY,
USA: Springer, 2006.

S. Cheng, F. A. Hill, E. V. Heubel, and L. F. Vel&quez-Garc a, A com-
pact X-ray generator using a nanostructured eld emission cathode and a
microstructured transmission anode, in J. Phys., Conf. Ser., Dec. 2013,
vol. 476, no. 1, p. 012016.

W. 1. Milne et al., Carbon nanotubes as eld emission sources,
J. Mater. Chem., vol. 14, no. 6, pp. 933 943, 2004.

C. M. Slack and L. F. Ehrke, Field emission X-ray tube, J. Appl. Phys.,
vol. 12, no. 2, pp. 165 168, Feb. 1941.

R. Gomer, Field Emission and Field lonization. New York, NY, USA:
Springer, 1993.

S. Kita et al., Field-emission-type X-ray source using carbon-
nano bers, J. Appl. Phys, vol. 103, no. 6, p. 064505,
Mar. 2008.

S. Wang, X. Calderon, R. Peng, E. C. Schreiber, O. Zhou, and S. Chang,
A carbon nanotube eld emission multipixel X-ray array source for

microradiotherapy application, Appl. Phys. Lett., vol. 98, no. 21,

p- 213701, May 2011.

H. Y. Choi, J. U. Kim, and C. J. Lee, Development of carbon nanotube

based re ection type X-ray source, Acta Phys. Polonica Ser. A General
Phys., vol. 115, no. 6, pp. 1078 1080, Jun. 2009.

J. Koohsorkhi, S. Mohajerzadeh, and S. Darbari, Investigation of carbon

nanotube-based eld-emission triode devices on silicon substrates,
|EEE Trans. Nanotechnal., vol. 11, no. 6, pp. 1252 1258, Nov. 2012.

B. Diop and V. T. Binh, Quasi-monochromatic eld-emission X-ray

source, Rev. i. Instrum., vol. 83, no. 9, p. 094704, Sep. 2012.

T. Tyler, O. A. Shenderova, and G. E. McGuire, Vacuum microelec-

tronic devices and vacuum requirements, J. Vac. Sci. Technol. A, vol. 23,

no. 4, pp. 1260 1266, Jul. 2005.

C. A. Spindt, A thin- Im eld-emission cathode,

vol. 39, no. 7, pp. 3504 3505, Jun. 1968.

F. Ceccanti, S. Marcuccio, M. Andrenucci, and C. A. Srl, FEEP thruster

survivability in the LEO atomic oxygen environment, in Proc. 27th
Int. Electr. Propuls. Conf. (IEPC), Pasadena, CA, USA, Oct. 2001,

no. IEPC-01-295, pp. 1 13.

M. Ding, G. Sha, and A. I. Akinwande, Silicon eld emission arrays

with atomically sharp tips: Turn-on voltage and the effect of tip

radius distribution, |EEE Trans. Electron Devices, vol. 49, no. 12,

pp- 2333 2342, Dec. 2002.

M. O. S. Dantas, E. Galeazzo, H. E. M. Peres, M. M. Kopelvski, and

F. J. Ramirez-Fernandez, Silicon eld-emission devices fabricated using

the hydrogen implantation porous silicon (HI PS) micromachining

technique, J. Microelectromech. Syst., vol. 17, no. 5, pp. 1263 1269,

2008.

K. Sun et al., Field emission tip array fabrication utilizing geometrical

hindrance in the oxidation of Si, |EEE Trans. Nanotechnol., vol. 11,

no. 5, pp. 999 1003, Sep. 2012.

J. Browning, Field emission display development and testing, in Proc.
Int. Vac. Microelectron. Conf., Jul./Aug. 1995, pp. 1 7.

T. S. Ravi, R. B. Marcus, and D. Liu, Oxidation sharpening of silicon

tips, J. Vac. Sci. Technol. B, Microelectron. Nanometer Struct., vol. 9,

no. 6, pp. 2733 2737, Nov. 1991.

D. Temple, Recent progress in eld emitter array development for high

performance applications, Mater. Sci. Eng. R, Rep., vol. 24, no. 4,

pp. 185 239, Jan. 1999.

E. A. Adler, Z. Bardai, R. Forman, D. M. Goebel, R. T. Longo, and

M. Sokolich, Demonstration of low voltage eld emission, |IEEE

Trans. Electron Devices, vol. 38, no. 10, pp. 2304 2308, Oct. 1991.

J. T. Trujillo, A. Chakhovskoi, and C. E. Hunt, Low voltage silicon
eld emitters with gold gates, in Proc. Int. Vac. Microelectron. Conf.,

Jul./Aug. 1995, pp. 42 46.

K. Koga, K. Morimoto, Y. Hori, S. Kanemaru, and J. Itoh, New

structure Si eld emitter arrays with low operation voltage, in Tech.
Dig. Int. Electron Devices Megt., Dec. 1994, pp. 23 26.

L. M. Baskin and G. N. Fursey, Field emission from semiconductors,

in Proc. Int. Vac. Microelectron. Conf., Jul./Aug. 1995, p. 66.

J. Appl. Phys,

(32]

(33]

[34]

[35]

[36]

(371

[38]

(391

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

L. F. Vel&Bquez-Garc a, S, A. Guerrera, Y. Niu, and A. I. Akinwande,
Uniform high-current cathodes using massive arrays of Si eld emitters
individually controlled by vertical Si ungated FETs Part 1: Device
design and simulation, |EEE Trans. Electron Devices, vol. 58, no. 6,
pp- 1775 1782, Jun. 2011.
L. F. Vel&Bquez-Garc a, S, A. Guerrera, Y. Niu, and A. I. Akinwande,
Uniform high-current cathodes using massive arrays of Si eld emitters
individually controlled by vertical Si ungated FETs Part 2: Device
fabrication and characterization, |EEE Trans. Electron Devices, vol. 58,
no. 6, pp. 1783 1791, Jun. 2011.
H. Mu, X. Zhang, W. Lei, C. Lou, Q. Wang, and X. Yin, High-
current-density eld emission from multiwalled carbon nanotubes by
chemical-vapor deposition with effective aging treatment, J. Vac.
ci. Technol. B, Microelectron. Nanometer Sruct., vol. 25, no. 2,
pp. 583 585, Mar. 2007.
P. Serbun, G. Muller, A. Tymoshchyk, 1. Kashko, B. Shulitski, and
V. Labunov, High eld emission current density from structured CNT
bundle cathodes, in Proc. 26th Int. Vac. Nanoelectron. Conf., Jul. 2013,
pp- 1 2.
L. Wei, X. Zhang, J. Chen, Z. Zhao, Y. Cui, and B. Wang, Very high
eld emission from a carbon nanotube array with isolated subregions
and balanced resistances, |EEE Trans. Electron Devices, vol. 58, no. 10,
pp- 3616 3621, Oct. 2011.
A. A. Fomani, A. I. Akinwande, and L. F. Vel&quez- Garc a, Resilient,
nanostructured, high-current, and low-voltage neutralizers for electric
propulsion of small spacecraft in low earth orbit, in J. Phys,, Conf.
Ser., 2013, vol. 476, no. 1, p. 012014.
F. E. Carroll, M. H. Mendenhall, R. H. Traeger, C. Brau, and
J. W. Waters, Pulsed tunable monochromatic X-ray beams from a
compact source: New opportunities, Amer. J. Roentgenol., vol. 181,
no. 5, pp. 1197 1202, Nov. 2003.
Y. Aglitskiy et al., High-resolution monochromatic X-ray imaging
system based on spherically bent crystals, Appl. Opt., vol. 37, no. 22,
pp- 5253 5261, Aug. 1998.
D. B. Sinars et al., Monochromatic X-ray imaging experiments on the
Sandia national laboratories Z facility, Rev. Sci. Instrum., vol. 75, no. 10,
pp- 3672 3677, Oct. 2004.
R. T. Lopes, E. B. Costa, and E. F. O. de Jesus, Computed tomography
with monochromatic bremsstrahlung radiation, Appl. Radiat. |sotopes,
vol. 53, no. 4, pp. 665 671, Oct./Nov. 2000.
G. G. Poludniowski, Calculation of X-ray spectra emerging from an
X-ray tube. Part II. X-ray production and lItration in X-ray targets,
Med. Phys., vol. 34, pp. 2175 2186, Jun. 2007.
G. Harding, B. David, A. Harding, A. Thran, and J. P. Schlomka,
Directional enhancement of characteristic relative to bremsstrahlung
X-rays: Foil thickness optimization, Radiat. Phys. Chem., vol. 76, no. 7,
pp. 1116 1121, Jul. 2007.
D. Drouin, A. R. Couture, D. Joly, X. Tastet, V. Aimez, and R. Gauvin,
Casino V2.42 A fast and easy-to-use modeling tool for scanning
electron microscopy and microanalysis users, Scanning, vol. 29, no. 3,
pp- 92 101, 2007.
R. H. Fowler and L. W. Nordheim, Electron emission in intense
electric elds, Proc. Roy. Soc. A, vol. 119, no. 781, pp. 173 181,
May 1928.
L. W. Nordheim, The effect of the image force on the emission and
re ection of electrons by metals, Proc. Roy. Soc., A, vol. 121, no. 788,
pp- 626 639, 1928.
1. Brodie and C. Spindt, Advances in Electronics and Electron Physics.
New York, NY, USA: Academic, 1992, pp. 1 106.
L. Dvorson, G. Sha, I. Kymissis, C.-Y. Hong, and A. I. Akinwande,
Electrical and optical characterization of eld emitter tips with inte-
grated vertically stacked focus, |EEE Trans. Electron Devices, vol. 50,
no. 12, pp. 2548 2558, Dec. 2003.
L. Dvorson, M. Ding, and A. I. Akinwande, Analytical electrostatic
model of silicon conical eld emitters. I, |EEE Trans. Electron Devices,
vol. 48, no. 1, pp. 134 143, Jan. 2001.
L. Dvorson, M. Ding, and A. I. Akinwande, Analytical electrostatic
model of silicon conical eld emitters. II. Extension to devices with
focusing electrode, |EEE Trans. Electron Devices, vol. 48, no. 1,
pp. 144 148, Jan. 2001.
M. E. Swanwick, P. D. Keathley, F. X. K rtner, and L. F. Vel&quez-
Garc a, Ultrafast photo-triggered eld emission cathodes using massive,
uniform arrays of nano-sharp high-aspect-ratio silicon structures, in
Tech. Dig. 17th Int. Conf. Solid-Sate Sens., Actuators, Microsyst.,
Barcelona, Spain, Jun. 2013, pp. 2680 2683.



CHENG et al.: LOW-BREMSSTRAHLUNG X-RAY SOURCE

[52]

[53]

[54]1

[55]

[56]

[57]

T. Utsumi, Keynote address -Vacuum microelectronics: What s new and
exciting, |EEE Trans. Electron Devices, vol. 38, no. 10, pp. 2276 2283,
Oct. 1991.

J. T. Bushburg, J. A. Seibert, E. M. Leidholdt, and J. M. Boone, The
Essential Physics of Medical Imaging, 3rd ed. New York, NY, USA:
Lippincott Williams & Williams, 2011, pp. 202 206.

Y. Zingerman, H. Golan, A. Gersten, and A. Moalem, A compact
CT/SPECT system for small-object imaging, Nucl. Instrum. Methods
Phys. Res. A, Accel. Spectrometers Detectors Assoc. Equip., vol. 584,
pp- 135 148, Jan. 2008.

(2014, May 17). American Society for Surgery of the Hand
[Online]. Available: http://www.assh.org/Public/HandConditions/Pages/
WristSprains.aspx

M. Ando et al., Crystal analyser-based X-ray phase contrast imaging
in the dark eld: Implementation and evaluation using excised tissue
specimens, Eur. Radiol., vol. 24, no. 2, pp. 423 433, 2014.

A. B. Worlbarst, Physics of Radiology. Madison, WI, USA: Medical
Phys. Publishing, 2005.

Shuo Cheng received the B.S. degree in automation
from the Beijing Institute of Technology, Beijing,
China, in 2006, and the M.S. and Ph.D. degrees in
electrical and computer engineering from the Uni-
versity of Florida, Gainesville, FL, USA, in 2011.

He was a Post-Doctoral Associate with the Uni-
versity of Florida, and Microsystems Technology
Laboratories, Massachusetts Institute of Technology,
Cambridge, MA, USA, from 2012 to 2014. He is
currently a Research Engineer with Stellarray Inc.,
Austin, TX, USA.

383

Frances Ann Hill received the B.A.S. degree from
the University of Waterloo, Waterloo, ON, Canada,
in 2006, and the M.S. and Ph.D. degrees from
the Department of Mechanical Engineering, Massa-
chusetts Institute of Technology (MIT), Cambridge,
MA, USA, in 2008 and 2011, respectively. From
2011 to 2013, she was a Post-Doctoral Associate
with the Microsystems Technology Laboratories at
MIT. She is currently a Research Scientist with
KLA-Tencor Corporation, Milpitas, CA, USA.

Eric Vincent Heubel received the B.S. degree from
the Department of Mechanical Engineering, Michi-
gan Technological University, Houghton, MI, USA,
in 2006, and the M.S. degree from the Department of
Mechanical Engineering, Massachusetts Institute of
Technology, Cambridge, MA, USA, in 2008, where
he is currently pursuing the Ph.D. degree focusing
on precision micromachined plasma sensors.

Luis Fernando Vel&Equez-Garca (M 09 SM 10)
is a Principal Scientist with the Microsystems
Technology Laboratories, Massachusetts Institute of
Technology, Cambridge, MA, USA. His research
focuses on micro and nanoenabled multiplexed
scaled-down systems for space, energy, health-
care, manufacturing, and analytical applications that
exploit high-electric eld phenomena, e.g., electro-
spray, electrospinning, electron impact ionization,
eld emission, eld ionization, plasmas, and X-ray.




<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


