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Abstract 

Microstereolithography (MSL) technology is derived from the conventional stereolithography process and can meet 
the demands for fabricating complex 3-D microstructures with high resolution. This technology can be divided into 
scanning and projection methods, which have different levels of precision and fabrication speeds. Scanning MSL fabri-
cates very fine 3-D microstructures by controlling the position of the laser spot on the resin surface. Projection MSL 
quickly fabricates one layer with one exposure using a mask. In this paper, we propose a projection MSL system with 
uniform illumination and image formation based on optical design for fabricating microstructure arrays. This system 
can realize mass production of 3-D microstructures in the meso-range, which falls between micro- and macro-ranges, 
with a resolution of a few microns. Microstructure arrays were fabricated to verify the performance of the proposed 
system. 
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1. Introduction 

The demands for ultraprecision components, such 
as information and communication devices, micro-
mechanical parts and medical devices, have increased. 
However, existing technologies, such as MEMS and 
LIGA, have had difficulties coping with the number 
of masks and fabricable heights. Microstereolithogra-
phy (MSL) can meet these demands because it does 
not require masks and can be used to fabricate 3-D 
microstructures with high aspect ratios. MSL is de-
rived from the conventional stereolithography process 
and uses the same input format, STL. This technology 
can be divided into scanning and projection methods 
[1]. 

In the scanning method shown in Fig. 1(a), a mi-

crostructure is built by stacking each photopolymer-
ized layer, controlling a well focused laser beam on 
the resin surface according to the sliced section shape. 
Ikuta and Kirowatari [2] reported the first scanning 
MSL system, which was known as the Integrated 
Harden Polymer Process. Since then, many research-
ers have improved the fabricable resolution and dem-
onstrated a variety of 3-D microstructures using simi-
lar scanning MSL techniques [3-5]. 

In the projection method shown in Fig. 1(b), a mi-
crostructure is built by stacking each photopolymer-
ized layer by using one irradiation of well patterned 
UV light on the resin surface according to the sliced 
section shape. Bertsch et al. [6] described a projection 
MSL system using a liquid crystal display (LCD) as 
the dynamic pattern generator. Projection MSL sys-
tems using LCDs have advanced so that they can now 
be used to fabricate diverse microstructures with reso-
lutions of several microns [7-9]. To overcome the low  
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(a) Scanning method 

(b) Projection method 

Fig. 1. Schematics of the microstereolithography. 

contrast and transmittance of LCDs, a digital mi-
cromirror device (DMDTM) developed by Texas In-
struments has been used as the dynamic pattern gen-
erator due to its high contrast and resolution [10-13]. 
Sun et al. [12] produced a suspended beam with a 600 
nm diameter, which is the smallest reported feature 
obtained by using projection MSL processes. 

Ikuta et al. [2] demonstrated the mass-IH process, 
which consists of a series of optical fibers and is ca-
pable of mass-producing microstructures, but its setup 
cost is high. Although the achievable resolution of 
projection MSL is less than that of scanning methods, 
the use of dynamic masks with high resolution and 
focusing lenses with high power allows the produc-
tion of microstructures with high resolution. In this 
paper, we propose a projection MSL system with 
uniform illumination and image formation based on 
optical design software for fabricating microstructure 
arrays. This system can fabricate 3-D microstructures 
in the meso-range, which falls between micro- and 
macro-ranges, with a resolution of a few microns. 
Microstructure arrays were fabricated to verify the 
performance of the proposed system. 

2. Projection microstereolithography 

2.1 System configuration 

To implement a MSL apparatus for array fabrica-
tion, patterned light must be moved on the resin sur-
face. If the platform attached to the Z stage is moved 
by using the XY stage, the fabricated part can be  

Fig. 2. Schematic of the proposed projection microstereo-
lithography apparatus. 

damaged by the viscous resin. To avoid this problem, 
the optical system was mounted on the XY stage. In 
this way, the Z stage remains immobile so that the 
fabricated microstructure array cannot be damaged. 
Such a system configured for microstructure array 
fabrication is shown in Fig. 2. The system consists of 
a light source, beam delivery devices, a reflecting 
mirror, an objective lens, a resin vat, an XY stage, a Z 
stage, and a control program. The beam delivery de-
vices are composed of a collimating lens set, DMD, 
and tube lens. To move the optical system, the light 
source and beam delivery devices are mounted on the 
XY stage after considering the light path. All of the 
components on the stage are designed so that their 
weights do not affect the stage precision. 

A mercury lamp is used as the light source, which 
is filtered at a wavelength of 365 ± 10 nm. The emit-
ted light is transferred to one of the beam delivery 
devices, which consists of a high-pressure optical 
fiber with a numerical aperture (NA) of 0.37, a work-
ing wavelength of 250 to 700 nm, and an output di-
ameter of 8 mm. The electrical shutter is embedded in 
the lamp and switches the light on and off to transfer 
the desired energy. The collimating lens set is used to 
provide uniform illumination because the emitted 
light from the lamp diverges along the optical axis. A 
LightGateTM prism made by Unaxis is used to com-
pact the light path, and is coated so that the light is 
either reflected or allowed to pass through according 
to the incident angle, as shown in Fig. 3. The reflected 
light on the prism is directed to the DMD surface. 
The DMD made by Texas Instruments is used as the 
dynamic pattern generator. It generates an image of 
the sliced section by producing a black-and-white 
region, and reflects the patterned light toward the tube 
lens. The tube lens is a UV achromat doublet lens 
with a focal length of 120 mm that delivers the pat- 
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Fig. 3. Light path in the prism (LightGateTM).

Fig. 4.Control program to fabricate microstructure arrays. 

terned light to the reflecting mirror. The reflected 
light is transferred to the objective lens, which has a 
NA of 0.3 and a focal length of 20 mm, and a reduced 
section image is formed on the resin surface. The XY 
stage, with a resolution of 100 nm and a travel range 
of 150 mm × 150 mm, enables us to produce micro-
structure arrays. The Z stage, with a resolution of 100 
nm and a travel range of 50 mm, is used to stack the 
fabricated layers. 

Fig. 4 shows the control program developed for 
microstructure array fabrication. It was implemented 
in a Windows environment using Visual C++. Every 
component could be independently controlled by 
manual operations and microstructure arrays could be 
fabricated by inputting the number of rows and col-
umns. 

2.2 Fabrication process 
The fabrication process is similar to that of conven- 

CAD model

Converting to STL file

Slicing STL file according to layer thickness

Converting to Bitmap image

Inputting the number of Row and Column

Initializing the system
(Lamp, DMD, Z and X-Y stages)

Last layer ?

Yes

No

Moving Z-stage downward and upward
to refresh resin surface

Move X-Y stage (r , c)
(0 < r  Row, 0 < c  Column)

Transferring the bitmap image to DMD

Opening shutter for exposure time and
Closing shutter

Pulling fabricated part /
Rinsing and post curing

(r = Row & c = Column ) ?

Yes

No

Fig. 5. Overall process for fabricating microstructure arrays. 

tional stereolithography systems. The object to be 
fabricated is modeled by CAD software, and the re-
sulting file is converted to a STL format, which con-
sists of triangle facets. Two-dimensional cross-
sectional data are generated by slicing the STL file 
according to the layer thickness to generate bitmap 
images for input to the DMD. The bitmap of each 
layer is symmetrized about the center point of the 
image while considering the formed image on the 
resin surface. The array fabrication starts by initializ-
ing the devices after inputting the number of rows and 
columns. The bitmap image corresponding to the 
cross section is transferred to the DMD, and the pat-
terned light is projected on the resin surface. The pat-
terned light is then moved to another position by the 
XY stage while the shutter is closed, and projected 
again when the shutter is open. One layer is cured as 
these processes continue according to the desired 
number of rows and columns. After each section of 
one layer is fabricated, the XY stage returns to its 
home position. The Z stage moves up and down ac-
cording to the layer thickness to refresh the resin sur-
face. Ten seconds, estimated empirically, are required 
to flatten the unstable resin surface. To fabricate a 
new layer, the next bitmap image is transferred to the 
DMD, and the above process is repeated. Once all 
layers have been fabricated, the part is pulled out of 
the plate and rinsed. The overall process for micro-
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structure array fabrication is shown in Fig. 5. 

3. Optical design 

To install each component at specific positions, the 
uniform illumination and image formation are taken 
into consideration. The movement of the XY stage is 
also considered because the optical components 
mounted on the XY stage affect the fabrication preci-
sion. The uniform illumination is a part of the irradia-
tion onto the DMD while the image formation is a 
part of the system used to deliver and focus the pat-
terned light reflected from the DMD on the resin sur-
face. 

3.1 Uniform illumination 

Most of the optical components were mounted on 
the XY stage. These components must be compact 
since they can affect the fabrication precision. There-
fore, the light path must be shortened. The illumina-
tion distance can be shortened by using a prism and a 
collimating lens set composed of two convex lenses 
with short focal lengths. The collimating lens set, 
DMD and prism have to be installed at specific posi-
tions according to the light path. To simplify the de-
sign of the light path, the center of the DMD surface 
is located in the origin of the 3-D coordinate systems, 
the reflected light from the DMD is horizontal and the 
principal ray of the light is only considered. Fig. 6 
shows the positions of each component according to 
light path. 

A procedure to determine the specific positions of 
the components is as follows. First, the reflected ray 
from the DMD (Ray0) is considered. The unit vector 
of the Ray0 (U0) is easily obtained because it has the 
inverse direction compared with the unit normal vec- 

Fig. 6. Positions of each component according to the light 
path. 

tor of the YZ plane; U0 = (-1, 0, 0) 
Second, the ray delivered to the DMD after being 

reflected from the prim (Ray1) is considered. The unit 
vector of the Ray1 (U1) is calculated by the dot prod-
uct between the unit normal vector of the tilting plane 
of the DMD (Nt) and the unit vector U0 because the 
Ray0 and the Ray1 make the same angle with respect 
to the unit normal vector Nt. At this time, each mi-
cromirror in the DMD is tilted at ±12 degrees along 
by the diagonal axis, so the angle between Ray0 and 
Ray1 ( a) is 24 degrees [14]. So, these vectors are 
described by 

Nt = 
2 21 cos 1 cos

2 2cos ,   ,   
2 2 2

a a

a   (1) 

U1 = 
2 21 cos 1 coscos ,   ,   

2 2
a a

a   (2)

Third, the point (P1) can be derived by intersecting 
the reflective plane inside of the prism and Ray1. The 
prism was set parallel with respect to the DMD sur-
face, so the tilt angle of the reflective plane ( c) is 33 
degrees. The point (P1) could be changed according 
to the distance between the center of the DMD sur-
face and the reflective plane along by the x-direction 
(d0). In our study, the d0 was set to 31.5 mm consider-
ing the divergence of the reflected light from the 
DMD. The unit normal vector of the reflective plane 
(Nr) is described by 

Nr = 
2 2

1 tan,   ,   0
1 tan 1 tan

c

c c

  (3) 

The point P1 is determined to be (-39.588, -12.463, 
12.463). Fourth, the ray irradiated from the collimat-
ing lens set (Ray2) is considered. The unit vector of 
the Ray2 (U2) can be also calculated by three condi-
tions: (1) the magnitude of the unit vector (U2x, U2y,
U2z) is 1; (2) the Ray1 and the Ray2 make the same 
angle with respect to the unit normal vector Nr; and 
(3) the vectors, U1, U2 and Nr lie on the same plane. 
These conditions are described by 

2 2 2
2x 2y 2z

1 r r 2

2 r 1

U U U 1

U N N U

cos U N U
2

  (4) 

The resultant unit vector U2 is determined to be   
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(-0.0186, 0.952, -0.2877). Finally, the line equation of 
the Ray2 derived from the unit vector U2 and the 
point P1 can be described by 

39.588 12.463 12.463
0.1086 0.952 0.2877

x y z   (5) 

Therefore, the position of the collimating lens set 
(P2) could be estimated by Eq. (5) and the focal 
length of that [15]. In our study, the point P2 is deter-
mined to be (-28.461, -110, 41.939), respectively. 

Uniformly collimated light from the collimating 
lens set is delivered to the prism. The reflected light 
from the prism is directed to the DMD surface, then 
only light patterned by the DMD is passed through 
the prism. To avoid nonuniform illumination, 800 × 
600 pixels of the DMD were used. To confirm that 
the prism and DMD were working correctly, a rec-
tangular light pattern with 800 × 600 pixels was 
measured before the tube lens by using a beam pro-
filer (FX66, Ophir Optronics). The results, shown in 
Fig. 7, give an average light intensity of 0.0148 
W/cm2, which was almost uniform for the entire ac-
tive area of the DMD. 

                 

(a) Rectangular image on the DMD 

(b) 3-D beam profile measured by FX66 

Fig. 7. Verification of the uniform illumination according to 
the light path. 

3.2 Image formation 

The light patterned by the DMD tends to diverge, 
so a tube lens is used to collimate the light. The hori-
zontal light is reflected by the UV mirror, and deliv-
ered vertically to the objective lens. Photopolymeriza-
tion occurs on the resin surface with a reduced size 
according to the magnification. As shown in Fig. 8, 
the distance between the DMD and the tube lens (zdt)
must be the same as the focal length of the tube lens 
for collimation. The distance between the tube lens 
and the objective lens (zto) can vary so that the com-
ponents can fit into the overall configuration. The 
distance between the objective lens and resin surface 
must be the same as the working distance of the ob-
jective lens so that its focal length (fo) will fit into the 
space. 

To optimize the distances, an optical simulation 
was performed by using ZEMAX, which is a com-
mercial software package for optical design. We as-
sumed that the reflected light on the DMD was a set 
of point sources, the objective lens reduced all aberra-
tions, and all rays could be followed by a paraxial 
formula. The reflecting mirror was not considered 
because it only changes the path of the light. Opti-
mized values of the distances zdt and zto were esti-
mated to be 115.2 mm and 186.5 mm, respectively, 
yielding a magnification for image formation of 0.174 
from the lens formula fo/zdt [15]. 

4. Microstructure array fabrication 

4.1 Fabrication resolution 

In this system, the bitmap image is used as a fabri-
cation data. Therefore, the conversion of sliced cross-
section data into bitmap images is needed. At this 
time, one pixel of bitmap image is corresponding to 
one micrometer of sliced data. The fabrication resolu-
tion of the proposed projection MSL system is deter-
mined by the resolution of the dynamic mask, power 
of the objective lens, and curing characteristics of the 
photocurable resin. The DMD used to generate the 
dynamic pattern consists of 1024×768 micromirrors  

Fig. 8. Optimized lens position for image formation [14]. 
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and each micromirror has dimensions of 13.68 μm 
per side. When using a 10× objective lens, the theo-
retical value of projected image size and resolution is 
1.40 mm×1.05 mm and 1.368 μm, respectively. To 
estimate the real fabricable resolution of the system, a 
2-D line pattern was fabricated more than ten times. 
The line width varied from 6 pixels to 1 pixel in pairs. 
Fig. 9(a) shows the bitmap image and fabricated line 
pattern after rinsing with isopropyl alcohol (IPA). 
One pixel line, measured with a microscope (DFC 
280, Leica) was averagely 2 μm, which is 1.46 times 
of the theoretical value and twice of the designed 
value. In case of array fabrication for mass production, 
after fabricating one layer, the XY stage must move 
to the same irradiation position as the previous layers 
in order to maintain the designed shape. The position 
error range was controlled within ±100 nm. A bitmap 
image composed of five circles with diameters of 100 
pixels was used to verify the accuracy of the XY 
stage, as shown in Fig. 9(b). The fabricated structures 
consisted of 100 layers with 10 μm layer thicknesses, 
with three rows and columns. The measured diameter 
and height of the structures were 200 μm and 1070 
μm, respectively. The results indicate that the fabri-
cated parts had the same dimensions and the shapes 
were well maintained. 

At this experiment, a blended prepolymer of 
isobornyl acrylate C13H20O2 (IBXA), 1,6-hexanediol 
diacrylate (HDDA), and bisphenol-ethoxylated (4) 
diacrylate (BED) was used as the photocurable resin. 

(a) 2D line patterns varied from 6 pixels to 1pixel and fabri-
cated patterns 

(b) Circles with diameters of 100 pixels and fabricated cylin-
der arrays of 3×3 

Fig. 9. Test model to achieve the fabrication resolution for 
the proposed system. 

The ratio of IBXA:HDDA:BED was 80:10:10%. 
Then, 2 wt% of tetraethoxyorthosilicate (TEOS) for 
improving the mechanical properties, 5 wt% of 
2,2-dimethoxy-2-phenylacetophenone (DMPA) for 
initiating the photopolymerization, and 0.1wt% of 
tinuvin for absorbing the photonic energy to reduce 
the curing depth were added [15]. 

4.2 Fabrication examples 

Microstructures arrays were fabricated by the de-
veloped projection MSL system. Fig. 10 shows ex-
amples of the fabricated microstructure arrays. The 
micro-glass array shown in Fig. 10(a) is a 5×5 struc-
ture with a fabrication range of 10 mm×10 mm at the 
bottom. The layer thickness is 5 μm and the total 
number of layers is 300. The designed outer diameter 
is 500 μm on the top and a wall thickness is 40 μm. 
After fabricating, the measured dimensions were 
1,000 μm and 80 μm, respectively. Fig. 10(b) shows a 
3×3 micro-bishop array. The fabrication range is 5.1 
mm×3.7 mm, the layer thickness is 20 μm, and the 
total number of layers is 134. The designed diameter 
on the top is 100 μm and the diameter at the bottom is 
600 μm. The measured dimensions were 200 μm and 
1,200 μm, respectively. The fabrication parameters 
and characteristics of the microstructure arrays are 
listed in Table 1. 

(a) Micro-glass CAD model and fabricated array 

(b) Micro-bishop CAD model and fabricated array 

Fig. 10. Fabrication of microstructure arrays. 
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Table 1. Fabrication parameters and characteristics of micro-
structure arrays. 

Model
Parameters Micro-glass Micro-bishop 

Num. of layer 300 134 
Slicing thickness(μm) 5 20 
Fabrication range(mm) 10×10 5.1×3.7 

Num. of rows and columns 5×5 3×3 
Intensity(mW/cm2) 56.4 56.4 

Fabrication time(hrs) 8.3 2.7 

All fabricated microstructures were the same as 
each other, and were maintained twice the designed 
dimension. The overhanging shapes inside the micro-
structures were also well maintained. These examples 
demonstrate that the developed MSL system effec-
tively fabricated the microstructure arrays and 
showed the mass producibility of a microstructure as 
increasing the number of rows and columns. The 
results suggest that the system could be used to fabri-
cate microstructures with a resolution of a few mi-
crometers within several tens of millimeters. 

5. Conclusions 

A projection MSL system for mass production of 
microstructures was proposed and verified experi-
mentally. To shorten the distance of the light path and 
create a compact configuration, a collimating lens set 
and prism were added to the system. The beam pro-
file was measured to verify the uniform illumination 
and evaluate the prism performance. The light path 
was analyzed, and all of the components were in-
stalled at specific positions so that the incident light 
on the DMD would be uniform. The tube lens, re-
flecting mirror, and objective lens were positioned by 
using an optical design software package. The fabri-
cated 2-D line pattern was measured to ensure that a 
fabricable resolution was achieved. Arrayed 3-D mi-
crostructures were successfully fabricated according 
to the desired number of rows and columns. The pro-
posed system enables one-stop fabrication of various 
microstructures when using several section images for 
one layer. 

Acknowledgments 

This work was supported by grant No. R01-2004-
000-10507-0 from the Basic Program of the Korea 
Science & Engineering Foundation. 

References 
[1] V. K. Varadan, X. Jiang and V. V. Varadan, Mi-

crostereolithography and other Fabrication Tech-
niques for 3D MEMS, John Wiley & Sons, West 
Sussex, England, (2001). 

[2] K. Ikuta and K. Kirowatari, Real three dimensional 
micro fabrication using stereo lithography and 
metal molding, Proc. of the IEEE MEMS’93, Fort 
Lauderdale, New York, USA. (1993) 42-47. 

[3] K. Ikuta, T. Ogota, M. Tsubio and S. Kojima, De-
velopment of mass productive micro stereolithogra-
phy, Proc. of the IEEE MEMS’96, San Diego, USA. 
(1996) 301-306. 

[4] X. Zhang, X. N. Jiang and C. Sun, Micro-
stereolithography of polymeric and ceramic micro-
structures, Sensor. Actuat. A-Phys. 77 (2) (1999) 
149-156. 

[5] I. H. Lee and D. W. Cho, An investigation on pho-
topolymer solidification considering laser irradia-
tion energy in micro-stereolithography, Microsyst. 
Technol. 10 (8) (2004) 592-598. 

[6] A. Bertsch, S. Zissi, J. Y. Jezequel, S. Corbel and J. 
C. Andre, Microstereophotolithography using a liq-
uid crystal display as dynamic mask-generator, Mi-
crosyst. Technol. 3 (2) (1997) 42-47. 

[7] M. Farsari, F. C. Tournier, S. Huang, C. R. Chatwin, 
D. M. Budgett, P. M. Birch, R. C. D. Young and J. 
D. Richardson, A novel high-accuracy microstereo-
lithography method employing an adaptive electro-
optic mask, J. Mater. Process. Tech. 107 (1) (2000) 
167-172. 

[8] C. Provin and S. Monneret, Complex Ceramic-
Polymer Composite Microparts Made by Micros-
tereolithography, IEEE T. Electron. Pack. 25 (1) 
(2002) 59-63. 

[9] G. Oda, T. Miyoshi, Y. Takaya, T. H. Ha and K. 
Kimura, Microfabrication of overhanging shape us-
ing LCD microstereolithography, Proc. of SPIE 
5662, Bellingham, WA, USA. (2004) 649-654. 

[10]  A. Bertsch, P. Bernhard, C. Vogt and P. Renaud, 
Rapid prototyping of small size objects, Rapid Pro-
totyping J. 6 (4) (2000) 259-266. 

[11]  A. Bertsch, S. Jiguet and P. Renaud, Microfabrica-
tion of ceramic components by microstereolitho-
graphy, J. Micromech. Microeng. 14 (2) (2004) 
197-203. 

[12]  C. Sun, N. Fang, D. M. Wu and X. Zhang, Projec-
tion micro-stereolithography using digital micro-
mirror dynamic mask, Sensor. Actuat. A-Phys. 121 
(1) (2005) 113-120. 



 Y. M. Ha et al. / Journal of Mechanical Science and Technology 22 (2008) 514~521 521

[13]  J. W. Choi, Y. M. Ha, M. H. Won, K. H. Choi and 
S. H. Lee, Fabrication of 3-dimensional microstruc-
tures using dynamic image projection, Proc. of the 
ASPEN’2005, Shenzhen, China. (2005) 472-476. 

[14]  J. W. Choi, Y. M. Ha, S. H. Lee and K. H. Choi, 
Design of microstereolithography system based on 
dynamic image projection for fabrication of three- 

dimensional microstructures, J. Mech. Sci. Technol.
20 (12) (2006) 2094-2104. 

[15]  J. W. Choi, Development of projection-based mi-
crostereolithography apparatus adapted to large Sur-
face and microstructure fabrication for human body 
application, Ph. D. Dissertation, Pusan National 
University, (2007). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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 (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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


