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Abstract 
 
This paper reports the design of a novel twisting-type micromirror actuation system. The actuating mechanism for 

driving the micromirror combines two paralleled bimorph actuators bending in opposite directions for rotational control 
of the micromirror. Each actuator is structured by gold and silicon dioxide or nickel and silicon nitride thin films with 
embedded polysilicon line heaters. With a size of only 15µm in width, 1.3µm in thickness, and 100µm in length, two 
bimorph actuators can result in a vertical displacement of 25µm at 10 volts dc with the span of 120µm, and thus the 
micromirror can rotate by angles over 20°, which is a significant improvement, compared to conventional tilting-type 
micromirrors. 
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1. Introduction 

Micromirrors have been demonstrated for a wide 
variety of applications, such as optical display, optical 
modulator, scanner, bio-chips, biomedical imaging, 
laser beam steering, etc. [1]. Further promising appli-
cations for micromirrors can be found in the field of 
optical switches. Advantages of using micromirrors 
over conventional optical switches include their small 
size, high speed, low power consumption, and the 
potential for low cost through batch fabrication [2, 3]. 

Currently, numerous types of micro actuators are 
commercially available and most of them are catego-
rized by driving mechanisms in four ways: electro-
static, electromagnetic, piezoelectric and thermal 
expansion. In general, the tilting angles of micromir-
rors controlled by electrostatic or electromagnetic 
actuation are small, and to achieve large angles, it is 

necessary to either apply a large voltage of over sev-
eral tens or to operate the devices in a resonant mode 
[4-9]. On the other hand, piezoelectric and thermal 
expansion actuators are known to produce large 
forces and large displacements [10, 11]. Piezoelectric 
materials, however, are not routinely supported in the 
fabrication processes offered by commercial MEMS 
foundries. Thermal actuators for micro system appli-
cations have been demonstrated as driving units of 
micromirrors and they typically use Joule heating as 
the power source, which generally works at lower 
voltages than other micro actuation mechanisms. 

This study deals with bimorph actuators, whose 
mechanism is achieved by the difference of the ther-
mal expansion between two adjacent materials. Bi-
morph actuators based on the bimetal effect are pre-
ferred due to their large actuation range at low volt-
ages and simplicity in fabrication. 

While micromirrors run by bimorph actuators, as 
shown in the available literature [12-15], are able to 
work fast at few kHz with low operation voltages, 
their tilting angles are relatively small (about 10 de- 
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grees). A recent design [16] demonstrates large tilting 
angles using serial connection between actuators and 
mirror but only in resonance modes. Although opera-
tion voltages could be lowered, their performance for 
large actuation of current available micromirrors re-
mains to be improved. For that reason, we have inves-
tigated thermal actuators for large tilting angles and 
devised a novel twisting-type actuation mechanism. 
Here, we have analyzed bimorph actuators for rota-
tional control of the micromirror to optimize the de-
sign for a large deflection and thus a large controlla-
ble angle of a micromirror at low voltages. 
 
2. Micromirror system 

2.1 Design of micromirror systems 
Fig. 1 schematically illustrates the micromirror sys-

tem with a newly designed mechanism. The system 
consists of two micro actuators of 15µm in width b 
and 100µm in length bL , a connection beam between 
the end-tips of two actuators and the micromirror 
plate is hanging at the center of the connection beam. 
Each actuator consists of metal and silicon composite 
thin-films with poly-silicon line heaters embedded. 
Two actuators have the same shape and size, but their 
structures are symmetric across the micromirror plane, 
and thus they can bend oppositely from each other 
when they are heated. Therefore, the actuation range 
of the current system is increased twice as much as 
that for a conventional system.  

Since the mirror is placed at the center of the con-

nection beam, it will rotate without any translational 
movements. 

 
2.2 Materials for micromirror systems 

While common materials for mirrors are aluminum, 
silver or mercury, they are not acceptable for mi-
cromirrors because aluminum and silver are readily 
oxidized and mercury is difficult to coat. Furthermore, 
aluminum and silver have low melting temperatures, 
which imposes serious problems on the thermal ac-
tuation mechanism. Therefore, materials for mi-
cromirrors must satisfy quite tight design criteria, 
such as stability at high temperatures, high yielding 
stress, suitability for microfabrication, material com-
patibility, etc. In this respect, gold and nickel are 
widely applied for micromirrors, since they are both 
stable at high temperatures and melt at temperatures 
over thousands of degree Celsius. 

The bimorphic structure for thermal actuation of 
micromirrors demands two different materials of 
quite different thermal expansion properties. Here, the 
material of high expansion rates such as metals can be 
used for micromirrors as well as one component of 
actuators. The material for another part of the bimor-
phic structure must have similar mechanical proper-
ties except for thermal expansion rates. Silicon diox-
ide is usually applied as the partner material of gold 
and silicon nitride is as that of nickel. In this paper, 
therefore, Au/SiO2 and Ni/SiNx actuators are analyzed 
and Table 1 shows the important properties of those 
materials. 

 

  
Fig. 1. Micromirror system with two bimorph actuators: top and cross-sectional views and rotational-controlling stage of the 
micromirror. 
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2.3 Analysis for actuation system 

A large bimorph actuation requires big differences 
in thermal expansion coefficients between the two-
layered materials. Here, those for Au and Ni are much 
larger than those of SiO2 and SiNx, as compared in 
Table 1. Difference in thermal expansion rate imposes 
shear stress at the interface of two layers. Since the 
distributed shear stress has the same effect on the 
layer as a concentrated force does on the end of the 
beam, the curvature of bimorph actuators can be de-
rived by the elastic theory. Eq. (1) derived by Chu et 
al. [17] predicts the curvature of a bimorph actuator 
when the material is isotropic and the bond between 
two layers is sufficiently strong. Theoretically, Eq. (1) 
is reliable, only when the layer thickness is much 
smaller than the radius of curvature. 

 
1 Tη
ρ
= ∆   (1)
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where subscripts 1 and 2 designate the lower and 
upper layers, and T∆  denotes the deviation from 
the reference temperature. 

Fig. 2 compares the radii of actuator curvature with 
respect to the thickness ratio of the layers for unit 
temperature increase and implies that both Au/SiO2 
and Ni/SiNx actuators have the smallest radii of cur-
vature around 0.6. Here, 0.6 is used for the thickness 
ratio, 2 1/h h . The total thickness of each bimorph 
actuator beam is assumed as 1.3µm (0.5µm for metal 
and 0.8µm for silicon composite), which limits the 
natural deformation of the bimorph actuator beam by 
the total weight of the micromirror system less than 
1% of its length. 

To estimate the bimorph-beam deflections, δ , Eq. 
(3) must be applied with Eq. (1), 

 
( )2

2

1d x
dx
δ

ρ
=   (3) 

 
Here, boundary conditions for Eq. (3) are given as, 
 
( )0 0δ =   (4) 

Table 1. Properties of materials used for the design micromir-
ror systems. 
 

 Au [20] Ni 
[21] 

SiO2 [17, 
18] 

SiNx [17, 
18] 

Elastic Modulus [GPa] 55 180 70 323 

Poisson Ratio 0.42 0.31 0.17 0.23 
Coefficient of Thermal 

Expansion [10-7K-1] 142 133 3.5 30 

Thermal Conductivity 
[W/mK] 315 164 0.15 15 

 

 
 
Fig. 2. Radius of curvature for bimorph beams with respect to 
thickness ratios of two layers. 
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To predict the deflection of the bimorph beam, it is 

necessary to know temperature distributions along the 
beam. To simplify the analysis, the actuator can be 
assumed as a fin and one-dimension thermal analysis 
can be applied, as given in Eq. (6) 
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where the volumetric heat generation in the beam is 
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Here, TR  is the effective thermal resistance be-
tween the anchor and surroundings (substrate), mod-
eled as 

 
T

T
sub

dR
Aκ

=   (9) 

 
where Td  is the gap distance between bimorph ac-
tuator and the substrate.  

For macro-scale systems the convection heat trans-
fer coefficient in Eq. (6) is usually less than 100 
W/m2K for calm air. However, in a micro-scale sys-
tem, pure natural convection is quite suppressed and 
instead the conduction through the air gap between 
the microstructures becomes dominant and the corre-
sponding heat transfer coefficient reaches over 10,000 
W/m2K, which is extremely larger than those for 
macro-scale systems [18-29]. By solving Eq. (6), 
temperature distribution along to the beam is given as, 
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Using Eqs. (1), (3), and (10), the deflection of the 

bimorph beam can be calculated theoretically as fol-
lows:  
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Schematically Fig. 1 illustrates how the micromir-

ror works. Bimorphic forces can be treated as concen- 

  
Fig. 3. Deformations of bimorph actuation beams and a 
connection beam for twisting-type micromirrors systems. 
 
trated forces imposed on the end part of each actuator. 
These forces make the actuation beams bend up and 
down, respectively, and thus the connection beam 
rotates with slight bending. The rotation of the mi-
cromirror, therefore, is the outcome of these two ef-
fects, as shown in Fig. 3: rotating and bending of the 
connection beam.. The deflection and rotating angle 
of the micromirror can be obtained from the load-
stiffness matrix for the micromirror system, given by, 
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where bF is the equivalent concentrated force im-
posed on each actuator induced by the bimorph effect. 
By solving Eq. (15), the angles and deflections can be 
obtained as follows: 
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Fig. 4. Analytical results compared to simulation model for 
temperature distributions of an Au/SiO2 bimorph beam. 
 
 

  
Fig. 5. Analytical results compared to simulation model for 
deflections of Au/SiO2 bimorph beams. 
 
 

 
 
Fig. 6. Maximum rotation angles of micromirrors with re-
spect to input voltages. 

  
Fig. 7. Stresses of bimorph actuators of a micromirror system 
with respect to input voltages. 
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Here, bδ  and cδ  indicate the deflections and bθ  

and cθ  indicate the twisting angles of the bimorph 
actuator and the connection beam, respectively. Fig. 3 
illustrates the rotation angle of the micro mirror, ex-
pressed in Eq. (24). From Eq. (24), we can estimate 
the length of the connection beam to maximize the 
rotation angle, which results in 2 cL  120µm for this 
simulation. 
 

3. Simulation 

In this paper, a commercial simulation package for 
MEMS systems, Intellisuite [20], has been used and 
the simulation results are compared to the results 
from the analytic models given in Sec. 2. The simula-
tion uses the ideal structure of the bimorph beam with 
line heaters embedded, as shown in Fig. 1, while the 
analytical model omits the line heaters and assumes 
uniform heating in layer 1. 

Fig. 4 compares the temperature distributions along 
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the Au/SiO2 actuator beams obtained from the simu-
lation and the analytic model and implies that their 
results are quite close to each other in spite of slightly 
different structures. The temperature rises are quite 
small for input voltages less than 2 volts and are suf-
ficiently large for that greater than 6 volts. 

Fig. 5 compares the deflections of Au/SiO2 bi-
morph beam with respect to input voltages. While the 
deflections from the simulation and the analytic mod-
el are quite different for small input voltages where 
actuation is very small, they are close to each other 
for large voltages, which is practically important. This 
slight deviation is due to discrepancy of the structures 
of two models. While the analytical model is a pure 
bimorph structure that has only Au and SiO2 or Ni 
and SiNx layers, the simulation model uses the em-
bedded poly-Si line heaters. Since poly-Si is stiffer 
and expands more than SiO2, the embedded poly-Si 
structure results in smaller bimorphic sensitivities. 

Temperature and stress in a thermal bimorph beam 
usually limit the operational range of the actuators. 
Here, maximum operation temperatures of both 
Au/SiO2 and Ni/SiNx actuators at input voltages 
around 10 volts are much lower than their melting 
temperatures, as shown in Fig. 4. Yield stresses of 
gold and nickel are about 250 MPa and 950 MPa [21-
22], respectively, while those of SiO2 and SiNx are 
over 1 GPa. Hence, the major design constraint pa-
rameter of the bimorph actuator is the yield stress of 
the metal layer. Fig. 6 shows maximum stresses with 
respect to the input voltages for Au/SiO2 and Ni/SiNx 
actuators, and Fig. 7 indicates the region of maximum  
stress that is the inner corner region of the connection 
beam. The maximum input voltages to cause yield are 
about 9.5 volts for an Au/SiO2 actuator while 11.5 
volts for a Ni/SiNx actuator. Although nickel can bear 
very high stresses, it has much higher elastic modulus 
than gold does. Therefore, operational voltages are 
limited by about 10 volts for both actuators. Fig. 7 
shows the simulation result of the Au/SiO2 actuation 
system and the stress distribution. As the stresses are 
confined in the corner region of the connection and 
bimorph beams, design modification around the cor-
ner region is needed to decrease the stress and to in-
crease the operational range.  

The deflection bδ  and rotating angles mirrorφ  of 
Au/SiO2 and Ni/SiNx actuator systems, depicted in 
Fig. 3, are compared in Figs. 8 and 9, respectively. 
Fig. 8 implies that combined effects from elastic 
modulus, thermal expansion coefficient, and electric  

 
                            (a)                                         (b) 
 
Fig. 8. Simulation results of an Au/SiO2 micromirror system: 
(a) operation stage of the micromirror and (b) stress distribu-
tion under input voltage of 10 volts. 
 

 
 
Fig. 9. Maximum deflections of bimorph actuators of a mi-
cromirror system with respect to input voltages. 

 
and thermal resistance result in similar deflections of 
the two different actuation systems (see Eq. (1)). Fig. 
9, however, shows that the rotating angles for the 
Au/SiO2 actuator system are slightly greater than 
those for the Ni/SiNx system and indicates that the 
maximum operational angles can reach up to 20 °  for 
Au/SiO2 actuators and 18 °  for Ni/SiNx actuators 
without yield. This is due to the fact that the bimorph 
actuator is not only bent but also twisted, as pointed 
out in Eq. (24) and shown in Fig. 7(a). Since one of 
important factors governing the twisting angle, bθ , is 
the stiffness ratio of connection and bimorph actuator 
beams and this ratio for the Au/SiO2 system is 0.017 
while the Ni/SiNx system is 0.05, the Au/SiO2 mi-
cromirror rotates greater than the Ni/SiNx micromir-
ror does. 
 

4. Conclusions 

A twisting-type bimorph actuation system is de-
signed and analyzed for efficient actuation of mi-
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cromirrors. Two bimorphic actuators structured by 
metal and silicon composite thin films can bend op-
positely from each other upon heating, and the mi-
cromirror attached at the center region of the beam 
connecting the actuators can rotate accordingly. The 
bimorphic materials for the actuator beam are 
Au/SiO2 or Ni/SiNx pairs, which satisfy some particu-
lar design and fabrication criteria for micromirror 
systems. 

A simple analytic model based on the one-
dimensional heat transfer theory for fins and the elas-
tic theory is compared to the simulation results by 
using Intellisuite, a commercial simulation package 
for MEMS. Although the models of bimorphic struc-
tures are slightly different, the results from the ana-
lytic model and simulation are very close to each 
other. 

A simple optimization procedure can suggest that 
the size of each bimorph actuation beam is 15µm in 
width, 1.3µm in thickness (0.5µm for metal and 
0.8µm for silicon composite), 100µm in length and 
the length of the connection beam is 120µm, which 
can admit a micromirror smaller than 100µm in width 
and in length. 

Since the temperatures of the bimorph beams are 
much smaller than their melting temperatures for 
input voltages under normal operations, the thermal 
design criterion is not critical. Instead, the maximum 
stresses greater than the yield points can limit the 
actuation ranges and suggest that maximum input 
voltages are 9 volts for Au/SiO2 actuators and 11.5 
volts for Ni/SiNx actuators. 

The maximum operational angles can reach up to 
20° for Au/SiO2 actuators and 18° for Ni/SiNx actua-
tors without yield. The rotating angles for the Au/ 
SiO2 actuator system are slightly greater than those 
for the Ni/SiNx system, while the deflections are very 
close to each other. 

The simulation indicates that stresses are highly 
confined to the region of inner corner between the 
actuation and connection beams, which demands 
further investigation for the relief of stress concentra-
tion. In addition, the dynamic characteristics of the 
current actuation system remain to be explored in 
future study. 
 

Acknowledgment 

This work was supported by the Korea Research 
Foundation Grant funded by the Korean Government 

(KRF-2008-313-D00097). 
 

Reference 

[1] H. Hujita, Microactuators and Micromachines, 
Proceedings of the IEEE, 86 (8) (1998) 1721-1732. 

[2] G. I. Papadimitriou, C. Papazoglou and A. S. Pom-
portsis, Optical Switching: Switch Fabrics, Tech-
niques, and Architectures, Journal of Lightwave 
Technology, 21 (2) (2003) 384-405. 

[3] S. Sundaram, M. Knapczyk, and H. Temkin, All-
Optical Switch Based on Digital Micromirrors, 
Photonic Technology Letters, 15 (6) (2003) 807-
809. 

[4] C. Tsou, W. T. Lin, C. C. Fan and B. C. S. Chou, A 
Novel Self-Aligned Vertical Electrostatic Comb-
drives Actuator for Scanning Micromirrors, Journal 
of Micromechanics and Microengineering, 15 (4) 
(2005) 855-860. 

[5] H. Schenk, P. Dürr, D. Kunze, H. Lakner and H. 
Kück, A Resonantly Excited 2D-Micro-Scanning-
Mirror with Large Deflection, Sensors and Actua-
tors A: Physical, 89 (1-2) (2001) 104-111. 

[6] U. Krishnamoorthy, K. Li, K. Yu, D. Lee, J. P. 
Heritage and O. Solgaard, Dual-Mode Micromirrors 
for Optical Phased Array Applications, Sensors and 
Aactuators. A, Physical, 97-98 (2002) 21-26. 

[7] A. Nakai, K. Hoshino, K. Matsumoto and I. Shi-
moyama, Double-Sided Scanning Micromirror Ar-
ray for Autostereoscopic Display, Sensors and Ac-
tuators A: Physical, 135 (1) (2007) 80-85. 

[8] J. W. Judy and R. S. Muller, Magnetic Microactua-
tion of Torsional Polysilicon Structures, Sensors 
and Actuators A: Physical, 53 (1-3) (1996) 392-397. 

[9] A. D. Yalcinkaya, O. Ergeneman and H. Urey, 
Polymer Magnetic Scanners for Bar Code Applica-
tions, Sensors and Actuators A: Physical, 135 (1) 
(2007) 236-243. 

[10]  H. Kueppers, T. Leuerer, U. Schnakenberg, W. 
Mokwa, M. Hoffmann, T. Schneller, U. Boettger 
and R. Waser, PZT thin Films for Piezoelectric Mi-
croactuator Applications, Sensors and Actuators A: 
Physical, 97-98 (2002) 680-684. 

[11]  F. Filhol, E. Defaÿ, C. Divoux, C. Zinck and M. T. 
Delaye, Resonant Micro-Mirror Excited by a Thin-
Film Piezoelectric Actuator for Fast Optical Beam 
Scanning, Sensors and Actuators A: Physical, 123-
124 (2002) 483-489. 

[12]  S. Schweizer, S. Calmes, M. Laudon and P. 
Renaud, Thermally Actuated Optical Microscanner 



 D. H. Kim et al. / Journal of Mechanical Science and Technology 23 (2009) 1536~1543 1543 
 

with Large Angle and Low Consumption, Sensors 
and Actuators A: Physical, 76 (1-3) (1999) 470-477. 

[13]  L.-A. Liew, A. Tuantranont and V. M. Bright, 
Modeling of Thermal Actuation in a Bulk-Micro-
machined CMOS Micromirror, Microelectronics 
Journal, 31 (9-10) (2000) 791-801. 

[14]  J. Funk, J. Buhler, J. G. Korvink and H. Baltes, 
Modeling of Thermomechanical Actuated Mi-
cromirror, Sensors and Actuators A: Physical, 47 
(1/3) (1995) 632-636. 

[15]  D. O. Popa, B. H. Kang, J. T. Wen, H. E. Stepha-
nou, G. Skidmore and A. Geisberger, Dynamic 
Modeling and Input Shaping of Thermal Bimorph 
MEMS Actuators, Proceedings of IEEE Interna-
tional Conference on Robotics and Automation, 
Taipei, Taiwan, September 14-19 (2003) 1470-1475. 

[16]  A. Jain, H. Qu, S. Todd and H. Xie, A thermal 
bimorph micromirror with large bi-directional and 
vertical actuation, Sensors and Actuators A: Physi-
cal, 122 ( 1) (2005) 9-15. 

[17]  W. H. Chu, M. Mehregany and R. L. Mullen, 
Analysis of Tip Deflection and Force of a Bimetal-
lic Cantilever Microactuator, Journal of Microme-
chanics and Microengineering, 3 (1) (1993) 4-7. 

[18]  R. W. Johnstone and M. Parameswran, Modelling 
Surface-Micromachined Electrothermal Actuators, 
Canadian Journal of Electrical and Computer En-
gineering, 29 (3) (2004) 193-200. 

[19]  A. Cabal, D. S. Ross, J. A. Lebens and D. P. Trau-
ernicht, Thermal Actuator with Optimized Heater 
for Liquid Drop Ejectors, Sensors and Actuators A: 
Physical, 123-124 (2005) 531-539. 

[20]  Intellisuite 8, Intellisense Software Corp, Boston, 
Massachusetts, USA (2005) 

[21]  W. Tang, K. Xu, P. Wang, and X. Li, Residual 
Stress and Crystal Orientation in Magnetron Sput-
tering Au Films” Materials Letters, 57 ( 20) (2003) 
3101-3106. 

[22]  R. Schwaiger, B. Moser, M. Dao, N. Chollacoop, 
and S. Suresh, Some Critical Experiments on the 
Strain-Rate Sensitivity of Nanocrystalline Nickel, 
Acta Materialia, 51 (2003) 5159~5172. 

 
 

Dong Hyun Kim received his 
B.S. and M.S. degrees in Me-
chanical Engineering from 
Hongik University, Korea, in 
2005 and 2007, respectively. 
Mr. Kim is currently graduate 
student in the department of 
Mechanical Engineering at 

Hongik University in Seoul, Korea. His research in-
terests include micro and nanoscale heat transfer and 
silicon crystallization technologies for displays. 
 

Kyung Su Oh received his B.S. 
and M.S. degrees in Mechanical 
Engineering from Hongik Uni-
versity, Korea, in 2005 and 
2007, respectively. Mr. Oh is 
currently a research scientist at 
LG Chem. Ltd. His research 
interests include nanoscale heat 

transfer, nanotubes and fuel cells and molecular simu-
lation technology. 
 

Seungho Park received his B.S. 
and M.S. degrees in Mechanical 
Engineering from Seoul Na-
tional University, Korea, in 
1981 and 1983, respectively. He 
then received his Ph.D. degree 
from U.C. Berkeley, U.S.A. in 
1989. Dr. Park is currently a 

Professor at the department of Mechanical and Sys-
tem Design Engineering at Hongik University in 
Seoul, Korea. He served as a director of general af-
fairs of KSME. Dr. Park’s research interests include 
micro and nanoscale heat transfer, molecular dynam-
ics simulation and silicon crystallization technologies 
for displays. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


