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Abstract— This paper describes a novel high-precision, low-noise, 
high-stability, calibrated and compensated digital oscillatory 
gyroscope with SPI interface, housed in custom-made ceramic 
packages. The device is factory-calibrated and compensated for 
temperature effects to provide high-accuracy digital output over 
a broad temperature range. Optimized tuning of the excitation 
and detection frequencies, as well as optimized mechanical and 
electrical balancing result in low sensitivity to shock and vibra-
tions. By utilizing a unique sealed cavity technology, the vibrating 
elements of the gyroscope are contained within the low-pressure 
hermetic environment needed for high Q factors. Further on, 
improved stability of the device is achieved by full design sym-
metry, high thermal efficiency and choice of crystalline materials 
in the entire structure. 

Keywords: low-noise, high-stability, high-performance, north 
seeking capable MEMS gyroscope. 

I.  INTRODUCTION 
There is an ever increasing need for high-precision, high-

stability, miniaturized and batch-manufactured MEMS angular 
rate sensors for inertial navigation, positioning, stabilization, 
tracking and guidance of remote operated devices [1]. In the 
market of tactical and inertial grade MEMS gyroscopes, 
proving the reliability and long-term stability of these devices 
remains probably the greatest challenge. 

SAR500, a robust tuning fork type MEMS gyroscope with 
SPI communication, has been designed for vibration-exposed 
applications operating in harsh environments. It is based on the 
well proven Sensonor ButterflyGyroTM structure [2]. 

For operating as angular rate sensors, the tuning fork type 
gyroscopes require arrangements with at least two orthogonal 
degrees of freedom. In such devices, a certain known primary 
motion, corresponding to the first degree of freedom, must be 
generated and maintained in the sensor. An external angular 
velocity affecting the sensor in a direction perpendicular to the 
primary motion induces an oscillating Coriolis force in a 
direction corresponding to the second degree of freedom. The 
induced Coriolis force is proportional with the external angular 
velocity and the amplitude of the primary motion. It is there-
fore necessary to generate, maintain and control a primary 

oscillation with large amplitude, achievable only by structures 
sealed in high vacuum, exhibiting high quality factors [3, 4]. 

Commonly, in silicon-based tuning fork gyroscopes, the 
primary motion is initiated and maintained at right angles to the 
substrate surface by means of electrostatic excitation. However, 
the rather low oscillation amplitude will cause these types of 
gyroscopes to suffer from lower gyroscopic scale factors. 

This problem has been addressed by using beams that have 
a tendency to bend in a direction that is substantially parallel to 
the plane of the substrate, such as the asymmetric beams 
reported in [2] and [5], thus allowing primary motions with 
large oscillation amplitudes. 

A limitation in many existing devices is the presence of 
non-uniform characteristics and built-in stress that can cause 
unintended sensitivity to external mechanical and thermal loads 
or unpredictable drift of characteristics. This problem has been 
previously addressed mainly by use of stress-release structures 
and pedestals [6-8]. In order to further improve the uniformity 
of the mechanical characteristics and the long-term stability of 
the gyroscope, a new fabrication method has been developed 
[9]. This method allows the use of single-crystal silicon in the 
entire structure of the device, including the capping wafers, 
while enabling the hermetic sealing of the vibrating elements 
by means of anodic bonding. 

Closed feed-back loops are used to control the excitation 
and detection modes. Furthermore, SAR500 uses additional 
electrodes in order to continuously adjust the frequency of the 
oscillations and actively compensate the quadrature bias. 

Particular to the design of SAR500 gyroscope is the full 
horizontal and vertical symmetry of the device at all levels, as 
well as the double-side excitation, detection, adjustment and 
compensation arrangements.  

The SAR500 contains a ButterflyGyro™ MEMS die and an 
analog ASIC, individually housed in rigid, fully symmetrical, 
custom-made ceramic packages with high thermal efficiency, 
which further improves the device long-term stability. An addi-
tional digital ASIC, or an FPGA, contains the needed control 
and functional algorithms to achieve the superior performance.  

This work has been sponsored by: 
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II. SENSOR DESIGN AND OPERATION 

A. Operation principle  
The sensing element, manufactured entirely in a single-

crystal silicon substrate, consists of two identical seismic 
masses suspended by means of asymmetric driving beams to 
pedestals designed to minimize the mechanical and thermal 
stress. The two masses are connected to each other by means of 
a centrally located synchronizing beam.  

The seismic masses and the beams are arranged to provide 
a first degree of rotational freedom about the excitation axes, 
which are perpendicular to the plane of the substrate, and a 
second degree of rotational freedom about the detection axis, 
which is coincident with the longitudinal axis of the beams, as 
illustrated in Fig. 1. 

 

Mass

Driving
Beam

Ω

Detection
Motion

Angular Rate Input

Excitation
Motion

Synchronizing
Beam

Pedestal

Detection
Motion

Excitation
Motion

 

Figure 1.  Excitation and detection motions in the ButterflyGyroTM. 
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Figure 2.  Cross-sectional view of the asymmetric beam. 

The beams, all having identical cross-sectional geometry, 
exhibit an asymmetric cross-section, as illustrated in Fig. 2. 
The neutral axis of the beams forms an acute, non-zero angle α 
with the normal excitation axes. The beams have thus the 
tendency to bend in a direction that is mostly parallel to the 
plane of the substrate, so that an in-plane oscillation of the 
masses may be initiated by a force that is perpendicular to the 
plane of the substrate [2]. 

The driving beams are dimensioned in such a way that the 
resonance frequency of the in-plane bending mode matches the 
resonance frequency of the torsion mode. Henceforward, the 
in-plane bending mode of the springs will be referred as 
"primary" or "excitation" mode, while the torsion mode will be 
referred as "secondary" or "detection" mode. 

When excitation is applied the masses vibrate in opposing 
phases and parallel to the plane of the substrate, which results 
in large gyroscopic moments in the presence of angular rate 
inputs along an axis located in the plane of the substrate and 
perpendicular to the beams.  

Capacitive schemes, operating in closed feedback loops, are 
employed to initiate, control and accurately quantify the pri-
mary and secondary motions.  

The vibrating structure, formed by the two seismic masses 
and the beams, is attached to and hermetically sealed between 
two, fully symmetrical capping silicon-glass composite wafers 
[10, 11], as illustrated in Fig. 3. A silicon frame, manufactured 
in the same single-crystal silicon substrate, surrounds the vibra-
ting structure. The frame and pedestals are attached to the 
silicon-glass composite wafers by means of anodic bonding in 
high vacuum. The vibrating masses are thus contained within 
the low-pressure hermetic environment needed for high Q 
factors. 

The composite wafers contain fully symmetrical patterns of 
silicon and glass inserts. The silicon patterns form fixed 
electrodes electrically isolated from each other by narrow glass 
inserts. Additionally, some wider glass inserts serve as attach-
ment surfaces between the silicon substrate and the composite 
wafers during the anodic bonding. 

Recesses are symmetrically etched on both sides of the 
silicon substrate to form the gaps of the capacitors.  
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Figure 3.  Cross-sectional view of the sensing element. 



 

 

The fixed electrodes are either actively used during the 
operation of the device or configured as screening electrodes, 
the latter being electrically connected to the masses and the 
frame by means of metallic press-contacts accommodated in 
dedicated recesses. Silicon stoppers, in combination with the 
screening electrodes, are employed to prevent stiction and 
electrical short-circuiting between the moving masses and the 
active electrodes.  

Pads for external electrical connection are provided on the 
outer surfaces of the capping wafers.  
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Figure 4.  Top side configuration of the active electrodes.  

The top side configuration of the active electrodes is shown 
in Fig. 4. Except for the polarity of the electrodes, an identical 
configuration is valid for the bottom side of the device. Pairs of 
identical electrodes, located above and below each seismic 
mass, are symmetrically disposed with respect to the excitation 
and detection axes. 

Four pairs of "excitation" electrodes, designated as "EXCP" 
and "EXCN", are used to initiate, detect and control the pri-
mary motion of the masses.  

Four pairs of "detection" electrodes, designated as "DETP" 
and "DETN", are used to detect and control the secondary 
motion of the masses. The amplitude of the secondary oscilla-
tions is directly proportional to the external angular velocity Ω 
and the amplitude of the primary oscillations. 

Four pairs of "adjustment" electrodes, designated as "FA", 
are used to continuously adjust and fine-tune the resonance 
frequency of the primary and secondary oscillations.  

Eight pairs of "compensation" electrodes, designated as 
"COMP" and "COMN", are used to actively compensate the 
quadrature bias.  

The frequency matching and the quadrature compensation 
are achieved by applying tunable, DC voltages between the 
seismic masses and the respective electrodes, in combination 
with innovative algorithms implemented in the associated 

electronic circuits. Further reduction of the quadrature bias is 
achieved by minimizing the capacitive coupling between the 
excitation and detection loops. 

B. Low-Noise, High-Stability Design 
The design targets for the noise level and stability of the 

sensor element were roughly half of those available for the 
entire device, with the other half being allocated to the ASICs. 

In some particular instances, such as the size of the masses 
or the thickness of the glass inserts, a trade-off between the 
low-noise and high-stability requirements had to be resolved.  

In general for capacitive MEMS gyroscopes, the only major 
source of noise in the sensing element is the mechanical 
(Brownian) noise associated with the various damping mecha-
nisms, such as gas damping and thermoelastic damping.  

The gas damping is minimized by hermetically sealing the 
vibrating structure in high-vacuum. The thermoelastic damping 
is minimized by optimal design of the spring geometry [12].  

Regardless of the damping mechanism, larger masses, 
lower spring constants and reduced electrode gaps help to 
decrease even further the Brownian noise floor. 

For capacitive MEMS gyroscopes in general, the main 
sources of drift and instability in the sensing element are: non-
uniform thermal and mechanical loads, variation of the residual 
gas pressure and humidity, creep and hysteresis of materials, 
fatigue in the vibrating beams, and the electrostatic charging of 
dielectrics. 

The use of high quality, defect free, single-crystal silicon in 
the entire structure of the sensing element, including the two 
capping wafers, substantially reduces the thermally-generated 
stress, the creep and the risk of fatigue. To reduce even further 
the risk of fatigue, the driving beams are dimensioned in such a 
way that the cyclic load stress is kept at rather low values. 

To minimize the package-related mechanical and thermal 
stress level, the vibrating structures are anchored by means of 
pedestals and stress-release springs. An innovative mounting 
technique in a vacuum ceramic package further decouples the 
sensing element from the environment.  

The slow, yet irreversible, drift in the gas pressure, caused 
by temperature-induced outgassing, is kept under control by 
using a suitable getter material. 

Within the operating range of temperatures, water is proba-
bly the only material found in the environment that can exists 
in all states of aggregation. Water changing between solid, 
liquid and vapour phases is therefore a major source of instabi-
lity. Special care has been taken to reduce the amount of water 
present during the bonding of the wafers. 

Parasitic charging of dielectric surfaces is another major 
factor that limits the stability and reliability of capacitive 
devices [13, 14]. To avoid the electrostatic charging caused by 
external sources, custom-made packages with metal lids are 
used. To avoid the internal generation of electrostatic charging 
in the sensing element, screening electrodes are designed to 
surround entirely the active electrodes.  



 

 

The inherent non-linearity associated with the asymmetry 
of the driving springs has raised additional stability concerns 
[15-17]. Consequently, great care has been taken to avoid any 
parametric, sub- or superharmonic resonances in the system.  

III. SENSOR MANUFACTURING 
The manufacturing of the sensing element involves an 

innovative double-side processing and bonding of two capping 
composite wafers and a single-silicon substrate [9]. 

Fig. 5 illustrates the fabrication sequence that structures the 
top and bottom composite wafers. First, the pattern of the 
future glass inserts is defined by deep reactive ion etching 
(DRIE) in a single-crystal silicon wafer. Borosilicate glass is 
then reflowed in the created deep recesses [10, 11]. All the 
excess materials, silicon and glass, are removed by grinding 
and chemical-mechanical polishing (CMP). A contiguous layer 
of glass is kept on the outer surface of the composite wafers in 
order to enable the subsequent anodic bonding steps. The 
process continues by locally etching the glass inserts in those 
particular areas that are not intended for bonding, to form 
shallow recesses. A metal layer is deposited and patterned to 
form one part of the electrical press-contacts. An additional, 
distinct patterned metal layer is applied to one of the composite 
wafers to serve as getter for the various gases that may affect in 
long term the damping of the oscillations. 
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Figure 5.  Processing sequence for structuring the composite capping wafers.  

Note that, in order to achieve the required full symmetry, 
the corresponding elements of the top and bottom composite 
wafers have identical structure and geometry. 

In order to achieve reliable thickness control, the MEMS 
elements are manufactured within the single-crystal silicon 
device layer of an SOI wafer.  

Fig. 6 illustrates the fabrication sequence that structures the 
front surface of the SOI wafer. First, contact recesses are de-
fined within the device layer to serve as requisite spacing for 
the top side electrical press-contacts. Then, electrode recesses 
are defined to serve as gaps for a number of subsequent top 
side capacitors. The combination of the contact and electrode 
recesses offers the possibility to create, at dedicated locations, 
silicon stoppers. An aluminium layer is deposited and patterned 
to form one part of the top side electrical press-contacts. Then, 
the upper-half profile of the beams is defined by DRIE. 

Anodic bonding is used to permanently attach the machined 
SOI wafer and the top composite wafer to form the double-
stack bonded wafer shown in Fig. 7. 

Fig. 8 shows a detail of the formed double-stack bonded 
wafer, illustrating an example of top side capacitor, top side 
electrical press-contact and top side stopper. 
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Figure 6.  Processing sequence 
for structuring the front surface of the SOI wafer.  



 

 

 

Figure 7.  Double-stack bonded wafer.  
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Figure 8.  Detail of the double-stack bonded wafer.  

 

 

Figure 9.  Thinning the double-stack bonded wafer.  

Fig. 9 illustrates the fabrication sequence that removes the 
excess materials from the double-stack wafer. Grinding, 
followed by chemical-mechanical polishing (CMP), is used to 
remove the contiguous layer of glass, thus exposing the silicon 

pattern of the top composite wafer. Grinding, followed by 
reactive ion etching with etch stop on the buried oxide layer, is 
used to remove the handle wafer. Wet etching is then used to 
remove the buried oxide, thus exposing the back surface of the 
device layer.  

Fig. 10 illustrates the fabrication sequence that structures 
the back surface of the double-stack bonded wafer. Identical 
processing sequence and layer geometry as on the front surface 
are used. The masses and the beams are formed and released in 
the process.  

Anodic bonding, performed in high-vacuum, is used to 
permanently attach the machined double-stack wafer and the 
bottom composite wafer to form the triple-stack bonded wafer 
shown in Fig. 11. Bottom side press-contacts and capacitors, 
similar to those illustrated in Fig. 8, are formed in the process. 
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Figure 10.  Processing sequence 
for structuring the back surface of the double-stack wafer.  

 

 

Figure 11.  Triple-stack bonded wafer.  



 

 

The anodic bonding between a silicon substrate and silicon-
glass composite wafers allows the formation of a hermetic seal 
not only between the involved wafers, but between the internal 
silicon-glass interfaces of the composite wafers as well. 

Fig. 12 illustrates the fabrication sequence that completes 
the structuring of the triple-stack bonded wafer. First, grinding, 
followed by CMP, is used to remove the contiguous glass 
layer, thus exposing the silicon pattern of the bottom composite 
wafer. Metal layers are then deposited and patterned on both 
surfaces of the triple-stack wafer to form the top and bottom 
pads. Finally, sawing is used to separate the wafer into dice. 

Fig. 13 shows the top view of the sensing element, with the 
distinctive silicon-glass structure clearly visible.  
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Figure 12.  Processing sequence for structuring the triple-stack wafer.  

 

 

Figure 13.  Top view of the sensing element. 

IV. SIGNAL PROCESSING 
The signal processing in the SAR500 is based upon two 

main feedback loops, as shown in Fig. 14. The excitation loop 
is a positive feedback loop with automatic gain control (AGC), 
which keeps the drive mode of the sensor oscillating at its 
natural frequency, at constant amplitude. The detection loop 
has a negative feedback that reduces the Q factor of the sense 
mode to provide the required bandwidth of the gyroscope.  

 

 

Figure 14.  SAR500 system block diagram.  

The capacitive sensor signal is read by a fully differential 
low-noise charge amplifier with correlated double sampling. A 
5th order sigma-delta (SD) ADC converts the signal to a bit-
stream for processing in the digital part of the feedback loop. 

The digital signal processing provides a stable, high-reso-
lution implementation of the loop filters and sigma-delta (SD) 
DACs for excitation and detection feedback. It also performs 
low-noise synchronous demodulation and compensates for 
temperature drift of bias and scale factor.  

The analog reconstruction filter is matched to the SD DAC, 
as illustrated in Fig. 15, to remove the quantization noise from 
the analog voltage that is fed back to the sensing element.  

 

 

Figure 15.  Matching of SD DAC and reconstruction filters. 



 

 

Since the gyroscope operates in a narrow bandwidth close to 
10 kHz, the 1/f noise is not a major issue in most of the 
circuits. Yet some of the circuits depend on the stability of the 
reference voltage and are therefore quite sensitive to the low 
frequency noise. Great care has been taken to reduce the impact 
of the 1/f noise in those particular circuits.  

Though the analog chip contains a voltage reference, in 
order to achieve the targeted long-term stability, an external 
voltage reference is used. 

The readout and force feedback in the two loops is time 
multiplexed at a frequency of about 300 kHz. Innovative algo-
rithms are used to generate feedback signals for quadrature 
compensation and frequency matching. 

The electronics is realized on two chips, an analog and a 
digital ASIC.  

The read-out amplifiers, sigma-delta ADCs, reconstruction 
filters and voltage reference have been implemented in a 0.35 
µm process with a 20V process option, as shown in Fig. 16.  

The digital circuits are currently implemented in an FPGA, 
but will be realized in a 90 nm structured ASIC at a later stage. 
A 32 bit microcontroller is included to perform temperature 
compensation and other auxiliary tasks.  

The gyroscope is configured as an SPI slave for efficient 
readout of angular rate and other data. 

 

 

Figure 16.  Layout of the analog ASIC. 

V. ASSEMBLY AND PACKAGING 
The packaging has a major influence on the performance of 

the device, especially with respect to factors such as long-term 
drift and stability.  

Since the analog ASIC is a major heat source, capable of 
inducing significant temperature gradients across the sensing 

element, the sensing element and the analog ASIC are mounted 
in distinct, separated packages, subsequently soldered together.  

The main design requirements for the SAR500 packages 
were: i) full symmetry around the sensing element (with 
respect to mechanical and thermal loads); ii) reduced levels of 
transmitted stress and strain to the sensing element; iii) high 
thermal efficiency (fast evacuation of heat from the analog 
ASIC and uniform temperature distribution inside the sensing 
element). 

The sensing element is mounted in a fully symmetrical, 
custom-made 16 pin, side-brazed ceramic package, shown in 
Fig. 17. The high thermal efficiency of the package is achieved 
by using internally a large number of dedicated thermal vias 
and metal layers. Two identical, metal lids are subsequently 
attached in high vacuum on either sides of the package by 
electron-beam welding, thus sealing hermetically the sensing 
element. The size of the 16 pin package, including the pins, is 
14.8 mm x 14.8 mm x 3.8 mm. 

 

 

Figure 17.  Top and side views of the 16 pin ceramic package. 

 

 

Figure 18.  Top and side views of the 32 pin ceramic package. 



 

 

The ASIC is mounted in a custom-made 32 pin, side-brazed 
ceramic package, shown in Fig. 18. The high thermal efficien-
cy of the package is achieved by using a CuW thermal slug that 
is in direct physical contact with the ASIC. The thermal slug is 
provided with four filleted metal studs for versatile mounting 
on 'heat sinks'. A metal lid is subsequently soldered in inert 
atmosphere. The size of the 32 pin package, including the pins, 
is 17.6 mm x 17.6 mm x 5.0 mm. 

Finally, the two ceramic packages are soldered on top of 
each other, as shown in Fig. 19. 

 

 

Figure 19.  Bird-eye views of the assembled SAR500 packages. 

VI. CONCLUSIONS 
SAR500, a novel high-precision, low-noise, high-stability, 

calibrated and compensated digital oscillatory gyroscope with 
north seeking capability, is reported.  

The SAR500 contains a Butterfly™ MEMS die and an 
analog ASIC, individually housed in rigid, thermally efficient, 
custom-made ceramic packages. An FPGA or a digital ASIC 
contains the needed control and functional algorithms to 
achieve the superior performance. The gyroscope is configured 
as an SPI slave for efficient readout of angular rate.  

The device is factory-calibrated and compensated for tem-
perature effects to provide high-accuracy digital output over a 
broad temperature range. Optimized tuning of the excitation 
and detection frequencies, as well as optimized mechanical and 
electrical balancing of the dual masses result in low sensitivity 
to shock and vibrations. 

By utilizing a newly developed sealed cavity technology, 
the vibrating masses of the sensing element are contained 
within the low-pressure hermetic environment needed for high 
Q factors.  

The target performance elements of the device are: opera-
tion range = ±500 º/s, scale factor accuracy = ±300 ppm, 
angular random walk = 0.002 º/√h, in-run bias stability = 0.04 
º/h and bias repeatability = 0.1 º/h. 

 

ACKNOWLEDGMENTS 
The authors would like to thank Niels Hedenstierna (Imego 

AB) and Eskild Westby (West Consult AS) for their technical 
advice during the conceptual phase and sensor design. 

Imego AB is specially acknowledged for their extensive 
contribution to the design of the associated electronic circuits. 

The authors would also like to thank Plan Optik AG for 
their support in manufacturing and processing the composite 
wafers.  

REFERENCES 
[1] "MEMS Accelerometer, Gyroscope and IMU market 2008-2013", Yole 

Développement, 2009. 
[2] N. Hedenstierna, S. Habibi, S. M. Nilsen, T. Kvisterøy, and G. U. 

Jensen, "Bulk micromachined angular rate sensor based on the 
'butterfly'-gyro structure," MEMS 2001, pp. 178–181, 2001. 

[3] B. Chaumet, B. Leverrier, C. Rougeot, and S. Bouyat, "A new silicon 
tuning fork gyroscope for aerospace applications," Syposium Gyro 
Technology 2009, Karlsruhe, Sep. 2009.  

[4] A. A. Trusov, A. R. Schofield, and A. M. Shkel, "Vacuum packaged 
silicon MEMS gyroscope with Q-factor above 0.5 million," IMAPS 
Device Packaging 2010, March 2010. 

[5] G. Anderson, N. Hedenstierna, and P. Svensson, "An arrangement for 
measuring angular velocity," European Patent No. EP 1467179 A2, 
Autoliv Development AB, Oct. 2004. 

[6] A. Blomqvist, "Oscillating micro-mechanical sensor of angular velo-
city," US Patent No. US 7325451 B2, VTI Technologies Oy, Feb. 2008. 

[7] A. Blomqvist, "Oscillating micro-mechanical sensor of angular velo-
city," US Patent No. US 7454971 B2, VTI Technologies Oy, Nov. 2008. 

[8] D. Lapadatu, T. Kvisterøy, and H. Jakobsen, "Micromechanical Device," 
US Patent No. US 6684699 B1, Sensonor asa, Feb. 2004. 

[9] D. Lapadatu, G. Kittilsland, S. Jacobsen, "Method for manufacturing a 
hermetically sealed structure," Patent application, Sensonor Technolo-
gies AS, Apr. 2010. 

[10] H.-J. Quentzer, A. V. Schultz, and P. Merz, "Glass-type planar substrate, 
use thereof, and method for the production thereof," International Patent 
No. WO 2004/030057 A1, Fraunhofer-Gesellschaft zur Förderung der 
angewandten Forschung e.V., Apr. 2004. 

[11] H.-J. Quentzer, A. V. Schultz, B. Wagner, and P. Merz, "Method of 
structuring a flat substrate consisting of a glass-type material," US 
Patent No. US 2004/018051 A1, Fraunhofer-Gesellschaft zur Förderung 
der angewandten Forschung e.V., Sep. 2004. 

[12] R. N. Candler, A. Duwel, M. Varghese, S. A. Chandorkar, M. A. 
Hopcroft, W.-T. Park, K. Bongsang, G. Yama, A. Partridge, M. Lutz, 
and T. W. Kenny, "Impact of geometry on thermoelastic dissipation in 
micromechanical resonant beams," JMEMS, Vol 15, No 4, pp. 927–934, 
Aug. 2006. 

[13] A.-M. Kärkkäinen, "MEMS based voltage references," VTT 
Publications 613, 2006. 

[14] J. Wibbeler, G. Pfeifer, and M. Hietschold, "Parasitic charging of 
dielectric surfaces in capacitive microelectromechanical systems 
(MEMS)," Sensors and Actuators A, Vol. 71, pp. 74–80, 1998. 

[15] A. H Nayfeh and M. I. Younis, "Dynamics of MEMS resonators under 
superharmonic and subharmonic excitations," J. Micromech. Microeng., 
Vol. 15, pp. 1840–1847, 2005. 

[16] L. A. Oropeza-Ramos and K. L. Turner, "Parametric Resonance Ampli-
fication in a MEMGyroscope," IEEE Sensors 2005., Nov. 2005. 

[17] B. J. Gallacher, J. S. Burdess, and K. M. Harish, "A control scheme for a 
MEMS electrostatic resonant gyroscope excited using combined para-
metric excitation and harmonic forcing," J. Micromech. Microeng., Vol. 
16, pp. 320–331, 2006. 
 

 



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


