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Active Temperature Compensation for
MEMS Capacitive Sensor

Cuong Do , Member, IEEE, and Ashwin A. Seshia , Fellow, IEEE

Abstract—Temperature variations are one of the most cru-
cial factors that need to be compensated for in MEMS sensors.
Many traditional methodologies require an additional circuit
to compensate for temperature. This work describes a new
active temperature compensation method for MEMS capaci-
tive strain sensors without additional circuits. The proposed
method is based on a complement 2-D capacitive structure
design. It consumes zero-power, which is essential toward the
realization of a low-power temperature-compensated sensor
in battery-powered or energy-harvesting applications. The
gauge factor of the developed MEMS capacitive strain sensor
is 7. The best result showing a capacitance variation of
1 ppm/◦C compared with 13 ppm/◦C on conventional design.

Index Terms— Active temperature compensation, complement 2-D capacitive structure, strain gauge.

I. INTRODUCTION

CAPACITORs typically consist of two electrodes sep-
arated by an insulator. For parallel plate capacitors,

the capacitance can be expressed as:
C = (Aε0εr )/d (1)

where C is the capacitance, A is the overlap area of the two
plates, ε0 is the permittivity of free space, εr is the rel-
ative permittivity of the dielectric material, and d is the
distance between the plates. Capacitive sensors are realized
by varying any of the three parameters of a capacitor: the
distance between two plates, the overlap area of plates, and
the dielectric constant of an insulator.

Based on those physical changes, a wide variety of capac-
itive sensors have been developed, ranging from proximity
sensing [1]–[5], position sensing [6], [7], humidity sens-
ing [8], [9], tilt sensing [10], [11], strain sensing [12]–[14],
etc. As the capacitance is not dependent on the properties
of the plate material, and thermal expansion is generally
isotropic in three dimensions, capacitive sensors are generally
considered to having low-temperature dependence compared

Manuscript received April 7, 2021; accepted June 8, 2021. Date of
publication June 14, 2021; date of current version August 31, 2021.
The associate editor coordinating the review of this article and approv-
ing it for publication was Prof. Pai-Yen Chen. (Corresponding author:
Cuong Do.)

Cuong Do was with the Engineering Department, University of
Cambridge, Cambridge CB2 1PZ, U.K. He is now with the College
of Engineering and Computer Science, VinUniversity, Hanoi, Vietnam
(e-mail: cuong.dd@vinuni.edu.vn).

Ashwin A. Seshia is with the Engineering Department, University of
Cambridge, Cambridge CB2 1PZ, U.K. (e-mail: aas41@eng.cam.ac.uk).

Digital Object Identifier 10.1109/JSEN.2021.3089056

Fig. 1. Thermal expansion of host structure under test.

with other sensor methods, such as resistive based [15]
or resonant based [16]. However, in sensing applications
where the capacitive sensor adheres to package or other host
materials, such as strain gauge as demonstrated in Fig. 1,
the coefficient of thermal capacitance (CTC) will be affected
and proportional to the complex combination of the coefficient
of thermal expansion (CTE) of the adhesive and host materials.

Most materials expand and contract when the temperature
changes. Every material has its own coefficient of thermal
expansion (CTE), the change in length with temperature for a
solid material can be expressed as

α(T) = [LT − L0/[L0�T] (2)

where L0 and LT represent, respectively, the initial and final
lengths with temperature change �T, the CTE, α(T), is usually
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TABLE I
COEFFICIENT OF THERMAL EXPANSION (CTE) OF SOME

MATERIALS RELATED TO STRAIN SENSING

Fig. 2. An illustration of a temperature compensated capacitive sensor
based on complement 2-D capacitive comb structure design.

found to be nonlinear with temperature [17]. For example,
silicon, which is widely used in MEMS structure, has the CTE
found to be varied from 2.57 ppm/K at 293 K to 4.33 ppm/K
at 1000 K [18].

In practice, MEMS silicon structure is usually glued onto
a package carrier (e.g. polyimide, metals) using an adhe-
sive material (e.g. super glue, M-bond). Furthermore, the
whole strain gauge is then bonded onto a host infrastruc-
ture material (e.g. concrete, steel, aluminium, glass). Thus,
the temperature effect on the capacitive sensor becomes
extremely complex in strain sensing applications. The CTE
of some of the above-mentioned materials can be found in
Table. I [17], [19]. The CTEs of these materials are a few
times higher than that of silicon. Therefore, temperature effects
will be exacerbated for these sensors, including the MEMS
capacitive strain sensor.

Here, we introduce for the first time, an active compensation
method based on a complement 2-D capacitive structure design
to help to reduce the thermal expansion issue in a MEMS
capacitive sensor without any additional complex compensa-
tion circuit.

II. DESIGN CONCEPT

A concept of 2-D complement capacitive comb structure
design is demonstrated in Fig. 2. The structures AB1 and
AB2 are designed identically in term of distance, the number
of interdigitated fingers, thickness, overlapping area and gap.
The only difference is the fingers orientation layout, as clearly
seen in Fig. 2. When the whole structure is heated, the sub-
strate is expanding in all directions [18]. By neglecting the

Fig. 3. MIDISTM MEMS platform process by CMC.

Fig. 4. SEM picture of the developed MEMS capacitive sensor with
temperature compensation technique, design 1.

fringing effect, the capacitance between AB1 and AB2, CAB1,
CAB2 can be found as:

C AB1 = 2Nεr h(x − �x1)

g
(3)

C AB2 = 2Nεr h(x + �x2)

g
(4)

where N is the number of interdigitated fingers on each
branch, h is the thickness of the fingers, x is the initial
overlapping length between fingers, g is the gap between two
adjacent fingers, and �x1, �x2 are the changes in the overlap
between fingers due to substrate expansion under heating. It is
noted that, in a comb structure, the fringing field effect is
independent of the overlap area. The substrate contraction
during cooling is following exactly similar behavior.

If the system is isotropic, expansion in x and y directions
should be equal and hence, �x1 = �x2. When B1 and B2 are
connected, the capacitance factor caused by thermal expansion
on two branches can be cancelled out and thus the total
capacitance is independent of temperature variation to the first
order.

CT = C AB1 + C AB2 = 4Nεr h(x)

g
(5)

III. THE SENSOR

Based on the concept discussed in the previous section,
MEMS capacitive sensors have been developed and fabri-
cated on the MIDIS Platform, which is being offered as
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Fig. 5. SEM picture of the developed MEMS capacitive sensor without
temperature compensation technique, design 2.

Multi-Project-Wafer (MPW) service through CMC Microsys-
tems [20]. The process involves a 1.5 μm minimum device
feature size for a 30 μm silicon device thickness incorporating
wafer-level vacuum packaging. A process cross-section is pro-
vided in Fig. 3. Fig. 4 shows the SEM picture of the fabricated
Design 1 before it was encapsulated. The design follows
the thermal expansion compensation concept, as discussed
above. Branches AB3 and AB4 are similar to AB1 and AB2,
respectively. B1, B2, B3, B4 are connected by a top metal layer
after encapsulation. In order to achieve a high-performance
sensor with high capacitance and sensitivity, the interdigitated
comb fingers are designed in a compact form, as shown in the
zoomed-in sub-figure. The gap between fingers is designed at
the process minimum of g = 1.5 μm. To reduce the parallel
plate parasitic, the maximum gap is advised to be as large as
possible. However, the maximum distance between adjacent
structures of this process is limited at 5 μm, hence some
unwanted high parasitic capacitance is predicted in this design.
This will affect the sensitivity and resolution of the sensors.
However, the 2-D complement capacitive concept described
above is still applicable to the parallel plate capacitor. There-
fore, the parasitic variations will also be cancelled out under
this design.

In order to evaluate the effectiveness of the concept,
a normal design without temperature compensation technique
has also been developed to compare and contrast with the
one in Fig. 4. The SEM picture is shown in Fig. 5. The
general design structure concept of the interdigitated comb
fingers layout is annotated on the top of the SEM figure.
When temperature varies, the MEMS structure expands or
contracts accordingly. Both AB1 and AB2 capacitance will
either increase or decrease at the same time with temperature.

Table II shows designed dimensions and some estimated
parameters of the two MEMS capacitive designs. The parallel
plate parasitic is relatively high due to the limited maximum
gap in this process. It will eventually affect the sensitivity of

TABLE II
DIMENSIONS AND ESTIMATED PARAMETERS OF THE

MEMS CAPACITIVE SENSORS

Fig. 6. Cantilever beam bending test setup for MEMS strain sensors.

the sensors as it travels in the opposite direction and inherits
a nonlinear capacitance versus displacement relationship.

This is not an ideal comparison as Design 2 is not fully-
symmetrical as Design 1. However, the total number of finger,
NT, fingers gap, g, and the finger overlap, x , are mainly related
to the range and resolution of the sensors. The temperature
sensitivity is mainly related to the relative finger overlap, �x.
Hence, this relative comparison is still eligible to prove the
concept.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

The fabricated sensors are attached by M-bond 200 on a
cantilever beam bending test setup for strain sensing mea-
surement, as shown in Fig. 6. Both sensors are on the same
die. The die encapsulation is grounded to remove parasitic
capacitance of the top metal layer, which is AlCu. The chip is
wire-bonded to a flexible PCB board for external connection.
A cantilever beam with a length of L, and thickness of t is
anchored at one end with the MEMS sensors located at a
position of p from the anchor. The beam material is steel with
length, L, of 220 mm, thickness, t , of 3 mm, and the sensors
are located at p = 35 mm. The displacement is measured by a
micrometre, and the corresponding strain relationship can be
found in the figure.

Fig. 7 presents the real-time measurement setup using
a commercial capacitive interface data acquisition board:
EVAL-AD7150EBZ for capacitance-to-digital converter. It has
two independent input channels. Hence two developed designs
could be tested at the same time. Real-time graphic monitoring
and data logging software is also provided.
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Fig. 7. Real-time monitoring and data logging strain sensing setup.

TABLE III
EVAL-AD7150EBZ BOARD SETTING

The parameters for the EVAL-AD7150EBZ board is shown
in Table III. The input range is set to the lowest possible
range setting (500 fF). At this setting and with 12-bit CDC,
the 1 bit resolution is 0.012 fF. The �-� modulator helps
to significantly minimize the noise and therefore helps to
enhance the measurement accuracy. The conversion time is
set by default at 5 ms per sample.

The measured capacitance of the two designs are 10 pF
and 7.1 pF for Design 1 and 2, respectively. They are ∼10%
higher than the estimated values (including comb and parallel
parasitic capacitance). The differences could be contributed by
the wire bonds, PCB and coaxial cable connections parasitic.

Fig. 8 presents the measured output versus an applied input
strain for both designs up to 800 με with a nonlinearity of
less than 2% of full scale. Design 1 has a slightly higher
sensitivity at ∼0.07 fF/με than Design 2, which is measured
at 0.05 fF/με. The equivalent Gauge Factors are found at 7 for
both designs.

The temperature dependence characterization is carried out
with an environmental chamber to evaluate the temperature
compensation efficacy of the concept. Both designs are on
the same die, which is attached to a steel bar with M-bond
200 glue. Fig. 9 shows the capacitance changes of the two
designs for 10 samples each, with temperature varying from
25 to 130◦C. Error bars are around 0.03 to 0.05 fF. The CTC
of Design 2 (conventional design) is found at ∼13 ppm/◦C,

Fig. 8. Capacitance changes versus strain characterization of two
developed MEMS sensors.

Fig. 9. Capacitance changes versus temperature.

which is similar to the CTE of steel of ∼11 ppm/◦C as
seen in Table. I. Whereas, the CTC of Design 1 (where the
complement capacitive structure is utilized) is found at only
1 ppm/◦C. It is clearly shown the effectivity of the proposed
method to reduce the temperature effect on MEMS capacitive
strain sensor.

V. CONCLUSION

This paper presents the design concept and characterization
results for a new method to compensate for the temperature
effects of a capacitance-based strain gauge. The sensors were
fabricated in a silicon MEMS foundry technology. The gauge
factor is measured at 7. The thermal effect has been assessed
at a temperature up to 130◦C. The technique requires no
additional circuit or special fabrication process.

The proposed method improves the CTC of the sensor
by 13 times compared with the conventional design. Future
work is required for the development of low-power front-end
capacitive readout to improve resolution and sensitivity. Char-
acterization of capacitive strain gauges for higher temperature
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operation (up to 1000◦C), long-term stability, and degradation
mechanisms are also required in future studies.

This method is also applicable to other types of capacitive
sensor, including proximity sensing, position sensing, humid-
ity sensing, and tilt sensing. Further research on this topic on
how to effectively employ this technique in those applications
is being carried out.

If we were to design this study again, we would make
Design 2 as symmetrical as Design 1 for a better comparison.

REFERENCES

[1] O. O. Ojuroye, R. N. Torah, A. O. Komolafe, and S. P. Beeby, “Embed-
ded capacitive proximity and touch sensing flexible circuit system for
electronic textile and wearable systems,” IEEE Sensors J., vol. 19,
no. 16, pp. 6975–6985, Aug. 2019.

[2] J. Wang, Z. Zheng, J. Chan, and J. T. W. Yeow, “Capacitive micro-
machined ultrasound transducers for intravascular ultrasound imaging,”
Microsyst. Nanoeng., vol. 6, no. 1, pp. 1–13, Dec. 2020.

[3] S. Anzinger et al., “Low power capacitive ultrasonic transceiver array for
airborne object detection,” in Proc. IEEE 33rd Int. Conf. Micro Electro
Mech. Syst. (MEMS), Jan. 2020, pp. 853–856.

[4] T. A. Emadi and D. A. Buchanan, “A novel 6 × 6 element MEMS
capacitive ultrasonic transducer with multiple moving membranes for
high performance imaging applications,” Sens. Actuators A, Phys.,
vol. 222, pp. 309–313, Feb. 2015.

[5] R. N. Miles, W. Cui, Q. T. Su, and D. Homentcovschi, “A MEMS
low-noise sound pressure gradient microphone with capacitive sensing,”
J. Microelectromech. Syst., vol. 24, no. 1, pp. 241–248, Feb. 2015.

[6] X. Dong et al., “Research on temperature characteristic of parasitic
capacitance in MEMS capacitive accelerometer,” Sens. Actuators A,
Phys., vol. 285, pp. 581–587, Jan. 2019.

[7] E. E. Aktakka and K. Najafi, “A six-axis micro platform for in situ
calibration of MEMS inertial sensors,” in Proc. IEEE 29th Int. Conf.
Micro Electro Mech. Syst. (MEMS), Jan. 2016, pp. 243–246.

[8] A. Mutharpavalar, A. Y. Ahmed, and N. Mohd Nor, “Design, modeling
and simulation of MEMS resonator for humidity sensor application,” in
Proc. IEEE Sensors Appl. Symp. (SAS), Mar. 2020, pp. 1–6.

[9] N. Lazarus, S. S. Bedair, C.-C. Lo, and G. K. Fedder, “CMOS-MEMS
capacitive humidity sensor,” J. Microelectromech. Syst., vol. 19, no. 1,
pp. 183–191, Feb. 2010.

[10] K. Rao et al., “A high-resolution area-change-based capacitive
MEMS tilt sensor,” Sens. Actuators A, Phys., vol. 313, Oct. 2020,
Art. no. 112191.

[11] L. Zhao and E. M. Yeatman, “Micro capacitive tilt sensor for human
body movement detection,” in Proc. 4th Int. Workshop Wearable
Implant. Body Sensor Netw. (BSN), 2007, pp. 195–200.

[12] V. Shirhatti, V. Kedambaimoole, S. Nuthalapati, N. Neella, M. M. Nayak,
and K. Rajanna, “High-range noise immune supersensitive graphene-
electrolyte capacitive strain sensor for biomedical applications,” Nan-
otechnology, vol. 30, no. 47, Nov. 2019, Art. no. 475502.

[13] M. Suster, J. Guo, N. Chaimanonart, W. H. Ko, and D. J. Young, “A high-
performance MEMS capacitive strain sensing system,” J. Microelectro-
mech. Syst., vol. 15, no. 5, pp. 1069–1077, Oct. 2006.

[14] J. Li, J. P. Longtin, S. Tankiewicz, A. Gouldstone, and S. Sampath,
“Interdigital capacitive strain gauges fabricated by direct-write thermal
spray and ultrafast laser micromachining,” Sens. Actuators A, Phys.,
vol. 133, no. 1, pp. 1–8, Jan. 2007.

[15] B. Yaghootkar, S. Azimi, and B. Bahreyni, “A high-performance
piezoelectric vibration sensor,” IEEE Sensors J., vol. 17, no. 13,
pp. 4005–4012, Jul. 2017.

[16] C. D. Do, A. Erbes, J. Yan, K. Soga, and A. A. Seshia, “Vacuum pack-
aged low-power resonant MEMS strain sensor,” J. Microelectromech.
Syst., vol. 25, no. 5, pp. 851–858, Oct. 2016.

[17] F. Cverna, ASM Ready Reference: Thermal Properties of Metals. Nov-
elty, OH, USA: ASM International, 2002.

[18] H. Watanabe, N. Yamada, and M. Okaji, “Linear thermal expansion
coefficient of silicon from 293 to 1000 k,” Int. J. Thermophys., vol. 25,
no. 1, pp. 221–236, Jan. 2004.

[19] G. Murray, Handbook of Materials Selection for Engineering Applica-
tions. Boca Raton, FL, USA: CRC Press, 1997.

[20] Accessed: Apr. 6, 2021. [Online]. Available: https://www.cmc.ca/
teledyne-dalsa-midis-platform/

Cuong Do (Member, IEEE) received the B.Sc.
degree in electronics and telecommunication
from Vietnam National University, Hanoi, in 2004,
the M.Eng. degree in electronics from Chungbuk
National University, South Korea, in 2007, and
the Ph.D. degree in electronics from the Cork
Institute of Technology, Ireland, in 2012.

From 2013 to 2017, he was a Research Asso-
ciate with the University of Cambridge. Since
2019, he has been an Assistant Professor with
the College of Engineering and Computer Sci-

ence, VinUniversity, Hanoi. His research interests include fields of sen-
sors and sensors fusion for healthcare applications.

Ashwin A. Seshia (Fellow, IEEE) received the
B.Tech. degree in engineering physics from IIT
Bombay in 1996, the M.S. and Ph.D. degrees
in electrical engineering and computer sci-
ences from the University of California, Berke-
ley, in 1999 and 2002, respectively, and the
M.A. degree from the University of Cambridge
in 2008. He joined the Faculty of the Engineering
Department, University of Cambridge, in Octo-
ber 2002, where he is currently a Professor of
Microsystems Technology and a Fellow of the

Queens’ College. He is a Fellow of the Institute of Physics, the Institution
for Engineering and Technology. He received the 2018 IEEE Sensors
Technical Achievement Award (Advanced Career-Sensor Systems) “for
pioneering contributions to resonant microsystems with application to
sub-surface density contrast imaging and energy harvesting systems.”
He currently serves on the editorial boards for the IEEE JOURNAL
OF MICROELECTROMECHANICAL SYSTEMS and the IEEE TRANSACTIONS
ON ULTRASONICS, FERROELECTRICS AND FREQUENCY CONTROL, and the
Executive Committee Member of the European Frequency and Time
Forum.

Authorized licensed use limited to: VinUni. Downloaded on March 14,2023 at 02:10:26 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /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
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages 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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


