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A 117-dB In-Band CMRR 98.5-dB SNR Capacitance-to-Digital Converter for
Sub-nm Displacement Sensing With an Electrically Floating Target

Hui Jiang , Student Member, IEEE, Samira Amani, Johan G. Vogel , Member, IEEE,
Saleh Heidary Shalmany , Member, IEEE, and Stoyan Nihtianov , Senior Member, IEEE

Abstract—This article describes a high-performance capacitance-to-
digital converter (CDC) for sub-nm displacement sensing with an
electrically floating target. Intended to be integrated into a displace-
ment sensor probe, the CDC consumes only 560 µW. It achieves 98.5-dB
SNR in a 1-ms conversion time. With a sensing Ø 8-mm probe and a
25-µm stand-off distance from the target, it achieves 0.18-nm resolution.
Moreover, it offers an in-band common-mode rejection ratio (CMRR)
higher than 117 dB, providing decent electric field interference
immunity.

Index Terms—Capacitance-to-digital converter (CDC), chopping, elec-
tric field interference immunity, energy-efficient, readout, sub-nm dis-
placement sensing.

I. INTRODUCTION

Fully contactless displacement sensing with a sub-nm resolution
is essential in high-precision mechatronic systems such as imag-
ing systems with target on a moving chuck [1]. Conventionally, the
displacement sensor is positioned and aligned manually, which is
time-consuming and costly. It becomes more difficult if the sensor
is located at an inaccessible location in the machine. Thus, a stan-
dalone displacement sensor with autonomously position and align
capability is of great interest. A displacement sensor, consisting of
a thermal stepper system and an eddy-current based displacement-
to-digital converter (DDC), has been proposed [2], [3]. However, in
order to mitigate the skin-effect and to attain sub-nm resolution within
1 ms of conversion time, a high excitation frequency (>100 MHz)
was applied [3]. This resulted in relatively high-power dissipation
(>10 mW) which can cause displacement errors due to self-heating,
as the DDC has to be closely integrated with the eddy-current coil
in the sensor head.

Capacitive DDCs are potentially more energy-efficient than eddy-
current DDCs. However, conventional capacitive DDCs operate by
connecting the target in a closed-loop configuration as shown in
Fig. 1(a) [4]–[8]. This means that the target electrode must be
connected to the same ground as the interface electronics, which
is a major drawback compared to the eddy-current DDCs, as this
makes the capacitive sensor not fully contactless. Even worse, the
ground loop incorporating the target and the input of the electronic
interface is susceptible to electromagnetic interference and acts as
a source of parasitic capacitance, both of which degrade the sensor’s
performance.

To minimize the loop while offering fully contactless displace-
ment sensing, readouts with electrically floating targets have been
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Fig. 1. (a) Conventional capacitive displacement sensing system.
(b) Contactless capacitive displacement sensing with a floating target.

proposed [9], [10] [Fig. 1(b)]. The sensor readout employs two iden-
tical capacitive sensing electrodes, positioned close to the target
electrode. This results in two capacitors in series (Cs1 = Cs2 = Cs),
whose magnitudes equally vary with the distance, d, to the tar-
get. By exciting the capacitors with anti-phase voltages ±Vs, the
value of Cs can be obtained by measuring the charge Qs. Compared
to the conventional capacitive readout approach, it significantly
reduces the area of the sensing loop and thus minimizes the error
caused by the interfering magnetic fields [5]. However, such readouts
with electrically floating targets are relatively power-hungry com-
pared to conventional capacitive DDCs [7]. Moreover, any mismatch
between the two sensing electrodes degrades the readout’s common-
mode rejection ratio (CMRR) and thus its electric field interference
immunity [10]. To reduce the error caused by the misalignment of the
probe and the target, the DDC needs a multichannel input to obtain
an out-of-plane tilt angle.

This article presents a three-channel capacitive DDC, with elec-
trically floating target sensing capability [11], that overcomes these
challenges while demonstrating an energy efficiency comparable to
the state-of-the-art capacitive DDCs which do not support the use of
electrically floating targets [4]–[8]. With a sensing probe size smaller
than that in [3], it achieves a 0.18-nm resolution in a 1-ms conver-
sion time, at a 25-μm stand-off distance to the target. Moreover, the
interface consumes only 0.56 mW, which is 16 times lower than the
state-of-the-art eddy-current DDC [3].

II. OPERATION PRINCIPLE

A. Thermal Slider Actuator

To obtain an accurate displacement measurement, alignment of
capacitive sensors is crucial. Self-alignment functionality integrated
into the sensors reduces the cost of the conventional manual align-
ment, especially when they are installed at inaccessible locations in
a machine. For this purpose, the thermal slider actuator (TSA) was
developed [1].

Fig. 2(a) shows the actuator structure of the TSA. The position
adjustment of the sensing probe is based on the thermal actuation of
a number of fingers that clamp the probe. Fig. 2(b) shows an example
of a thermal cycle of the fingers that leads to net displacement of the
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Fig. 2. (a) TSA with 12 fingers. (b) Thermal cycle example and the resulting
displacement profile [1].

Fig. 3. Three electrode measurement for misalignment correction.

sensor probe. Heating of all elements together generates elongation
by thermal expansion and moves the sensor probe to a new position.
After that, the fingers are passively cooled one-by-one. When each
finger cools, it slips over the probe surface, while the probe is kept
in position by the other fingers. After the full thermal cycle, the
probe has made a displacement step, while all fingers have cooled
down and have returned to their original length. Because the actuation
mechanism is fully switched off after positioning and the clamping
is friction-based, the alignment obtained after actuation is maintained
very stably [1].

B. Measurement Method for Misalignment Correction

Although the displacement with a floating target can be measured
using two electrodes, misalignment of the probe and the target would
lead to a sensing error. For this reason, a three-channel method is
proposed. A third electrode is added to the probe (Fig. 3). Then,
the probe capacitances can be measured through three channels CH:
1) CH1 (Cs1 +Cs2); 2) CH2 (Cs1 +Cs3); and 3) CH3 (Cs2 +Cs3). As
the tilt error causes mismatching errors among the measured results
of CH1–CH3, the mismatching errors can then be used to minimize
the tilt misalignment with the aid of self-alignment functionality of
the TSA, matching the results of CH1–CH3.

III. FLOATING CAPACITIVE SENSING READOUT

In practical implementations, the parasitic capacitance between the
floating target and its surrounding environment (Cip up to 500 fF)
introduces a major challenge. It forms a path for interfering elec-
tric fields, primarily created by mains lines (50/60 Hz). As shown in
Fig. 1(b), the sensor front-end consists of a differential charge integra-
tor with switched-capacitor excitation. Cs1 and Cs2 are periodically
charged, delivering a signal charge Qs = (Cs1 ·Cs2) · (Cs1 +Cs2)Vdd
to the integrator. An interfering signal Vi then couples into the target
electrode via Cip, resulting in a common-mode signal that will be
rejected by the differential charge integrator.

However, a mismatch between the sensing electrodes (Cs1 �= Cs2),
due to fabrication errors and/or alignment errors (θ ), results in a dete-
riorated CMRR [10]. In this article, even with mismatched electrodes,
a high CMRR is achieved by chopping the signal charge Qi and

Fig. 4. Differential charge integrator with mismatched electrodes.

the integrating capacitors Cinta and Cintb (see Fig. 4). The input
switches P1–P3 are controlled by the chopping signal Pch, preserving
the integration operation for Cs measurement. Due to the action of
the input chopper, Cinta and Cintb continuously swap their position,
such that Cinta always accumulates negative charge (Qsa), while Cintb
always accumulates positive charge (Qsb). At the same time, the mis-
matched interference charges (Qi1 and Qi2), as well as the offset and
the 1/f noise of the integrator, are up-modulated to the out-of-band
frequencies which will be filtered in digital domain.

In contrast to [10], which first converts Qs into a proportional
voltage and then digitizes it, this article directly embeds the charge
integrator with sensing electrodes into a CDC, improving energy effi-
ciency and reducing the number of potential error sources [5]. As
shown in Fig. 5, the CDC is based on a second-order feedforward
1-bit sigma–delta modulator. The modulator’s sampling frequency
f s is 1 MHz, enough to achieve the target resolution with an OSR
of 1000, and the chopping frequency is set at 10 kHz to minimize
quantization noise fold-back [12]. The differential signal charge Qs is
counterbalanced by a feedback DAC, in which Cfb=10 pF. Depending
on the output bitstream, it delivers a charge of ±CfbVdd/2. This
charge-balancing results in an output bitstream with an average value
of Cs/Cfb. To maximize the use of the CDC’s available dynamic
range, the modulator uses a programmable 5-bit trimming DAC to
cancel the baseline capacitance, where CT−max = 31 pF.

As shown in Fig. 6, the first integrator is based on a folded-cascode
OTA with an 84 dB dc gain and a transconductance about 1 ms to
ensure the stability and accuracy for the worst case when the baseline
cancelation capacitance is fully used. To achieve a lower intrinsic 1/f
noise corner frequency for lower chopping frequency, pMOS input
pairs have been chosen. The biasing circuitry and common mode
feedback circuitry are not shown for simplicity. A passive summa-
tion network at the input of the quantizer combines the outputs of
second integrator with that of the first integrator via the feedfor-
ward capacitors as shown in Fig. 5. The quantizer is implemented as
a dynamic latch proceeded by two preamplifiers. Each preamplifier
provides a gain of 5 while consuming 3 μA.

IV. MEASUREMENT RESULTS

The CDC is realized in the 0.18-μm standard CMOS process and
tested with sensing electrodes designed on PCB. The chip occupies
an active area of 0.5 mm2 and draws 313 μA, dominated by the first
integrator, from a 1.8-V supply (Fig. 7). For flexibility, the decimation
filter and digital controlling are implemented off-chip.

Fig. 8(a) shows the power spectral density (PSD) of the output bit-
stream. The CDC is thermal-noise-limited up to 1 kHz and achieves
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Fig. 5. Block diagram of the proposed three-channel CDC.

Fig. 6. Schematic of the first OTA and transistor-level parameters.

Fig. 7. Die micrograph of the CDC and power breakdown.

42-aF resolution with a 10-pF dynamic range in a 1-ms conver-
sion time. The electric field interference rejection capability is tested
by injecting interferences of different frequencies into the floating
electrode through a 10-pF capacitor (Cip in Fig. 5) driven by a sinu-
soidal voltage of 20 Vpp. This is equivalent to injecting a 400 Vpp
interference through a 500-fF capacitor, an order of magnitude larger
than what is expected in practical applications. The CMRR, defined
as the ratio between the power of the input interference signal and its
power at the CDC output, is used to evaluate the interference rejection
performance. As shown in Fig. 8(a), most of the interference power at
1 kHz is rejected by the differential architecture while chopping fur-
ther suppresses the errors due to the mismatched electrodes (< 1%),

Fig. 8. (a) PSD of the CDC’s bitstream. (b) Measured CMRR.

Fig. 9. (a) Measured displacement transfer characteristics. (b) Outputs of
the CDC (10 000 decimated samples) with different stand-offs along.

reducing the interference tone by 15 dB. As shown in Fig. 8(b), the
in-band CMRR with chopping is more than 117 dB.

As shown in Fig. 9(a), an electrically floating target is moved
relative to the probe, back and forth, over a number of logarith-
mically spaced steps between 20 and 130 μm in two cycles and
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(a)

(b)

Fig. 10. (a) Real-time measurement. (b) Relative inaccuracy.

(a)

(b)

Fig. 11. (a) Current consumption versus supply. (b) Resolution versus supply.

TABLE I
PERFORMANCE SUMMARY AND COMPARISON

the displacement transfer characteristic is measured. To evaluate dis-
placement resolution, the target electrode is firmly positioned using
a clamp and Mylar spacer foil to avoid mechanical interference. The
displacement sensing resolutions, obtained from the standard devia-
tion of 10 000 decimated samples, are found to be 0.18, 0.72, and
3 nm at standoffs of 25, 50, and 100 μm, respectively [Fig. 9(b)].
The real-time output of the CDC is shown in Fig. 10(a). The mea-
sured backlash of the system is below 0.4%. The relative inaccuracy
is about 0.2% [Fig. 10(b)].

The current consumption of the CDC versus supply voltage is
shown in Fig. 11(a). The CDC can work with a supply down to
1.5 V, achieving a capacitance resolution better than 61 aFrms, which
is mainly limited by the kT/C noise [Fig. 11(b)].

Table I summarizes the performance of the CDC and the state-of-
the-art. Compared to conventional CDCs [5]–[8], the proposed CDC
offers floating target sensing capability, while achieving a similar
energy efficiency. Moreover, compared to a state-of-the-art induc-
tive DDC [3], it achieves 10× better resolution with 16× low-power
consumption.

V. CONCLUSION

An energy-efficient CDC for a capacitive position sensor, with
an electrically floating target, has been designed, implemented, and
tested in a standard 0.18-μm CMOS technology. The interface
embeds the push-pull principle in a second-order �� modulator.
The experimental results show that it achieves a 98.5-dB SNR
within 1-ms conversion time. The proposed CDC has an in-band
CMRR higher than 117 dB and achieves comparable resolution
FoM while being the only design offering floating target sensing
capability.

REFERENCES

[1] O. S. van de Ven, J. G. Vogel, S. Xia, J. W. Spronck, and
S. Nihtianov, “Self-Aligning and self-calibrating capacitive sensor
system for displacement measurement in inaccessible industrial envi-
ronments,” IEEE Trans. Instrum. Meas., vol. 67, no. 2, pp. 350–358,
Feb. 2018.

[2] M. R. Nabavi, M. A. P. Pertijs, and S. Nihtianov, “An interface for
Eddy-current displacement sensors with 15-bit resolution and 20 MHz
excitation,” IEEE J. Solid-State Circuits, vol. 48, no. 11, pp. 2868–2881,
Nov. 2013.

[3] V. Chaturvedi, J. G. Vogel, K. A. A. Makinwa, and S. Nihtianov,
“A 9.1 mW inductive displacement-to-digital converter with 1.85 nm
resolution,” in Proc. Symp. VLSI Circuits, Kyoto, Japan, 2017,
pp. C80–C81.

[4] A. Heidary and G. C. M. Meijer, “Features and design constraints
for an optimized SC front-end circuit for capacitive sensors with a
wide dynamic range,” IEEE J. Solid-State Circuits, vol. 43, no. 7,
pp. 1609–1616, Jul. 2008.

[5] S. Xia, K. Makinwa, and S. Nihtianov, “A capacitance-to-digital con-
verter for displacement sensing with 17b resolution and 20μs con-
version time,” in Proc. IEEE Int. Solid-State Circuits Conf. (ISSCC),
San Francisco, CA, USA, 2012, pp. 198–199.

[6] R. Yang, M. A. P. Pertijs, and S. Nihtianov, “A precision capacitance-
to-digital converter with 16.7-bit ENOB and 7.5-ppm/◦C thermal
drift,” IEEE J. Solid-State Circuits, vol. 52, no. 11, pp. 3018–3031,
Nov. 2017.

[7] B. Yousefzadeh, W. Wu, B. Buter, K. Makinwa, and M. Pertijs, “A
compact sensor readout circuit with combined temperature, capacitance
and voltage sensing functionality,” in Proc. Symp. VLSI Circuits, Kyoto,
Japan, 2017, pp. 1–2.

[8] Y. He, Z.-Y. Chang, L. Pakula, S. H. Shalmany, and M. Pertijs,
“A 0.05mm2 1V capacitance-to-digital converter based on period
modulation,” in Proc. IEEE Int. Solid-State Circuits Conf. (ISSCC),
San Francisco, CA, USA, 2015, pp. 1–3.

[9] “Capacitive sensor,” Tech. Note, LT03–0022, Lion Precision, Oakdale,
MN, USA, 2013.

[10] X. Guo and S. N. Nihtianov, “A capacitive sensing technique for mea-
suring displacement with one floating target electrode,” in Proc. IEEE
Int. Conf. Ind. Technol., Mar. 2010, pp. 1565–1570.

[11] H. Jiang, S. Amani, J. G. Vogel, S. H. Shalmany, and S. Nihtianov,
“A 117DB in-band CMRR 98.5DB SNR capacitance-to-digital con-
verter for sub-NM displacement sensing with an electrically floating
target,” in Proc. IEEE Symp. VLSI Circuits, Honolulu, HI, USA, 2018,
pp. 159–160.

[12] H. Jiang, C. Ligouras, S. Nihtianov, and K. A. A. Makinwa, “A
4.5 nV/√Hz capacitively coupled continuous-time sigma-delta modula-
tor with an energy-efficient chopping scheme,” IEEE Solid-State Circuits
Lett., vol. 1, no. 1, pp. 18–21, Jan. 2018.

Authorized licensed use limited to: TU Delft Library. Downloaded on April 09,2020 at 06:40:16 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /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
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


