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Abstract—An innovative method to perform capacitance-to-digital conversion without requiring sensor biasing circuitry is
proposed. This letter is intended for the readout of MEMS capacitive microphones used in human-to-machine interface
applications, where the main constraints are low power consumption and small chip area. The time-encoded sigma-
delta ADC described here employs a switched-capacitor-based feedback to linearize the voltage-controlled oscillator and
to couple the capacitive sensor to the readout. A prototype was fabricated to test the concept with a CMOS 130-nm
process. The achieved relative capacitance resolution is 14.7 b with a rest capacitance value of 2.575 pF and a total power
consumption of 343 µW. Linearity measurements (SNDRpeak = 51.5 dB in the bandwidth from 300 Hz to 6.8 kHz) are limited
by the test fixture due to the nonlinearity of the varactor introduced in lieu of a testing input sensor.

Index Terms—Sensor signal processing, capacitance, converter, digital, MEMS, microphone, sensor, sigma-delta, time-encoding, VCO-
ADC.

I. INTRODUCTION

Many MEMS sensors, such as pressure and acoustic sensors, require
a capacitance-to-digital interface. In the state of the art, there are
different architectures performing this task. Successive approximation
register (SAR)-based capacitance-to-digital converters are well known
for their excellent energy efficiency, but linearity and resolution are
limited by mismatch [1]. Continuous-time (CT) sigma-delta (��)
analog-to-digital converters (ADCs), instead, provide a remarkable
dynamic range (DR) at the cost of large area requirements and
power-hungry analog subsystems; this class of ADCs can achieve high
resolution thanks to oversampling and noise shaping [2], [3]. The zoom
architecture combines the advantages of SAR and �� ADCs (a good
tradeoff between resolution and energy dissipated per conversion step),
but common drawbacks are the area occupation and linearity issues in
the case of multibit digital-to-analog converters (DACs) [4]. In recent
years, extensive research has focused on voltage-controlled oscillator
(VCO)-based ADCs [5], [6]. Their mostly digital nature allows them
to cope with the increasingly challenging power and area constraints
in ADC design. The main disadvantages are the oscillator nonlinearity
and its gain dependency on process–voltage–temperature (PVT) varia-
tions. In conventional VCO-based ADCs, the electrical input (voltage
or current) modulates the instantaneous oscillation frequency of an
oscillator, and this time-encoded signal is then processed by digital
electronics. Therefore, it is required an intermediate conversion from
a capacitive signal to a voltage (or current) one, which is the ADC
input. In particular, capacitive microphones are sensitive to variations
in the gap between the plates; their most popular readout is based on
a constant-charge configuration, shown in Fig. 1(a), which generates
a voltage signal linear to the inverse of capacitance. This requires
biasing circuitry (a charge pump and a high-ohmic resistance), which
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Fig. 1. (a) Conventional constant-charge readout required by VCO-
ADCs. (b) Proposed readout to remove the charge pump and the high-
ohmic resistance.

is less scalable than the subsequent VCO-based ADC. An innovative
approach for capacitance-to-digital converters (CDCs) is to remove the
intermediate voltage conversion and to directly encode the capacitive
signal into the oscillation frequency of a ring oscillator (RO) [7]. In
this way, the charge pump and the high-ohmic resistor can be removed,
and this is particularly advantageous in light of easier scalability
and smaller area. Unfortunately, unbiased MEMS sensors usually
provide less sensitivity, limiting the attainable resolution. Therefore,
this innovative approach is suitable for human-to-machine interface
applications, which require small and low-power digital microphones
rather than high resolution. The CDC shown in Fig. 1(b) provides
a possible solution to the aforementioned VCO-based ADC issues.
The usage of a switched-capacitor (SC) feedback for ROs has already
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been proven to reduce RO nonlinearity and phase noise [8], [9], [10],
[11]. It also permits linear sensing of the capacitance gap without
requiring a constant-charge readout: The sensor functions as an SC in
the feedback network. The loop reacts to any measurand variation
by regulating the oscillation frequency to recover the equilibrium
point. Indeed, at the equilibrium point, the product between sensor
capacitance and oscillation frequency is constant and depends only
on the circuit design parameters. This ensures good robustness since
the oscillation frequency and sensitivity depend on controllable and
stable circuit parameters that are less influenced by PVT variations
than the oscillator. In this letter the proposed CDC is investigated, and
the design choices and testing results of a fabricated CMOS prototype
are reported.

The rest of this letter is organized as follows: In Section II, the
constant-charge readout for capacitive sensors is recalled, and the main
drawbacks are pointed out. In Section III, the working principle of
the proposed CDC is analyzed, and the main design constraints are
summarized. In Section IV, our prototype design in a 130-nm CMOS
process is detailed and a method to mimic a sensor with a voltage-
controlled capacitor is explained: A varactor with biasing and signal-
coupling circuitry was introduced on the testing PCB. In Section V,
measurement results are reported and discussed. Finally, Section VI
concludes this letter.

II. BIASING CIRCUITRY AND
CONSTANT-CHARGE READOUT

Several MEMS capacitive sensors (e.g., microphones, accelerom-
eters, pressure sensors, etc.) detect gap variations due to a physical
measurand pi (t ) as follows [12], [13]:

CMEMS(pi (t )) = εA

d0 + �d (pi (t ))
(1)

where ε is the dielectric permittivity, A is the area of the parallel
conductive plates, d0 is the gap in rest condition, and �d the displace-
ment due to measurand variations. In the case of MEMS capacitive
microphones, the conventional readout is based on keeping constant
the charge stored on the plates, and a change in capacitance manifests
itself as a voltage variation [14]. The conventional constant-charge
read-out circuitry is outlined in Fig. 1(a). The bias voltage VBIAS,
realized through a charge pump, stores charge on the sensor, which is
kept constant by connecting the capacitor to a high-impedance node.
Such a condition is realized by the high-ohmic bias resistor RBIAS and
the input of the subsequent buffer or amplifier. The high-impedance
node is particularly sensitive to electromagnetic interference [15]. The
common mode voltage VCM is used to set the required dc level of
voltage VA, which may be expressed by the following formula:

VA(pi (t )) = VCM − �d (pi (t ))

d0
(VBIAS − VCM). (2)

Sensitivity increases with the bias voltage, which is likely to be about
one order of magnitude bigger than the supply voltage needed by the
rest of the circuitry. Here comes the interest in displacement readout
alternatives, which do not require such a high voltage for the sensor
bias.

III. CDC WITH AN SC FEEDBACK

The CDC architecture shown in Fig. 1(b) does not require the
charge pump and the high-ohmic resistance. A constant current IBIAS

is integrated by the capacitor CA. When the PMOS switch M1 is ON,
the larger capacitor CA transfers a portion of its stored charge to the

smaller sensitive capacitor CMEMS. Alternatively, when the NMOS
switch M2 is active, the capacitor CMEMS is fully discharged. In the
steady state, during one switching period, the charge increase on CA

due to current integration is equal to the charge that is released by
the SC network; similarly, the bias current IBIAS equals the average
current flowing to ground through the SC network, which can be
expressed as iSC = CMEMS fsw < V+ >, where < V+ > is the average
voltage on the operational transconductance amplifier (OTA) positive
input node during one switching period and fsw is the switching
frequency, which is N times smaller than the RO oscillation frequency
fosc. The parameter N is set by the frequency divider (FD). Negative
feedback [16] forces < V+ > to be approximately equal to the voltage
reference VBIAS as long as the OTA and the RO ensure enough gain.
Therefore, the steady-state equation can be expressed as

fosc(t ) = NIBIAS

VBIASCMEMS(pi (t ))
. (3)

The instantaneous oscillation frequency is directly proportional to the
reciprocal of the sensor capacitance CMEMS; this makes the architecture
suitable to sense the gap between the plates. The RO output is then
processed by purely digital electronics and converted to digital, as
for any VCO-based �� ADC [17]. The switching nature introduces
some ripple (whose fundamental frequency is exactly the instantaneous
switching frequency) at the OTA input. The capacitor CA should be
sized to minimize the ripple amplitude and prevent the OTA satura-
tion. Thus, the oscillation frequency at rest condition (pi (t ) = 0) is
a periodical signal whose mean value is given by (3). The converter
performance is not affected by ripple if the signal bandwidth is much
smaller than the rest oscillation frequency. System stability mainly
depends on two poles in the direct input–output path: One is due to the
capacitor CA and the equivalent average resistance of the SC network

Ravg = N

foscCMEMS
= VBIAS

IBIAS

while the other is the dominant pole of the OTA-RO set.

IV. CHIP DESIGN AND CAPACITIVE
INPUT GENERATION

The proposed CDC was designed in a 130-nm CMOS node to read
capacitive sensors with a rest value of a few picofarads. Switches
M1 (Wp = 24.8 µm) and M2 (Wn = 17.3 µm) and the inverter INV0

(Wn = 5.8 µm and Wp = 8.3 µm) were sized to optimize the trade-off
between power consumption and delay in the feedback path; channel
length was set for all of them to the technology minimum. The sensor
capacitance range affects the choice of CA, which is supposed to be
bigger [16]; in our design, a 15 pF capacitor was implemented. The
current IBIAS was chosen as 39 µA while the bias voltage VBIAS is
1 V (provided by a bandgap reference). The FD ratio can be set to
one or two through a programmable input and a multiplexer (MUX).
The OTA and current source noise are the main limitations of the
architecture. The 11-tap RO does not have any strict constraint, because
its inherent nonlinearity and the noise coming from its transistors are
attenuated by the OTA gain, which is about 1 mS at low frequencies.
Two power supplies, one for analog blocks (VDDA = 1.8 V) and one
for digital ones (VDDD = 1.2 V), are provided by internal low-dropout
regulators (LDOs). The subsystems represented in Fig. 1(b) supplied
by VDDD include the aforementioned MUX, FD, and buffer, as well as
a frequency-to-digital converter (F2D) and a level shifter.

The capacitive input signal was generated through the circuit shown
in Fig. 2(a), which includes a varactor SMV1249-079LF by Skyworks
(CVAR) in series with a 2.9 pF silicon capacitor inside the chip (Cs),



VOL. 7, NO. 11, NOVEMBER 2023 7005804

Fig. 2. (a) Implemented circuit to generate a capacitive signal; para-
sitic elements are represented in the circuit with a dashed line. (b) Total
capacitance as well as its reciprocal value is set by a control voltage; a
linear conversion is obtained in the range where the derivative may be
approximated as constant, therefore around 2.3 V.

used to reduce the rest capacitance value. The capacitor Cp1 represents
the total parasitic capacitance at the PCB pad. The capacitor Cin

represents the CDC input capacitance, seen from the node whereCMEMS

is connected in Fig. 1(b). The potentiometer Rpot is used to bias the
varactor at a designed dc voltage. The resistance RH limits the current
flowing in the dc bias path. The capacitor CH is used to couple the ac
control signal and to filter out the noise coming from the resistors in the
dc bias path; this capacitor must be many orders of magnitude bigger
than the varactor capacitance. Therefore, the resistor RM is sized as
a tradeoff: it should be big enough to prevent that, at the switching
frequency, CH shorts out the varactor, but it should be small enough
such that its noise does not worsen the overall performance. Our
design choices are the potentiometer ratio at 50% with Rpot = 100 k�,
RH = 1 M�, RM = 20 k�, and CH = 10 µF. The parasitic parameters
Cp1 andCin were obtained by laboratory measurements and data fitting;
they are estimated to be 3.4 pF and 350 fF. Some tests were carried
out to prove that the varactor biasing circuitry does not significantly
increase the converter’s noise floor. The CDC was also tested by
generating the input capacitance with a trimmer capacitor instead
of the varactor network. The trimmer capacitor does not require any
resistor for biasing purposes. The noise power in the considered signal
bandwidth may be assumed to be the same in both cases. The total
input capacitance and its reciprocal were calculated for different bias
conditions, as shown in Fig. 2(b), and the optimum point for linearity
and sensitivity corresponds to a dc bias voltage on the varactor of
2.3 V; therefore, Vb = 4.6 V and CMEMS = 2.575 pF at rest condition.
Unfortunately, the linear range for the voltage-to-capacitance (or its
reciprocal) conversion is quite small, as indicated in Fig. 2(b), due to
the experimental setup. Here, we limited the ac signal to 120 mVrms,
which is equivalent to a capacitive signal with an amplitude of 56 fF.
The resulting rest fosc can be set to 15 MHz or 30 MHz depending on
the MUX selection input.

V. MEASUREMENTS RESULTS

The prototype was fabricated in a CMOS 130-nm technology node
and is shown in Fig. 3(a). The proposed CDC occupies just 0.025 mm2

and is subdivided in the following manner: The OTA fills 44% of the

Fig. 3. (a) Micrograph of the fabricated prototype; the proposed CDC
is highlighted in the white rectangle. (b) Measurement setup.

Fig. 4. (a) Measured DR of the fabricated CDC. (b) Output spectrum
corresponding to the black crosses in (a); the tones highlighted in
orange were used to compute the SNDR.

area, the capacitor CA 22%, the digital blocks 18%, the current source
13%, the RO 2.5%, and the switches M1 and M2 0.5%. The rest of the
chip area is used for auxiliary circuitry (LDOs, bandgap, etc.) and a
noise shaper for standard 1-b pulse density modulation (PDM) compat-
ibility. The analog power consumption is 247 µW (worst case when the
FD is active and fosc = 30 MHz) while the digital one is 96 µW, which
was measured with a clock frequency of 3.072 MHz. This work’s
results were obtained by recording and sampling the oscillator output
using an oscilloscope, as shown in Fig. 3(b), with an acquisition time of
Tacq = 100 ms and a sampling frequency of fs = 250 MHz; this choice
is due to the focus on the capacitance-controlled oscillator performance
rather than the F2D. The latter is equivalently executed in MATLAB
by simulating DFFs and XOR gates, as explained in [18] to obtain a
first-order �� ADC. Measured DR is shown in Fig. 4(a). The analog
bandwidth for SNR and SNDR computation ranges from 300 Hz to
6.8 kHz, and the input signal frequency is 1 kHz. The input signal
amplitude is reported as a capacitance value. In fact, this architecture is
linear to the reciprocal of a capacitive signal, but in the reported input
range (limited by the nonlinear varactor conversion), the distortion
introduced by using capacitance instead of its reciprocal is negligible.
The noise floor indicates an absolute resolution of cres = 130 aF for a
rest capacitance of CMEMS = 2.575 pF, which corresponds to a relative
measurement of log2( CMEMS

cres/
√

2
) = 14.7 b. Peak SNDR is 51.5 dB due to

the nonlinear voltage-to-capacitance conversion. The corresponding
output spectrum, with a capacitive signal amplitude of 47 fF, is reported
in Fig. 4(b). In-band noise is mainly due to the current source and OTA
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Table 1. Comparison With the State of the Art

noise. The noise transfer function for the aforementioned sources (as
well as the signal transfer function) is proportional to the FD parameter
N ; therefore, the FD is not able to improve the SNR. However, it may
be used to shift upwards all the spectrum if a higher sensitivity is
required regardless of the noise. A comparison with the state of the
art can be found in Table I; as already explained, the SNDR of the
proposed CDC is not limited by the architecture. Thus, the capacitance
range information is not presented. Nevertheless, the prototype is a
good proof of concept and shows results that are comparable with
the state of the art. This architecture shows less energy efficiency
compared to SAR-based or zoom ADCs, but it occupies a smaller
area, and the relative resolution is competitive with the state of the
art. Furthermore, it permits linear sensing of the capacitive sensor gap
without requiring any biasing circuitry. Further improvement can be
achieved by optimizing (or removing) the OTA in a future redesign.

VI. CONCLUSION

An innovative readout was proposed for capacitive sensors detecting
gap variations. The architecture encloses the sensor in a loop and the
sensor biasing circuitry is not required. This letter demonstrates the
concept feasibility; a future redesign can improve power consumption
and area occupation, reduce noise power, and introduce a differen-
tial configuration to improve the SNR performance. Therefore, the
achieved resolution can be optimistically improved. A custom-made
voltage-controlled capacitance based on a varactor and its biasing
circuit was implemented for testing purposes; this method simplifies
the input generation because the sensor is not required, but it limits
the reported peak SNDR to 51.5 dB in the bandwidth from 300 Hz to
6.8 kHz.

ACKNOWLEDGMENT

The project funded from the European Union’s Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant agreement No. 956601, involves the
collaboration between Universidad Carlos III de Madrid and Infineon Technologies AG
Austria. The authors would like to thank Niccolò De Milleri for the valuable contribution to
this work. Funding for APC: Universidad Carlos III de Madrid (Read & Publish Agreement
CRUE-CSIC 2023).

REFERENCES

[1] H. Xin, M. Andraud, P. Baltus, E. Cantatore, and P. Harpe, “A 0.1-nW-1-μW energy-
efficient all-dynamic versatile capacitance-to-digital converter,” IEEE J. Solid-State
Circuits, vol. 54, no. 7, pp. 1841–1851, Jul. 2019.

[2] H. Lee, C. Lee, I. Lee, and Y. Chae, “A 0.033-mm2 21.5-aF to 114.9-aF resolution
continuous-time�� capacitance-to-digital converter achieving parasitic capacitance
immunity up to 480 pF,” IEEE J. Solid-State Circuits, vol. 57, no. 10, pp. 3048–3057,
Oct. 2022.

[3] N. Narasimman, D. Nag, K. T. Chai, and T. T. H. Kim, “A capacitance to digital
converter using continuous time �� modulator for microphone-based auscultation,”
IEEE Sensors J., vol. 21, no. 12, pp. 13373–13383, Dec. 2021.

[4] X. Tang et al., “An energy-efficient time-domain incremental zoom capacitance-
to-digital converter,” IEEE J. Solid-State Circuits, vol. 55, no. 11, pp. 3064–3075,
Nov. 2020.

[5] J. Kim, T. K. Jang, Y. G. Yoon, and S. Cho, “Analysis and design of voltage-controlled
oscillator based analog-to-digital converter,” IEEE Trans. Circuits Syst. I: Reg.
Papers, vol. 57, no. 1, pp. 18–30, Jan. 2009.

[6] J. Borgmans, R. Riem, and P. Rombouts, “The analog behavior of pseudo digital ring
oscillators used in VCO ADCs,” IEEE Trans. Circuits Syst. I: Reg. Papers, vol. 68,
no. 7, pp. 2827–2840, Jul. 2021.

[7] M. Noviello, A. Quintero, and S. Paton, “An unbiased MEMS capacitance-controlled
oscillator as a microphone for HMI applications,” in Proc. Austrochip Workshop
Microelectronics, 2022, pp. 57–60.

[8] A. A. Abidi, “Linearization of voltage-controlled oscillators using switched capacitor
feedback,” IEEE J. Solid-State Circuits, vol. JSSC-22, no. 3, pp. 494–496, Mar. 1987.

[9] W. El-Halwagy, M. Dessouky, and H. El-Ghitani, “A programmable 8-bit, 10 MHz
BW, 6.8 mW, 200MSample/sec, 70 dB SNDR VCO-based ADC using SC feedback
for VCO linearization,” in Proc. IEEE 20th Int. Conf. Electron., Circuits, Syst., 2013,
pp. 157–160.

[10] R. Garvi, J. Granizo, E. Gutierrez, V. Medina, A. Wiesbauer, and L. Hernandez, “A
VCO-ADC linearized by a capacitive frequency-to-current converter,” IEEE Trans.
Circuits Syst. II: Exp. Briefs, vol. 70, no. 6, pp. 1841–1845, Jun. 2023.

[11] R. Garvi, L. M. Alvero-Gonzalez, C. Perez, E. Gutierrez, and L. Hernan-
dez, “VCO-ADC linearization by switched capacitor frequency-to-current conver-
sion,” in Proc. IEEE Int. Symp. Circuits Syst., 2020, pp. 1–5, doi: 10.1109/IS-
CAS45731.2020.9180397.

[12] G. Nicollini and D. Devecchi, “MEMS capacitive microphones: Acoustical, elec-
trical, and hidden thermal-related issues,” IEEE Sensors J., vol. 18, no. 13,
pp. 5386–5394, Jul. 2018.

[13] J. N. Palasagaram and R. Ramadoss, “MEMS-capacitive pressure sensor fabri-
cated using printed-circuit-processing techniques,” IEEE Sensors J., vol. 6, no. 6,
pp. 1374–1375, Jun. 2006.

[14] L. Sant, E. Bach, R. Gaggl, and A. Baschirotto, “A current-feedback amplifier
with programmable gain for MEMS microphone readout circuits,” in Proc. IEEE
Austrochip Workshop Microelectronics, 2019, pp. 1–5.

[15] S. Ersoy, R. H. Van Veldhoven, F. Sebastiano, K. Reimann, and K. A. Makinwa,
“A 0.25 mm2 AC-biased MEMS microphone interface with 58 dBA SNR,” in Proc.
IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, 2013, pp. 382–383.

[16] W. El-Halwagy, M. Dessouky, and H. El-Ghitani, “Analysis and design of analog-
based voltage controlled oscillator linearization technique,” in Proc. IEEE 8th Des.
Test Symp., 2013, pp. 1–6.

[17] A. Quintero et al., “A coarse-fine VCO-ADC for MEMS microphones with sam-
pling synchronization by data scrambling,” IEEE Solid-State Circuits Lett., vol. 3,
pp. 29–32, 2020.

[18] E. Gutierrez, L. Hernandez, F. Cardes, and P. Rombouts, “A pulse frequency
modulation interpretation of VCOs enabling VCO-ADC architectures with extended
noise shaping,” IEEE Trans. Circuits Syst. I: Reg. Papers, vol. 65, no. 2, pp. 444–457,
Feb. 2018, doi: 10.1109/TCSI.2017.2737830.

https://dx.doi.org/10.1109/ISCAS45731.2020.9180397
https://dx.doi.org/10.1109/ISCAS45731.2020.9180397
https://dx.doi.org/10.1109/TCSI.2017.2737830


<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


