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A 210 nW NPN-Based Temperature Sensor With an Inaccuracy of ±0.15 ◦C
(3σ ) From −15 ◦C to 85 ◦C Utilizing Dual-Mode Frontend
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and Kofi Makinwa , Fellow, IEEE

Abstract—This letter describes an NPN-based temperature sensor that
achieves a 1-point trimmed inaccuracy of ±0.15 ◦C (3σ ) from −15 to
85 ◦C while dissipating only 210 nW. It uses a dual-mode frontend to
roughly halve the power consumption of conventional frontends. First,
two NPNs are used to generate a well-defined PTAT bias current, then this
current is sampled and applied to the same NPNs to generate well-defined
PTAT and CTAT voltages. These voltages are then applied to a low-power
tracking �� modulator-based ADC, which employs a digital filter to
efficiently generate a multibit representation of temperature. A prototype
fabricated in a 180-nm BCD process achieves 15-mK resolution in a 50 ms
conversion time, which translates into a state-of-the-art resolution FoM
of 2.3 pJK2.

Index Terms—BJT, low leakage, low power, temperature sensor,
temperature-to-digital converter.

I. INTRODUCTION

Accurate temperature sensors are essential for many Internet of
Things (IoT) applications. Since such applications are usually highly
power and energy constrained, low-power sensors with high energy
efficiency are required. In addition, to minimize calibration effort and
cost, they should only require a 1-point trim.

Recently, sub-1μW MOSFET and resistor-based temperature sen-
sors have been presented [1], [2], [3]. However, due to process
spread, such sensors are relatively inaccurate after a 1-point trim
or require a 2-point trim to achieve decent accuracy. BJT-based
sensors can achieve higher accuracy after a 1-point trim, but they
typically consume more power (>1 μW), which restricts their
use in low-power temperature sensing applications. A current-to-
frequency converter (CFC)-based temperature sensor using MOSFET
subthreshold current [4] consumes only 860 nW while achieving
±0.4 ◦C inaccuracy after 1-point trim. But it requires an exter-
nal 1-MHz reference clock, which results in additional power in
a fully integrated design. By applying a zoom ADC, [5] presented
a 600 nW, ±0.4 ◦C 1-point trimmed inaccuracy temperature sen-
sor using dynamic threshold-voltage MOSFET (DTMOS) instead
of BJTs. However, the complicated and power consuming digital
controller for the zoom ADC was implemented externally.

This work, an extension of [6], describes a low-power, energy effi-
cient, and high-accuracy NPN-based temperature sensor. It achieves
an inaccuracy of ±0.15 ◦C (3σ ) from −15 to 85 ◦C after a 1-point
trim, and consumes only 210 nW thanks to the use of a power-
efficient dual-mode frontend (DMFE) and a tracking �� modulator-
based ADC.

II. DUAL-MODE FRONTEND

A. Conventional Frontend

As shown in Fig. 1, the frontend (FE) of a BJT-based temperature
sensor typically consists of two BJT-based circuits, a bias circuit,
which generates a PTAT current IBIAS, and a BJT core, which uses
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Fig. 1. Typical frontend of the BJT-based temperature sensor.

Fig. 2. (a) Simulated temperature coefficient of �VBE. (b) Inaccuracy of
analog FE at 85◦C in a simulation.

copies of the bias current IBIAS and p × IBIAS to generate well-
defined CTAT (VBEL and VBEH) and PTAT (�VBE = VBEH −
VBEL > 0) voltages. This concept can be applied to both NPN-
based and PNP-based FEs. The bias circuit and the BJT core will
thus consume similar amounts of power. Although IBIAS should be
minimized for low-power operation, at low collector current densities
and/or high temperatures, �VBE will no longer be a linear function
of temperature, leading to temperature errors. This is due to the BJT’s
finite current gain, n-well leakage, and finite saturation current Is
which all are nonlinear functions of temperature. With minimum-size
(2 μm × 2 μm) NPNs in the intended 180-nm BCD CMOS process,
reducing IBIAS to nA-levels will result in significant �VBE nonlinear-
ity [Fig. 2(a)] and temperature errors [Fig. 2(b)]. Simulations show
that IBIAS must be greater than 5 nA at room temperature (RT) to
ensure that the resulting nonlinearity is less than 0.04 ◦C at 85 ◦C. In
this letter, VBE1 and VBE2 simply denote the name of the two out-
puts of the FE, and VBEL and VBEH denote the absolute voltage of
the two CTAT outputs, respectively.

B. Proposed Dual-Mode Frontend

In this work, a single, reconfigurable circuit is used to generate
IBIAS, VBE (VBEL and VBEH), and �VBE, thus roughly halving the
power of the FE. The simplified schematic of the proposed DMFE
is shown in Fig. 3. During the initial precharge phase (ΦAFE = 1),
the circuit is configured as a bias circuit that uses two NPNs to
generate PTAT currents IBIAS and p × IBIAS. These currents are
then sampled by storing the gate voltage of MA,B on a capacitor CS.
During the conversion phase (ΦAFE = 0), the FE is configured as
a BJT core in which the sampled currents are used to generate VBEL,
VBEH, and �VBE. Base-current errors are mitigated by the NPN’s
relatively high current gain (β > 60 over −15 ◦C to 85 ◦C) without
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Fig. 3. Simplified schematic and concept of DMFE.

(a)

(b) (c)

Fig. 4. (a) Schematic of DEFE, (b) cascode combined with DEM switch,
and (c) sample and hold circuit based on a passive bootstrap switch.

applying a β compensation. Since the precharge phase is much shorter
(2 ms) than the total conversion time (50 ms), the average power
consumption of the DMFE is roughly half of a conventional FE.

Fig. 4(a) shows the detailed schematic of the DMFE. A current
mirror ratio p = 7 is chosen as a compromise between DMFE power,
resolution, and accuracy. Furthermore, all the NPNs are minimum-
size (2μm × 2μm) to minimize Is and, thus, maximize the linearity
of VBE1 and VBE2 at high temperatures. An accurate 1:7 current ratio
is achieved by applying dynamic element matching (DEM) to current
sources MS1−8. A resistor RBIAS = 10 M� sets IBIAS = 5 nA at
RT. As shown in Fig. 4(b), the cascodes of the current sources are
reused as DEM switches, thus halving the number of MOSFETs, and
thus the number of leakage current sources in the bias current paths.

As shown in Fig. 4(c), a bootstrapped sampling switch SW1, con-
sisting of M1−3 and two sampling capacitors C1,2 (1pF) is used to
limit the leakage of the sampled gate voltage due to the off-resistance
and bulk of the main switch M1. Cs is then set to 5 pF, which
reduces temperature errors due to the residual leakage to less than
10 mK. During the conversion phase (ΦAFE = 0), a dummy BJT QBR
is biased at IBIAS to generate a replica of VBEH ( = VBEL + �VBE).
This is used to bias the drain/source and bodies of the pMOSFETs
sampling switches used in the ADC, as will be discussed later.

III. TRACKING �� MODULATOR TOPOLOGY

A. Conventional ��ADC-Based Temperature Sensor

To realize BJT-based temperature sensors with high energy effi-
ciency, zoom ADCs, which digitize X = VBE/�VBE, have been

(a)

(b)

Fig. 5. (a) Block diagram of entire temperature sensor. (b) Timing diagram.

proposed [7]. By combining a coarse SAR ADC and a fine �� mod-
ulator, the modulator’s reference voltage can be reduced to �VBE,
thus reducing the number of �� cycles required to achieve a cer-
tain resolution. In addition, the required swing and linearity of the
loop filter is greatly relaxed, leading to lower power consumption.
However, to suppress SAR ADC errors, zoom ADCs often employ
over-ranging, which increases the reference voltage to 2�VBE [5]
or 3�VBE [7]. As a result, the required cycles per conversion and
the loop filter power increase accordingly. Furthermore, the two-
step approach requires a complicated and power-consuming digital
controller.

B. Proposed Tracking �� Modulator

In this work, we propose the use of a low-power tracking ��
modulator [8]. Like a zoom ADC, it digitizes X = VBEL/�VBE but
does not require over-ranging. Also, its digital controller is much
simpler, as it only requires the implementation of a digital filter.

Fig. 5(a) and (b) shows a simplified block diagram of the proposed
tracking �� modulator and its timing diagram, respectively. It
employs a correlated double sampling (CDS)-based 1st integrator
followed by a comparator and a digital loop filter (DLF) [9], whose
multibit output drives the DAC. The output of the DMFE is then
efficiently digitized by a charge-balancing scheme that adjusts the
gain K = (K1 + K2)/2 of a switched-capacitor (SC) DAC so that
K × �VBE = VBEL on average, where K1 and K2 are the gains of
the two DAC halves, respectively. After decimation, the output of the
ADC is obtained as DOUT = VBEL/�VBE. The CDS-based integra-
tor drives a latched comparator via a preamplifier, which consists of
a pMOS differential pair with a latch load. After an initial reset at
ΦAFE = 1, the DLF output will ramp to the average value of K and
then start toggling. The ramp phase takes 25 cycles, which is much
less than the 250 cycles required for a full conversion. Compared to
a zoom ADC, the single-mode operation of the tracking modulator
results in a simpler and lower power controller. However, since its
quantization noise is only 1st-order shaped, this comes at the expense
of resolution. This problem is mitigated by independently controlling
the gains of the two halves of the SC DAC, thus effectively doubling
its resolution.

As in [5], the OTA’s offset is mitigated by CDS as shown in
Fig. 6(a). During each �� cycle, the DAC injects 2CDACVBEL and
a differential charge −(K1+K2) × CDAC�VBE into the integrator.
The variation in the integrator is expressed as

�VINT = 2
CDAC

CINT

(
VBEL − K1 + K2

2
�VBE

)
. (1)
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(a)

(b) (c)

Fig. 6. Schematics of (a) CDS-based integrator, (b) OTA, and (c) unit cell
of DAC.

Fig. 7. K versus number of cycles in simulation.

In this work, the two halves of the DAC may have two different
gains, a gain of N = K1 = K2, or a gain of N + 0.5, which is
obtained by alternating between K1 = N and K2 = N + 1, and
K1 = N + 1 and K2 = N. Thus, the LSB step of the DAC is reduced
to 0.5�VBE and its resolution is doubled. Although this results in an
alternating ±0.5�VBE common-mode (CM) variation, the resulting
CM swing at the integrator output will be rejected by the differential
comparator.

Fig. 7 compares the simulated output K of the proposed tracking
�� modulator with that of a 1st-order zoom ADC with 2�VBE over-
ranging. Compared to the zoom ADC, the proposed tracking ��
modulator has 4 × less DAC swing. As shown in Fig. 6(b), this
allows the 1st integrator to be realized as an energy-efficient current-
reuse OTA operating from a 1.2-V supply. With CINT = 2CDAC ≈
120 fF, the worst case output swing (at 85 ◦C) is ±90 mV. The
OTA has two operating phases. During Φ1, its input and output are
shorted and its operating point and offset are stored on CDAC. During
Φ2, it is configured as an integrator and charge is transferred into
CINT. Its gain (>82 dB) is high enough to ensure that temperature-
sensing errors due to gain variation and nonlinearity are well below
100 mK over the intended temperature range.

Each half of the SC DAC is implemented by 19-unit cells shown
in Fig. 6(c), which consist of sampling switches and a sampling
capacitor CDAC. Switch leakage then becomes a major challenge
because it alters the bias currents of the NPN diodes and causes tem-
perature sensing errors. In contrast to [5], the number of switches
per capacitor is halved by swapping the bias currents of the NPN
diodes in the DMFE to create a �VBE step that is transferred
to the integrator at each cycle as shown in Fig. 5(b). In addition,
pMOS/nMOS T-switches [10] are used to minimize switch leakage.
Body and drain/source leakage is minimized by connecting them to
the replica bias voltage VBEH_R, which is generated in the DMFE
[Fig. 4(a)]. When the switches are “off,” their mid-points are also

Fig. 8. (a) Chip photograph of the proposed temperature sen-
sor. (b) Breakdown of the power consumption.

Fig. 9. (a) Capture of conversion time versus IBIAS and (b) its enlarged
picture.

(a) (b)

Fig. 10. (a) Measured output and (b) replicated temperature among 20 dies.

connected to VBEH_R, thus minimizing leakage via their off resis-
tances. Compared to using VDD/2 as the bias voltage [10], using
VBEH_R minimizes the voltages across the reverse-biased drain and
source diodes, thus reducing switch leakage. These measures ensure
that the total leakage current drawn from the DMFE is less than
3 pA in simulation, which corresponds to a temperature error of only
20 mK. Monte Carlo simulations show that the sensor achieves an
inaccuracy of ±0.2◦C (3σ ) from −40 to 85◦C.

IV. MEASUREMENT RESULTS

As shown in Fig. 8(a), the proposed temperature sensor occu-
pies a core area 0.058 mm2 in a 180-nm BCD process, The digital
controller and the DLF are synthesized with cells from a standard
digital library. RBIAS = 10 M� is a high resistance poly resistor,
which occupies 1.5% of the total area. For flexibility, the 1st-order
sinc decimation filter is implemented off-chip. With a 1.25-V sup-
ply and a 5-kHz system clock, the sensor consumes 210 nW at RT,
with 121/79/9 nW consumed in the analog core, the digital con-
troller, and the clock generator, respectively, as shown in Fig. 8(b).
The line sensitivity is 0.07 ◦C/V for supply voltages ranging from
1.2 to 1.8 V. The variation of IBIAS during a conversion is shown in
Fig. 9. The charge injection of SW1 in Fig. 4(a) causes an equiv-
alent error of 30 mK during the transition from the precharging
phase (ΦAFE = 1) to the conversion phase (ΦAFE = 0). At 85 ◦C,
the leakage-induced droop of VB causes less than 10-mK error in
a 100-ms conversion time.

Twenty samples in ceramic DIL packages from one batch were
tested in an oven. A Pt-100 is used as a reference sensor. The dec-
imated bitstream output and the linearized result [5,7] are shown in
Fig. 10. The sensor achieves an untrimmed inaccuracy of ±0.4 ◦C
(3σ ) from −15◦C to 85◦C [Fig. 11(a)]. After applying a 1-point
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TABLE I
COMPARISON WITH PREVIOUSLY PUBLISHED LOW POWER TEMPERATURE SENSORS

(a) (b)

Fig. 11. Measured inaccuracy among 20 dies (a) w/o trim (b) w/ 1-point
trim.

Fig. 12. Measured resolution versus conversion time.

offset trim, this improves to ±0.15 ◦C (3σ ), which corresponds to
a relative inaccuracy (R-IA) of 0.3 % [Fig. 11(b)]. As expected from
the simulation results in Fig. 2, the sensor’s output becomes non-
linear at high temperatures (>85 ◦C), while at low temperatures, it
exhibits more spread as IBIAS and the gain of the OTA decrease.
Fig. 12 shows the measured resolution versus conversion time at
multiples of the current-mirror DEM period. The sensor achieves
a thermal-noise limited resolution of 15 mK (RMS) in a 50-ms
conversion time.

Table I summarizes the performance of the proposed sensor and
compares them with those of other sub-μW temperature sensors uti-
lizing only 1-point trim. The proposed sensor consumes 2.9 × less
power than [5], which does not have an on-chip controller, and
4 × less power than [4], which requires extra power related to
generating a relatively high frequency of 1-MHz reference. Also, its
R-IA is more than 8 × better than [2] and competitive with that
of [4]. Moreover, it achieves a 15-mK resolution in 50 ms, which
translates into a state-of-the-art resolution FoM of 2.3 pJK2.

V. CONCLUSION

In this work, an NPN-based temperature sensor with a 1-point
trimmed inaccuracy of ±0.15 ◦C (3σ ) from −15 to 85◦C has been
presented. It employs a DMFE that effectively halves its power con-
sumption by using two NPNs to generate a precision PTAT current,
which is then sampled and applied to the same NPNs to generate

well-defined CTAT and PTAT voltages. A tracking �� modulator-
based temperature-to-digital converter was used to further reduce
its power consumption. A test chip fabricated in a 180-nm BCD
process dissipates 210 nW at RT. It achieves 15-mK resolution in
a 50-ms conversion time, which corresponds to a 2.3-pJK2 resolu-
tion FoM. These results showed that the proposed temperature sensor
combines ultralow power with good accuracy and is thus suitable for
use in low-power IoT applications.

REFERENCES

[1] K. Yang et al., “A 0.6nJ −0.22/+0.19◦C inaccuracy temperature sensor
using exponential subthreshold oscillation dependence,” in IEEE ISSCC
Dig. Tech. Papers, pp. 160–161, Feb. 2017.

[2] H. Xin, M. Andraud, P. Baltus, E. Cantatore, and P. Harpe, “A 174 pW–
488.3 nW 1 S/s–100 kS/s all-dynamic resistive temperature sensor with
speed/resolution/resistance adaptability,” IEEE Solid-State Circuits Lett.,
vol. 1, pp. 70–73, 2018.

[3] K. Pelzers, H. Xin, E. Cantatore, and P. Harpe, “A 2.18-pJ/conversion,
1656- μm2 temperature sensor with a 0.61-pJ·K2 FoM and 52-pW stand-
by power,” IEEE Solid-State Circuits Lett., vol. 3, pp. 82–85, 2020.

[4] Z. Tang, Z. Huang, X.-P. Yu, Z. Shi, and N. N. Tan, “A 0.26-pJ·K2

2400-μm2 digital temperature sensor in 55-nm CMOS,” IEEE Solid-
State Circuits Lett., vol. 4, pp. 96–99, 2021.

[5] K. Souri, Y. Chae, F. Thus, and K. Makinwa, “A 0.85V 600nW
all-CMOS temperature sensor with an inaccuracy of ±0.4◦C (3σ )
from −40 to 125◦C,” in IEEE ISSCC Dig. Tech. Papers, Feb. 2014,
pp. 222–223.

[6] T. Someya, V. Van Hoek, J. Angevare, S. Pan, and K. Makinwa, “A
210 nW BJT-based temperature sensor with an inaccuracy of ±0.15◦C
(3σ ) from −15◦C to 85◦C,” in Symp. VLSI Circuits Dig. Tech. Papers,
Jun. 2022, pp. 120–121.

[7] K. Souri and K. A. A. Makinwa, “A 0.12mm2 7.4μW micropower
temperature sensor with an inaccuracy of 0.2◦C (3σ ) from −30◦C to
125◦C,” IEEE J. Solid-State Circuits, vol. 46, no. 7, pp. 1693–1700,
Jul. 2011.

[8] M. Motz, U. Ausserlechner, W. Scherr, and B. Schaffer, “An integrated
magnetic sensor with two continuous-time ��-converters and stress
compensation capability,” in IEEE ISSCC Dig. Tech. Papers, Feb. 2006,
pp. 1151–1160.

[9] H. Son et al., “A low-power wide dynamic-range current readout cir-
cuit for ion-sensitive FET sensors,” IEEE Trans. Biomed. Circuits Syst.,
vol. 11, no. 3, pp. 523–533, Jun. 2017.

[10] K. Ishida, K. Kanda, A. Tamtrakarn, H. Kawaguchi, and T. Sakurai,
“Managing leakage in charge-based analog circuits with low-V/sub
TH/ transistors by analog T-switch (AT-switch) and super cut-off
CMOS,” in Symp. VLSI Circuits Dig. Tech. Papers, Jun. 2005,
pp. 122–125.

[11] T.-T. Zhang, M.-K. Law, P.-I. Mak, M.-I. Vai, and R. P. Martins,
“Nano-watt class energy-efficient capacitive sensor interface with on-
chip temperature drift compensation,” IEEE Sensors J., vol. 18, no. 7,
pp. 2870–2882, Apr. 2018.

[12] B. Park, Y. Ji, and J.-Y. Sim, “A 490-pW SAR temperature sensor with
a leakage-based bandgap-Vth reference,” IEEE Trans. Circuits Syst. II,
Exp. Briefs, vol. 67, no. 9, pp. 1549–1553, Sep. 2020.

Authorized licensed use limited to: TU Delft Library. Downloaded on November 13,2023 at 09:26:48 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
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /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


