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Abstract—This paper proposes an array of nMOS based
temperature sensors incorporated into a CMOS image sensor
(CIS) for thermal compensation of the latter. Each temperature
sensor features the same area as that of an image pixel. Both the
temperature and the image sensors’ outputs are read out by the
column-level zoom ADCs, each of which offers 16 bits, with a 4-bit
unit capacitor array (UCA) SAR and a 13-bit 2"%-order
incremental delta-sigma ADC (DSADC) as the first and the
second stage, respectively. The proposed UCA with improved
switching and decoding technique minimizes capacitor area and
switching energy, by 50 % and 75 %, respectively, compared to a
conventional binary weight array (BWA) counterpart. The
column zoom ADC samples twice as fast while keeping its
linearity, or, expands the dynamic range by 15 dB, for the image
sensors, compared to a DSADC only alternative. To digitize the
temperature sensor, the proposed zoom ADC is capable of
quantization errors less than 16 nV, which is equivalent to a 0.125
°C resolution for a 130 pV/°C temperature coefficient. The
proposed temperature sensor is simulated to keep its errors
within £0.21 °C upon 2"-order curve fitting, with 3 sigma Monte
Carlo inaccuracies less than +0.74 °C, between 0 and 100 °C, at a
power and an area of 144 pW and 121 pm’, respectively, with a
sampling period of 64 ps.

Keywords—temperature sensor, CMOS image sensor, zoom
ADC, analog-to-digital converter, ADC, SAR, delta-sigma

I. INTRODUCTION

A typical CIS array may contain more than tens of
megapixels, which have process variations among themselves,
as all semiconductor devices. However, most process sensitive
parameters, e.g., poly-resistor value, are also thermal sensitive.
To calibrate the process dependent parameters within the
temperature range of its application, temperature sensors could
be implemented inside the image pixel array, replacing some of
the image pixels, to sense the temperature locally, e.g., for dark
current (or, dark FPN) compensation [1]. Being in the same
array, the temperature sensors share the readout circuits with
the image pixels located in the same column. However, the
design requirements of the ADCs for the two types of sensors
are vastly different. A typical CIS’s column ADC has 12 bits
with an input range of 1 Vpp (which is the pixel’s output
range), and therefore, a resolution of approximately 0.25 mV.
Supposing its frame rate is 60 fps, a 1080p CIS array’s column
ADCs have to operate faster than 65 kHz (=60%x1080). In
contrast, a typical nMOS based temperature sensor’s thermal
coefficient is 130 pV/°C(=k/q-In(4)), for a current ratio of 4,
e.g., where k is the Boltzmann’s constant while ¢ being the
electronic charge. The accuracy required in temperature
sensors for dark current compensation is 1 °C [1], and to target
a resolution of 0.25 °C, the ADC has to offer a resolution as
fine as 32 pV, operating at a speed from a few tens to a few
kilo Hz. Designing one ADC for both sensors requires it to
provide a resolution of 30 uV within an input voltage range of
1 V and therefore a minimum 15 bits, when the sampling rate
is at a minimum 65 kHz. Considering the above mentioned
design challenges, this design employs a zoom ADC with
programmable gain and conversion time. By using a SAR to
assist the delta-sigma ADC, one either obtains more
quantization bits while maintaining the same conversion time
(oversampling ratio, OSR) and hardware complexity of the on-
chip digital delta-sigma filter, or, to cut down the conversion
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time (OSR) while maintaining its linearity. This is in
comparison to a pure DSADC alternative. To minimize the
additional area and energy incurred by the first-stage SAR, a
UCA based switching and decoding method, which saves the
SAR’s capacitor area and switching energy by 50 % and 75 %,
is proposed for the first time in this paper. The aforementioned
savings in area and energy are in comparison to a binary
weight array (BWA) or UCA [2] of the same number of bits.
The expense paid is less than 5 % area and power increment
incurred by the UCA SAR (comparing to a DSADC only
alternative), but gains 3 bits (or 18 dB more dynamic range, in
theory). Moreover, by using column 2"-order incremental
delta-sigma ADCs, the programmable gain amplifier (PGA)
circuits are eliminated from a CIS, as the delta-sigma’s OSR
can be adjusted to accommodate between a faster operating
speed and a finer resolution (lower noise), and overall, a wider
dynamic range. 2"™-order DSADCs have been used as column
ADC:s for CIS in [3][4]. SAR has been proposed to assist delta-
sigma ADC in its loop [5]; however, for DC-input ADCs, it is
more energy and time efficient to locate the SAR outside
instead of inside the delta-sigma modulator [6], as a zoom
ADC. However, unlike [6], this paper has the analog
equivalent of the digital outputs from the first-stage SAR
deduced from the input capacitor’s charge sampling instead of
having the input analog voltage multiplied accordingly. The
proposed temperature sensor employs an nMOS instead of BJT
based front-ends, for avoiding electronic luminescence (EL)
caused by forward biased BJTs to surrounding image pixels
[7]. Compared to previous publications on MOSFET based
temperature sensors in [8]-[12], the proposed temperature
sensor has the minimum area, comparable accuracy and FOM,
when providing on-chip digital outputs. This paper is
organized as follows. Section II explains the operating
principles of the UCA, the zoom-in ADC, and the temperature
sensor front-end with their schematics. Section III shows the
simulation results of each building block and the temperature
sensor as a whole. Conclusions and future works are given in
section 0.

II.  OPERATING PRINCIPLES

A. UCA SAR

Fig. 1 shows a UCA SAR’s schematic: each time a bit
switches, a voltage of +VREF-Cu/2Ctotal (=+VREF/I6 if
omitting the parasitic capacitance) is added or subtracted from
the charge balancing node Vx, depending on the logic value of
Bi (1 or 0), where Cu and Ctotal are the unit capacitor and the
total capacitance weight in the ADC, respectively;
VCM=VREF/2. On one hand, during each switching, the
charge balancing node Vx steps up or down by a voltage less
than that in a BWA. However, in the conventional UCA
described in [2], Vx keeps switching up and down even after it
is close to the level of VCM  within a voltage of
A=VREF/2"’s, and this incurs unnecessary switching energy.
The reasons are that, in a UCA, the digital representation of the
input voltage’s level can readily be deduced from the moment
that two neighbouring bits show opposite signs, when Vx can
be approximated to VCM, within errors of £4. The proposed
timing diagram in this paper is shown in Fig. 1, where the
comparator and the following bits stop comparing or switching
after two neighbouring bits have opposite signs. The proposed



switching method provides 4 bits instead of 3 as in [2], when
using the same number of capacitors. In other words, capacitor
area is saved by 50 % for the same number of bits, compared to
[2] or a conventional BWA. The reasons are in addition to
positive and negative steps, there is a third switching mode of
the capacitors—non-switching. If the positive and the negative
steps generate digital output 1 and 0, respectively, the non-
switching mode is analogous to a 0.5, and this helps double the
number of stairs in practice and gains an extra bit. However,
the thermometer to binary encoder, which is comparable to that
for a delay-line based time to digital converter (TDC) [13] is
still of 3-bit complexity, with an extra Magnificent Significant
Bit (MSB).
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Fig. 1 Proposed UCA SAR ADC and its timing diagram.

B. zoom ADC

The proposed SAR-assisted 2™-order incremental delta-
sigma ADC (zoom ADC) is shown in Fig. 2, with the delta-
sigma ADC in reference to [12]. It places the SAR-assisted
DAC voltage at the position of that of the conventional
common mode voltage. The delta-sigma ADC works in series
with the UCA SAR. Once the comparison for all the 4 bits are
complete in the SAR, whose outputs are fed into the capacitor
array connected to VDAC SAR shown in Fig. 2, and the
conversion in the delta-sigma ADC begins. Since
VDAC SAR=Vx, the charge sampled on C/I(=Ctotal) during
phase 2 is approximately (VIN-VDAC SAR)-Ctotal ~(VCM-
Vx):Ctotal (Ctotal and Vy are the total capacitance and final Vy
value of the SAR and Ctotal = C11). This is mathematically
similar to using a multi-bit quantizer in the delta-sigma loop.
However, the fact that the input level does not change over the
conversion period for a temperature/image sensor makes it
possible to move the SAR outside the delta-sigma loop. Using
a 4-bit SAR, the input charge sampled (VIN-VDAC SAR) is
suppressed by a factor of 8 (8=23, losing 1 bit for the digital
error correction shown in Fig. 1). In other words, the input
range of the delta-sigma modulator is reduced to its original
1/8. Meantime, the requirements of the output swing (in the
opamp) in the delta-sigma modulator can also be reduced to its
original 1/8. The capacitor size of C/2 and C22 can be reduced
accordingly.

A. Temperature sensor front-end

The proposed temperature sensors are imbedded inside the
CIS array, sharing the power supply voltages, column and row
buses, as shown in Fig. 3 with their system block diagram.
Their timing diagram is shown in Fig. 4: When the row select
switch (RS) is on at #(0), the pixel output voltage

Vrs=Vrix sur—Ves (Vs s the gate-source voltage of Msr), when
ignoring the voltage drop on Mzs. When biased in subthreshold
region, an nMOS transistor has an I-V characteristic [15] of:

I, = Ipg - eVes=Vrr)/nVr (1)

where I;, Ips, Vru, V1 are the column bias, saturation current,
threshold voltage of the transistor Msr and Vr=kT/q (k is
Boltzmann’s constant, g is electronic charge and T is the
temperature), respectively; while n is a process dependent
factor. From (1), one obtains mathematically:
n (1_1) _ Ves—Vrn) )
Ips nvr
As shown in Fig. 4, when two ratiometric currents /; ;, ;2 are
biased as /; sequentially, the voltage change at V75 becomes:

kT
Ves2 = Vesp = n;ln(N) 3)

Which is proportional to the temperature 7; where
N=I,,/1;, is the ratiometric current ratio, which is 4 in this
design. During Tupc; and T4pc2, the temperature sensors are
readout: sensors in same the row are readout together by the
column ADC, and then, row by row, the entire array of sensors
are all read out. In this way, the introduced temperature sensors
only incur additional area, power and conversion time
proportional to its spatial occupancy among the entire image
sensor array. For instance, if the maximum predictable thermal
gradient is around 0.25 °C for every 1 mm when the pixel pitch
is 10 um, 1 temperature sensor for every 10000 (=100x100)
image sensor will suffice, incurring only 0.01 % additional
area, power and readout time, or the same portion of dead
image pixels. As the nMOS Mgx’s body cannot be connected to
its source in this technology, the difference in the threshold
voltage Vry during I;; and I, deserves some attention.
However, oV/oVss =y/2NQ®+Vsp) is lowered when Vs
increases. Since Vg (close to V7s) is around 2 V in practice, the
aforementioned body effect can be ignored for the accuracy
requirement in this paper. In transistor level implementation,
one has to make sure that Msr works in subthreshold region. In
Fig. 4, Vpix is the image pixel voltage output and its schematic
is similar to that described in [3].
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Fig. 2 Schematic of proposed 2" order delta-sigma ADC for the zoom ADC.
III. SIMULATION RESULTS

A. Capacitor swithcing energy in UCA SAR

To compare the switching energy of the proposed and the
conventional UCA methods shown in Fig. 1, along with that of
a conventional BWA, simulations are performed in MATLAB.
This is performed by modelling the charge balancing node Vx’s
voltage changes, versus the input range of the ADC through its
conversion steps and calculating the switching energy. Using
the proposed UCA method, the switching energy dissipated by
the capacitor array is saved, particularly around the middle of
the input range—VCM, where, in contrast, is the most energy-
hungry region for the other two conventional techniques, as
illustrated in Fig. 5. The reasons are that in the proposed
method, the closer an input voltage is to the VCM, the fewer
the UCA SAR'’s active cycles are, before the comparator and
the capacitors idle. The total number of capacitors in the



proposed design is only half as much as those in [2] or in a
conventional BWA. In this way, the switching energy is further
reduced, by at least 75%, compared to a conventional BWA
alternative. In this design, the averaged operating cycles of the
comparator for a ramp voltage input is 4, which is the same as
that in a BWA SAR. Moreover, most of the time the
comparator output is monotonous, being static at “0” or “1”.
According to the simulation results in this technology, a non-
switching step consumes around 15 % energy as in a switching
one. Assuming the leakage current in the comparator is
negligible during its idling, the proposed 4-bit UCA also saves
comparator energy by a total of around 50 %. The UCA based
SAR has more conversion cycles than a conventional
alternative. However, the total conversion time of a 4-bit UCA
SAR in this design is much less than 1 of the 16 or 128 cycles
of the delta-sigma in the zoom ADC.

Column grmmmsesmssmsmesesoeog
current & DEM : @ Image Pixels !

HH HH SRR e

> [~ 7] ; B Temperature Sensors E

] ] fIzzzzzzazzzaazizaaacasyeccd
‘_g 64 (H) x 32 (V)| : Temperature Sensor |
< g |:||: Pixel Array ; WVeix_sup :
e _g : H H v H
3 % : SF_suP E
] ] H '
o | [~ B H E
H Msr :
Bggl AL _HH L :
& o & B 16-bit i . :
o > zoom ADC : RS g_l Mgs :
| x 32 ' :
L) H :

4 H

£ 32-to-1 H :
S5 t Column ' I,i Column (j) |
o decoder ! H
' H
On-chip H V. H
. Ts .
16 bit digital outputs: :

— L L— Rs(i)
o 4 RST@H
A n AN o

1:(0) 1:(0) ta(0) t(T) t(T) t(T)
Fig. 4 Proposed temperature sensor’s timing diagram.

7 T —————
5 =T ==<s
@ - ~
26 Phe s
w L - ~ N
g5
Sa proposed UCA
= = = -conventional UCA
&3 ———BWA
o — — = -mean proposed UCA
W) mean conventional UCA
- - mean BWA
M- T~ T
]
Zo0

0 4 8 12 16
Input level

Fig. 5 MATLAB simulations of energy dissipation in a 4-bit capacitor array
using BWA, UCA [2] and proposed UCA method of the same unit capacitor
size.

B. Linearity of zoom ADC

Cadence transistor level simulations are performed in 0.18
pm 3.3 V technology, using the proposed zoom ADC’s
schematic shown in Fig. 1 and Fig. 2, with a decimator filter
similar to that in [14]. The first opamp shown in Fig. 2 has a
gain and a UBW of 65 dB and 40 MHz. The second opamp has
a similar gain but its UBW is a quarter as in the first one. The
reference voltage and the sampling clock rate are 1 V and 2
MHz. Two separate simulations are performed. The first is on
static linearity, performed using a ramp input voltage between
1681 mV and 1722 mV (typical output level of the proposed
temperature sensor front-end described in II.A), with 1500

sampled points. The results are shown in Fig. 6 (a) and have
verified that linearity is improved by at least 15 dB, from 1 °C
(124 uV) to 0.17 °C (20 pV), a little bit less than 8 time
improvements (in theory) mentioned in section II.B. The
second simulation is performed with sine wave input of
amplitude of 0.8 Vpp with various frequencies and its results
are shown in Fig. 6 (b), which indicate that the proposed zoom
ADC is able to operate twice as fast with 2 dB higher dynamic
range, as a column ADC for image sensors.
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Fig. 6 Simulation results of static and dynamic linearity using Cadence
transistor level designs. (a) Quantization errors (linearity) of the zoom ADC.
(b) Spectral response and SNDR (signal to noise and distortion ratio) of the
zoom ADC.

C. Temperature sensor front-end

The transistor level design of the temperature sensor
proposed in section II.A is constrained by the available area
inside the image sensor array. In other words, the temperature
sensor’s taking additional area means a larger number of dead
image pixels. Therefore, in this design, it is decided that each
temperature sensor should take no more than that of one image
pixel’s area. On the other hand, a smaller-sized temperature
sensor may lead to more process variations, which, in general,
either make calibration more time consuming or increase
measurement errors in mass production. To verify its process
variations in transistor level, 100 Monte Carlo simulations
have been performed on the proposed nMOS based
temperature sensor front-end (SF sized 8 um %8 /0.35 pm) and
are shown in Fig. 7, which indicates a resolution of 130 uV/°C
in average. By calibrating each sensor at 50 °C, their 3 sigma
(o) errors (including process variations) among the 100 Monte
Carlo simulations are within +£0.53 °C, deviating from a 2"-
order mater curve, from 0 to 100 °C. The errors due to
curvature in the master curve are less than +0.1 °C. As a
single-ended rather than two differential nMOS transistors are
used for thermal sensing, threshold mismatches are eliminated.
The process variations of “n” and “N” in equation (3) can be
corrected by one-point calibration. What remain uncorrected
are the geometrical mismatches of the Mg+ and the column
level current biasing circuit that generates /; (Fig. 3), among
the temperature sensor array. They have caused Msr’s transfer
function to further deviate from equation (1)— the simplified
model.

D. nMOS based temperature sensor with digital outputs

The nMOS based temperature sensor front-end proposed in
section II.A is quantized by the the zoom ADC described in
section II.B (V75 shown in Fig. 3 is connected to VIN shown in



Fig. 2). The reasons for choosing nMOS over BJT alternative
is due to the latter could incur EL to its neigbouring image
pixels [7]. Transistor level simulations are performed in 0.18
pum CIS technology using Cadence Environment and are
plotted in Fig. 8. The digital outputs are approximately from
3200 digital number (DN) to 4000 DN between 0 and 100 °C,
so the temperature’s resolution is around 0.125 °C. The
sensor’s errors due to curvature is less than £0.21 °C, after a
2™_order curve fitting which can correct some of the errors
incurred by leakage current, as an non-ideality to equation (3).
Since an incremental delta-sigma ADC relies on feedback loop
to make sure that its digital output bit stream’s representation
equals its analog input, independent of temperatures or process
variations, it is safe to assume the overall temperature sensor’s
3 o process variations using that of the front-end sensor shown
in Fig. 7. As a result, the proposed temperature sensor’s 3 ©
accuracy is estimated to be around 0.74 °C, including both
curvature and mismatches. Noise affects the finest resolution
of the sensor. The kTC noise of the zoom ADC is VKT/C/OSR,
in theory. When OSR=128, to make the kTC noise less than
0.125 °C (the sensor’s required resolution), the input sampling
cap CI1/ has to be larger than 163 fF, which is rounded up to
200 fF. As a result, the unit-size C in the UCA shown in Fig. 1
is 25 fF=(200 fF/8).
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Fig. 8 Transistor level simulation results of the proposed temperature sensor:
its digital outputs versus temperature and its errors due to curvature after a 2"-
order curve fitting, from 0 to 100 °C.

IV. CONCLUSIONS & FUTURE WORKS

This paper proposes an array of temperature sensors
incorporated into a CMOS image sensor. The nMOS based
temperature sensors are quantized by column-level zoom
ADCs, which also digitize the image pixels in the same array.
The zoom ADC’s transistor level simulations demonstrate
twice faster sampling speed and 2 dB higher SNDR, comparing
to the case using DSADC only, for the image pixels. Its

linearity is improved by 15 dB (or, its resolution is improved
by a factor of 6), compared to using DSADC alone, as the
temperature sensors’ column quantizer. The UCA based SAR
incurred at least 50 % less capacitor area and 75% less
capacitor switching energy, when compared to a conventional
BWA alternative. The proposed temperature sensor offering
digital outputs is simulated to have an overall curvature errors
of £0.21 °C and 3 o process variations within +0.53 °C, when
consuming a total power of 144 nW,within a conversion time
of 64 ps (when OSR=128), from 0 to 100 °C, as shown in the
comparison chart in Table I. Compared to previous
publications [8]-[11], this design has the minimum area: each
temperature sensor takes an area within the image pixel pitch
(11 ym x11 pm) using 0.18 um CIS technology. It also
maintains reasonable FOM and accuracy. The design’s layout
view is shown in Fig. 9, with both the sensor and its zoom
ADC labelled with their dimensions. The decimator filter can
be column wise but is off-chip for this tapeout. When
quantizing image pixels, the zoom ADC has a column rate of
110 kHz (when OSR=16 and sampling frequency is 2 MHz),
which is equivalent to a 100 frame per second (fps) for a 1080p
pixel array. Digital dark current compensation using the
proposed temperature sensor is expected, as the measured dark
current can be modelled exponentially with temperature within
an inaccuracy less than 17 %, as shown in Fig. 10, which are
measurements results from the authors’ previous tapeout.
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Fig. 9 Layout of the temperature sensor (left) and the zoom ADC (right), not
shown in scale.
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Table I
This
work [10] [11] [8] 9]
Sensor Type | MOS MOS MOS MOS MOS
CMOS 0.18
Technology um 65 nm 0.18 um 0.18 pm | 0.18 um
Outputs digital digital digital analog analog
Area (um?) 121 4000 220000 329 177000
Temperature | 0 to 0 to -20 to -40 to
Range (°C) 100 100 -20t0 80 100 125
3o 1?,%“)”” +0.53 23 +0.76 +021 2
Power 144 154 0.57 103 2000
Consumption | (with (with (with (without | (without
|wW) ADC) | ADC/TDC) | ADC/TDC) | ADC) ADC)
Conversion | ¢4 0.022 8 N/A N/A®
time (ms)
Res(?,'é‘)t“’“ 0.125 03 0.09 NA® | N/AP
Resolution
FOM 144 304.9 36.9 N/A® N/AP
(PIKY

 Energy/Conversionx(Resolution)?
®In these publications, the conversion time, resolution and FOM are
unavailable (N/A) as the sensor outputs are analog instead of digital

ACKNOWLEDGMENTS

The authors would like to thank TowerJazz for their support in fabricating the
silicon dies. The work reported is part of the SENSATION project, sponsored
by the Dutch government and the EC. The authors would like to thank Sining
Pan, Hui Jiang and Zuyao Chang from for their simulation tips and all the
reviewers for their valuable comments.



(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

S. Xie, A. Abarca, J. Markenhof, X. Ge, and A. Theuwissen, "Analysis
and calibration of process variations for an array of temperature
sensors," in 2017 IEEE SENSORS, 2017, pp. 1-3.

K.P. Pun, L. Sun, and B. Li, "Unit capacitor array based SAR ADC,"
Microelectronics Reliability, vol. 53, no. 3, pp. 505-508, 2013.

Y. Chae et al., “A 2.1 M Pixels, 120 Frame/s CMOS Image Sensor With
Column-Parallel ADC Architecture, ," [EEE Journal of Solid-State
Circuits, vol. 46, no. 1, pp. 236-247,2011.

I. Lee, B. Kim, and B. Lee, "A Low-Power Incremental Delta—Sigma
ADC for CMOS Image Sensors," IEEE Transactions on Circuits and
Systems 1I: Express Briefs, vol. 63, no. 4, pp. 371-375, 2016.

S. Karmakar, B. Gonen, F. Sebastiano, R. V. Veldhoven, and K. A. A.
Makinwa, "A 280uW dynamic-zoom ADC with 120dB DR and 118dB
SNDR in 1kHz BW," in 2018 IEEE International Solid - State Circuits
Conference - (ISSCC), 2018, pp. 238-240.

Souri K., Makinwa K.A.A., All-CMOS Precision Temperature Sensors.
In: Energy-Efficient Smart Temperature Sensors in CMOS Technology
(Analog Circuits and Signal Processing. Springer, Cham, 2018).

K. Seo, S. Lee, P. Ahn, D. Kim, and K. Cho, "A Study on Photon Effect
to Image Plane," in 2017 International Image Sensor Workshop,
Hiroshima, Japan, pp.31.

C. Zhao, Y. Wang, D. Genzer, D. Chen, and R. Geiger, "A CMOS on-
chip temperature sensor with —0.21°C 0.17 °C inaccuracy from —20 °C
to 100 °C," in 2013 [EEE International Symposium on Circuits and
Systems (ISCAS), 2013, pp. 2621-2625.

C. Wang, W. Lu, T. Wu, and C. Juan, "A CMOS wide-range
temperature sensor with process compensation and second-order
calibration for Battery Management Systems," in 20/4 IEEE
International Symposium on Circuits and Systems (ISCAS), 2014, pp.
586-589.

T. Anand, et al., “A Self-referenced VCO-based Temperature Sensor
with 0.034°C/mV Supply Sensitivity in 65nm CMOS,” in IEEE Symp.
VLSI Circuits, pp. C200-C201, 2015

K. Yang et al., "A 0.6n] —0.22/+0.19°C inaccuracy temperature sensor
using exponential subthreshold oscillation dependence," in 2017 IEEE
International Solid-State Circuits Conference (ISSCC), 2017, pp. 160-
161.

S. Xie, and W. T. Ng, "A low power all-digital self-calibrated
temperature sensor using 65nm FPGAs." 2013 IEEE International
Symposium on Circuits and Systems (ISCAS), 2013, pp. 2617-2620.

S. Xie and W. T. Ng, "A 0.02 nJ self-calibrated 65nm CMOS delay line
temperature sensor," in 2012 IEEE International Symposium on Circuits
and Systems (ISCAS), 2012, pp. 3126-3129.

Schreier, R. and Temes, G.C., Understanding delta-Sigma Converters,
(WILEY, 2005)

K. Law, A. Bermak, and H.C. Luong, “A Sub-uW Embedded CMOS
Temperature Sensor for RFID Food Monitoring Application,” /IEEE J.
Solid-State Circuits, vol. 45, no. 6, pp. 1246-1252,2010.

Y. Chae et al.,, " A 2.1 M Pixels, 120 Frame/s CMOS Image Sensor
With Column-Parallel ADC Architecture," IEEE Journal of Solid-State
Circuits, vol. 46, no. 1, pp. 236-247, 2011.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /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 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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


