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Abstract—Measurement of absorbed dose and dose rate is a 
common task in radiation environments such as space. This is 
accomplished with the specialized instruments known as radiation 
dosimeters. Among the most commonly used radiation dosimeters 
in space missions are those based on the Radiation Sensitive Field 
Effect Transistors (RADFETs). In this paper, we propose a design 
concept for a radiation hardened readout system for the real-time 
measurement of absorbed dose and dose rate with RADFET. The 
successive switching between the absorbed dose and dose rate 
readout modes, as well as the subsequent data processing, are 
performed by the self-adaptive fault-tolerant Multiprocessing 
System-on-Chip (MPSoC). The integrated framework controller 
and the real-time monitoring of particle flux with the embedded 
Static Random Access Memory (SRAM) enable the autonomous 
selection of operating and fault-tolerant modes, thus achieving the 
optimal performance under variable radiation conditions.  

Keywords—RADFET readout, radiation hardness, self-adaptive 
multiprocessing system-on-chip (MPSoC) 

I. INTRODUCTION 

The space environment is characterized by intense radiation 
originating from three main sources: galactic cosmic rays, solar 
particle events and radiation trapped in the Earth’s magnetic 
field. The radiation intensity (flux) may increase by several 
orders of magnitude during a period of few hours or days (e.g. 
during the solar particle events) [1]. Such intense radiation may 
be lethal for humans, but is also a main source of temporary and 
permanent failures in electronic devices, circuits and systems. 
Therefore, the real-time monitoring of radiation intensity and 
the use of radiation hardened electronic instrumentation are the 
major requirements for space missions.  

Monitoring of ionizing radiation exposure is accomplished 
with the specialized radiation dosimeters which provide the 
real-time measurement of the total absorbed dose and the dose 
rate under radiation exposure. A radiation dosimeter is com-
posed of at least one radiation sensor and data processing 
electronics. The operating principle is based on measuring the 

radiation-induced change of the sensor’s electrical parameters 
(i.e. the change of current flowing through the sensor or the 
voltage across the sensor). Due to their miniature geometry, 
inherent sensitivity to ionizing radiation and compatibility with 
the Complementary Metal Oxide Semiconductor (CMOS) 
technologies, the semiconductor electronic and optoelectronic 
devices such as diodes, transistors, photodiodes and photo-
transistors are usually used as radiation sensors.  

In general, either custom-designed or commercial semicon-
ductor devices can serve as radiation sensors. Because of their 
low price and wide availability, various commercial compo-
nents have been investigated for dosimetry applications [2 – 8]. 
However, the custom-designed radiation sensors provide higher 
sensitivity, accuracy and resolution, and are thus more suitable 
for critical applications such as space missions. One of the most 
common radiation sensors employed in space are the Radiation 
Sensitive Field Effect Transistors (RADFETs). In comparison 
to other dosimetric solutions, RADFETs offer the advantages 
in terms of the possibility of operation without voltage bias and 
the ability to store the dosimetric information.  

For acquisition of the signal from a radiation sensor and 
subsequent computation of absorbed dose and dose rate, the 
mixed-signal processing is required. Depending on the appli-
cation requirements, the processing can be implemented with 
standard microcontrollers, Field Programmable Gate Arrays 
(FPGAs) or custom-designed Application Specific Integrated 
Circuits (ASICs). However, modern electronic systems are 
inherently sensitive to the high energy particles which can 
cause the Single Event Effects (SEEs) and subsequently result 
in soft (temporary) or hard (permanent) errors. Therefore, the 
design of electronic systems for radiation environment requires 
efficient and cost-effective radiation hardening measures.  

In this paper, a design concept for a radiation hardened 
readout system combining a RADFET and a self-adaptive multi-
processor platform is proposed. The basis of the proposed design 
is a quad-core processing platform with the custom-designed 
framework controller and the Static Random Access Memory 



(SRAM) which acts as a data storage unit and a particle detector. 
Such solution allows for dynamic selection of the operating and 
fault tolerant modes according to the application requirements 
and the measured radiation intensity. As a result, higher integ-
ration level and flexibility than the state-of-the-art solutions can 
be achieved.  

The rest of the paper is organized as follows. The related 
work on RADFET dosimetry and the contributions of this work 
are elaborated in Section II. The overall design of the readout 
system is introduced in Section III. The preliminary design 
specifications of the analog and digital subsystems are discussed 
in Sections IV and V, respectively.  

II. RELATED WORK AND PAPER CONTRIBUTION 

A. Fundamentals of RADFET Dosimetry 

The RADFET, also known as the MOSFET or pMOS dosi-
meter, is the p-channel MOS transistor specially designed for 
high sensitivity to ionizing radiation. It is mainly used for the 
absorbed dose measurement, but is also suitable for measuring 
the dose rate. The readout circuits for absorbed dose and dose 
rate measurement are illustrated in Figure 1. 

For the absorbed dose measurement, the operating principle 
is based on the threshold voltage shift, ΔVT, resulting from the 
radiation-induced charge accumulation in the gate oxide. As the 
volume of the oxide is finite, the amount of charge that can be 
accumulated is also finite. Based on this reasoning, a rational 
equation for calculating the absorbed dose D in terms of ΔVT 
has been proposed by Ristic et al. [9],  
 																										∆ ்ܸ = ܽ − ܽ1 + ܾ ∙ ௖ܦ 																						(1) 
 
where a, b and c are constants for a given RADFET obtained 
by fitting the experimental results.  

In principle, ΔVT is equivalent to the difference between the 
threshold voltage before irradiation and the threshold voltage 
after certain period of irradiation. The threshold voltage VT is 
measured by the so-called “one-point” method illustrated in 
Figure 1 (a), i.e. VT is equal to the gate/drain voltage for a given 
drain current ID, where ID is typically around 10 µA. 

 

Figure 1: Readout configuration for: (a) dose measurement, 
and (b) dose rate measurement  

The feasibility of the real-time dose rate measurement with 
RADFET has been demonstrated experimentally, with the Co60 

gamma irradiation, by Andjelkovic et al. [10]. In contrast to the 
absorbed dose measurement approach where the gate oxide is 
the sensitive area, for the dose rate measurement the substrate 
(bulk) is the sensing region. The main idea is to measure the 
direct current induced by the radiation. 

The measurement of dose rate with RADFET [10] employs 
similar concept as for pn diodes, i.e. a RADFET is configured 
as a diode and the reverse bias voltage is applied at the bulk, as 
illustrated in Figure 1 (b). Previous experimental results have 
shown that with the reverse bias voltage from 10 to 30 V, the 
current induced by gamma radiation is stable during the fixed 
dose rate exposure, for the dose rates from 0.65 to 32 Gy/h [10]. 
Depending on the reverse bias voltage, the induced current 
varies from around 200 pA to almost 4 nA in the investigated 
dose rate range, which can be measured very accurately with 
the standard current-to-voltage conversion techniques.  

The mean value of the radiation-induced direct current as a 
function of dose rate and bias voltage can be expressed with the 
power relation [10], 																													ܫ = ݇ ∙ ஻ܸூ஺ௌ ∙ ሶܦ ௠																										(2) 
where I is the mean effective radiation-induced current in nA, 
Ḋ is the dose rate in Gy/h, VBIAS is the reverse bias voltage in V, 
and k and m are the fitting coefficients. 

Recently, Kulhar et al. [11] have shown that RADFETs can 
be also operated in the pulsed current mode, enabling to 
measure lower dose rates than those reported in our previous 
work [10]. At lower dose rates, the radiation generates current 
pulses in the RADFET which can be converted to voltage 
pulses, whereby the pulse count rate is proportional to the dose 
rate. As reported in [11], this approach allows for measuring the 
dose rates down to 0.5 mGy/h. 

B. RADFET Readout Solutions for Space 

Various RADFET readout systems have been reported in 
literature [12 – 15]. However, in these solutions RADFETs are 
used only for the absorbed dose measurement. In addition, in 
all cases a single processing core in the form of a commercial 
microcontroller or FPGA is used. The radiation hardness is 
achieved either through the hardware redundancy within FPGA 
or by replicating the microcontroller chips on the board. These 
approaches have two important shortcomings in the context of 
emerging space applications. First, measuring only the dose is 
not sufficient and hence would be necessary to use additional 
sensors (e.g. pn or pin diodes) for the dose rate measurement, 
which increases the overall cost of the implementation. Second, 
the static hardening measures produce significant overhead in 
terms of power consumption which is not acceptable for long-
term space missions due to the restricted power budget. 

C. Paper Contribution 

Considering the aforementioned limitations of the existing 
RADFET readout solutions, this work introduces the following 
original contributions: 

• The concept of simultaneous measurement of absorbed 
dose and dose rate with a single RADFET. 

• The use of self-adaptive quad-core processing platform as 
a basis for radiation hardened RADFET readout system.  
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By measuring simultaneously the absorbed dose and dose 
rate with RADFET, the complete information on the radiation 
exposure can be obtained in real time with a single radiation 
sensor. Such concept eliminates the need for additional sensors 
for dose rate monitoring as in the case of previous solutions. 
Thus, the overall implementation cost can be minimized, while 
leveraging the unique benefits of the RADFET dosimetry. 

With the readout system based on the self-adaptive multi-
core processing platform, the functionality is not limited only 
to monitoring of one or more RADFETs but is also possible to 
monitor other types of sensors within a spacecraft or a satellite. 
Moreover, the same platform can perform other mission-critical 
tasks (e.g. navigation, image processing, communication). Such 
hybrid concept is crucial in modern space applications which 
require high level of integration and fault tolerance with mini-
mum power consumption. 

III. READOUT SYSTEM DESIGN  

Although it is possible to integrate the complete processing 
electronics on the same chip, in this initial design stage the 
analog and digital subsystems will be viewed as separate units. 
This approach has been chosen because the digital section, 
including the analog-to-digital converter (ADC), has been fully 
verified through different ICs developed at IHP. Moreover, at 
this initial design stage would be challenging to plan the on-
chip integration of the highly sensitive analog circuitry for 
measuring very low currents in the picoampere range. It could 

also be possible to integrate the RADFET with the processing 
electronics, but the disadvantage of such approach is that it 
would not be possible to replace the RADFET and thus the 
whole system will have limited lifetime determined by the 
lifetime of the RADFET. 

The proposed readout platform is composed of two separate 
units: an Analog Signal Conditioner (ASC) and a self-adaptive 
Multiprocessor System-on-Chip (MPSoC). The ASC is envi-
sioned as a fully analog unit based on commercially available 
components. On the other hand, the MPSoC is intended to be 
implemented on a single chip, leveraging the IHP’s commercial 
space-grade 130 nm SiGe BiCMOS technology. The block 
diagram of the readout system is illustrated in Figure 2. 

Regarding the absorbed dose and dose rate measurement, 
three readout modes are supported:  

1) No readout: All pins are grounded and RADFET is 
operated as a passive absorbed dose meter, with or 
without bias applied to the gate terminal. Dose rate 
monitoring is not possible in this mode. 

2) Absorbed Dose Readout: The voltage measurement 
circuit is connected to RADFET and absorbed dose is 
calculated based on the threshold voltage shift. 

3) Dose Rate Readout: The current measurement circuit 
is connected to RADFET and the dose rate is calcula-
ted from the measured current. 

 

Figure 2:   Proposed readout system design

IV. ANALOG SIGNAL CONDITIONER (ASC) 

The Analog Signal Conditioner (ASC) processes the analog 
signals generated by the RADFET in the Absorbed Dose and 
Dose Rate Readout modes. The switching between the opera-
ting modes is controlled by the MPSoC. The ASC is composed 
of two acquisition channels: (i) voltage readout channel for 
absorbed dose measurement, and (ii) current readout channel 
for dose rate measurement. At this conceptual design stage, the 
idea is to implement the ASC subsystem with commercially 
available components suitable for space applications.  

A. Voltage Readout Channel 

The voltage readout channel measures the threshold voltage 
in the Absorbed Dose Readout mode, according to the setup 
depicted in Figure 1 (a). A current source provides the constant 
current bias at the RADFET’s drain terminal, and a voltage 
source is employed to optionally bias the RADFET’s gate 
terminal and thus control the sensitivity to radiation. A multi-
range voltage amplifier is utilized to convert the voltage from 
the RADFET to the voltage range supported by the ADC integ-
rated in MPSoC. 
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B. Current Readout Channel 

The current readout channel combines the direct and pulsed 
current measurement in the Dose Rate Readout mode. For this 
purpose, the setup illustrated in Figure 1 (b) is used. It consists 
of a voltage source for biasing the RADFET’s bulk terminal, a 
current measuring unit for direct current measurement and a 
charge measuring unit for pulsed current measurement. The 
direct current induced in the RADFET at medium and high dose 
rates is measured by the transimpedance amplifier, and a 
current integrator is used for measuring the pulsed current at 
low dose rates. Due to the wide range of current that can be 
induced in RADFET during the radiation exposure, the multi-
range transimpedance amplifier with autonomous gain switch-
ing is required. As the lowest radiation-induced current can be 
in the range of tens of pA, it is required to use a very low input 
bias current operational amplifiers in the transimpedance and 
current integrating stages. 

C. Programmable Switching Matrix 

The switching matrix enables to select one of the three 
readout modes (no readout, absorbed dose measurement mode 
or dose rate measurement mode). It is based on analog switches 
used to successively implement the readout circuits given in 
Figure 1. For this purpose, eleven switches are required. The 
control signals and the switching pattern are defined in the 
program executed by the MPSoC.  

D. Hardening of Analog Circuitry 

The analog circuitry may be sensitive to Total Ionizing 
Dose (TID) and SEEs. Hence, the analog components have to 
be chosen to comply with the required TID and SEE limits. This 
is performed through the exhaustive irradiation tests or by 
employing the commercial rad-hard components. The TID 
tolerance can be improved with appropriate shielding while the 
SEE tolerance can be enhanced with special design techniques. 
In analog circuits, the most critical SEEs are the Single Event 
Transients (SETs) and the Single Event Latchup (SEL). The 
SET duration in analogic circuits is typically in the range of 
microseconds. To minimize the SET effects, the passive filters 
have to be inserted at the output of all analog integrated circuits. 
On the other side, the SEL is mitigated by monitoring the power 
supply current with appropriate current sensors, and resetting 
the power supply when the excessive current flow is detected. 

V. SELF-ADAPTIVE MULTI-PROCESSOR SYSTEM-ON-CHIP 

(MPSOC) 

The processing platform is a self-adaptive Multi-processing 
System-on-Chip (MPSoC) with four cores. It performs two 
main functions: (i) switching of readout modes for absorbed 
dose and dose rate measurement, (ii) processing of the data 
from ASC to determine the absorbed dose and dose rate. To 
enable the high level of flexibility, the platform supports the 
autonomous selection of the operating modes and fault-tolerant 
mechanisms during the runtime. 

A. Waterbear Framework Controller 

The basis of the self-adaptive MPSoC is the Waterbear 
framework controller, proposed by Simevski et al. [16]. It 
enables the adaptive switching of the operating modes, thus 
providing the optimal utilization of the system resources and a 

trade-off between performance, power consumption and fault 
tolerance. The functionality of the Waterbear framework has 
been verified on several chips developed at IHP, among which 
the most representative example is the PISA (Power-robust 
Microprocessor for Space) chip [16]. 

The Waterbear framework controller sets the multipro-
cessor in one of the three operating modes according to the 
requirements for fault tolerance and performance [16]: 

• De-stress mode: a single core is operating while the other 
cores are clocked- or powered-off to reduce aging and save 
power. This is done with the help of special aging sensors 
embedded in each core. 

• Fault-tolerant (rad-hard) mode: the cores can be coupled 
into various fault-tolerant modes such as Dual Modular 
Redundancy (DMR), Triple Modular Redundancy (TMR) 
or Quadruple Modular Redundancy (QMR). The coupled 
cores are executing each instruction simultaneously. The 
fault-tolerant modes are selected based on the current tasks 
of the system and the radiation intensity (particle flux) 
measured with the SRAM-based particle monitor.  

• High-performance mode: the multiprocessor operates as a 
common multiprocessor (each core executes its own task). 

B. Processing Cores 

In this case, four LEON2 cores have been chosen for data 
processing. The LEON2 processor is based on 32-bit SPARC 
architecture and AMBA 2.0 interconnection. It is highly confi-
gurable, allowing the user to customize it for a particular 
application. The advanced fault tolerant versions denoted as 
LEON3FT and LEON4FT, with integrated radiation hardening 
mechanisms within the cores, are also available [17]. 

C. Readout Interface 

The MPSoC is interfaced to the ASC through the readout 
interface composed of an ADC, a pulse counter and a control 
unit. A 12-bit ADC has been selected for measuring the voltage 
from the voltage readout channel in the Absorbed Dose Read-
out mode. The pulse counter measures the radiation-induced 
pulses from the current readout channel when the Dose Rate 
Readout mode is active. The control unit provides the control 
signals, via the General Purpose Input/Output (GPIO) pins, for 
managing the operation of ADC, programming the switching 
matrix and selecting the measurement ranges in the current and 
voltage readout channels in ASC. 

D. SRAM as Data Storage Medium and SEU Monitor 

To enable the Waterbear framework to autonomously select 
different fault tolerant modes, the on-line monitoring of high 
energy particle flux is necessary. As the soft error rate (SER) of 
the entire system increases linearly with flux, the appropriate 
hardening configurations (DMR, TMR or QMR) can be applied 
to protect the system when high flux is detected. In this applica-
tion, a 16 Mbit SRAM embedded in the MPSoC is intended to 
act both as a data storage unit and a particle monitor. This 
unique concept has been initially proposed by Chen et al. [18]. 
The standard error detection and correction (EDAC) and 
scrubbing techniques are employed to detect the single/double 
bit errors as well as permanent faults in each memory word. The 
8-bit counters are used to count the single/double bit errors and 
permanent faults.  



E. Aging Sensors 

Aging effects lead to the long-term degradation of transis-
tors’ characteristics, eventually resulting in permanent errors. A 
typical consequence is the increase of the input-output delay. 
To alleviate these effects and increase the system lifetime, the 
aging monitor proposed by Simevski et al. [19] was chosen. The 
aging information from the sensor is used for controlling the 
de-stressing of the cores, thus allowing to extend their lifetime. 
The main advantages of this monitor over other solutions is the 
simple design, based on digital standard logic cells and storing 
of aging information in the form of digital code. 

F. Temperature Sensors 

Temperature monitoring is important for controlling the 
operation of digital logic and for calibration of the RADFET’s 
response. As the RADFET’s voltage response is temperature-
dependent, it is necessary to track the ambient temperature 
variations in order to correct the voltage measurements. For this 
purpose, the Proportional To Absolute Temperature (PTAT) 
sensors have been chosen.  

G. Peripheral Interface 

Besides the readout interface for acquisition of data from 
the RADFET, several standard peripheral units are included for 
interfacing with other external hardware. The peripheral inter-
face includes: Interrupt Request (IRQ) Controller, Timers, 
Universal Asynchronous Receiver Transmitter (UART), and 
GPIO port. 

H. Preliminary MPSoC Design Evaluation 

The main design requirement for the MPSoC is related to 
the radiation hardness. The IHP’s 130 nm technology has been 
verified with extensive radiation tests which have proven its 
robustness to total doses beyond 100 krad, while the rad-hard 
library showed no latch-up for a Linear Energy Transfer (LET) 
up to 67 MeVcm2/mg [20]. However, like any CMOS techno-
logy, it is sensitive to single event transients (SETs) and single 
event upsets (SEUs) induced by energetic particles. To achieve 
high robustness to SETs and SEUs, the selective gate- and 
circuit-level redundancy have to be applied together with the 
described self-adaptive fault-tolerance at the system level. 

As the proposed MPSoC design is largely based on previous 
designs [16, 18], the preliminary evaluation of the chip area has 
been done considering the results from [16, 18]. Most of the 
chip area would be occupied by four LEON2 cores and SRAM. 
As the area of a single core is 5.22 mm2 and the SRAM with 
supporting logic has the area of 14 mm2, the total area of four 
cores and SRAM would be around 35 mm2. The estimated area 
of additional on-chip hardware would not exceed 20 mm2. The 
estimated operating frequency is around 50 MHz, which is 
sufficient for the target dosimetry application. 

VI. CONCLUSION 

This work introduces a design concept for a radiation hard-
ened RADFET readout system, combining the simultaneous 
monitoring of absorbed dose and dose rate and the fault-tolerant 
platform based on the self-adaptive 4-core processor. The multi-
core platform enables to control multiple radiation sensors or 
other types of sensors, as well as to perform additional tasks on 
the same chip. In comparison to existing RADFET dosimeters 

that have been employed in various space missions, our solution 
brings higher level of integration with more efficient utilization 
of available resources. 

ACKNOWLEDGMENT  

This work was conducted in the framework of ELICSIR 
project funded by the European Union H2020 Programme, 
under the grant agreement No. 857558. 

REFERENCES 
[1] R. Glein et al., "Detection of Solar Particle Events inside FPGAs,” in 

Proc. European Conference on Radiation Effects on Components and 
Systems (RADECS), 2016. 

[2] M. A. Carvajal et al. “A Compact and Low Cost Dosimetry System Based 
on MOSFET for In Vivo Radiotherapy,” Sensors and Actuators A: 
Physical, 2012. 

[3] R. Phurailatpam et al., “Characterization of Commercial MOSFET 
Detectors and their Feasibility for In-vivo HDR Brachytherapy,” Physica 
Medica, 2016. 

[4] M. Andjelkovic, G. Ristic, “Feasibility Study of a Current Mode Gamma 
Radiation Dosimeter Based on a Commercial PIN Photodiode and a 
Custom Made Auto-Ranging Electrometer”, Nuclear Technolоgy and 
Radiation Protection, 2013. 

[5] C. N. Oliveira, H. J. Khoury, E. J. P. Santos, “PIN Photodiode 
Performance Comparison for Dosimetry in Radiology Applications,” 
Physica Medica, 2016. 

[6] M. Andjelkovic, G. Ristic, “Current Mode Response of Phototransistors 
to Gamma Radiation,” Radiation Measurements, 2015. 

[7] J. Roman-Raya et al., “Light-Dependent Resistors as Dosimetric Sensors 
in Radiotherapy,” Sensors, 2020. 

[8] S. Ilic, A. Jeftic, S. Stankovic, G. Ristic, “Floating-Gate MOS Transistor 
with Dynamic Biasing as a Radiation Sensor,” Sensors, 2020. 

[9] G. Ristic, N.  Vasovic, M. Kovacevic, A. Jaksic, “The Sensitivity of 100 
nm RADFETs with Zero Gate Bias up to Dose of 230 Gy(Si),” Nuclear 
Instruments and Methods in Physics Reasearch B, 2011. 

[10] M. Andjelkovic, G. Ristic, A. Jaksic, “Using RADFET for the Real-Time 
Measurement of Gamma Radiation Dose Rate,” Measurement Science 
and Technology, 2015. 

[11] M. Kulhar, K. Dhoot, A. Pandya, “Gamma Dose Rate Measurement 
Using RADFET,” IEEE Transactions on Nuclear Science, 2019. 

[12] J. Seon, S. J. Kim, B. Sung, S. Al-Mari, S. H. Lee, “A Small Space 
Radiation Monitor Capable of Measuring Multiple ISD-VGS Values of 
MOSFET,” Journal of Nuclear Science and Technology, 2010. 

[13] R. Ferraro et al., “Design of a Radiation Tolerant System for Total 
Ionizing Dose Monitoring Using Floating Gate and RADFET 
Dosimeters,” Journal of Instrumentation, 2017.  

[14] J. O. Goldsten et al., “The Engineering Radiation Monitor for Radiation 
Belt Storm Probes Mission,” Space Science Review, 2013. 

[15] B. Teylor et al., “The Micro Radiation Environment Monitor (MuREM) 
and SSTL Radiation Monitor (SSTL RM) on TechDemoSat-1,” in Proc. 
European Conference on Radiation Effects on Components and Systems 
(RADECS), 2011. 

[16] A. Simevski, et al., “PISA: Power-robust Microprocessor Design for 
Space Applications,” in Proc. IEEE International Symposium on Online 
Testing and  Robust System Design (IOLTS), 2020.  

[17] J. Andersson et al., “LEON Processor Devices for Space Missions: First 
20 Years of LEON in Space,” in Proc. International Conference on Space 
Mission Challenges for Information Technology (SMC-IT), 2017.  

[18] J. Chen et al., “Design of SRAM-Based Low-Cost SEU Monitor for Self-
Adaptive Multiprocessing System,” in Proc. Euromicro Conference on 
Digital System Design (DSD), 2019. 

[19] A. Simevski, R. Kraemer,  M. Krstic, “Low-Complexity Integrated 
Circuit Aging Monitor,” in Proc. IEEE Symposium on Design and 
Diagnostics of Electronic Circuits and Systems (DDECS), 2011. 

[20] A. Simevski et al., “A Scalable and Configurable Multi-Chip SRAM for 
Space Applications,” in Proc. IEEE International Symsposium on Defect 
and Fault Tolerance in VLSI and Nanotechnology Systems (DFT), 2019. 



<<
  /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


