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Abstract—The Universal Space Transponder (UST) is a next 
generation transponder developed at the Jet Propulsion 
Laboratory to meet a large variety of telecom, navigation, and 
radio science needs for future deep-space and near-Earth 
missions. This paper details the UST software defined radio 
design and describes how the combination of a modular 
hardware architecture and in-flight reprogrammability enables 
a new level of flexibility and expandability for a space 
transponder. The UST uses common power and digital 
processing assemblies that can be integrated with a variety of 
RF modules and is capable of simultaneous, multiband 
operations with data rates up to 37.5 Mbps RX and 300 Mbps 
TX. This allows a single radio to support all the direct-to-Earth 
and relay communication requirements for even complex 
mission scenarios, reducing the total cost, mass, and power. The 
discussion includes a description of the current UST engineering 
models that have been built and tested, as well as details about 
the next generation capabilities supported by UST, including 
advanced link coding and modulation, radiometric techniques, 
and in-radio protocol handling. Details are also presented on RF 
modules and digital processing in development for radio science 
and astronomy purposes, including a bistatic radar receiver and 
broadband planetary emissions receiver. These will 
demonstrate the ability to integrate low-cost science instruments 
into the UST architecture, further expanding the versatility of 
the UST. 
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1. INTRODUCTION 

With advent of extremely high density programmable digital 
hardware, the terrestrial communications industry has moved 
to software defined radio platforms for many applications.  
Key benefits of this change are the ability to meet evolving 
standards without hardware changes, lower re-spin costs, and 
reusable software and firmware.  For space applications, 
NASA has two choices for the future: the traditional one-of-

a-kind radios that are proprietary solutions with a high 
impedance to rapid technology infusion, or to implement and 
standardize software defined radios across missions, thereby 
creating multiple industry sources for communications 
hardware and software.  Software defined radios of this type 
with associated standardization allow changes in the radio 
functionality to be made late in the spacecraft assembly and 
integration and test flow, and even during the mission. 

Development of NASA software defined radios in the normal 
UHF, S, X, and Ka-bands typically follows the process in 
Figure 1.  The requirements from the various systems (the 
Deep Space Mission System [1], the Near Earth Network [2], 
the Space Network [3], the mission being supported, the 
Space Telecommunications Radio Standard [4], and other 
outliers and unknowns) are combined in the process shown 
in the right of Figure 1, leading up to a family of radios. 
 

 
 

Figure 1 – NASA Radio Development 
 
The first software radio developed for NASA missions under 
this model was the Electra family of radios at UHF and S-
band.  The UHF Electra radios form the basis of the Mars 
proximity communications network and have been extremely 
successful [8].  The S-band version is resident on the 
International Space Station as a communication testbed. 
 
Around the time the first UHF Electra was flown on the Mars 
Reconnaissance Orbiter [5], a follow-on technology program 
to develop the next generation Universal Space Transponder 
(UST) was initiated. Key requirements on this next 
generation software defined radio family include 
significantly higher data rates, simultaneous multi-band and 
multi-channel operation, advanced modulation and coding 
techniques, support for new networking strategies such as 
Delay Tolerant Networking (DTN), and cutting-edge 
radiometric schemes.  The radio architecture was also 
designed in a very modular manner, with core digital, power, 
and frequency hardware elements that could be configured 
with interchangeable RF front-end modules as required for 
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each specific application. The radio software and firmware 
have also been developed in compliance with the NASA 
Space Telecommunications Radio System (STRS) standard 
for software defined radios, which improves interoperability 
of different digital processing functions. 
 
Key applications of the UST radio will be to support NASA 
missions that require one or more simultaneous links, such as 
a Mars mission with simultaneous proximity (UHF and X-
band) and direct to earth (X and Ka-band) communications.  
A single radio performing both functions can reduce cost, 
mass, and volume, and higher data rates could increase 
science data return.  Targeted radiation design levels means 
that it could also be used on other outer planet missions with 
harsher radiation environments.    
 
The remainder of this paper is organized as follows.  There is 
a discussion of the UST architecture, including key trades 
performed to select this architecture, and details of different 
available configurations of the UST, including the integration 
of a bistatic radar receiver or a radio astronomy science 
module. The radio design is then presented, both the core 
digital, power, and frequency hardware, and the specific RF 
modules that have been developed.   Finally, the status and 
performance of the current UST Engineering Model (EM) 
development are presented, followed by conclusions and 
future plans. 
 

2. UST ARCHITECTURE AND 

CONFIGURATIONS 

Hardware Architecture 

The UST hardware design uses a stacked module (or “slice”) 
configuration. Components and circuit boards are grouped by 
function into modules, then horizontally stacked and 
interconnected to form the complete radio assembly. A rear 
raceway contains a flex harness for inter-module power and 
signal lines, and several coax cables along the raceway and 
in the front of the unit route the inter-module RF signals. 
 
All UST configurations start with the same bottom two 
modules. First, a Digital Processor Module (DPM) provides 
all the digital interfaces with the spacecraft, handles the 
UST’s housekeeping functions and telemetry collection, and 
performs the baseband processing on all transmit and receive 
signals. Next, a Power Supply Module (PSM) connects to the 
unregulated spacecraft power bus to convert to and distribute 
secondary voltages to the other modules. The PSM also 
contains a Temperature Compensated Crystal Oscillator 
(TCXO) and distributes this main frequency reference to 
other modules. The PSM can alternatively be configured to 
accept and distribute a frequency reference from an external 
Ultra Stable Oscillator (USO). 
 
Both the DPM and PSM were designed with expandability in 
mind and are capable of supporting RF modules with up to 
three transmit frequency bands and two receive frequency 
bands, as well as providing power to an external amplifier, 
LNA, and switch network. UST RF modules have been 

developed that support S-, X-, and Ka-bands, and the UST is 
compatible with the heritage UHF RF module from the 
Electra proximity radio.  The desired set of RF modules can 
simply be stacked above the DPM and PSM and integrated 
into the unit. Then appropriate software and firmware can be 
loaded into the DPM to support the desired communication 
links and protocols. 
 
Transponder Architecture 

An important consideration in a software-defined radio 
transponder is the carrier tracking and turnaround approach. 
A purely analog carrier tracking and turn-around approach 
was ruled out due to the lack of flexibility and limited 
frequency agility. The Electra radio family uses a purely 
digital tracking and turn-around approach, with the RF 
module simply acting as a block downconverter and 
upconverter. However, this approach does not provide 
optimal phase noise performance because of the limited 
digital tuning range, which requires either fractional PLLs or 
a low frequency reference for the LO synthesizer in order for 
full frequency tunability. As an example, the Electra radio 
must divide its ~33 MHz frequency reference down to ~56 
kHz in its RF synthesizers, which degrades phase noise 
performance. 
 
The best transponder architecture was determined to be a 
hybrid digital/analog approach [6] with a direct digital 
synthesizer (DDS) tuning the RF downconverter and 
upconverter synthesizers. This allows the digital modem 
processor to track the received carrier via the final 
downconverter stage and tune the transmit frequency to 
maintain a desired turn-around ratio. Any additional up- or 
downconverter stages are simply block converters using the 
fixed TCXO reference. A block diagram of this architecture 
is shown in Figure 2.  
 

 
Figure 2 - UST Transponder Architecture Diagram 

In order to optimize the phase noise performance, the DDS 
signals are mixed with the 50 MHz TCXO signal, rather than 
directly providing references for the synthesizer. As the DDS 
signals have higher residual phase noise than the TCXO 
signal directly, by mixing the DDS signals from ~5 MHz to 
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~55 MHz for the receiver and from ~2 MHz to ~52 MHz for 
the transmitter, the two-way and one-way transmit phase 
noise is improved. This can be seen in the simulated phase 
noise comparison of the UST baseline architecture and a case 
with the DDS fed directly into the synthesizers, shown in 
Figure 3. For frequency offsets out to 1 MHz, the baseline 
architecture provides ~20 dB improved performance. 
 

 
Figure 3 - Simulated Phase Noise Performance 

Another UST architecture consideration was the approach for 
transmission at multiple frequencies. Being a modular 
architecture, the RF electronics can be optimized in order to 
provide multiple frequencies from the same slice by 
modulating the lowest frequency carrier and translating to 
higher frequencies using one or more upconverting mixers.  
This architecture requires that all RF outputs produce the 
same modulated data and typically finds the most use in radio 
science applications or for missions that require multiple RF 
links that are not operated simultaneously.  A block diagram 
of this approach is shown in Figure 4. 
 

 
Figure 4 - RF Exciter Superheterodyne Architecture for 

Multi-Frequency Applications 

If an application requires independent exciters to operate 
simultaneously with different IQ digital waveforms, this 

would require an architecture with independent direction 
modulation for each RF band, as shown in Figure 5.  An 
application for this approach may be one in which the user 
would want to transmit to another spacecraft via a relay link 
and simultaneously downlink data to Earth. 
 

 
Figure 5 - RF Exciter Direct Modulation Architecture 

for Independent Multi-Frequency Applications 

 
UST Configurations 

With the flexible architecture of the UST, many hardware 
configurations are possible. A single frequency configuration 
(either S-band or X-band) is shown in Figure 6, and Figure 
shows a more elaborate configuration supporting receive at 
X-band and transmit at both X-band and Ka-band, as well as 
UHF transmit and receive for a proximity link. In addition, 
within a supported frequency band, simultaneous multi-
channel operation is possible, as discussed in [7]. A full set 
of specifications for the range of UST configurations is 
presented in Table 1.   
 

 
Figure 6 - Single Frequency UST Configuration 
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Figure 7 - Example Multi-Frequency UST Configuration 

Table 1 – UST Specifications 

 
 

Radio Science Expandability 

Two additional RF modules are in development that could 
add advanced radio science and astronomy capabilities to the 
UST. An uplink bistatic radar receiver and a low-frequency 
planetary emissions receiver modules will exploit the UST’s 
modular architecture in order to expand science capabilities 
beyond the standard transponder radio science, providing a 
low-cost standard telecom payload option with significant 
science signal processing capability to any mission. 
 
The UST with an uplink bistatic radar receiver module can 
process dual-polarization signals at both UHF and S-band. 
Working with extremely powerful ground-based radar 
transmitters, such as the Arecibo Observatory and the 
Goldstone Solar System Radar, the UST can probe the 
surface and sub-surface layers of a planetary body, enabling 
investigations of surface roughness and subsurface 
composition, including the presence of volatiles.  At UHF, 
uplink bi-static radar can be used to investigate regolith 
layering at 10’s of meters depth, and at S-band, fine details 
of surface roughness and dielectric structure of the very top 
layers of the regolith can be determined.  
 
The UST with a planetary emissions receiver module can 
capture radio emissions in the range of 10 kHz to 50 MHz, 
producing raw waveforms or spectrally processed data. With 
three orthogonal antenna inputs, the UST is also capable of 
determining source direction and polarization. The UST 
aboard missions to the giant planets (particularly Jupiter, 
which has the most complex and strongest family of radio 
emissions) could allow very affordable science investigations 
of the planetary radio emissions and the magnetosphere 
interactions that cause them. 
 
The initial designs of these radio science modules have been 
completed and are being used to build and test prototype 
hardware by 2018. This could enable future space missions 
that may not otherwise have the resources for a standalone 
instrument to collect planetary emissions or perform bistatic 
radar observations through the use of a UST for both telecom 
and science purposes. 
 

4. RADIO DESIGN 

Digital Processor Module (DPM) 

The core of the UST is the Digital Processor Module (DPM), 
an in-flight reprogrammable slice, which offers digitally-
implemented modulation and demodulation functions, 
provides standardized link layer protocols, manages 
interfaces with the spacecraft avionics, and implements 
overall payload control.  The DPM consists of two circuit 
board assemblies – the General Processor Module (GPM) and 
the Signal Processor Module (SPM) – that communicate over 
two board-to-board connectors. A high-level functional 
diagram of the DPM is shown in Figure 8. 
 
To achieve the software-defined-radio (SDR) architecture, 
the DPM incorporates two key reconfigurable elements: a 

X/Ka-Band Transmitter Module
(TXM)

X-Band Receiver Module
(RXM)

UHF Transceiver Module
(UTM)

Power Supply
Module (PSM)

Digital Processor Module (DPM)
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Payload Controller (PC) based on a radiation-hardened 32-bit 
SPARC V8 Microprocessor and a Modem Processor (MP), 
which is implemented using a radiation-hardened space-
grade Xilinx Virtex-5 reprogrammable FPGA.  In addition, 
the DPM includes a Housekeeper (HK), which is a radiation-
tolerant one-time programmable Actel/Microsemi RTAX-S 
FPGA, along with a substantial amount of dynamic and static 
memory. 
 

 

Figure 8 – UST Digital Processor Module Functional 
Diagram 

 
Conceptually, one side of the DPM handles the spacecraft 
interfaces, which include MIL-STD-1553B interface, 
managed by the PC with the 1553 protocol logic housed 
inside of the HK FPGA interfacing with an industry-standard 
dedicated 1553 transceiver IC.  The 1553 interface is the 
primary command and low-rate telemetry interface to the 
host spacecraft.  In addition to the 1553 interface, the DPM 
also supports higher rate spacecraft command and telemetry 
interfaces, including SpaceWire over LVDS or RS-422 based 
serial protocols, which allows for speeds up to 200 Mbps.  
Three available optocoupler discrete inputs to the DPM could 
be used to receive direct commands from the spacecraft, such 
as Power-On Reset (POR) or a variety of other 
synchronization signals that may be required.  A high-rate 
data input and output interface to the Solid State Recorder 
(SSR) is achieved via the MP PFGA interfacing to several 
LVDS transceivers.  The DPM allows for dual-channel 
redundant LVDS interfaces, with up to four input data lines 
per channel from the SSR for burst rates up to 600 Mbps and 
a single data line per channel to the SSR for burst rates up to 
150 Mbps.  An LVDS flow-control line to the SSR is also 
available to facilitate handshaking and add robustness to the 
SSR to DPM data interface. 

The other side of the DPM handles the interfaces to other 
slices of the radio stack, including controls for the Power 
Supply Module (PSM) and the RF modules.  The 
Housekeeper FPGA provides the primary means for control 
and management of telemetry signals to and from the UST 
front-end, and the Modem Processor FPGA encodes and 
digitally modulates data from the SSR and provides I/Q and 
Direct Digital Synthesis (DDS) channels out to the RF slices 
as well as receives the digitized Intermediate Frequency (IF) 
– at 112.5 MHz – for demodulation and decoding.  The DPM 
also provides a suite of differential and single-ended general 
purpose or spare inputs and outputs that are not being utilized 
in the existing design, but provide means for growth to meet 
future mission requirements while minimize cost and 
schedule associated with NRE. 
 
The Modem Processor employs a register based Payload 
Controller interface, which allows for real-time 
reconfiguration of various features of the FPGA.  Due to the 
ample variety of resources available inside the Xilinx Virtex-
5 FPGA, the MP supports simultaneous dual-band 
modulation and demodulation functions as well as performs 
most of the signal processing at channel symbol rates up to 
150 Msps and data rates up to 300 Mbps.  The modulation 
chain within the FPGA includes a variety of the latest CCSDS 
compatible encoding implementations (e.g. scrambler, 
differential encoder, Reed Solomon, Turbo, convolutional, 
and LDPC encoders) with modulation techniques ranging 
from residual carrier BPSK without or without a subcarrier to 
QPSK and other higher-order modulations for increased 
bandwidth efficiency, DOR Tone modulation, ranging, and 
carrier turnaround.  The final stage in the MP modulator also 
includes high-rate I/Q gain and offset adjustment logic, which 
facilitates fine tuning of the RF transmitter front-end for more 
effective carrier suppression and image rejection.  The digital 
I/Q channels from the MP are fed into the on-board 10-bit 
Digital to Analog Converters (DAC) before interfacing to the 
RF transmitter module.  Conversely, the 112.5 MHz receive 
IF is fed into the on-board 14-bit Analog to Digital Converter 
(ADC) from the RF receiver before entering the MP’s 
demodulation and decoding chain.  The MP is able to receive 
an equally broad range of modulations and encodings. The 
demodulation chain consists of a digital downconverter, 
carrier acquisition and tracking, subcarrier tracking, as well 
as symbol timing recovery and tracking.  Recovered symbols 
are then fed into the MP’s decoder block, where applicable 
CCSDS compatible decoders are enabled, including 
differential decoder, Viterbi decoder, LDPC decoder, and 
descrambler. 
 
Along with bit stream data processing, a suite of link 
protocols, such as CCSDS Proximity-1 protocol for relay 
communications or NASA Deep Space Network (DSN) for 
direct-to-Earth communications, is implemented using a 
combination of software and firmware partitioned in such a 
way to minimize complexity and maximize throughput and 
performance.  For example, the MP detects Proximity-1 
receive frame boundaries, but the PC, for both forward and 
return links, takes care of data framing and assembly of 
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proper Proximity-1 headers as well as generating 
ACKs/NACKs for the incoming frames as necessary. 
 
For operation in the long-term spaceflight environment, the 
DPM has several layers of built-in protection from radiation-
induced SEUs.  Extensive EDAC protection, inherent 
radiation hardness of critical low-level parts, and periodic 
“scrubbing” of the MP to eliminate any SEUs, which might 
affect the Xilinx FPGA configuration during operation, all 
combine to ensure that the UST can maintain basic 
functionality and reprogrammability for recovery, even in the 
face of severe SEU activity. 
 
Photos of the DPM are shown in Figures 9 and 10 with key 
components labeled. 
 

 
 

Figure 9 – EM DPM Slice Top (GPM PWA Side) 

 

 
 

Figure 10 – EM DPM Slice Bottom (SPM PWA Side) 
 

Firmware and Signal Processing Overview 

A functional block diagram of the UST demodulator is 
depicted in Figure 11. The demodulator comprises the 
wideband front-end Analog Gain Control (AGC) interface 
module, the Digital Downconverter (DDC) and decimation 
stages, the Carrier Tracking Loop (CTL), the Subcarrier 
Tracking Loop (SCTL), and the Symbol Tracking Loop 
(STL).  In addition, complex baseband turnaround ranging 
data is split off from the digital downconverter and passed 
over to the modulator (described subsequently) after filtering 
and scaling by a digital AGC. The master clock frequency is 
150 MHz, and the typical intermediate frequency (IF) input 
is centered at 112.5 MHz. 
 

 
 

Figure 11 – UST Demodulator Implementation 

In order to maintain an optimal signal power level at the ADC 
input, the wideband AGC controls the voltage level input to 
the ADC with a control signal generated digitally in the 
FPGA. The digital downconversion and decimation are 
performed on the input data from the ADC as shown in Figure 
11 and reduce the sample rate by powers of 2, i.e., 

2/MHz75≡sf .  The UST CTL is designed to track the 

frequency and phase of the received carrier.  The carrier 
portion of the signal can be suppressed or residual carrier 
BPSK, suppressed carrier QPSK or unmodulated (other 
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modulation formats are possible but have not been 
implemented).  The CTL is based on a second-order loop 
design with accumulator and subsample arm filters.  In the 
case of carrier modulated BPSK or QPSK data, the arm filters 
are timed by the symbol clock derived from the symbol 
tracking loop.  In the unmodulated carrier case, a fixed clock, 
which is a submultiple of the ADC clock, is used to drive the 
CTL arm filters.  The CTL is fully programmable (loop 
bandwidths, arm gains, etc.) and incorporates a digital AGC 
to regulate the loop bandwidth.  Furthermore, the output of 
the digital AGC is distributed to the subcarrier tracking loop, 
with appropriate scaling to accommodate the modulation 
index, as well as to the symbol tracking loop for gain control.  
The frequency word output from the CTL drives the receiver 
digital Numerically Controlled Oscillator (NCO) circuit.  The 
NCO output, in turn, is converted to an analog waveform via 
the DAC and used to generate a coherent LO for down-
mixing the RF input to IF.  
 
Similar to the CTL, the UST SCTL is fully programmable, 
second order, and is used to track out the subcarrier 
(nominally 16 kHz offset from the carrier).  The subcarrier 
portion of the signal can be either suppressed or residual 
carrier BPSK.  The symbol tracking loop is based on an early-
late gate architecture and can be programmed for either 
BPSK or QPSK modulated waveforms.  The symbol 
demapper and decoder depicted in Figure 11 are standard 
functions and thus are not discussed here. 

The UST modulator architecture is depicted in Figure 12.  
The modulator is fully programmable and accommodates 
several different transmission modes including direct carrier 
modulation, subcarrier modulation, differential one-way 
ranging (DOR) tones, as well as sequential ranging 
turnaround.  The latter utilizes the 75 MHz, complex 
baseband output from the digital downconverter (Figure 11) 
and filters this data with either wideband (6-7 MHz) or 
narrowband (2-3 MHz) lowpass ranging filters.  A digital 
AGC (independent of the digital AGC in the CTL) is applied 
to this filtered data and, after scaling by the ranging 
modulation index factor, fed to the modulator as shown in 
Figure 12. 
 
The digital in-phase and quadrature signals are then filtered 
and conditioned to minimize various spurious products and 
fed to the DACs.  The in-phase and quadrature DAC outputs 
are mixed to S-band via a vector modulator in the RF 
modulator slice.  The LO port of the vector modulator is also 
driven by the output of the transmitter NCO.  The scale factor 
A together with the offset factor B are applied to the receiver 
digital frequency from the CTL for coherent two-way 
operation.  For one-way operation, a fixed frequency offset is 
routed to the transmitter NCO instead. 

 

Figure 12 – UST Modulator Implementation 
 
Software Overview 

The Space Telecommunications Radio System (STRS) 
architecture for software defined radios [4] provides a 
common, consistent framework for hardware abstraction of 
complex reconfigurable and reprogrammable radio systems.  
The standard calls for generalized and modular hardware 
designs, and provides an open architecture design to 
accommodate the various mission-specific needs envisioned 
by NASA missions.  The UST software is primarily 
developed in accordance with a software management plan 
that adheres to the STRS platform. 
 
The UST comprises of two main modes of software 
operation, transitioned by commands or resets to the unit.  
Figure 13 provides a simplified software mode transition 
diagram.  In a reset or power-on condition, the Boot Code 
Software (BCSW) is loaded to the SPARC processor from 
the on-board one-time programmable PROM, and the UST is 
brought to a pre-defined safe state.  The BCSW is an 
interrupt-based, single-threaded application that interacts 
directly with the hardware peripheral devices in order to 
provide full command and control of the unit, collects and 
reports engineering telemetry for health and safety, 
configures and programs the signal processing hardware, and 
also performs built-in self-tests for debugging and 
troubleshooting purposes.  It is in this mode that the software 
and signal processing functions (outside the context of the 
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BCSW) can be reconfigured and reprogrammed to provide 
post-launch in-flight changes to the UST.  Operating out of 
the PROM is also commonly referred as the Safe Mode.  In 
case of a fault, the Safe Mode could be used as a recovery 
console to reprogram or correct the configuration of the DPM 
as necessary. 
 

 
 

Figure 13 – UST Software Mode Transition Diagram 
 
The BCSW developed for the UST is baselined from various 
successful JPL flight radio designs such as the Electra units 
for MRO/MAVEN, the CoNNeCT SDR as part of NASA’s 
Space Communications and Navigation (SCaN) testbed, as 
well as the Digital Electronics Assembly of the Terminal 
Descent Sensor of the Mars Science Laboratory.  Commands 
supplied via the 1553 bus interface (or serial debug interface, 
and in the future, the SpaceWire interface) will allow the UST 
to transition to an STRS Application Software (AppSW) 
mode, where mission-specific signal processing needs can be 
loaded and executed. 
 
In the STRS AppSW mode, the POSIX-compliant 
application layer specific to the UST is executed on top of the 
STRS Operating Environment (OE).  For example, the 
AppSW for a UST intended for direct-to-Earth 
communications and navigation would require, on top of the 
basic BCSW features, configuring the signal processor 
parameters to the desired data rates, channel coding types, 
and modulation schemes.  The STRS OE provides 
standardized multi-platform features through Application 
Program Interfaces (APIs) that initialize and configure the 
hardware platform as well as provide controls for 
file/memory handling.  An Operating System (OS) is also an 
integral part of the STRS OE, and the Real-Time Executive 
for Multiprocessor Systems (RTEMS) Real-Time OS is built 
to provide the fast, low overhead context switching and 
deterministic scheduling mechanism. 
 
The developed software codes are mostly written in C/C++ 
with some assembly code.  The code base is also highly 
memory efficient, and current memory utilization margins 

are over 90%, which allows for greater expansion capabilities 
and easier code upgrades. 
 
Power Supply Module (PSM) 

The PSM provides regulated secondary DC power to other 
UST modules, as well as distributes a frequency reference.  
The PSM design is based on a heritage architecture, with the 
spacecraft power bus passing through an EMI filter and then 
distributing to various DC/DC converters.  Switches 
controlled by the DPM are on certain secondary powers, 
allowing the option of lower power modes with some RF 
modules powered off.  Additionally, the bus voltage is routed 
through a controlled switch to an external connector.  This 
allows the option of an external SSPA and switch network 
powered and controlled by the UST.  The design is shown in 
Figure 14. 
 

 

Figure 14 – UST PSM Block Diagram 
 
The module has a split chassis design that places DC/DC 
converters and the frequency reference PWB on one side of a 
common floor and the power PWB on the other side.  The 
assembled module is shown in Figure 15. 
 
The frequency reference board is composed of a temperature 
compensated crystal oscillator (TCXO), a 4-way power 
divider, and power conditioning circuits.  This provides the 
RF slices with a common reference for phase locking 
purposes and in some applications provides a clock to the 
digital processor module.  A block diagram of the frequency 
reference board is shown in Figure 16 for a 50 MHz 
application. 
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Figure 15 - Power Supply Module 

The frequency reference board is designed to distribute either 
the on-board TCXO reference or a spacecraft provided Ultra-
Stable Oscillator (USO) reference to the other UST modules.  
The selection of either source is done prior to flight using a 
select-in-test resistor network.  The assembly is designed 
with the intent of supporting a broad frequency bandwidth of 
TCXO and USO options. A functional block diagram is 
presented in Figure 16 
 

 
 

Figure 16 – Frequency Reference Board Block Diagram 
 
The frequency reference board resides in an RF isolated 
cavity in the PSM chassis and utilizes high reliability, 
radiation hardened components. A plot of the phase noise 
using the built-in TCXO is shown in Figure 17. 
 
 

 
 

Figure 17 – FRM Phase Noise Test Results 
 

S/X-Band Transmitter Module (TXM) 

An S/X-band exciter module has been developed for the UST 
EM, and the block diagram for this module is shown in Figure 
18.  The 50 MHz TCXO input is actually fed to the exciter 
from the PSM, but shown here for clarity. 
 

 
Figure 18 – UST S/X-Band Deep Space Multi-Function 

Module Diagram 
 
The S/X-band exciter utilizes a superheterodyne architecture 
in which the S-band output carrier is modulated by in-phase 
and quadrature (IQ) digital waveforms from the DPM.  The 
modulated S-band output then splits off to an output 
connector for S-band applications as well as the IF port of the 
X-band upconverter.  The LO input of the up-converter is fed 
by a C-band phase locked loop (PLL) synthesizer.  The X-
band output is then amplified, filtered, and fed to the output 
connector.  A 150 MHz PLL synthesizer feeds the digital 
processor module (DPM) clock input and is used for the 
FPGA processing and to provide a clock for the I/Q and DDS 
DACs.  The reference input of the S-band PLL is a mixing 
product between the DDS signal from the DPM and the 
TCXO input from the PSM, while the C-band PLL and the 
150 MHz PLL are phase locked directly to the TCXO input. 
 
Both the S- and X-band exciters are packaged in one chassis 
and on one single printed circuit board (PCB) assembly.  This 
approach was taken in an attempt to reduce the overall 
assembly cost and hardware volume.  The top of the assembly 
contains the RF power conditioning and the 150 MHz PLL 
synthesizer.  Figure 19 is a photograph of the top view of the 
assembly. The interconnection from the PCB to the SMA 
connectors is in the form of small press-in connectors, which 
allows for ease of testing at the board level prior to placing 
the board into the chassis. 
 
A bottom view of the assembly is shown in Figure 20.  The 
bottom of the PCB assembly contains the RF electronics 
including the S- and C-band PLL synthesizers and the X-band 
up-converter.  In order to decrease crosstalk amongst the 
various circuits, the internal floor of the chassis is pocketed 
to help isolate circuits based on their functionality and noise 
sensitivity.  Having all of the sensitive RF circuits packaged 
on the bottom side in this way removed the need to have any 
internal covers and reduced the number of machined metal 
parts. 
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Figure 19 – UST S/X-Band Exciter EM Assembly  

(Top View) 
 

 
Figure 20 – UST S/X-Band Exciter EM Assembly 

(Bottom View) 
 
The use of all SMT components avoids having exposed chip 
and wire assemblies at the PCB top assembly level which 
helps to ease the handling and foreign object debris (FOD) 
requirements.  In order to realize an all SMT approach for this 
assembly, we utilized custom high frequency leadless chip 
carrier (LCC) modules from KCB Solutions [9].  One 
example of this was the X-band up-converter circuit.  This 
MCM LCC contains the RF mixer, LO amplifier and RF 
amplifier MMICs in an SMT hermetic package as shown in 
Figure 21. 
 
All of the components in the UST RF electronics are capable 
of meeting most deep-space applications.  The components 
are selected to withstand a total ionizing dose (TID) of at least 
100 krad (Si) and are single event effect (SEE) tolerant at a 
minimum.  All parts are capable of being screened to Class S 
space level when applicable. 
 

 
Figure 21 – X-Band Up-Converter MCM (Left) and 

Corresponding Assembled Evaluation Board [10] 
 
 
S/X-Band Receiver Module (RXM) 

An S/X-band receiver module has all been developed for the 
UST EM. It is a multifunction module composed of an X-
band heterodyne double down-conversion to S-band and then 
to intermediate frequency (IF), a C-band programmable 
fractional phase locked loop (PLL) frequency synthesizer, 
and an S-band programmable fractional PLL frequency 
synthesizer.  A simplified block diagram of the RXM is 
shown in Figure 22. 
 
The X-band front end, after filtering and low-noise 
amplification of the input signal, downconverts the nominal 
7190 MHz (+/- 45 MHz) input to a 2072.5 MHz (+/- 45 MHz) 
intermediate frequency.  After additional filtering and 
amplification, the S-band signal is downconverted to the final 
IF of 112.5 MHz.  The IF chain provides additional 
amplification and filtering along with the AGC function, 
controlled by the DPM, for setting the output level to the 
DPM – nominally at -6 dBm.  The IF bandwidth is set 
primarily by the two SAW filters in the IF chain and is 
minimum IF +/- 19 MHz. 
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Figure 22 – RXM Multi-Function Module Block 

Diagram 
 

The C- and S-band PLLs provide the local oscillator (LO) for 
the X- and S-band downconversion stages in the RXM. The 
reference 50 MHz input to the RXM is fed by the TCXO in 
the PSM.  The C-band PLL synthesizer is phase locked to this 
TCXO input.  For the S-band PLL synthesizer, the 50 MHz 
reference is mixed with the filtered DDS input (5 MHz +/- 
100 kHz) from the DPM and the PLL is phase locked to the 
upper sideband of the mixed reference signal (55 MHz). 
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As part of the architectural evaluation, Agilent Genesys RF 
system tool was used for end-to-end performance predicts.  
ADS-Momentum and Sonnet were utilized for microstrip 
filter designs. 
 
All of the components in the RXM were selected with the 
path to flight in mind in order to meet the reliability, 
radiation, and the RF performance requirements for most 
deep-space applications.  The majority of components are 
selected to withstand a total ionizing dose (TID) of at least 
100 krad (Si) and are single event effect (SEE) tolerant.  The 
remaining few components should be capable of meeting 
these levels pending radiation testing. 
 
In addition to parts reliability, the printed circuit board (PCB) 
assembly packaging approach was also based upon 
improving the overall reliability of the RXM assembly.  For 
example, ceramic microstrip filters are installed directly in 
their associated PCB cavities, reducing the overall assembly 
complexity and improving the reliability (Figure 23).  Other 
PCB components utilize standard surface mount technology 
(SMT) assembly processes. 
 

 
 

Figure 23 – RXM Ceramic Filter Assemblies 
 

The top and the bottom views of the RXM chassis with all 
PWAs installed as well as the bottom side with the internal 
cover installed are shown in Figures 24, 25, and 26. 
 

 
 

Figure 24 – RXM Slice Assembly (Top View) 
 

 

 
 

Figure 25 – RXM Slice Assembly (Bottom View) 
 
In order to decrease crosstalk amongst the various circuits, 
channelization and internal isolation walls are utilized.  An 
additional internal cover is also used in the S-band to IF 
section of the RXM. 
 

 
 

Figure 26 – RXM Slice Assembly (Bottom View) with 
Internal IF Cover 

 
 

3. UST DEVELOPMENT STATUS 

Two UST engineering modules (EM) units have been built 
and tested at JPL, and are considered to be at a NASA 
Technology Readiness Level (TRL) of 6. The first is a 
transponder that can operate in the deep-space or near-Earth 
frequency bands (see Figure 27). The RF transmit and receive 
modules have been developed using S-band as intermediate 
frequency for X-band in a manner that allows them to 
operating in either band, or even transmit in both bands 
simultaneously. The radio is frequency agile, even in-flight, 
and can be tuned across the entire deep-space and near-Earth 
frequency bands. The DDS architecture allows transponding 
with any desired turn-around ratio, while still providing 
excellent phase noise performance. 
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Figure 27 - UST S/X-Band Engineering Model 

In this configuration, the UST supports transmit data rates 
from 10 bps to 150 Mbps and receive data rates from 7.8125 
bps to 37.5 Mbps. It is fully compatible with the NASA Deep 
Space Network (DSN) and Near-Earth Network (NEN) 
signaling standards, and supports a wide variety of coding 
and modulation types.  The receiver has a noise figure of 2.1 
dB and a dynamic range of -152 to -60 dBm. 
 
The second EM unit that has been developed is a high-rate 
modulator at near-Earth Ka-band (see Figure 28). Targeted 
towards Earth orbiters with extremely high data volume 
return requirements, it is capable of supporting transmit rates 
up to 1.74 Gbps with 7/8 rate LPDC encoding. 
 

 
Figure 28 - UST Ka-Band Modulator Engineering 

Model 

 
5. CONCLUSIONS AND FUTURE PLANS 

The modular architecture and reprogrammability of the UST 
product line allow it to provide a wide variety of radio 

services. It can support a variety of frequency configurations, 
including simultaneous in-situ relay and deep space link 
support, with improved modulation, coding and data rate 
capabilities.  All data management, protocol, 
coding/decoding and modulation/demodulation functions are 
pre-launch and post-launch reprogrammable providing 
extensibility for special support scenarios. 
 
Additional development work is planned with the current 
UST EM units. This includes the integration of a heritage 
UHF RF module to demonstrate simultaneous operations of 
a DTE X-band link and a UHF proximity link. A bistatic 
radar receiver and a low-frequency planetary emissions 
receiver are also in development and will demonstrate the 
ability to perform advanced radio science and astronomy with 
the UST. 
 
Flight units of the near-Earth Ka-band modulator version of 
the UST are currently being built for the NASA-ISRO SAR 
(NISAR) mission, scheduled to launch by 2021. 
Additionally, a version of the UST supporting UHF, X-band, 
and Ka-band is currently baselined for NASA’s Next Mars 
Orbiter (NeMO) concept. 
 

6. REFERENCES 

[1] DSMS Telecommunications Link Design Handbook, 
JPL Document 810-005 

[2] Near Earth Network (NEN) Users’ Guide, Revision 
1, 453-NENUG, 01/15/2010 

[3] Space Network Users Guide, Revision 9, 450-SNUG, 
August 2007 

[4] Space Telecommunications Radio System (STRS) 
Architecture Standard, NASA-STD-4009, 
06/05/2014 

[5] C. Edwards, T. Jedrey, E. Schwartzbaum, A. 
Devereaux, “The Electra Proximity Link Payload for 
Mars Relay Telecommunications and Navigation,” 
presented at the 54th International Astronautical 
Congress, 2003 

[6] E. Satorius, D. Bell, B. Venkatesan, F. Aguirre, S. 
Valas, “UST Baseline Architecture Peer Review,” 
2009 December 15, Jet Propulsion Laboratory, 
Pasadena California 

[7] D. Bell, E. Satorius, I. Kuperman, J. Koenig, 
“Multiuser Receiver Architectures for Space 
Modems,” The Interplanetary Network Progress 
Report, vol. 42-198, Jet Propulsion Laboratory, 
Pasadena, California, pp. 1–13, August 15, 2014 

[8] E. Satorius, T. Jedrey, D. Bell, A. Devereaux, T. Ely, 
E. Grigorian, I. Kuperman, A. Lee, "The Electra 
Radio," Chapter 2 in Autonomous Software-Defined 
Radio Receivers for Deep Space Applications, JPL 
Deep-Space Communications and Navigation Series, 
October 2006, Wiley-Interscience 

[9] KCB Solutions website: www.kcbsolutions.com 
[10] Photo Courtesy of KCB Solutions 

 



 
13

7. BIOGRAPHIES 

Michael Pugh received his M.S. in 
Electrical Engineering from University 
of Southern California and his B.S. from 
Harvey Mudd College.  He has been with 
NASA’s Jet Propulsion Laboratory since 
2007 where he is a Telecommunications 
Engineer in the Spacecraft 
Reconfigurable Communication Systems 

group. He is the Cognizant Engineer for the UST EM 
development, as well the NISAR UST Ka-band Modulator, 
and served as System Engineer for the ExoMars TGO Electra 
payload.  
 

Igor Kuperman is the supervisor of the 
Spacecraft Reconfigurable 
Communication Systems group at the Jet 
Propulsion Laboratory and has over 15 
years of experience ranging from digital 
signal processing (DSP) design and 
analysis to FPGA development and 
implementation of DSP, coding, and 
other data processing algorithms.  Mr. 

Kuperman received his M.S. from University of Southern 
California in 2005 and his B.S. from California State 
Polytechnic University, Pomona, in 2001, both in Electrical 
Engineering.  Recently, he was the cognizant engineer for the 
digital subsystem of the MSL landing radar as well as the 
FPGA lead for the latest Electra UHF radio firmware 
deliveries for the MRO and MSL projects.  Mr. Kuperman is 
currently serving as the Product Delivery Manager for the 
ExoMars Trace Gas Orbiter Electra communication 
subsystem and as the Task Manager for the Universal Space 
Transponder EM development. 
 

Fernando Aguirre received a B.S. 
(2002) and an M.S. (2007) in Electrical 
Engineering from UCLA.  He has been 
with NASA’s Jet Propulsion Laboratory 
since 2008 where he is a Microwave 
Design Engineer in the Spacecraft 
Reconfigurable Communication Systems 
group.  He has worked on hardware for 
various JPL flight and research projects.  

Most recently he is the RF Design Engineer for the UST 
exciter modules and the Frequency Reference Module.  Prior 
to joining JPL he was a Microwave Engineer at REMEC 
Defense and Space where he designed microwave 
synthesizers and amplifiers for military applications.  
 

Hadi Mojaradi received his B.S. (1980), 
his M.S. (1982), and his Ph.D. (1987) in 
electrical engineering from the 
University of California, Los Angeles.  
He has been with NASA’s Jet Propulsion 
Laboratory since 1999 where he is a 
Senior RF Microwave Communication 
Design Engineer in the Spacecraft 

Reconfigurable Communication Systems group.  He has 
worked on hardware for various JPL flight projects, 
including MRO, MSL, CoNNect, DSAC, MarCO, and DHFR. 
He is currently supporting RF electronics development for 
NISAR and M2020 projects. 
 

Carl Spurgers received his B.S. and 
M.S. in Electrical Engineering from the 
University of Texas at Dallas with a 
focus in RF and microwave design.  
Prior to JPL, he supported digital and 
RF hardware design efforts for several 
military applications while at Rockwell 
Collins and L-3 Communications, 

including conformal composite UHF phased array antennas.  
He arrived at JPL in 2013 and has since supported a variety 
of programs including NISAR, SWOT, DSOC, FINDER, 
Mars ADT, Mars 2020 Rover, and Mars Helicopter Scout.  
Assignments include design of digital electronics for the 
NISAR UST – KaM radio, capable of downlinking data to 
earth over Ka-Band at 1 Gsps OQPSK, and piezoelectric 
transducer amplifier and receiver electronics for use in an 
acoustic modem to support down-hole wireless 
communications. 
 

M. Michael Kobayashi received his B.S. 
(2006) and M.S. (2007) in Electrical 
Engineering from UC Irvine, and joined 
the Jet Propulsion Laboratory in 2007 
as an RF Microwave Engineer. He has 
worked on various microwave flight 
hardware deliveries to MSL and SMAP, 
and has been involved in developing the 
Iris Deep-Space Transponder software-

defined radio to support various JPL CubeSat projects such 
as INSPIRE, MarCO, and Lunar Flashlight. Recently, he has 
been involved in developing the digital slice of the UST, and 
system engineering for NISAR. 
 

Edgar Satorius is a principal member of 
the technical staff in the Flight 
Communications Systems Section of the 
Jet Propulsion Lab. He performs systems 
analysis in the development of digital 
signal processing and communications 
systems with specific applications to 
blind demodulation, digital direction 
finding and digital receivers. He has 

published over 90 articles and holds two patents in the field 
of digital signal processing and its applications. In addition, 
he is an Adjunct Associate Professor at the University of 
Southern California where he teaches digital signal 
processing courses. He received his B.S. in engineering from 
the University of California, Los Angeles and the M.S. and 
Ph.D. degrees in electrical engineering from the California 
Institute of Technology, Pasadena, California. 
 



 
14

Thomas Jedrey received his B.S. in 
Mathematics from the University of 
Maryland, College Park, Maryland, in 
1979. He received his M.A. in 
Probability and Statistics from the 
University of Maryland in 1982 and his 
M.S. in Electrical Engineering from USC 
in 1990. He worked at the U.S. Army 
Harry Diamond Laboratories and at 

Gould Electronic Systems before joining JPL in 1986. He led 
the successful development of the Electra Proximity Radio, 
and he is now the Deputy Manager of the Communications, 
Tracking and Radar Division at JPL. 
 

8. ACKNOWLEDGEMENTS 

The research described in this paper was carried out at the Jet 
Propulsion Laboratory, California Institute of Technology, 
under a contract with the National Aeronautics and Space 
Administration. 
 
The authors would like to thank the following people from 
JPL for their contributions to the UST development: Scot 
Stride, Susan Clancy, Anusha Yarlagadda, Biren Shah, Kris 
Angkasa, Steve Allen, Sarah Holmes, Dave Orozco, Kirk 
Fleming, Thanh Tran, Josh Ravich, Kevin Hischier, Michael 
Kilzer, John Koenig, Ray Quintero, Vachik Garkanian, 
Tuyen Ly, Carlos Esproles, Rich Rebele, Brian Custodero, 
Curtis Jin, Yonggyu Gim, Xueyang Duan, Bruce Bills, 
Shantanu Naidu, Andrew Romero-Wolf, Charles Dunn, 
Larry Epp, and Dimitrios Antsos.  We would also like to 
thank William Kurth from the University of Iowa. 



<<
  /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


