
Benefits
• Reduce risk, minimize schedule and cost from

development to deployment using field-proven
software defined radio technology

• Optimize for deployment - size, weight, power, and
cost through Spectrum’s quicSpin™ modular design

• Accelerate application development, simplify the
programming model and ensure code portability
with quicComm™ API, common across all
Spectrum flexComm™ products

• Easily interface SDR-4000 with existing RF front-
ends and other transceiver modules

• Accelerate waveform portability using out-of-box
software examples provided by Spectrum

• Quickly climb the learning curve with Spectrum’s
comprehensive factory or on-site training courses

Applications
The SDR-4000 modem processing engine (PRO-4600)
and dual transceiver I/O mezzanine card (XMC-3321)
are designed for size, weight and power limited
applications in the following harsh environments:

• Tactical Military Communications - ground
vehicular, airborne, unmanned aerial vehicles
(UAV), shipborne

• Electronic Warefare including Electronic Attack -
jamming

• RF Identification (RFID) Active Reader

• Commercial Wireless Infrastructure

Features
• 3U CompactPCI®-based architecture

• Rugged conduction-cooled versions follow IEEE
1101.2 (carrier) and VITA 20 (module)
specifications

• Air-cooled integrated development system with
SDR-4000 transceiver and power supply

• Combines the power of Xilinx® Virtex-4™ FPGA,
Freescale™ PowerPC™ MPC8540 and TI
TMS320C6416X DSP in a single system

• Architecture employs multiple industry standards
including Parallel RapidIO, Ethernet, PMC 32-
bit/66 MHz PCI and 3U cPCI

• Supports up to two simultaneous channels per slot

• IF sampling rates up to 105 MSPS supporting
industry standard 10.7, 21.4, and 70 MHz IF
frequencies at bandwidths of up to 36 MHz

• Low latency deterministic operation with
independent data and control signal paths

• Re-usable software examples illustrating relevant
data flows between processors and cards from IF to
Ethernet

• Green Hills® INTEGRITY® Real-Time Operating
System (RTOS) with MULTI® (standard). Wind
River® VxWorks® RTOS with Tornado® (optional).

• Optional JTRS Software Communications
Architecture (SCA) Core Framework

• Optional CORBA ORB 

Description
The SDR-4000 product family offers commercial-off-the-shelf (COTS) hardware, software and services for
development and deployment of black-side wireless modem solutions for Tactical Military
Communications (MILCOM) systems. The standard SDR-4000 product line is 3U in size and follows the
CompactPCI specification. In order to address tactical military needs for harsh environments, SDR-4000
cards are designed to support conduction-cooling, extended temperature range, and increased shock and
vibration immunity.

The initial hardware offering within the SDR-4000 series of
products is comprised of two major component level products:
the PRO-4600 SDR modem processing engine and the XMC-
3321 dual transceiver I/O mezzanine card. Together, these
products provide a wireless modem that supports up to two
channels per slot. The PRO-4600 and XMC-3321 have been
engineered to meet the requirements of a wide range of
Tactical MILCOM applications and support Spectrum’s quicSpin
design methodology that enables rapid optimization of size,
weight, power consumption, cost and ruggedization based on
specific program requirements.

3U
cPCI

SDR-4000
Software Defined Radio 
Small Form Factor
Transceiver Platform

SIGNAL PROCESSING

Preliminary

Figure 1. Conduction-cooled and air-cooled
versions available
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SDR-4000 Product and Services Overview 
The SDR-4000 product portfolio consists of a series of 3U cPCI-based carriers and XMC modules,
software, development systems, Applications Engineering Service (AES), Training and Technical Support
Services including:

• PRO-4600: A 3U cPCI SDR processing engine supporting a Xilinx Virtex-4 User FPGA, TI
TMS320C6416 DSP, and Freescale MPC8540 General Purpose Processor (GPP) integrated through a
high-speed communications fabric.

• XMC-3321: A dual transceiver XMC module that supports IF-to-digital conversion via two 14-bit A/D
converters sampling at up to 105 MSPS and digital-to-IF conversion via two 14-bit D/A converters up
to 210 MSPS. The XMC-3321 supports an on-board Xilinx Virtex-4 User FPGA for wideband
processing.

• SDR-4001 Integrated Development System (IDS): An air-cooled system integrating the PRO-4600 and
the XMC-3321 in a single chassis. A development PC hosts the quicComm software and all of the tools
necessary to quickly commence development on the SDR-4000 platform. 

• SDR-4000 Tactical MILCOM Development Platform (TMDP): A rapid-prototyping and development
platform that includes an RF front-end interfaced to an SDR-4001 IDS. All equipment is housed in a
19-inch rack and includes a GPS antenna receiver and Ethernet connectivity.

• SCA and ORB: For systems requiring SCA compliance, an operational SCA Core Framework and
associated toolkit preloaded on the SDR-4000 is available as a product option.

• Applications Engineering Service: A team of experienced engineers and SCA experts to assist you with
system design, real-time application development, waveform porting, SCA implementation, and many
other end-use application related activities.

• Technical Training: Comprehensive hands-on courses provide familiarity and in-depth training on
SDR-4000 individual products, systems and SCA. Training courses are available at Spectrum facilities
or at the customer’s site.

• Technical Support Service: Spectrum’s experienced Technical Support Engineers will help you find
quick and efficient solutions to overcome obstacles or resolve technical problems that may otherwise
jeopardize your project milestones and deliverables. Select from three different support plans to meet
your changing needs throughout the development and deployment of your product. 

• Product Lifecycle Support: Obsolescence management service and extended warranty plans minimize
the impact of obsolescence and maximize your return on investment. 

quicSpin Architecture for Rapid Optimization
The SDR-4000’s unique design supports Spectrum’s quicSpin architecture and is based on Spectrum’s
Tactical MILCOM reference designs. The PRO-4600 and XMC-3321 architecture uses a modular hardware
and software design that enables quick optimization of size, weight, power, cost and/or ruggedization
characteristics to meet the specific requirements of fielded applications. In addition, the PRO-4600 and
XMC-3321 support independent hard and soft real-time data paths that allow rapid re-spin through the
use of custom data routing techniques. quicSpin architecture coupled with Spectrum’s Modified COTS
(MCOTS) process results in fast time-to-deployment for your product.

Contact Spectrum Sales for details regarding the MCOTS process



PRO-4600 and XMC-3321 Black-side Processing Subsystem
The SDR-4000 Tactical MILCOM black-side processing subsystem supports the modem, link and network
layer processing of a software defined radio. The SDR-4000 black-side processing subsystem is
comprised of the PRO-4600 SDR processing engine and XMC-3321 dual transceiver XMC module. These
two cards operate together to support up to two channels simultaneously within a single 3U cPCI slot.
Based on Spectrum’s MILCOM reference designs, the PRO-4600 and XMC-3321 have been architected to
support the black-side digitization and processing of complex waveforms requiring low latency
deterministic operation and to maintain synchronization on the frequency-hopped Tactical MILCOM
network. This is achieved through separation of the high-speed data path and control bus, as shown in
Figure 2. 

Following is a description of the above data flow example that uses a separate data path and control
bus to achieve low latency deterministic operation for transfer of data.

1. Signals received by the RF transceiver are converted to the intermediate frequency (IF) within the RF
transceiver and transferred to the XMC-3321 A/D converter for digitization (dotted line). Signal
processing is in the digital domain and occurs beyond the XMC-3321 A/D stage (solid line).

2. The digital IF signal from the A/D converter is down-converted and processed on the XMC-3321 and
PRO-4600. Data transfer between the XMC-3321 and PRO-4600 uses the industry standard XMC
interface. Spectrum’s High-Speed Packet (HSP) interface, External Memory Interface (EMIF) and
Processor Local Bus (PLB) interface are used to provide low latency deterministic data transfer
between the processors on the card.

3. Gigabit Ethernet is used to transfer payload data from the PRO-4600 to the rest of the Tactical
MILCOM system.

4. Control information (broken line) is transferred over the 32-bit 33 MHz PCI bus, separate from the
data path, to ensure it does not negatively impact the deterministic operation of the primary data
flow.

Figure 2. PRO-4600/XMC-3321 Example Data Flow
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Hardware and Software

[ PRO-4600 ]

The PRO-4600 is a 3U cPCI heterogeneous processing engine, employing a combination of Xilinx Virtex-4 FPGA,
TMS320C6416 DSP and MPC8540 GPP to support the black-side processing requirements of size, weight and
power-limited SDR applications. The PRO-4600 is equipped with a single-width XMC site, capable of hosting
parallel RapidIO (XMC) modules as well as Spectrum’s Enhanced PMC (ePMC) modules or industry-standard PMC
modules. See the PRO-4600 datasheet for further details. 

[ XMC-3321 ]

The XMC-3321 is a dual channel transceiver module optimized to operate with the PRO-4600 for Tactical MILCOM
applications or as a “stand-alone" XMC module on other industry standard XMC-compliant cards. The XMC-3321
is also capable of operating on Spectrum’s ePMC carrier cards using Spectrum’s Solano high-speed
communications technology. The XMC-3321 supports industry standard 10.7, 21.4 and 70 MHz IF frequencies
through the use of dual 14-bit A/D converters sampling at up to 105 MSPS and dual 14-bit D/A converters
sampling at up to 210 MSPS in a single-width XMC form factor. The module also features a single user-
programmable Xilinx Virtex-4 FPGA device for wide bandwidth signal processing and filtering in the digital
domain. See the XMC-3321 datasheet for further details.

[ XMC and Parallel RapidIO Compatibility ]

The PRO-4600 SDR processing engine and XMC-3321 dual transceiver XMC module are VITA 42.0 XMC and VITA
42.1 Parallel RapidIO compliant. The VITA 42.0 XMC base standard defines physical features that enable switched
communications between a standard mezzanine card and its carrier. The XMC standard is fully compatible with
IEEE P1386.1 PMC standard but offers the additional benefit of dedicated high-speed links between an XMC-
compliant carrier and its mezzanine modules.

The VITA 42.1 Parallel RapidIO standard uses a point-to-point scalable switched-fabric for its transport layer.
Using LVDS signaling with a double-data-rate clocking methodology, data rates of up to 500 MB/s full-duplex are
supported. The PRO-4600 supports a single Parallel RapidIO link. RapidIO benefits the designer who requires an
industry standard high-speed fabric and interface.

Spectrum provides a High-Speed Packet (HSP) interface that sets up physical and logical channels to route data
flow from the User FPGA through the fabric crossbar to the XMC connector. This feature saves the developer three
person-months that would otherwise be necessary to provide this functionality as part of application development.

[ Solano Communications Technology ] 

The PRO-4600 and XMC-3321 support two Solano ePMC links via the XMC interface. The Solano Communications
Technology used in the ePMC specification provides high bandwidth deterministic data paths between ePMC
mezzanine modules and ePMC carriers. Each Solano high-speed link is capable of greater than 200 MB/s full-
duplex communications and requires much less power than RapidIO. Two Solano links are electrically identical to
one RapidIO link.

[ Operation in Rugged Environment ]

In order to address the tactical military needs for operation in harsh environments, the PRO-4600 and XMC-3321
are designed from the “ground-up" to support conduction cooling, extended temperature range, and increased
shock and vibration immunity using embedded stiffening, heat sinks and wedge locks. For protection against high
levels of humidity and other environmental contaminants, the PRO-4600 and XMC-3321 can be conformally
coated with a protective sealant. Software readable temperature sensors are included to monitor temperature on hot
components. All Spectrum cards designed for ruggedization follow the same design methodology, resulting in a
scalable, rugged product offering, flexible to meet the needs of a diverse set of fielded applications.
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Software Operating Environment
SDR-4000 features a standards-based software operating environment as shown in Figure 3. This software
stack provides high performance, code portability and choice with respect to which components are used in an
application.

[ Operating System ]

The SDR-4000 is designed to quickly
implement different real-time operating
systems (OS). The standard product is
shipped with the INTEGRITY OS, which is
supported on the MPC8540 processor of the
PRO-4600.

Following is a description of INTEGRITY and
the Integrated Development Environment
used to support development of embedded
applications that use the INTEGRITY OS.  

INTEGRITY is a secure, royalty free, real-
time OS intended for use in embedded
applications that require high reliability and
high-performance features such as:

• Virtual Memory Management

• Rapid Real-time Response

• Networking and Communications Protocols

• Certified under the IEEE and the Open Group
POSIX Certification Program

MULTI is an integrated development environment for embedded applications using C, C++, embedded C++,
and FORTRAN. MULTI can be used to support INTEGRITY, LINUX and VxWorks. The MULTI IDE includes:

• C and C++ compiler

• Debugger

• Text Editor

• Flash Utilities

Wind River VxWorks with Tornado is available as an option. Using the power of our quicSpin architecture,
SDR-4000 is capable of fast optimization to support other real-time operating systems. Contact Spectrum Sales
if you require an alternate OS from INTEGRITY or VxWorks.

Figure 3. Software Operating Environment



[ quicComm ]

The PRO-4600 and XMC-3321 software application-programming interface is provided via Spectrum’s quicComm
SDK. quicComm software abstracts the underlying hardware providing users with basic link level access and
control of Spectrum’s flexComm products which significantly accelerates user application development. It is
standard across all flexComm products, allowing code portability. This software includes a board support package
for control and data handling which

• Allows configuration and control of the data links between processors and mezzanine cards

• Initiates and manages data transfers

• Manages interrupts

• Enables dynamic loading on a processor without affecting other processors 

For example, the quicComm API provides built-in functions that can parse bit files and load the images into the
User FPGA. The API function gives the user the flexibility to load (only), load and execute the current image or
execute a previously loaded image. For standalone operations, the image can be pre-loaded into Flash and the
USER FPGAs automatically programmed at boot.

For more information on quicComm, please consult the quicComm datasheet.

[ DSP Debug and Compile Tools ]

Spectrum builds on TI’s proven eXpressDSP™ software tools to provide multiprocessing tools and configuration
utilities that enable application developers to work at a system level. The PRO-4600 DSP module supports TI Code
Composer Studio™ Development Tools. This software option can be included with your development PC order.

[ FPGA Tool Flow ]

Although other tools can be used, the SDR-4000 is designed to support the Xilinx ISE Foundation tool flow. ISE is
an integrated programmable logic design environment that includes schematic capture, power analysis tools,
physical synthesis for FPGAs, advanced Place and Route Algorithms, and COREgenerator, a graphical interactive
design entry tool that is used to create high-level modules. Xilinx’s System Generator tool can also be used to
graphically design and simulate FPGA-based algorithms within the Simulink environment from The MathWorks.

[ FPGA Cores ]

RF Engines Ltd. (www.rfel.com) provides individual intellectual property (IP) cores and integrated turnkey designs
for digital RF signal processing in FPGAs and ASICs as appropriate to speed development. RF Engines provides
off-the-shelf IP cores that are highly optimized in terms of speed, power, and size compared to cores available
from other major FPGA vendors. Available cores include pipelined FFT, tunable PFT, half-band filters, highly
optimized FIR filters, windowing, and CORDICs.

Spectrum routinely develops custom cores for clients when these are otherwise unavailable. If you have such a
requirement, please contact your Spectrum sales representative.
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[ Software Communications Architecture (SCA) ]

The SCA is an open specification sponsored by the Joint Tactical Radio System (JTRS) program. It specifies
software, hardware, security, and networking architecture requirements for open, programmable Software
Defined Radio (SDR) systems with flexible, re-programmable communication capabilities. Specifically, the
SCA specifies a common framework to build-up, configure, connect and tear down distributed, embedded
radio applications while maximizing waveform portability.

An SCA core framework is available for order as an option. Please contact Spectrum Sales for more
information.

[ Component Enabler ]

Spectrum has partnered with Zeligsoft Software to offer Zeligsoft’s CE™ component enabler. CE removes the
need to manually author XML and allows the user to focus on revenue generating creative activities. Users
can discuss the system at the level of resources (components), devices, instances and connections. CE then
validates the model, alerting the user to violations against the syntax and semantics of the SCA standard.
This results in faster turn-around time for SCA development while dramatically reducing the risk of errors.
For more information, please see the Zeligsoft CE datasheet.

SDR-4001 Integrated Development System
To commence your application development immediately, Spectrum has made the SDR-4001 Integrated
Development System available. The SDR-4001 includes:

• One complete board set (PRO-4600 and
XMC-3321)

• A five-slot air-cooled desk-top cPCI chassis
with power supply

• Transition module (TM2-4900) providing
Ethernet, JTAG and RS32 interface 

• quicComm software

• ISE Foundation Toolflow (optional)

• Code Composer Studio (optional)

• Operating System and Integrated
Development Environment (IDE) (optional)

• Windows XP development PC with software
tools installed and tested (optional)

• Cables and documentation

SDR-4000 Tactical MILCOM Development Platform
Spectrum offers the SDR-4000 TMDP Tactical MILCOM rapid-prototyping and development platform for
those targeting military communications programs. It integrates a high-performance, fast tuning transceiver
with Spectrum’s SCA-enabled platform, providing a 3U COTS “RF to Ethernet" black-side signal processing
solution.

For complete details, contact Spectrum Sales.

Figure 4. SDR-4000 IDS
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Specifications
[ general ] Form Factor 3U CompactPCI bus card

PRO-4600 GPP One 533/667 MHz Freescale MPC8540 PowerPC with 256 MB of 267 MHz DDR 
SDRAM and 64 MB Flash

PRO-4600 User FPGA User-programmable Xilinx Virtex-4; 4VLX60/40/25 (LX60 standard configuration)
with 512K x 36 ZBT SRAM
Shares 32 MB SDRAM with the TMS320C6416 DSP processor

PRO-4600 DSP Processor A single 500 MHz TMS320C6416 processor shares 32 MB SDRAM with the user FPGA
XMC-3321 I/O 2 x A/D channels, 14-bit, 105 MSPS; 2 x D/A channels, 14-bit 210 MSPS

XMC-3321 User FPGA User-programmable Xilinx Virtex-4; 4VLX60/40/25 (LX60 standard configuration)
[ buses ] Host 3U CompactPCI bus card (32-bit / 66 MHz)

[ external interfaces ] High-Speed Serial Two serial RapidIO/serial FPDP links to the CompactPCI backplane via J2
High-Speed Data XMC VITA 42.0 interface for high-speed, low latency data transfer.

Ethernet Gigabit Ethernet 
Low-Speed Serial RS-232 data is routed to J2

User I/O A total of 48 User-defined General Purpose Input/Output lines 
(see General Purpose I/O section of the PRO-4600 datasheet for line arrangement details)

PRO-4600 LEDs Total of 11 LEDs (3 for DSP, 2 for GPP, 4 for Crossbar, 2 for User FPGA)
XMC-3321 LEDs Total of 4 Multi-colored LED

Please consult individual board datasheets for block diagrams
[ performance ] Data Transfer Rates High speed data transfer via Solano over the XMC connector; @200 MB/s 

full-duplex per link x 2 Solano links
High-speed data transfer via PRIO; 500 MB/s full duplex (supports single PRIO link)
High-speed data transfer between the crossbar and GPP; 200 MB/s half-duplex
High-speed data transfer between the crossbar and DSP; 180 MB/s half-duplex
From PRO-4600 to other boards via Serial RapidIO; 320 MB/s full-duplex 
(other protocols such as SFPDP or Aurora available upon request)

[ software ] quicComm, INTEGRITY v5.0.4 and MULTI v4.0.7
VxWorks v5.5.1 and Tornado v2.2.1 (optional)
Code Composer Studio (optional)
ISE Foundation Tool Flow (optional)
SCA Core Framework and CORBA ORB (optional)

[ environmental ] Operating temperature Air-cooling: Operational temperature range of 0 to 50 °C, forced air @ 600 LFM
Conduction-cooled cards: Card edge temperature range –40 to + 70° C 

Storage temperature -50 to +100° C
Humidity 10% to 90% relative humidity, non-condensing, no conformal coating

[ ordering information ] Contact your Spectrum Sales Representative for specific ordering information. 
Expect to cover the following items:

Development PC Minimum specifications: 2.5 GHz Pentium-IV processor, 512 MB SDRAM, Windows XP
Hardware Configurations can be constructed from a combination of chassis, PRO-4600, 

XMC-3321, TM2-4900 and custom backplane
SDR-4000 Base Software Includes quicComm software for all SDR-4000 series boards

and Documentation
Operating System and IDE INTEGRITY RTOS is ordered under the Green Hills Software Inc. licensing model and is

bundled with either a floating or node locked license. Additional MULTI IDE licenses 
are available in either floating or node-locked configurations. Wind River VxWorks and
Tornado IDE is optional.

SCA and ORB The SCA and ORB are optional. Contact Spectrum Sales for details.  
Xilinx ISE Xilinx ISE is recommended for FPGA development and can be ordered from 

Spectrum as an option. ModelSim PE with both VHDL and Verilog licenses is required to 
use the supplied simulation environment.

Training SDR-4000 and SCA training courses are offered at Spectrum's headquarters or at your 
site. Options include: SDR-4000 training (3-days), SCA training (3-days) and combined
SDR-4000/SCA training (5-days).

FPGA Cores FPGA IP cores are licensed to the device type.
Component Enabler Floating license and training are ordered separately.

[ custom configurations ] For custom configuration options, please contact Spectrum Sales
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