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Overview

When integrating FPGAs in embedded real-time DSP 
system designs, developers are faced with the challenges 
of developing and debugging their FPGA logic and 
software, moving data efficiently between CPU nodes and 
FPGA nodes, and integrating it all into their overall system 
design while staying on schedule and within budget. 
Curtiss-Wright’s FusionXF development kit addresses these 
challenges and provides system design engineers with 
powerful and optimized software and FPGA infrastructure to 
save them man years of implementation time.

FusionXF is a collection of software and associated HDL 
functions to aid customers in the development of their 
FPGA algorithms and logic for Curtiss-Wright’s customer 
programmable FPGA products. It is targeted at reducing 
the design time and optimizing the performance of complex 
embedded real-time DSP systems comprised of multiple 
FPGA and PowerPC™ processors. It also supports the use 
of Curtiss-Wright FPGA-based products (e.g., an FPGA 
XMC module) on x86-based host platforms.

FusionXF provides all of the building blocks to build a fully 
functional FPGA design to which a customer can integrate 
their FPGA logic and algorithms. It contains software 
functionality to enable the control and utilization of FPGA 
resources from a PowerPC processor. And, it provides 
efficient data streaming between a processor and FPGAs, 
internally in a FPGA or between distributed FPGAs in a 
fabric. Figure 1 illustrates an example embedded real-time 
DSP system. The board on the left is a hybrid PowerPC 
and FPGA processing engine with two CPU nodes, two 
on-board FPGAs, and an XMC site that is populated with a 
FPGA XMC card. The board on the right is a quad-FPGA 

Applications 

The FusionXF suite is an invaluable resource kit for software 
and FPGA development.

�� FPGA and PowerPC hybrid processing

�� High speed data streaming applications

�� Demanding DSP applications

�� Analog data capture

Features

�� Extensive HDL functions optimized for high performance 
FPGA processing and streaming data applications

�� Sophisticated, yet easy to use software APIs

�� Full source code provided for software, VHDL libraries 
and examples

Benefits

�� Greatly reduces system design time 

�� Allows designers to focus on their applications

�� Standardized across all Curtiss-Wright products and all  
supported operating systems for easy product migration 

�� Familiar industry standard tools
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processing engine that is connected to the hybrid processor 
board via High-Speed Serial (HSS) links across the 
backplane. FusionXF has the software and HDL components 
to implement all of the data paths shown in Figure 1 as well 
the mechanisms to provide high-performance, low-latency, 
low-overhead data movement across the data paths.

FusionXF is comprised of an HDL Development Kit (HDK) 
that contains HDL functions and a Software Development Kit 
(SDK) that contains drivers, application software libraries, 
and utilities. Extensive documentation and illustrative HDL 
and software examples are included to aid developers. 
Figure 2 shows the software and corresponding HDL layers 
in FusionXF. The layered architecture of FusionXF makes 
it very easy to migrate applications from one hardware 
platform to another. Only the hardware specific Board 
Support IP (BSIP) and the Board Support Package (BSP) 
will change when changing hardware platforms. All other 
components are hardware independent.

Hardware Development Kit (HDK)

The HDK contains the FPGA interface definitions and 
functions to build a fully functional FPGA design. The HDL 
functions are divided into two libraries; the BSIP and the 
VM Library. The BSIP contains board-specific HDL functions 
and interfaces and the Host Interface. The VM Library 
contains HDL functions that are common to all FPGA 
hardware platforms as well as standard interfaces to board-
specific interfaces. By interfacing to VM Library functions, 

HDL code developed for one Curtiss-Wright board can be 
utilized on other Curtiss-Wright boards in the same product 
family without any modification.

Optimized HDL functions are provided for all FPGA 
communication paths. For instance, there are HDL 
functions for PCI-X and PCI Express® (PCIe) links for 
communication between the PowerPC and FPGAs, FPGA 
to FPGA communication across the backplane using HSS 
interconnects, and high-speed parallel interfaces for very 
low latency FPGA to FPGA communication on a board.

The FPGA nodes typically have memory configurations 
to meet any design specific needs. Fast synchronous 
memories (QDR-II SRAM) are provided for applications 
requiring simultaneous read and write access to processing 
parameters, while large DDR2 SDRAMs are provided 
for data streaming implementations or other applications 
requiring deep memories. FusionXF has HDL functions for 
utilizing these memories to their full capacity. Experienced 
designers will appreciate the effort Curtiss-Wright has put 
into designing and fully qualifying these IP blocks. High 
speed memories are challenging designs, and require 
careful attention in the design phase to run reliably at full 
speed. Curtiss-Wright utilizes signal integrity analysis of 
the critical data and control signals to determine optimal 
calibration settings to ensure reliable operation over the full 
temperature range at the highest clock frequencies. Curtiss-
Wright addresses simultaneously switching outputs (SSO) 
and other topology related issues to guarantee performance 
regardless of application and data structure.
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Figure 1: Hybrid PowerPC and FPGA Processing System
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Figure 3 shows an overview of 
the HDL functions provided by 
FusionXF VM Library. Two bus 
models are part of these libraries. 
The Single Random Access 
(SRA) bus is a fixed width (32-
bit) bus for register access. The 
SRA bus is optimized for control 
plane applications with very little 
overhead. The Pipelined Random 
Access (PRA) bus is a flexible 
data transfer bus optimized for 
high throughput data transfer. Any 
bus widths from 8 bits to 256 
bits wide with byte enables are 
supported. Address and data are 
pipelined with the commands, 
so that the bus can support full 
random access to any arbitrary 
address in a tight sequence 
which is crucial for utilizing 
QDR-II SRAM type of memories. 
The PRA bus also supports linear addressing mode for 
SDRAM access as well as non-addressed mode for data 
streaming applications. Both buses are well documented 
with examples and timing diagrams for easy debug and 
implementation. All FusionXF HDL functions have SRA 
interfaces for control plane functionality and PRA interfaces 
for the data plane. This unified interface structure makes 
it very easy to instantiate pre-optimized functions from the 
libraries and connect them together to form the desired 
system infrastructure.

All FusionXF HDL components and examples are provided 
with full source code. The HDL functions are based on 
generic VHDL code and are not constrained to a certain 
physical area of the device. This is an important feature 
to allow the tools to effectively integrate the HDL functions 
with custom logic. If the HDL functions were constrained, 
they could block off routing resources or consume critical 
resources severely affecting the performance of the 
customer’s design. 

The HDL functions can be used “as is” or as a starting point 
for custom designs. The included example designs show 
typical use of the main components to guide the designer 
when starting a new project. The example designs include 
pre-compiled FPGA images (.bit files) which can be loaded 
into FPGAs to get up and running quickly.
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Figure 3: FusionXF VM Library
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Software Development Kit (SDK) 

Sophisticated software APIs make integrating the FPGA 
resources with the user application software easy and 
efficient. The SDK includes a user space API to enable 
applications to set-up, control, and communicate with 
FPGA designs; drivers to communicate with FPGA HDL 
functionality; as well as a driver framework to simplify 
the development of custom drivers. The SDK also includes 
utilities to aid the developer. The FusionXF software 
discovers HDL resources and refers to them as capabilities. 
A capability can be a DMA controller, a memory controller, 
a register set, interrupts, etc. A capability is defined by 
it’s mapping in memory space, its’ size, type and version. 
The extensive functionality of the FusionXF user space API 
provides access from the user application to the capabilities 
through familiar functions such as open, close, read, write 
and ioctl.

Figure 4 shows the software architecture of FusionXF. The 
user space software API has commonly used functionality 
for detecting, configuring and controlling capabilities. 
These high level APIs are easy to use and provide powerful 
functionality in a familiar programming environment 
for most designers. The vast majority of designs can be 
implemented using the user space API without the need 
to write any custom drivers. However, if there is a need 
to develop a custom driver, the SDK contains a driver 
framework to simplify the task of developing a User Driver. 
The Kernel Abstraction Layer (KAL) makes FusionXF drivers 
portable between operating systems and the FusionXF Driver 
Framework (XDF) contains a kernel API for developing 
custom drivers. The user space API allows user applications 
to read from and write to any capability. For instance, there 
are DMA APIs for buffer handling, descriptor queuing, and 
control. These APIs allow an application to move data to 
and from an FPGA design via DMA transfers that utilizes a 
DMA controller from the VM Library. There are also interrupt 
handling APIs for interrupt control and status handling. 
These APIs allow an application to manage interrupts that 
can be generated from any FPGA capability, including 
FusionXF HDL functions and user developed HDL functions.

All FusionXF software components are provided with full 
source code. The software can be used “as is” or as a 
starting point for custom development.

Figure 4: Software Architecture
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Tools and Implementation

The SDK is offered for Windows, Linux and VxWorks. 
User space APIs are operating system agnostic for easy 
porting between operating systems, allowing a designer full 
flexibility.

For HDK development, the HDL example designs include 
simulation scripts and test benches for behavioral 
verification and easy learning. Mentor Graphics ModelSim 
PE is used for functional simulation. Using the provided 
simulation resources makes it very easy for the system 
designer to get up and running with a new design and start 
implementing the desired functionality quickly and hassle 
free.

Standard Xilinx® tool flow is used for FPGA
implementation. Xilinx XST is used for synthesis and Xilinx 
ISE for place and route. Command line scripts and ISE 
project files are included for all examples. The designer 
may run through these examples and generate the FPGA 
image files as a valuable learning experience and to 
prove that the tools are configured correctly for further 
development.

Software development is done using familiar tools for the 
chosen operating system, including Microsoft Visual Studio® 
for Windows® development, Wind River Workbench® for 
VxWorks® or standard GNU tools for Linux®.
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Warranty

This product has a one year warranty. 

Contact Information

To find your appropriate sales representative:

Website: www.cwcdefense.com/sales

Email: defensesales@curtisswright.com

Technical Support

For technical support:

Website: www.cwcdefense.com/support

Email: support@curtisswright.com

The information in this document is subject to change 
without notice and should not be construed as a 
commitment by Curtiss-Wright Controls Defense Solutions. 
While reasonable precautions have been taken, Curtiss-
Wright assumes no responsibility for any errors that may 
appear in this document. All products shown or mentioned 
are trademarks or registered trademarks of their respective 
owners.

The value of thorough and well organized documentation 
and an easy learning curve is recognized by most 
experienced engineers. The “Getting started with FusionXF” 
manual helps the first time FusionXF designer to get 
quickly familiar with the contents provided in the FusionXF 
development kit. The “HDK Tutorial” will guide designers 
through their first FusionXF HDL design and familiarize 
them with the resources available. Elaborate user manuals 
for both hardware and software designs are included with 
detailed descriptions of all software and HDL functions and 
their use.

Debug and Verification

Simulation test benches and verification models are 
provided for all critical HDL functions. The system designer 
will find it very easy to expand these models to include 
simulation of the main data paths in the system. Functional 
models for memories and I/O are also provided for easy 
system level simulation.

There are synthesizeable data generators and checkers 
included with the HDL functions for lab verification of the 
design. These modules allow easy verification of the design 
with a known good data source, even if the front end data 
source is not implemented yet, or is not available. The 
interface between IP modules and the SRA and PRA buses 
provide convenient inspection points for inserting the Xilinx 
ChipScope™ logic inspection tool. This creates runtime 
visibility into the FPGA design.

In cases where the design includes a PMC or XMC node, 
the Curtiss-Wright Vanguard PMC or XMC analyzers are 
invaluable for debugging hard to find logical or data flow 
errors. The Vanguard tools also have extensive statistics 
functions useful for performance optimization or debugging 
of performance issues. The PMC exerciser function may 
even be used to emulate a live data source.

Summary

The FusionXF development kit provides valuable functionality 
for the extremely complex hybrid PowerPC and FPGA 
designs used in modern embedded real-time DSP systems. 
Using FusionXF can have a significant impact on system 
design efforts and time to market for the end product. Time 
that developers would otherwise spend on designing and 
debugging complicated memory interfaces, processor 
interfaces and system data paths can be spent on designing 
the critical data processing algorithms and other custom 
features.
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