
Reconfigurable computing isn’t a novel 
concept, but the idea of a configurable 
PMC using an FPGA, swappable I/O 
adapter modules, and I/O-specific IP 
is a new wrinkle. These configurable 
PMCs can help reduce design time by 
providing a platform for adding I/O to a 
single board computer with PMC sites. 
We explore the key architectural points 
to consider in designing around the 
configurable PMC concept.

It’s natural for engineers to spend much of 
their time thinking about the core process-
ing capability of a system, often in the 
form of a single board computer. However, 
experienced designers know that getting 
the most out of a system means devoting 
much of their attention to I/O capability, 
especially in the case of high-speed I/O.

Perhaps a custom sensor for a surveillance 
system must be integrated, but a full custom 
I/O design is time prohibitive. Or, perhaps 
a C4ISR module requires increased A/D 
performance, but again a totally new A/D 
design would take too long. In both cases, 
the developers probably have other devel-
opment and integration issues to address 
and don’t have the time or resources to 
devote to developing new I/O cards. 

Modular I/O subsystems designed around 
an FPGA can make a developer’s life 
easier by reusing common components 
and tailoring the solution to fit application 
needs. An I/O subsystem can be based on 
any form factor, but there is strong argu-
ment for basing it on the industry-standard 
PMC form factor. According to Venture 
Development Corporation, 88 percent of 
single board computers sold in 2007 are 
projected to have PMC or XMC sites 
available. This is because of the success 
of the proven PMC form factor over its 
decade-plus life.

Architecture for configurable PMCs
Configuring a PMC for a variety of I/O 
roles logically involves three architectural 
elements (Figure 1): 

Adapting the I/O pinout to meet the  »
physical interface requirement 
Providing the I/O data acquisition  »
and processing functionality 
Getting data from the PMC into  »
the host single board computer for 
further processing 

Adapting the I/O pinout
To satisfy the needs of a different 
application or the changing requirements 
of the same application, a new PMC 
has to be built. However, if the PMC is 
designed from the start with an FPGA 
and the I/O interface is on a pluggable I/O 
adapter module, the only portion of the 
hardware that needs to be changed is the 
pluggable I/O adapter module (Figure 2);  
the base PMC module can be reused 
with the appropriate programming of the 
FPGA.

This modular approach has the advantage 
of flexibility to adapt a wide variety of I/O 
types with a single hardware architecture 
and the ability to evolve with changing 
requirements over time. It also cuts 
development cycle times since proven 
and optimized functional blocks such as 
memory interfaces and PCI/
PCI-X connectivity are reused.

Pluggable I/O adapter modules 
can be designed for a variety 
of I/O functions; with an open 
interface, the possibility exists 
for custom user-designed I/O  
adapter modules for even more 
functions. These modules can 
contain both the necessary 
physical elements and funct-

ional circuitry such as a high-speed A/D  
converter to capture data from an I/O 
device. For instance, an I/O adapter 
module with dual 16-bit 125 MSps A/D 
channels operating simultaneously will 
produce 500 MBps of data. A PMC-X 
module with a 133 MHz 64-bit PCI-X link 
with approximately 1 GBps band width is 
able to support these data rates. 

I/O data acquisition and processing 
functionality
An FPGA on the PMC provides the 
developer with the flexibility of not only 
implementing the necessary I/O protocol 
but also the ability to implement application-
specific processing and the performance 
to process very high data rates in real time. 
Building on the previous A/D example, if  
the application required two additional 
analog input channels, a quad 16-bit  
125 MSps A/D I/O adapter module 
could be developed that would produce 
1 GBps of data. This would most likely 
exceed the theoretical ~1 GBps of  
133 MHz 64-bit PCI-X. However, if only 
a 5 MHz band of interest was desired 
in each channel, a digital down con- 
verter could be used to produce a 
downconverted sample rate of 12.5 MHz 
based on a sampling frequency of 2.5 times 
the 5 MHz bandwidth. The data coming 
out of the FPGA would be reduced to  
100 MBps (12.5 MHz/sec x 16-bits/
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sample x 4 channels), which could easily 
be handled by the PCI-X link.

Another way to handle higher input data 
rates is to increase the capacity of the 
link between the PMC and the single 
board computer. PMC-X and XMC 
modules can increase the bandwidth 
over the 64-bit, 66 MHz PCI link  
of a PMC.

Data movement into host SBC 
A PCI, PCI Express, Serial RapidIO, or 
PCI-X interface can be implemented with 
an ASIC. Alternatively, these capabilities 
can be implemented as an IP core in the 
FPGA. By choosing the right FPGA, 
a single FPGA can interface to the I/O, 
implement the protocol and preprocess 
the data, and include a PCI, PCI-X, 
Serial RapidIO, or PCI Express IP core 
to interface the PMC/XMC to the single 
board computer. With the host interface 
logic implemented in an FPGA, system 
throughput can be optimized by attention 
to elements such as buffering, interrupt 
handling, DMA, and other strategies 
to help data stream efficiently from the 
I/O subsystem into the core processing 
complex.

Utilizing this approach, it’s difficult 
not to envision a single PMC with a 
family of pluggable I/O adapter modules 
spanning a range of high-speed functions 
all based on the same FPGA hardware 
and IP. An example implementation of 
this approach is the VMETRO  
PMC-FPGA05 
family, with a 
Xilinx Virtex-5 
and a series 
of off-the-shelf I/O  
adapter modules and  
IP for I/O including  
A/D, D/A, FPDP, LVDS, 

Camera Link, RS-485, and L-band digital 
receiver functions (Figure 3).

In this implementation, a 138-pin con-
nector near the PMC front panel brings  
signal traces routed for use as either 
single-ended signals or differential pairs 
to the FPGA. The signals are grouped into 
two banks, with each bank independently 
configurable to 2.5 V or 3.3 V signaling. 
Having 138 configurable pins routed 
from an FPGA to an I/O adapter module 
connector provides the capability to 
support a wide range of I/O.

Configuring the FPGA 
The ideal configurable FPGA platform 
provides a flexible I/O module interface 
that can be used to accommodate a 
multitude of I/O functions from analog 
conversion to interfacing with complex 
bus protocols. However, the primary focus 
for an application is the core processing 
algorithm. To allow application engineers 
to concentrate their efforts on the design 
of the algorithm, it is imperative that they 
have accompanying interface IP at their 
disposal. The IP needs to abstract away 
the intricacies of complex protocols, 
providing simple intuitive interfaces that 
can be easily integrated with the core 
processing algorithm.

Interface IP can typically be broken down 
into two basic categories:

Streaming interfaces where a  »
continuous data stream is presented
Addressable interfaces where data is  »
stored or retrieved from a specified 
location

Providing a common method for 
interfacing to these two categories of 
interfaces allows an array of I/O options 
to be readily adapted to by an application 
programmer.

A look at the block diagram of the example 
implementation highlights three interfaces 
that are commonly present in a configu-
rable FPGA platform (Figure 4). 

I/O module interface
The I/O module interface most often 
represents sensor input and arrives in a 
streaming format. In the example block 
diagram, the I/O is a single channel of ADC 
input data. The associated IP interface 
takes the ADC samples and presents the 
user with a common streaming IP interface 
that can connect directly to the processing 
algorithm block or can be connected to 
FIFO with a compatible interface for 
crossing between the operating frequency 
of the ADC interface to the algorithm 
interface.

Memory interfaces
Memory interfaces are typically 
addressable in nature, but in some 
instances memory can be used to buffer 
a data stream. The example implement-
ation shows two blocks of external 
memory with two associated styles of 
IP blocks. The first block provides user 
interfaces that can be used to address 
individual memory elements such as  

where memory is being used as a 
lookup table for a processing algorithm. 
The second IP block illustrated shows 

the memory interfaces with streaming 
interface blocks for the user to connect 
an input interface to one and an output 
to the other. Thus the user has a simple 
choice to connect the algorithm directly 
to the PCI-X interface or use the QDR 
as a buffer that can absorb data during 
instances where there is a delay or 
hiccup in transferring data across 
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PCI-X to a general purpose processor. 

Common IP interface advantages
By creating a common method for 
interfacing to IP elements, the user is able 
to concentrate most of the coding effort on 
analysis of the different types of filtering 
and processing effects in the algorithm, as 
opposed to creating glue logic to interface 
to the varying bus protocols. Once common 
interfaces have been established, they can 
be utilized by high-level FPGA tools such 
as Xilinx System Generator or Impulse C.  
Thus, the high-level tools can be used to 
create IP that more readily drops into a 
larger FPGA design. 

Drivers and software
Once the FPGA design is established, it 
behaves identically to how any “hard” 
PMC design would. To integrate the 
configured FPGA platform into the target 
system, software needs to be established 
to comm  unicate between the FPGA and 
the attached general purpose processor.

Platform software should take advan-
tage of reusable IP and provide reusable 
drivers. As there are variances in the 
reconfigurable designs such as the 
number of DMA channels, or the location 
of register control interfaces connected to 
the PCI-X interface, the software needs 
to be able to adapt. One way for the 
software to automatically adapt to the 
changes in the hardware interface is to 
provide a feature table in hardware that 
can be referenced when the platform 
drivers are initialized. The combination 
of the configuration table in hardware 
and adaptable driver software from a 
plug-and-play interface can, for instance, 
dynamically instantiate the corresponding 
number of DMA drivers in software.

Established software APIs should in- 
clude support for accessing the address-
able interface connected to the PCI-X 
interface, accessing streaming interfaces 
connected to the DMA channels, as well as 
respond to asynchronous interrupt events 
from the configurable FPGA device.

Advanced design tools
High-level design tools are becoming 
more prevalent in the configurable FPGA 
industry. The tools abstract away the finite 

details of HDL languages, allowing 
designers to create their FPGA algorithms 
in more familiar and mathematically 
friendly environments such as The 
MathWorks Simulink environment and 
C.

Common IP interfaces aid in integrating 
such cores into larger designs. In addition, 
these high-level tools can perform 
hardware verification of the completed 
FPGA design by using configurable 
platform software to send the simulated 
data sets to real hardware while reading 
back the processed data results to ensure 
that the hardware design matches the 
simulation results.

Tapping the power of reuse
We have shown how using configurable 
PMCs with pluggable I/O adapter modules 
backed by an FPGA delivers tangible 
benefits for system designers. Developers 
can reuse functionality, tailor, or even 
customize I/O to meet specific needs and 
offload preprocessing functions using the 
FPGA’s capability. Because of the highly 
integrated designs that can be achieving 
utilizing a modular FPGA-based PMC 
approach, faster, denser systems can be 
designed with a reduced SWaP footprint. 
Robust FPGA development and debug 
toolsets, along with off-the-shelf, proven,  
optimized IP blocks, help reduce design  
cycle times. Designing around a config-
urable PMC, whether developed in-house 
or a COTS product, is an approach that 
designers should strongly consider.
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In-Vehicle PCs
smallest dimensions,  
fanless, high reliability, 
rugged design

DIGITAL-LOGIC offers a large variety of  
Embedded Computer in PC/104, EPIC, EBX,  
3.5", smartModule and other form factors.

Further informations: 

www.digitallogic.com

MPCX48 (IP50)
_ Intel® Processor 800MHz

_ VGA, DVI, LVDS, Audio,  
 Video-in

_ LAN, COM1, COM2, 6x USB

_ Options:  
 WLAN, GPS, GSM, CAN

MPCX47 (IP65)
_ Intel® Pentium®  M 738,  
 1.4GHz

_ VGA, DVI, LVDS, Audio,   
 Video-in

_ LAN, COM1, COM2,    
4x USB, 2x firewire,  
 Digital I/O

_ Exchangeable mediapack  
 40GB automotive HDD  
 1x CF TypeII

_ Options: UPS-battery,
 preheating, GSM, GPS,  
 WLAN, CAN
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