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designfeature By Warren Webb, Technical Editor

CompactPCI vendors are

just now beginning to ex-

tend their technology for fu-

ture products after being

stopped in their tracks by the

recent economic downturn in

the telecommunications in-

dustry. Board manufacturers

are pushing the technology

envelope with new standards

for high-speed interconnects

along with improved reliabili-

ty, manageability, and service-

ability. They hope to expand

the market for off-the-shelf, carrier-
grade telecommunications equipment
while extending their reach into new
applications. With new customers de-
manding higher bandwidth systems
with very little downtime, CompactP-
CI developers are updating the speci-
fication for their next-generation sys-
tems, and several of these updates
include replacement of CompactPCI’s
namesake, the PCI bus, with higher
speed, nonblocking alternatives.

The PICMG (PCI Industrial Com-
puter Manufacturers Group) intro-
duced CompactPCI at the height of
the telecommunications boom with
the goal of packaging low-cost, desk-
top hardware in a rugged form factor.

This scheme gave develop-
ers access to off-the-shelf
PCI silicon and readily
available desktop-software
applications. CompactPCI
is an open specification

that PICMG supports and controls.
You can download a short-form 
version of the specification at www.
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ADVANCEDTCA: ANOTHER DIRECTION
Although the PICMG (PCI
Industrial Computer Manu-
facturers Group) initially con-
ceived CompactPCI to take
advantage of low-cost desktop
hardware and software for indus-
trial users, it soon applied the
standard to the then-booming
telecommunications industry.
Now, with data-rate, power-dissi-
pation, and form-factor limita-
tions, PICMG has developed a
new platform targeting carrier-
grade telecommunications appli-
cations. Depending on its accep-
tance, this new AdvancedTCA
(Advanced Telecom Computing
Architecture) may emerge as a
higher performance replacement
for CompactPCI.

To prepare its member compa-
nies for a slice of this growing
$100 billion-per-year telecommu-
nications central-office market,
PICMG has defined a new-gener-
ation architecture oriented

around switch-fabric technology
instead of a conventional parallel
bus. PICMG 3.0 is the overall
general specification that defines
mechanics, board dimensions,
power distribution, power and
data connectors, and system
management. The general speci-
fication does not specify a
switched fabric and serves the
needs of a variety of fabrics on
the market. PICMG 3.1 defines an
Ethernet switch fabric providing
for data rates reaching 10 Gbps
per link. PICMG 3.2 and 3.3 add
InfiniBand or StarFabric technolo-
gies over the backplane. 

PICMG 3 boards are 8U
(322.25 mm) high and 280 mm
deep and spaced at a 1.2-in.
pitch. The wider pitch accommo-
dates taller components, such as
next-generation CPUs with inte-
gral heat sinks, off-the-shelf
memory modules, and high
power dc/dc converters. It also

improves cooling. Using the 1.2-
in. board-to-board spacing, you
can fit 16 boards into a 600-mm
European Telecommunication
Standards Institute cabinet or 12
boards within a standard 19-in.
rack. The board area of about
140 sq in., compared with about
54 sq in. for 6U CompactPCI,
provides additional real estate for
onboard fabric switches, network
processors, general-purpose
processors, and memory.

Although high-end micro-
processors and support logic now
dissipate as much as 100W, the
0.8-in. board pitch in CompactPCI
limits power dissipation to a prac-
tical upper limit of 50W per
board with forced-air cooling. The
goal of the PICMG 3 family is for
each board to dissipate 200W.
With potential chassis power dis-
sipation of approximately 3 kW,
distributing traditional supply
voltages such as 5 or 3.3V at 600

to 1000A is impractical. PICMG
3.0 specifies dual �48V-dc feeds
directly to each slot in which
dc/dc converters provide local
logic-level voltages. 

AdvancedTCA transforms
embedded systems from a
shared, parallel bus structure to a
new architecture in which the
only signals on the backplane are
power pins, grounds, a data fab-
ric, addressing pins, and a sys-
tem-management bus. Although
the PICMG has just released the
3.0 specification, several manu-
facturers displayed prototype
boards, backplanes, and chassis
at the January 2003 Bus and
Board Conference in Long Beach,
CA. This new platform may plot
the future direction of high-per-
formance embedded systems.
You can download a short-form
version of the AdvancedTCA
specification from www.
advancedtca.com.

picmg.org. PICMG based CompactPCI
boards on the Eurocard industry stan-
dard defining both 3U (100�
160-mm) and 6U (233.35�160-mm)
boards. The more popular 6U version has
as many as five connectors on the rear of
the card, allocating two for the Com-
pactPCI bus; the remaining three op-
tionally provide 315 pins for user-defined
I/O connections. Each CompactPCI bus
segment consists of one system slot and
as many as seven peripheral slots. The
system-slot board provides arbitration,
clock distribution, and reset functions for
all boards in the segment. The peripher-
al slots may contain simple PCI boards,
intelligent slaves, or PCI-bus masters.

As data rates rise, systems built on
CompactPCI technology are beginning
to feel the performance limitations of the
PCI bus. Efforts to increase the 33-MHz
PCI-bus clock rate have created other
problems. The eight-board bus segment
shrinks to four slots at 66 MHz and only
one slot at 133 MHz. Although Com-
pactPCI vendors have used PCI-to-PCI
bridge technology to address the slot lim-
itations, these bridges introduce unac-
ceptable latency issues in some applica-

tions. High-availability advocates ques-
tion the entire concept of a shared bus in
which a single failure can potentially lock
up or disable all boards on the bus.

To keep up with user demands,
PICMG initiated a series of CompactPCI
2.x specifications to improve perform-

ance in diverse industry segments. For
example, telecommunications customers
needed hot-swap capability to replace de-
fective boards without shutting down
their systems. Hot-swap systems require
hardware and software that can dynam-
ically route signals around defective com-
ponents while waiting for repairs. Other
new specifications standardized back-
plane signals for instrumentation, com-
puter telephony, management, and back-
up buses.

PACKETS PLEASE

PICMG 2.16, one of the most recent
additions to the family of specifications,
adds a packet-based switching architec-
ture on top of CompactPCI. The stan-
dard defines an Ethernet-based, dual-star
system-area network between boards
within a CompactPCI chassis. Also called
CompactPCI PSB (packet-switching
backplane), PICMG 2.16 increases the
interboard communication bandwidth
by moving data off the shared PCI bus
onto a high-speed, switched 10/100/
1000-Mbps Ethernet-based network.
Users can improve throughput by as
much as an order of magnitude without

AT A GLANCE

�� Bandwidth restrictions, slot limits, and
shared bus conflicts have CompactPCI
board manufacturers searching for a PCI-
bus replacement.

�� Competing switched-fabric technologies
offer simultaneous point-to-point data-trans-
mission paths and large virtual backplanes.

�� Optional updates to the base Compact-
PCI specification have created industry frag-
mentation and product-interoperability 
issues.

�� Industry development of a new Ad-
vancedTCA form factor may erode a large
part of CompactPCI’s telecommunications
market and support.
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affecting legacy components or the
shared CompactPCI bus. You access the
Ethernet system via the J3 connector, and
boards communicate with each other
through a conventional network stack.
Users can construct a large virtual back-
plane by extending the network to other
chassis with a simple Ethernet cable.
With 95% of worldwide data traveling on
Ethernet, PICMG 2.16 developers have
an ample supply of interface hardware
and software.

The PP 120/01x from Concurrent
Technologies supports several of the
PICMG specifications, including 2.16 for
backplane Ethernet (Figure 1). The low-
power, dual-Pentium III, single-slot PP
120/01x CompactPCI board supports
four individual Gigabit Ethernet chan-
nels. Each of the two 933-MHz proces-
sors supports a 133-MHz front-side bus
with 512 kbytes of L2 cache. The board
also features as much as 1 Gbyte of 133-
MHz ECC SDRAM, an Ultra 160 SCSI

interface, and a 64-bit, 66-MHz PMC
site. The board can operate in a system-
control slot or in a peripheral slot with
the CompactPCI interface disabled. The
PP 120/01x also features an EIDE (en-
hanced integrated-drive-electronics) in-
terface with installed options for an on-
board 2.5-inch disk drive or a Compact-
Flash carrier. For increased reliability,
heat sinks—not fans—cool the two
CPUs. Other features available are a PC
real-time clock, a floppy-disk interface,
two RS-232 channels, two USB ports, a
parallel printer port, a watchdog timer, a
keyboard/mouse interface, a long-dura-
tion timer, and a graphics interface. The
PP 120/01x supports Linux, Windows,
and QNX operating systems. Prices start
at $2988 (high volumes).

General Micro Systems also has a line
of CompactPCI boards complying with
the 2.x series of PICMG specifications.
Two low-power Pentium IV Xeon proc-
essors, each with 512 kbytes of L2 Cache

and CPU clock speeds initially fixed at
1.6 GHz but expected to exceed 3 GHz
power the C269 Equinox (Figure 2). The
Equinox uses a unique four-port hub
technology for memory and I/O transfers
to take full advantage of the CPU per-
formance. The board routes dual Gigabit
Ethernet channels to the rear I/O pins to
support PICMG 2.16 channel A and B or
for access on the rear-transition I/O-
module device. An Ultra SCSI-320 inter-
face can support maximum transfer rates
of 320 Mbytes/sec in single-ended or dif-
ferential modes. One port of the internal
hub provides a 4-Gbyte/sec I/O-expan-
sion bus for custom external interfaces.
The Equinox provides standard inter-
faces, such as two COM ports and inter-
faces for a floppy disk, a real-time clock,
CMOS RAM, a keyboard, and a mouse,
along with two Ultra DMA-133 IDE
channels to provide the user with hard-
drive, CD-ROM, and flash storage op-
tions. The board derives all CPU core-
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The PP 120/01x from Concurrent Technologies is a low-power, dual-Pentium III CompactPCI board that supports PICMG 2.16 backplane Ethernet. 

F igure  1
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power requirements from an onboard
dc/dc converter, which an external 12V
supply powers. It requires no additional
power source except for the standard
CompactPCI 3.3 and 5V supplies. Single-
piece prices for the C269 start at $2400.
The board supports Windows NT/2000,
Solaris x86, VxWorks, QNX, and Linux
operating systems.

VIRTUAL BACKPLANES

Even further pushing the data band-
width, PICMG 2.17 implements Star-
Fabric technology within a standard
CompactPCI chassis. Users may choose
to replace any number of CompactPCI
slots in a system with StarFabric to ob-
tain a higher speed point-to-point inter-
connect and retain compatibility with
earlier PICMG specifications. As with
PICMG 2.16, users may also interconnect
multiple chassis to create a large virtual
backplane. PICMG 2.17 defines both
centralized and distributed topologies
(Figure 3). The centralized topology in-

cludes one or two fabric boards that in-
terconnect all the slots in the chassis. This
arrangement allows redundant fabrics
for large-scale systems. A distributed
topology has the switching capability in-
tegrated on each slot board and requires
no separate switch card. This ar-
chitecture provides a method for
interconnecting cards in smaller systems
without using valuable slots for dedicat-
ed switching elements.

Aurora Technologies offers a StarFab-
ric development kit for designers inter-
ested in a quick start in PICMG 2.17 de-
velopment (Figure 4). The kit integrates
Aurora’s CP-SFX8 Fabric Card with an
eight-slot, 2.17-compliant backplane and
a portable aluminum enclosure. The CP-
SFX8 6U fabric card lets you implement
a centralized fabric topology in a Com-
pactPCI chassis. The Fabric Card features
eight links to the backplane with a
switching bandwidth of 5 Gbps per port,
two front-panel links for connection to
a redundant external chassis, and Mi-

crosoft Windows or Linux com-
patibility. The kit includes CG
Mupac’s 9U portable enclosure,
which accommodates eight
6U�160-mm CompactPCI
boards. The backplane supports
the system-management bus as
specified in PICMG 2.9, 5 or
3.3V keying, and hot-swap ca-
pabiltity. Prices for the StarFab-
ric development kit start at
$4900.

Continuing with another
high-speed serial-fabric archi-
tecture, PICMG 2.20 defines a
serial-mesh backplane to enable
cell-based data transport for
CompactPCI platforms. In a
mesh architecture, each slot has
a direct path to every other slot
without an intervening switch
or router card. The serial-mesh-
backplane architecture can in-
crease data-transport capacities
to as much as 700 Gbps and sup-
ports multiple simultaneous
protocols, such as ATM, IP,
Frame Relay, GPRS Tunneling
Protocol, and others. Motorola
Computer Group has launched
the MXP3321 platform to con-
form with the 2.20 serial-mesh-
backplane specification (Figure
5). The MXP3321 targets multi-

service-switching applications, such as
multiprotocol routers, 3G wireless-ra-
dio-network controllers, and media gate-
ways. Because the communication be-
tween any two slots does not depend on
what protocols may exist elsewhere in the
platform, you can easily adapt this archi-
tecture to fit many applications. The
MXP-platform products rely on Altera
Mercury devices to provide the high-
speed link that the serial-mesh backplane
uses.

OPTIONAL STANDARDS

Unfortunately, most of the Compact-
PCI addendums are optional and have
saddled board vendors with a mishmash
of specifications that threaten to frag-
ment the industry. Boards from one
manufacturer conforming to some of the
2.x specifications may not work in the
same chassis with boards developed un-
der a different set of specifications. Com-
pactPCI developers have also com-
plained of inadequate board area and
cooling problems with the standard 6U
boards and chassis. These problems,
along with the limitations of the PCI bus,
led a group of PICMG member compa-
nies to step back and develop a new plat-
form optimized for high-speed, commu-
nications applications. This new plat-
form specification, AdvancedTCA (Ad-
vanced Telecom Computing Architec-
ture), describes a larger form factor, elim-
inates the parallel bus, and includes a
mesh backplane (see sidebar “Ad-
vancedTCA: another direction”).

Some board manufacturers feel that
the current CompactPCI architecture
can adapt to future needs by including
PICMG 2.16 packet switching as the pri-
mary interconnection, requiring
mandatory system management and
eliminating the PCI bus for data trans-
fer. Force Computers, Motorola Com-

Two low-power Pentium IV Xeon processors
with clock speeds approaching 3 GHz power
the C269 Equinox single-board computer.

F igure  2

The centralized topology of PICMG 2.17 includes one or
two fabric boards that interconnect all the slots in the
chassis (a); the distributed topology has the switching
capability integrated on each board (b).
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puter Group, Performance Technolo-
gies, Pigeon Point Systems, StarGen, and
Znyx Networks are expected to soon in-
troduce the Telecommunications Com-
puting Architecture, or CompactTCA,
as a new PICMG. CompactTCA speci-
fication authors hope to 
retain compatibility with
PICMG 2.16 products while
combining several optional
specifications into a single
standard.

The new and proposed
PICMG specifications—such
as PICMG 2.16, AdvancedT-
CA, and CompactTCA—are
industry reactions to the lim-
itations of parallel, shared

bus architectures. These new specifica-
tions feature serial networks and fabrics

that allow multiple data streams
to move at the same time, along
with new techniques for system
management. The advantages of
these new specifications are that
they are nonproprietary and that
dozens of leading board manu-
facturers support them. Al-
though the future direction of
CompactPCI is unclear, it will
probably not include the PCI
bus.�

You can reach Technical
Editor Warren Webb at
1-858-513-3713, fax 1-
858-486-3646, e-mail
wwebb@edn.com.
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Aurora Technologies’
StarFabric develop-

ment kit integrates the CP-SFX8 fabric card
with an eight-slot, PICMG 2.17-compliant back-
plane and a portable aluminum enclosure.
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Motorola Computer
Group’s MXP3321 plat-

form complies with the PICMG 2.20 serial-
mesh-backplane specification to support
advanced data-communications applications.
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