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The newest open industry standard for
very high performance data communica-
tions is called AdvancedTCA. Developed
by representatives from more than 100
companies that are members of the PICMG
consortium, AdvancedTCA is a highly
rugged and modular platform for high
performance switched fabric architectures.

Why was it developed?
Open standards have largely replaced pro-
prietary architectures in the desktop and
enterprise marketplaces. Open standards
are attractive for many reasons, including
multiple sources of supply, innovation, and
cost effectiveness resulting from competi-
tion. They also provide long technology
lifecycles and the assurance that no cus-
tomer is at the mercy of a single supplier.
The desktop market embraced open stan-
dards with the emergence of the IBM PC
more than twenty years ago. The VMEbus
is equally old. CompactPCI burst upon the
scene in 1995 and has enjoyed broad
acceptance in a variety of communications
applications requiring more ruggedness
and modularity than was possible to
achieve using desktop standards. 

One stubborn holdout from this trend has
been the Central Office (CO) telecommu-
nications platform market. Proprietary
equipment has long been the norm in this
industry. Historically heavily regulated,
the telecom industry innovated slowly and
without much cost or time-to-market pres-
sure. Deregulation in the 1990’s changed
that, but special requirements, such as
extreme reliability and ruggedness, pre-
vented existing open standards from pro-
viding the levels of performance needed.
Time to market pressures during the bub-
ble in the mid-90s saw some manufactur-
ers adopting standards based equipment in
an effort to get to market quickly. Even in
the current slump, the CO telecom market
exceeds $50 billion a year worldwide for
hardware alone, and has been a much
sought after prize for hardware suppliers.

The current downturn in telecom has
changed the dynamics of the market dra-
matically, as telecom suppliers are pressed
to innovate to provide new services at
reduced costs. The large engineering

infrastructure that existed at many
large telecom equipment providers
has been drastically downsized, as
well. Buying equipment rather than
designing and building it in-house
became an obvious answer to this
problem, but existing standards are
largely inadequate. 

Members of PICMG were approached by
large telecom equipment providers in
mid-2001 and challenged to develop an
entirely new family of open standards that
met CO requirements. These standards
had to meet the traditional environmental,
shock, vibration, earthquake, regulatory,
and reliability requirements while provid-
ing a technology growth path for at least
10 years. Comprehensive system manage-
ment beyond anything currently in the
marketplace would be necessary. Cooling
adequate for large numbers of DSP’s and
power-hungry multi-GHz processors was
required. Traditional bus-based techn-
ologies did not offer the performance, reli-
ability, or flexibility needed. Emerging
switched fabrics looked to be the right
basis for the architecture, but no one was
willing to bet on the success of any indi-
vidual fabric. So, multiple fabrics needed
support. The real goal was for an architec-
ture that supported the concept of a single
equipment shelf that could be populated
with a mix of off-the-shelf boards, includ-
ing server, network processor, DSP, and
I/O functions, to create the widest range of
infrastructure equipment from that same
base. A tall order, indeed. 

How did it start?
Specification efforts frequently end up at
one of two ends of the spectrum. At one
end they are be rubber stamps for a single,
or small group of, companies’ existing
solutions or, at the other end, a group of
companies trying to solve a general prob-
lem from scratch. The most contentious
situation is where there are two existing,
incompatible solutions, each with a strong
group of supporters.

The AdvancedTCA effort was fortunate to
have begun in that happy medium where
the problem statement was clearly defined
(“define an open platform standard that

meets the needs of telecom infrastructure
equipment for the next 10 years”) and yet
there were no pre-existing solutions look-
ing for ratification. So not only were the
companies developing the spec not con-
strained by pre-existing products, they rep-
resented a wide cross section of industry
companies, all of whom stood to benefit
from a specification that addressed many
of the industry’s applications. Many com-
panies also benefited from experience with
previous PICMG specification efforts.

AdvancedTCA started life as a working
group outside of PICMG that was made
up of a group of member companies who
saw the need for a next generation open
specification for telecom systems. This
group did the fundamental problem defi-
nition and the basic ground work. In Nov-
ember 2001 the working group passed
this effort over to PICMG with the kick
off of the 3.x series of specifications. The
level of interest in the effort was so high
that more than 100 companies signed
on to participate, with a very high propor-
tion remaining significantly involved
throughout.

The scope of the effort was larger than any-
thing PICMG had done before with over
11,000 man hours spent in face to face and
conference call meetings and many times
that in actual work. It has been estimated
that the collective industry experience that
was brought to bear on the development of
the spec is in excess of 500 years. 

Why switched fabrics?
While the clock speeds and processing
power of today’s high end microproces-
sors, network processors, and DSP’s con-
tinue to improve at a rate consistent with
Moore’s law, overall system performance
is now often limited by I/O bandwidth and
the ability to move data in, out, and be-
tween boards and systems. Traditional
parallel bus structures, like those used in

A D V A N C E D T C A
AdvancedTCA – Ready to roll
By Joe Pavlat and Rob Davidson

�Define an open
platform standard

that meets the
needs of telecom

infrastructure
equipment for the

next 10 years�

A
D

V
A

N
C

E
D

T
C

A

www.compactpci-systems.com


Reprinted from CompactPCI Systems / May-June 2003 ©Copyright 2003

CompactPCI and VME, are running up
against limits imposed by physics and will
not be able to go much faster. 

To improve data transmission speed,
designers are moving to switched fabric
architectures. In a switched fabric, the
overall capacitance of the data link is
reduced to a minimum by having only one
source of data connected to the destination
for that data at any point in time. This per-
mits higher speeds operation that would be
possible with a conventional, multi-drop
parallel bus, wherein each board plugged
into the bus adds speed limiting capaci-
tance. Since any reasonably complex com-
puter architecture has many sources and
destinations for data, this single source-
single destination interconnect is accom-
plished with switch elements that dynami-
cally connect and disconnect data sources
as required at very high speeds. A simple
visualization is that of the horizontal and
vertical threads of a piece of cloth, with
the crossover points being the switch ele-
ments. Hence the term “switched fabric.” 

Switched fabric architectures have another
important advantage over parallel bus struc-
tures. In a parallel bus, the failure of any
board plugged into a backplane can cause the
entire bus to fail. The failure domain can be
as large as the complete system. In switched
fabric architectures, the failure domain can
be as small as a single board, which can be
switched out of the fabric in case of a failure.
Dual redundant fabrics ensure that the fabric
itself is not a single point of failure. They also
are very scalable, as it is relatively simple to
increase the capacity of an overall system by
adding additional switch elements, pro-
cessors, and chassis.

The switched fabric landscape will likely
settle down somewhat in the next few
years, but for now it is still taking shape.
In order to have a viable growth path over
the next decade AdvancedTCA could not
afford to hang its hat on any one fabric.
Instead it has defined a structure over
which several different fabrics can co-
exist in the same system.

The structure of the AdvancedTCA
specifications
A major requirement for AdvancedTCA
is the ability to support a variety of fabric
technologies and topologies optimized for a
specific application and yet do this over a
standard backplane  using standard mech-
anics, power distribution, cooling, and sys-
tem management. In addition, Advanced-
TCA needs to have a structured growth path
to support new designs for at least 10 years.

PICMG 3.0 base specification
This 430-page document defines all
fabric-independent features, including
mechanics, power distribution, system
management, cooling, and regulatory
guidelines. Revision 1.0 of the Base Spe-
cification was ratified by the PICMG
Executive membership on December 31,
2002. AdvancedTCA basic features at a
glance include:

■ 2.4 terabits/second total aggregate
bandwidth over the backplane in a
single chassis if a full mesh topology
is used

■ 2-16 boards per chassis
■ 600 mm ETSI frame equipment

practice (note: 19-inch and 23-inch
racks allowed)

■ 280mm by 322 mm board form factor
■ 1.2-inch (6U) board pitch supports

large heat sinks and optical
interconnect devices

■ Dual -48 redundant power feeds
■ All boards and active modules are 

hot swappable Field Replaceable
Units (FRUs)

■ Up to 200 watts per board (3200
watts per chassis) thermal dissipation,
forced air cooled

■ Sophisticated system management
features including module power
control, active cooling control, 
health monitoring, and electronic
keying

■ Single card failure domain
(no parallel data bus)

■ Redundant Star and Full Mesh
backplane topologies

■ Separate dual redundant Ethernet
Control Plane fabric (present
regardless of data transport fabric)

■ NEBS level shock, vibration,
environmental standards

■ Optional Rear Transition Modules
(RTMs) for high speed copper or
optical interconnects

■ Support for industry standard
mezzanine module form factors,
including PMC

PICMG 3.1 defines 1 and 10 Gigabit
Ethernet fabrics, with an option for Fibre
Channel support, for data transport.

PICMG 3.2 provides the details for
building systems using Infiniband fabric
technology.

PICMG 3.3 utilizes StarFabric as the
data fabric.

PICMG 3.4 details PCI-Express data
fabric implementation.

The technical details
An AdvancedTCA platform, shown in
Figure 1, looks a lot like a conventional
board-based system. Departing from the
traditional IEEE-1101 mechanical stan-
dards used by CompactPCI and VME,
AdvancedTCA defines a unique and flex-
ible mechanical architecture that is opti-
mized for high volume, low cost sheet
metal fabrication techniques. While Ad-
vancedTCA uses a backplane and plug in
boards, the similarity to conventional par-
allel bus architectures ends there.

AdvancedTCA boards are 332mm high
and 280mm deep, which is 2.5 times
larger than a standard CompactPCI or
VME board. The boards also have a 1.2-
inch horizontal pitch, compared with 0.8-
inch for VME and CompactPCI. This
allows for 16 boards in a standard ETSI
600mm cabinet and 14 boards in a con-
ventional 19-inch rack. The larger board
area and pitch are needed to accommodate
general purpose CPU’s, DSP’s, lots of
memory, fiber optic modules, and the net-
work processors necessary to manage the
switched fabric on a single board. 

AdvancedTCA boards are fully hot swap-
pable, with staged pins in the power con-
nector sequencing power up/down and
board activation/de-activation. All Field
Replaceable Units (FRU’s), including fan
trays and optional operator interface dis-
plays are fully hot swappable.

Power and cooling
The large board size and high performance
of AdvancedTCA means that boards will
be stuffed with DSP’s, network processors,
general purpose processors, and optical
transmission components. Indeed, a single
AdvancedTCA board often has more capa-
bility and throughput than an entire chassis
of boards using previous architectures. All

Figure 1
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of this means that a lot of power must be
provided to the boards and a lot of heat
must be removed.

The high power capability of the Ad-
vancedTCA platform caused a re-think of
the way power is distributed to boards and
around the system. Distributing low volt-
ages such as 3.3V at hundreds of amperes
of current over a backplane does not make
sense, especially when modern micro-
processor core logic voltages are a volt or
so and require local DC-DC converters
anyway. Distributing a higher voltage at a
lower current and providing dual feeds for
redundancy makes more sense. After evalu-
ating existing power conversion technol-
ogy, safety, and efficiency, it was decided
that AdvancedTCA chassis would receive,
filter, and distribute dual -48 VDC feeds to
each board. This is a voltage long used in
CO telecommunications equipment and
highly reliable, cost effective DC-DC con-
verters exist from a wide range of suppliers.

A custom power connector, developed by
Positronic Industries expressly for Ad-
vancedTCA, provides for power input and
sequencing. This connector also is used
to route redundant system management
ports and provide each board with a geo-
graphic address and telecom ringing and
test voltages. 

With the increased volume for components
also comes a need to provide a way to get
the heat out. With careful thermal design
and adequate chassis cooling, Advanced-
TCA boards are capable of dissipating 200
watts using forced air cooling in a 55° C
ambient with a 10° C temperature rise from
air ingress to egress. A careful thermal
analysis using Computational Fluid
Dynamics (CFD) determined that this
is possible even in the presence of a single
fan failure (see Figure 2). Commercially
available technology, including variable
speed blowers, phase change heat sinks,
and low thermal conductivity interface
materials make this
possible without
exotic fluid cooling,
which is expensive
and adversely im-
pacts maintenance
and repair. Cooling
is actively con-
trolled, as the next
section will describe.

System management
The high reliability and maintainability
required by CO equipment necessitates a
sophisticated system management function

in all systems. The system management
subsystem developed for AdvancedTCA
represents the industry’s most comprehen-
sive effort to standardize these functions to
date and is mandatory in all compliant sys-
tems. In the multi-vendor environment that
open standards create, it is also necessary
to ensure that boards, backplanes, and
chassis from different suppliers will work
together properly.

The purpose of the AdvancedTCA system
management system is to monitor and
actively control all active system elements
to ensure proper operation. This system
watches over the basic health of the
system, reporting anomalies and taking
corrective action when needed. The man-
agement system can also retrieve board
part numbers, serial numbers, and revi-
sions as well as local sensor data. It can
also receive event reports and failure noti-
fications from boards in the system. 

Electronic keying
AdvancedTCA introduces a new concept
in modular systems called E-Keying.
Traditional modular systems utilized a
mechanical keying system to prevent the
wrong board being plugged into the in the
wrong slot. With E-Keying, Advanced-
TCA boards communicate through the
system management infrastructure to
determine if compatible fabric interfaces
exist before they are enabled to transmit
data over the backplane.

Because of the high power capability of
AdvancedTCA systems and the multiplic-
ity of fabric technologies allowed, the sys-
tem management subsystem needs to take
into account  managed power, cooling,
and interconnect resources whether the
system is powered up or a new board is
inserted. Each board in the system is
required to report its power requirements
and fabric capabilities. It is also required
to be able to individually enable or disable
each fabric link.  When an AdvancedTCA
system is activated, the system manage-
ment subsystem first interrogates boards
and chassis to determine the amount of
power and cooling available to an individ-
ual slot and then compares that with the
requirements that a plug-in board re-
quests. Only if adequate power and cool-
ing are available will the board be pow-
ered up. The fabric technology supported
by every board is also compared against
the backplane type and overall system
capability to determine if the fabric links
should be enabled. This type of control
also occurs when a new or replacement
board is plugged into a running system.

The data fabric
The concepts incorporated in the switched
fabric architecture used in AdvancedTCA
are quite different from those of the tradi-
tional parallel data bus. Sources and des-
tinations for data are actively switched
so that a single source of data is connected
to a single destination of data at any one
time. Simple “star” topologies connect
one source in a system to a one destination
at a time. They are usually made redun-
dant so that if one switching element fails,
the system can continue to operate. These
“dual star” topologies are adequate for
many applications. The switching func-
tion is usually provided by one or two
special purpose slots. The PICMG 2.16
switched Ethernet and PICMG 2.7 Star-
Fabric standards for CompactPCI use dual
star topologies. AdvancedTCA defines the
use of both dual star and dual-dual star
topologies.

For high throughput, high performance,
applications, AdvancedTCA architecture
also provides “full mesh” interconnectiv-
ity between boards. In a full mesh topol-
ogy, each board connects simultaneously
to every other board. In a 16-slot system,
this means that high speed links are pro-
vided on the backplane so that every board
has a direct connection to the other fifteen
boards in the system. With a dedicated
switch on every board, full mesh systems
allow every board to communicate with
every other board at the same time. In a
16-slot AdvancedTCA system, this means
that the aggregate data bandwidth for a
single shelf using full mesh 10 Gigabit
interconnects is 2.4 terabits/sec.

A separate dedicated dual star Ethernet
fabric (10/100/1000 Base-T) is also pro-
vided in all systems to act as a control
plane. Known as the Base Fabric, this fab-
ric can be used for functions outside of the
high speed data fabric, including manage-
ment, event logging, electronic keying,
software updating, and background com-
munications. 

In addition to the fabric interconnects,
overall infrastructure features like system
management and power distribution are
also provided on an AdvancedTCA back-
plane, illustrated in Figure 3.

Rear I/O
High end platforms like AdvancedTCA
require a wide variety of I/O connectivity,
including high speed network, fiber optic,
and high density connections, and a lot of
them. One traditional solution has been to
cable the I/O out the front of the card, and
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this is often necessary when using mezza-
nine cards like PMC modules. Front panel
I/O is less than desirable from a repair and
maintenance standpoint, however. Un-
doing a handful of cables before replacing
a defective board can result in mis-cabling
or cable damage when a replacement
board is installed.

One approach to I/O cabling long used in
the telecommunications industry involves
the use of rear panel transition modules
(RTM’s) that provide for semi-permanent
cabling out the rear of the chassis, with
each RTM passing I/O to the main front
plug-in board via connectors. While it is
argued that RTM’s take up valuable chas-
sis volume, the total additional volume
required is negligible if only rear panel
I/O is used. Platforms like CompactPCI
and VME usually connect the RTM to the
front card via a through-backplane con-
nector of some sort. This has been accept-
able in the past but today’s requirements
for a wide range of connections, including
optical, make this approach awkward. 

AdvancedTCA uses a simpler approach
whereby the RTM connects directly to the
front module. The front panel plug-in
board and the RTM are a pair provided by
the manufacturer. With this approach,
a wide range of I/O connectivity within
a single chassis can be provided. High
speed, high density, optical, or other spe-
cial purpose I/O connectors can be mixed
together in a single system.

Regulatory requirements
Complete systems being installed in criti-
cal CO environments must meet testing,
agency, and regulatory requirements well
beyond those seen in the factory automa-
tion, medical, or enterprise computing en-
vironments. Different countries and even
different municipalities within a country
have varying requirements for safety,
emissions, shock, vibration, earthquake
survival, and reliability. 

In a multi-vendor open environment like
AdvancedTCA, each system component –
board, backplane, chassis, power condi-
tioning circuitry, etc. – must be designed so
that, when all plugged together, the result-
ing system can pass applicable regulatory
tests. The AdvancedTCA specification pro-
vides a lot of design detail and regulatory
reference information that can be used by
individual vendors to assist in this process.

From development to deployment
If writing a comprehensive, detailed,
and technically sound specification were

enough to change an industry, then Ad-
vancedTCA could be pronounced a com-
plete success and PICMG members could
go and build compatible products and
make lots of money. While the specifica-
tion is complete, there will, for some time,
remain issues of interpretation and omis-
sion that were not anticipated by the devel-
opers. Left unaddressed these issues could
lead to incompatibilities than can slow
adoption and interfere with multi-vendor
interoperability. PICMG is addressing
these issues through a series of interoper-
ability workshops where companies devel-
oping products get together and test their
early products with those of others. Issues
that are identified in these workshops will
be addressed in future revisions of the spec-
ifications. Four of these “plugfests” have
been held already this year, and several
more are planned throughout the summer.

Conclusions
The goal for AdvancedTCA to provide a
scalable, reliable, modular, and open plat-
form for telecom infrastructure equipment
for the next 10 years was extremely ambi-
tious. It is well on the way to achieving
that. The specification is released and
looks solid – the interoperability work-
shops are proving that. Very soon the first
commercial products will reach the mar-
ketplace. Then and only then will we know
whether or not AdvancedTCA will change
the telecom industry. Stay tuned!
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Visit PICMG’s Web site
at www.picmg.org for more 

information on the AdvancedTCA 
specifications for next-generation
telecommunications equipment. 

Also, find out how to join the
AdvancedTCA E-mail Reflector hosted

by PICMG as a public service. 
If you have questions or comments

about AdvancedTCA, this list is a forum
for discussion with your peers.
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