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A Technology Platform for Providing
Broadband Communications Services

Electrical and optical components arebeing created thatcan be flexibly
interconnected to meet the needs ofa wide range ofemerging business
customers. Theelectrical components arebased ona versatile, high-speed
electronic-bus architecture thatcan simultaneously transport voice, data,
and video signals, synchronously or asynchronously, at multi-gigabit-per­
second data rates. Port cards can reserve busbandwidth for synchronous
circuit connections, and can contend for asynchronous bandwidth to
send packets.

Ahigh-speed optical network interconnects these electronic
switches. As data-rate requirements increase to multi-gigabit-per-second
transfer rates, optical switches can be used toform distributed broadband
networks that span buildings, campuses, and corporations. Inherent data
rateand protocol transparency makes optical switches ideal for networking
a wide variety ofinformation sources.
Introduction

Ourgoalhas been to define and
implement a numberofreusable electronic
andoptical components and interconnections
that can economically provide a wide rangeof
broadband services. These building blocks,
and their interconnections, constitute a
general-purpose, broadband-technology plat­
form that canbe configured to meeta wide
variety ofevolving customerneeds.

In the workenvironment, projected
broadband networking applications include
multimedia messaging, networked comput­
ing,visual communications, real-time multi­
media groupcollaboration, and interactive
visualization.1 The bandwidth requirements
forthese applications can rangefrom kilobits
to megabits to gigabits per second-per end­
point. Futureuser bandwidth requirements
could easily spanfive orders ofmagnitude.

Networking standards, such as asyn­
chronoustransfermode (ATM) , are,by them­
selves, notenoughto meetcustomer needs.
They mustbe coupled with the meansto
deliver true customer satisfaction. Ourcus­
tomershavetold us theywant a broadband
network that is simple to install, operate, and

expand. The network mustmakeit easyto
provide reliable services overa broad range
ofbit rates,and to meetbothtraffic needsand
latency requirements. Customers want a sys­
tem that removes the effects ofthisvariabil­
ity, notone that adds to it.

The architecture ofa multimedia net­
work is strongly influenced by the transmis­
sionmedium connecting the desktopto the
network. The medium ofchoice forthe last
100 meters to the desk topis still unshielded
twisted paircopper wire. The bandwidth avail­
able on unshielded twisted pairhas been
increasing yearly. Rates of100 to 155 mega­
bitsper second are now stateofthe art, and
622 megabits per second may soonbe within
reach. The 100-meter distance limit forhigh­
bandwidth, unshielded twisted pairputsa
physical limit on the numberofdesk topsthat
canbe connected to a single wiring closetor
hub. In standard office buildings, only about
40to 80desks canbe reached from a single
wiring closetor hub.

Thus, the multimedia network archi­
tectureofchoice consists ofsmall wiring­
closetaccess hubs interconnected with fiber to
higher-bandwidth backbone hubs. The

48 AT&TTECHNICALJOURNAL. NOVEMBER/DECEMBER 1993



Panel 1. Acronyms and Terms Used In this Paper

ATM - Asynchronous transfermode
BUST- Balanced logic asynchronous synchronous

transceiver chip
BASE - Broadband ATM/STM electrical dualbus
CMOS - Complementary metal-oxide-semiconductor

technology
LAN - Local area network
Octet- BASE bus consisting ofeighttransmit and

eightreceive datasignals, plusclock andcontrol
signals

SONET - Synchronous optical network
ORT - Optical receiver transmitter board
OSB - Optical switch board

backbone hubs are interconnected hierarchically, or as a
mesh, to give broadband connectivity to a largernumber
ofpeople, overa largerphysical area. SeeFigure 1fora
view ofthe architecture. Following these principles,
access hubs andbackbone hubs are beingimplemented
toform the building blocks ofa broadband network
architecture that cansupport multimedia, visual, and
computing endpoints that are distributed in buildings
andcampuses, and in private or corporate networks
spread overa wide geographic area.

A Broedband ATM/STM Platform. Ourgoalwasto
design a small, wall-mountable hub that would have high
enough bandwidth to handle a largevariety ofuser appli­
cations, endpoints, links, andnetworks. The architecture
also has to provide a smooth evolutionary pathfrom the
customer's present-day environment to the broadband
multi-media networks ofthe future. The architecture
musthandle today's synchronous transfermode (STM)
interfaces forvoice andtelephony, andapplications such
as video, local area network (LAN) and packet networking,
as well as the ATM linksandapplications ofthe future.

Bus Architecture. The broadband ATM/STM elec­
trical (BASE) bus designed forour hub has a dual-bus
architecture, inwhich allportboardstransmit on a trans­
mitbus,and receive from a separate receive bus.The
transmit bus is looped backontothe receive bus through
a loop-back circuit located at the farend ofthe bus,as
shown inFigure 2.The advantage ofusingtwo uni­
directional buses is that the clock anddatasignals propa­
gatetogether, minimizing the skewbetween them. This

enables standard bus operations to be performed at
muchhigherspeeds. A BASE busconsisting ofeight
transmit datasignals andeightreceive datasignals, plus
the clocks andcontrol signals, is referred to as an octet.
All BASE-bus signals are differentially driven bybalanced
logic asynchronous synchronous transceiver (BLAST)
chips. Figure 2 shows a four-octet BASE-bus system con­
figuration, with oneofthe octets (indicated as the 4th
octet) shown indetail. Each ofthe four octetsofthe BASE
bus is a physically independent, pluggable unitthat can
be installed andreplaced inthe field.

The port-board interface to the bus is through a
BUST chipbus-interface controller, which is implemented
in standard CMOS technology. The bus-interface controller
effectively isolates the speedofthe bus from the speed of
the portboard. Therefore, the logic on the portboard
needsto be only as fastas the application requires.

The signal leadsconnecting the portboard to
the backplane are single ended, thereby reducing the
numberofleadsin the backplane connector. Once onthe
backplane, a BLAST chipconverts these single-ended sig­
nalsto the differential signals that appear on the bus.
Whenactive components on the backplane are notper­
mitted, lower-speed BASE-bus configurations canbe
designed that useconventional single-ended drivers and
receivers on the portboards. Alternately, at the costof
additional connector signals, BLAST chips canbe placed
on the portboardsthat drive the backplane differentially.

When the BUST chipis mounted directly on the
backplane, it electrically isolates the bus from the port
board. Thispermits administrative personnel to plug in
boardswhile the bus is active, called a hot plug-in. They
canthen perform non-uniform loading ofsystems that
are notfully populated, without impacting the transmis­
sioncharacteristics ofthe bus.

A system canbe composed ofas few as one,or
as many as four, BASE-bus octets. Fouris a physical limit,
nota logical limit. Each octetwithin a carrieris approxi­
mately two inches high and, typically, between sixand 18
incheslong. Multiple carrierscanbe interconnected using
active repeaters. Portboards canaccess oneor more
octetsin parallel, ifthe portboards require very high
bandwidths, or require redundant busesforreliability.

Unlv.....1Port Slots. Each portslotonthe bus
provides access to the whole bandwidth ofthe bus. In
practice, the bandwidth usedmay vary from 64kilobits
per second to 622 megabits per second, or higher. Any
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Figure 1. Desktops
are connected
directly, or through

local area networks
(LANS), to access

hubs In wiring
closets, using
unshielded twisted
pair copper wire.

Access hubs are con­
nected, using fiber, to
one or more back­

bone hubs. Backbone
hubs use fiber to
Interconnect with

each other and with
the public network.

Remote access hubs
can be connected
with the rest of the
network by using
either optical fiber or

public wide area net­
work (WAN) facilities.

o
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o
o...

Fiber data
distributed interface

portcardcanbe plugged intoanysloton the bus, with
the following exception: Interconnect portcards,which
connect hubs, should be placed near the loop-around cir­
cuitto takefull advantage ofthe bandwidth available in
both the transmit and receive buses.This is discussed
furtherin the section, "Dual BusOperation."

The BLAST Chip. The BlAST chipon each portslot
on the BASE octetbus is a quadtransceiver. The chip
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performs allnecessary electrical andtiming functions to
interface portcardsignals to the BASE bus.EightBlAST
chipsare necessary per slot (two per bus) to accommo­
dateallofthe signals on a BASE-bus octet. The bus side
ofthe BlAST chipuses a proprietary differential-balanced
driver that uses reducedvoltage swings. These features
provide superior noise immunity, while minimizing radia­
tionand power consumption. The BlAST chipalsohas
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F!gure 2. A four-octet
BASE-bus system Is
shown with the bal­
anced logic asynchro­
nous synchronous tran­
sceiver (BLAST) chips
on the backplane.
Each octet transports
differentially driven
multl-glgablt-per­
second signals on both
the transmit and
receive buses. The
BLAST chip electrically
Isolates the bus from
the port boards, so
that backplane bus sig­
nals remain balanced
under all conditions,
Including hot plug-In.

internal registersandan internal clock-phase adjustment
circuit that allows veryprecise timing control ofthe
BASE-bus signals.

Byplacing the BLAST chipson the backplane, the
BASE-bus signal leadsare electrically isolated from the port
cards.This totally eliminates variable-loading problems,
which plague passive buses. In passive buses, the trans­
mission characteristics ofthe bus signal leadschangewith
the numberand position ofplugged-in portcards.This
effect requiresthat the bus be designed around the full
rangeofpossible transmission characteristics, and usually
requires a reduction in transmission speedsor bus length.
Placing the BLAST chipsdirectly on the bus further
increases potential bus speedsby reducing the lengthof
the transmission-line tapsseen bythe signal leadsat each
portslot. This active backplane scheme, usingBLASf
chips, createsan excellent transmission environment for
transmitting signals that are only a few nanoseconds wide.

The BLAST chipdesign uses a novel differential
signal driver, andan unusual termination design that
maintains balanced differential bus signals underall
busconditions. The BLASf chipdrivers perform a differ­
ential "wired-OR" logic function whentwo or moreBLASf
chipsare driving the bus simultaneously. This feature
eliminates the needforsingle-ended signals forfunc­
tions, suchas arbitration andcontrol, therebyeliminating

oneofthe main potential bandwidth bottlenecks ofa bus
design. Finally, the BLASf chipaddressesa problem that
conventional driver circuits often cause, propagating
unbalanced signals whencoming outofthe isolation
state,called the tri-state. The design ofthe BLASf-driver
circuit maintains balanced operation inboththe drive
andthe isolation state.

In applications where active backplanes cannot
be used, the BLAST chipcanbe placed on the portcards
to drive the backplane leadsthrougha connector. This
approach takesadvantage ofmany ofthe BLAST chip­
design features. However, it requires a slower bus rate
to compensate for the effects ofvariable loading, hot
plug-in, and longelectrical taps through the backplane
connectors.

Controller Chip and Port Board. The bus-interface
controller connects a portboard to the BASE busand
allows the boardto use anyamount ofbus bandwidth,
up to the full speedofthe bus.The controller contains
enough expandable buffering on the chipto isolate the
bandwidth ofthe port-board application from the band­
width ofthe bus.This isolation feature provides maximum
flexibility forcustomizing each portboard to its applica­
tion andforminimizing cost. Ongoing costreductions can
be donebyconcentrating solely on minimizing per-line
coston the portboard. New high-density and low-density
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Figure 3. The functional operation Is shown of the transmit
and receive buses In the BASE-bus access hub architecture.
In this dual-shared bus hUb, up to 100% of the transmit-bus
bandwidth can be routed locally, or up to 100% of this
transmlt-bus bandwidth can be sent to and received from
a backbone hub or another access hub.

portboardscanbe freely mixed in the system.
The bus interface controller is implemented in

standard 3.3-volt CMOS technology. It supportsfour-level
priority bus arbitration forATM or packetcells, and pro­
vides a circuit interface forloading synchronous data
into allocated timeslotson the bus.

DuB' Bus Operation. Whenapplications require
a highdegreeofinterconnect bandwidth among back­
bonehubs, a set ofhigh-speed optical interconnect
boards, including standard SONET interfaces, canbe
placed next to the intelligent loop-back circuit. (See Fig­
ure 3.) Transmit-bus traffic canbe read by the optical
interconnect board, just before it reaches the loop-back
board, andcanbe routedto the backbone hub. Likewise,
traffic from the backbone hub canbe received bythe
optical interconnect boardand inserted intothe head end
ofthe receive bus.The loop-back circuit ignores data
that has previously been read by an optical interconnect
board. This meansthat the bandwidth ofboth the trans­
mitand receive buses canbe fully utilized whenthere is
a high degreeofinter-hub traffic.

The SONET boardsshown in the accesshubs,
and the backbone hub ofFigure 3,are actually identical
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boardsperforming two different functions. When com­
municating with a hub higher, or at the samelevel in the
network hierarchy, the bus interface ofthe SONET board
would be programmed to receive datafrom the transmit
bus and transmit dataontothe receive bus.When com­
municating with a hub that is lower in the network hier­
archy, the bus interface would be programmed to receive
datafrom the receive bus and transmit dataontothe
transmit bus.

This flexibility permits full utilization ofthe bus
bandwidth foranymix ofinter- and intra-hub traffic. For
video signals, this could provide a substantial benefit,
especially if oneassumesthat a highly variable amount
ofvideo traffic would flow between hubs.Eitherthe
inter-hub or the intra-hub traffic can dynamically grow to
occupy the full bandwidth ofthe bus.

Optical Switching Technology
In someapplications, high-speed links to back­

bonehubs maybe required to transport allofthe dataan
accesshub cangenerate. Typically, incurrentdatahubs,
between 20% and 30% ofthe traffic ina hub is inter-hub
traffic between devices attached to different hubs. In a
system with distributed, special-purpose servers, or in
systems with a lotofvideo conferencing, the rateof
inter-hub traffic could easily double.

Ourcurrent BASE-bus design includes a four-octet
hub that could serveas a backbone hub bytransporting
fourtimesthe datathat canbe generated bya one-octet
accesshub. Eachbackbone hub should be able to handle
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Bus interface and timeslot control

FIgure 4. Optical switching technology has
been developed to the point at which It can be
employed In a backbone hub. (a) The optical
switching element can support multl-glgablt
bandwidth, and Is transparent to both the bit
rate and protocol used. (b) The optical switch­
Ing device can be used as an axa time multI­
plexed switch supporting glgablt-per-second
devices. (c) The hlgh-bandwldth optical
switch board could transport both clrcult-mode
and packet-mode traffic simultaneously. No
optlcal-to-electrlcal conversions are required at
the switch.
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at leastfoursingle-octet accesshubs, and potentially a
dozen or more, with various levels ofconcentration.
Mostofthe backbone-hub bandwidth would be dedi­
catedto performing this backbone-interconnect function.

The backbone function can also be performed by
taking advantage ofrecently developed optical switching
technology. This second alternative calls forplugging an
optical switch (OS) boardintothe backbone hub and
replacing the SONET boardsin the accesshubs with opti­
calreceiver-transmitter (ORT) boards. Asingle OSboard
can switch allofthe traffic amongat leasteightaccess
hubs without usingup anyofthe backbone-hub bus
bandwidth. This approach appears to be less expensive
andcould be extended to evenhigher bandwidths. We
havebeen experimenting with the guided-wave optical
switching technology formany years.2,3 Recent advances
have madethe optical switch devices well suitedfor
product manufacture.s-" Components ofthis technology
that are ofspecial interestare shown in Figure 3.

Guided-wave optical switches have longbeen
admired forbeingableto switch high-speed digital opti­
calsignals ina data- and protocol-transparent manner.

Fromthe point ofview ofthe databeingtransmitted, the
switch behaves just likean optical fiber. The only differ­
ence is that lightcango inon one portofthe switch and
be routedto come outon anyofseveral output ports.

In the example in Figure 4, the inputs ofup to
eightfibers canbe routedto anyofeightfiberoutputs.
If the switch is timemultiplexed, it canbe madenon­
blocking. The currentplan is to use 256 universal time
slots, which resultsin beingableto support 2048 simul­
taneous connections.

In the backbone-hub application, eachfiber
would be connected to the BASE bus ofanaccesshub
usingan ORT board. With a 2.5-gigabits-per-second lASER
transmitter, morethan 2gigabits per second could be
passed between each pairofaccesshubs homing on an
optical backbone hub. Using timedivision multiplexing,
interconnection bandwidth could be dynamically allo­
catedto provide whatever connectivity is needed.

An 8X8optical switch arrayand its drivers could
be mounted on one portboard. It would be connector­
ized, and installed or replaced in the field. The switch
arraycould be duplicated for reliability, or be installed in
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Figure 5. A network could support optical switching among
hubs. An optical receiver-transmitter board In each access
hub could use the switching capability of the optical switch
board In the backbone hub. Thus, Instead of requiring a
four-octet electrical backbone hub, only a one-octet hub
would be required to support Inter-access hub traffic.

a network ofbackbone hubs that provides multiple paths
to every accesshub.The boardwill provide 16gigabits
per second ofbandwidth (using ORT boardswith 2.5­
gigabits-per-second lASERs and receivers) and use only
25watts ofpower. It should be notedthat the optical
switch operates independently from the speedofthe
LASERs attached to it.Even morebandwidth canbe pro­
vided at the samepower by usingfasterLASERs and
receivers on the ORT boards.

The Optical Switch Board (OS)
Oneofthe design issuesconcerning optical

switching involves settingthe frame rates and time-slot
lengths. The time slotscan transportanykind ofsyn­
chronous or asynchronous signals, because the signals
are simply beingtransported by the optical switch. These
universal timeslotscancarryboth ATM cellsandSfM
traffic. The interconnection bandwidth between anyend­
points canbe dynamically allocated as the load varies.
The switch itself is rearrangeably non-blocking, andhas
negligible cross talk. These features have already been
demonstrated byexisting prototype switches that use a
dilated Benesnetwork.6 The current architecture uses a
switch that is a dilated hybrid network. The outer stages
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have Benesnetwork connectivity, andthe innerstages
have active-splitter, active-combiner connectivity.

The optical switch canbe reconfigured in approxi­
mately 10nanoseconds. Byusing488-nanosecond-period
timeslots,wecanprovide a considerable amount oftime
foradjusting to the optical power level andacquiring bit
synchronization between the endpoints.

Optical Recelver-Tnmsmltter 8cNIrd. The ORT board
is responsible forselecting inter-hub traffic from the
BASE bus,and transmitting both ATM and STM traffic over
the 488-nanosecond universal timeslotsto the proper
accesshub.The universal timeslotsare basically carri­
ers forbandwidth between ORT boards.

During these time slots, a start burst,or signal,
is transmitted. This allows the receiving ORT boardto
adjust to the rightoptical power level, andto bit synchro­
nize its reference clock with the datait is receiving. This
bit synchronization canbe acquired within a few nano­
seconds and,ideally, byone transition ofthe data. This
difficult task is accomplished usinga burst-mode
receiver chip,? which rapidly adapts to incoming light
levels, and bythe development ofan instantaneous
phase-recovery chip" that can synchronize to an incom­
ingdatastreamwith just a single transition ofthe data.
Thiscircuitry, plusthe laser transmitters and receivers,
canthen be puton one portboard, which then canbe
plugged intoa BASE-bus hub.

An Optical Interconnection Network. The meshnet­
works andhierarchical routing networks discussed ear­
lierin this papercanboth be implemented usingthe ORT
boardsand the OS boardsdescribed above (see



Figure 5). In this arrangement, ORTboardsin the access
hubsconnect throughosboardslocated in the backbone
hubs. Thus, if an optical switch boardis used in the back­
bonehub, inter-hub traffic between accesshubs must
only undergo one electrical-to-optical conversion forthe
complete path.

Ifosboardsare not used to create the backbone
hubsand,instead, the inter-hub traffic is switched elec­
tronically in the backbone hub, then two electrical-to­
optical conversions mustbe performed for the inter­
accesshub traffic that's routed througha backbone hub.
Oneelectrical-to-optical conversion occursin the link
from the accesshub to the backbone hub, and another
conversion occursfrom the backbone hub out to another
access hub.Thus,with an optical switch, a two-to-one
savings is realized in the numberofoptical transmitters
andreceivers used in the network-and this translates
into a significant cost saving.

Asecond advantage with optical switching is
that the backbone-hub backplane is relieved ofthe inter­
accesshub traffic. This meansthat, instead ofa four­
octetbackbone hub system, only a one-octet backbone
hub,plusan optical switch board, is required. In this
case, the backbone hub can simultaneously serveas an
accesshub. Initially, the high-bandwidth capabilities of
the optical switch may notbe necessary. Whenmore
interconnection bandwidth is needed, an ORTboardcan
be plugged intoeach hub, andan optical switch board
canbe plugged intoeachbackbone hub.

Conclusion
Several keycomponents ofa broadband technol­

ogyplatform havebeen described. The multi-gigabits­
per-second technology ofthe BASE bus,and the even
higher-bandwidth optical connectivity offered by the opti­
calswitch board, could be used together to satisfy a vari­
etyofbroadband networking needs.Bothofthese tech­
nologies offer the potential forproducing a dramatic
increase incorporate network databandwidths. With this
increase inbandwidth comesa corresponding simplifica­
tion in the installation, operation, andmaintenance of
multimedia networks. High bandwidth canbe substituted
fornetwork complexity. The ideaofproviding universal
portslotsforbroadband systemsis a powerful concept,
supporting the flexibility that users wantandneed.The
variation in future multimedia networking needswill
dwarf the variations that have previously occurred in

dealing with voice-only or data-only networks. Flexible
components, which canbe easily interconnected, are key
requirements. Weknow that customer demands for
higherbandwidths will continue togrow. With this flexi­
bleplatform approach, wecanfollow the demand instead
ofrestricting it.
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