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Processing may be defined as all manufacturing steps
that tum a raw material into a useful product. Toremain
a world leader in the information movement and manage­
ment (IM&M) industry, AT&T must continue to develop
world class processing capabilities tofabricate products
andsystems that canbe usedanywhere in the world, and
that are more flexible, costeffective, anduser-friendly
thanitscompetitors'.
Introduction

AT&T's integratedmanufacturing capability lets it couple man­
ufacturing processes tightly withproductdesigns and service needs. It
givesthe company earlyaccess to powerful newdevices and systems,
as well as to cost savings through economies ofscale.

Anessentialelementin successful manufacturing is efficient,
high-quality, and responsive materials processing. The processes used
to manufacture devices and components for modernelectronics systems
are complex and demanding; they must be robustly designedso that
moderatechanges in processvariables will not result in catastrophic
changes in productquality.

The fabrication ofcommunications equipment has increasingly
becomea sequence ofchemical and physical processes.The perfor­
mance, quality and durability ofelectronic equipment dependcritically
on the materials and processes used in their manufacture.

Integrated circuits, optoelectronic devices, optical fibers, printed
circuitboards,hybridinterconnections, and wiresand cablesare
amongthe principal building blocksofAT&T's IM&M systems. They
provide the foundation for the company's services to its customers.
These components and devices are key to AT&T's products, making
possible the cost and feature differentiation vital to success in the
marketplace. Processingand assembling them are the value-added
tasks ofour factories.

Although it is clear that the quality ofa productcan be no bet­
ter than the quality ofthe materials that go into it, it is alsotrue, though
less evidentto the non-specialist, that a product'squality dependscriti­
cally on manufacturing processes.

AT&T's factories use a great variety ofprocesses, ranging
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Figure 1. Process
sequence for manu­
facturing a
moderately complex
silicon device. A
series of intricate
steps assures
material purity, pre­
cisely positioned
active elements, and
deposition of small
numbers of atoms to
create transistors.
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from integrated circuit (K') fabrication through wire
drawing. They includeextruding insulation and sheath­
ing conductors;makingoptical fiber preforms,then
drawingand coatingthe fibers; and cabling, molding,
plating, laminating and assembly. Hundreds of extrusion
and moldingmachines are in constant use, as are scores
ofpreformlathes, fiber draw towers, laminating presses,
platingtanks, etching tanks, chemicalvapor deposition
chambers, ion implanters, plasmaprocessors, molecular
beam epitaxy (MBE) systems, and other processing
machines.

Recentmaterialsprocessing accomplishments
at AT&T includethe invention and rapid transfer to the
manufacturing floorof the processes needed to produce
the optical fiber used in the first transatlanticand trans­
pacific optical communications systems. Both systems
required opticalfiber that would meet unprecedented
demands for high strength, high bandwidth, lowsignal
loss, and lowcost. At the same time, high-reliability sys­
tems had to be designed to guarantee that they will func­
tion unattended at oceanicdepths for at least 25years.

The fiber-drawing process used by AT&T for
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these systemscalls forprecisecontrol offiber's chem­
istryand dimensions. The process includes in-line coat­
ingand curingofa protective plastic jacketat a speed of
3 meters per second (3m/sec), or about6.7 miles per
hour. Similar achievements are required to producethe
lasers,detectorsand other components in submarine
cablerepeaters. Among the daunting materials and pro­
cess challenges that had to be faced was the need to
assemble components and devices able to withstand the
rigorsofbeing installed on the oceanfloor, then protect­
ingthe equipment from the hostile environment.

Optically integrated devices, modulators and
other increasingly sophisticated optical components have
been developed to meet marketdemand forhigher band­
width at lower cost. The economic viability-even feasi­
bility- ofthis newgeneration ofoptical components will
be determined largely by processing capabilities. These
capabilities includea number ofgeneric processing
issues that cut across productlinesand detailed process­
ing procedures, and constitute core competencies.

Packaging, interconnection, and reliability con­
siderations alsocut across productlines. Materials pro­
cessingand device packaging often represent a large
portion ofa system'scost: as the scaleof integration
increases, interconnection costs increasemore rapidly
than device costs. Novel interconnection techniquesand
materials now beinginvestigated mayradically reduce
these cost trends, givinga substantial advantage to
organizations that apply cost-effective solutions to pack­
agingand interconnection problems.

Reliability is at the rootofcustomersatisfaction
and cost control. Quality algorithms, rootcause analysis
and failure prevention are now beingapplied to process­
ing, as well as to the analysis offield failures. The result
has been a remarkable improvement in processesand
the resulting products.

Another challenge is driven by worldwide envi­
ronmental concernsand the addedsocial, political and
economic costs ofhandling, processing and disposing of
dangerous materials. It has created a newfactory ethic:

Useonly benignmaterials, and processthose materials
withnegligible harm to the environment. Workalready
under way showspromise ofproviding environmentally
benignprocessesin the fabrication ofelectronic and
optoelectronic devices.

In this issue ofthe TechnicalJournal, AT&T
experts present a series ofpapersthat address subjects
especially germaneto the major leading edge materials
processing considerations mentioned above. The papers
address recent accomplishments and present problems,
and layout a mapfor the futureofmaterials processing
in the 1990s. Asa preludeto these papers, it is useful to
discusssome categories ofAT&T products to illustrate
the way processing relates to productcapabilities, espe­
cially forbellwether productsthat incorporate materials
and processes that havebeen pushed to the limits of
current knowledge.

Silicon Integrated Circuits
The fabrication ofmicroelectronic devices

requires hundreds ofprocesssteps, carriedout in
sequence,to yield planarcircuitswithmillions ofele­
ments on an area the sizeofa fingernail. The elements
are intricately and perfectly interconnected. Eachstep is
a chemical or physical processthat must be precisely
controlled. Silicon is "pulled" from the melt, then sliced
and polished to producewafers four to eight inchesin
diameterthat are ultrapure single crystals. The fabrica­
tionofmicroelectronic devices requires selective diffu­
sionoftinyamounts of impurities intospecific regionsof
semiconductor substrates to producethe circuit's tran­
sistors. These regionsare then combined in successive
layersofconductors, such as polysilicon or aluminum,
and insulating films ofsilicon dioxide or silicon nitride.
The successive layersare patternedthrough a series of
photolithographic steps. Acomplex device maycontain
as many as twenty layersofmaterials, and each layer
mustbe patternedaccurately. The materials mustbe
precisely formed with extremecare and purity.

Figure1 shows the manufacturing sequenceofa
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Table I. Annual AT&T Materials Usage Of Wire and Cable

Dollars (Million) Pounds (Million)

moderately complex silicon device. The waferis first
oxidized to forma thin and perfectfilm of silicon dioxide.
In the first patterning step, the area of each chip is
defined and electrical isolation is provided. The isolated
areas are then dopedwithsmall numbers ofatoms (afew
parts per billion) to define the electrically active transis­
tors. Next, a conductor-usually polysilicon-is depo­
sited and patternedto connect the first transistor cells,
an insulating layeris deposited, and so on.

In addition to materials used in the device struc­
ture itself, other process chemicals are required during
its fabrication. Polymers ("resists") sensitive to ultra­
violet (UV) light radiation are used in the patterning
step.The polymers must haveprecisely controlled com­
position and molecular properties. They must alsobe
ultrapure, with total ioncontamination below 30parts per
billion. Resist polymers have to be extremely sensitive
to the patterningradiation. At the same time,they must
form tough, unreactive protective layers that remain
stableduring the ensuingdeposition, diffusion and etch­
ing steps. Other chemicals used include etchants, clean­
ing reagents, resist developers and resist strippers. This
patterningprocess is repeated manytimes.

After final testing,the device is packaged, usu­
ally in a verypure polymer composite, to make it easy to
handleand to protect it fromthe outsideenvironment.
With severalhundreds ofthese devices obtainable per
wafer, each can be worth tens or hundreds ofdollars.
This makes the value ofa processedwafer veryhigh,
eventhough the cost of its rawmaterials is only a few
dollars. It is the intervening, complex process that
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Copper
Polyvinyl Chloride (pvc)
Polyethylene
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Fluoropolymers

260 250
32 53
45 75
12 30
6 1

results in the enormousaddition ofvalue.
Processingoptoelectronic components and gal­

liumarsenideelectronic circuitsis similar in many
respects to silicon processing, althoughIII-V compounds
are more difficult to process than silicon, and extremely
complex structures and propertiesare required for opti­
caldevices. Generally, gallium arsenidecomponents
benefitfromtechniquesdeveloped in silicon processing.
In some circumstances, however, newand more exotic
measures are needed. Thus, MBE and other leadingedge
methods are expectedto become major contributors to
non-silicon device manufacture.

Wire and Cable
Wireand cableare amongAT&T's most

materials-intensive products. The productlineincludes
diverse offerings designedto fulfill manydifferent cus­
tomer requirements. For this discussion, the product
line maybe divided broadly into copper- based andglass­
based cables.

The copperproductline is manufactured at
AT&T's Atlanta, Omahaand PhoenixWorks. The pro­
duct dates back essentially to the company's beginning,
whensignalswere carried over uninsulated wireor,
where necessary, textile-insulated wiresand cables.

In current usage,all insulating andjacketing
materials are madeofsyntheticpolymeric materials,
most commonly polyethylene. AT&T uses more than 75
million pounds ofthis polymer each year (seeTable I).

The propertiesofpolyethylene are almostideal
for electrical insulation. In productsthat must be fire­
resistant,polyvinyl chloride (pvc) is used. For even
more demanding applications, such as cableplaced in air
plenums, a variety offluorocarbon polymer is employed.

In allcases, the production methodis similar.
Acopperrod is drawn intowireand annealed. The wire
is then preheated beforeit passes through an extruder
crosshead,where a tube ofhot, oftencolor-coded, plastic
is formed and drawndown onto the wire. The insulated
conductoris then cooled and spooled. This continuous
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Figure 2. Schematic
cross-section of the
POLYHIC fabrication
process using PHP-92,
an AT&T proprietary
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process normally runs at speeds around 30m/sec (:::::67
miles/hour). Wiresfromthe spoolsare combined to
form cablepairs and cablecores that are filled, armored
andjacketedin a second extrusionprocess.

The glass-based fiber madeat the Atlanta Works
wasfirst commercialized in the late 1970s. In current
processing, a glass preform aboutone inch in diameteris
first prepared with the appropriate refractive index gra­
dient across its diameter. The preform is usuallypre­
pared by modified chemicalvapor deposition (MCVD),
described by Walker's paper in this issue. Next, it is
heated and drawn downto 125 micrometer (urn) fiber
at about 6 m/sec (14 miles/hour). The fiber passes
through an in-line coating cup and receives a 62.5/lm
coating oflow-molecular-weight polymer that is cured to

form a protective coating as the fiberpasses through a
UV radiation chamber. The fiber is wound onto a reel
and subsequently assembled intoone ofa variety of
cabledesigns. Finally, a plastic sheath is extrudedto
protect the cable.

Becauseoftheir relatively high installation cost,
wiresand cablesare designedto operateunattended for
a long time. To this end, long-lived organic materials are
used to optimize long-term performance in environments
that are oftenhostile. These materials are continually
improved as newunderstanding oftheir properties is
developed.

The basic technology for the copperproductis
mature, but development in the technology ofglass fiber
systemscontinues. As in allproducts, the desire to
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improve quality and reducecost is ever-present. The
high material and lowlaborcontentofthis productline
makesprocessing improvements the key to cost reduc­
tion, making those improvements the focus of research
anddevelopment activities.

Hybrid Integrated Circuits
The polymer-based hybridintegrated circuit

(POLYHIC) provides an excellent example ofthe con­
trolled processing and materials optimization necessary
to integratea complex collection ofmaterials intotele­
communications products.

Hybrid circuits, increasingly referred to as mul­
tichip modules, are critical elementsin many telecom­
munications systems. They provide the principal means
to achieve higher electrical performance, higher fre­
quency, and higher-density interconnections. They have
the advantage ofbeingfully functional, testableunits that
can be turned quickly intoproductsat affordable initial
manufacturing costs.

The basicconceptofPOLYHIC is to place addi­
tionallayersofmetalinterconnection on top ofa conven­
tional thin-film hybridcircuitmadeon a ceramic sub­
strate. The metal layersare separated by insulating poly­
mer dielectric layersand interconnected through open­
ings (vias) in the polymer.

POLYHIC wasdeveloped jointly at several AT&T
research and development and manufacturing locations.
Early on, it wasdecided to use a photosensitive polymer
in which the viascan be defined photolithographically.
This lowered costs byeliminating many manufacturing
steps that otherwise would be required if a separatepho­
toresistwere used. Anotherkeyfactor in the success of
this technology was to drafta written, agreed-on, stable
set ofmaterial requirements that would focus develop­
ment efforts.

Figure2 showsthe steps involved in making a
singlePOLYHIC layerofinterconnection. First, the liquid
polymer is sprayed and baked dry on top ofthe
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substrate,which already has its complement ofthin-film
conductors and resistors. Next, the patternofviasis
defined in the photosensitive polymer by shiningUV
lightthrough a mask, cross-linking the polymer wher­
ever it has to remain. This is similar to the resist process
discussedabove. The uncrosslinked viasare developed,
or dissolved away, and the remaining polymer is further
baked and cured to a final state. Then, conducting metal
layersare sputteredon topof the polymer and into the
vias. Finally, the requiredpatternofthe top conductors
is generated by a separateseries ofphotolithographic
steps. Active devices are attachedto makea working
circuit. Baredie-and-wire-bonded devices, packaged
surface-mount devices, and a leadframe can be seen
attachedto the circuitin this issue's coverphotograph.

The photodefinable dielectric polymer used in
POLYHIC is a proprietary AT&T material known as PHP-92.
It wasdeveloped specifically for this application because
there wasnocommercially available material known that
could meet allthe performance requirements and stillbe
compatible withhybridmanufacturing processes. PHP-92's
inherent advantagelies in its lowdielectricconstant
(-2.8 at high frequencies), which permitsconstruction
ofcircuits that operatein excessof2gigahertz. The
material absorbscomparatively smallamounts ofwater
and is relatively unaffected by the water it does absorb.
This leads to verystabledielectric properties and stable
characteristic impedances for sensitive circuits. PHP-92
alsohas goodphotodefinability, or resolution, allowing
the printing ofsmall vias.

One-layer POLYHICs (1 polymer layer, 2 metal
layers) havebeen manufactured routinely at the AT&T
Merrimack Valley Worksfor severalyears. The product
is attracting a growing numberofcustomerswithin and
outsidethe company. Muchofthe demandis for2 or
more polymer layers (3 or more metallayers) forvery
dense,highlyfunctional circuits. Two-layer POLYHICs are
currently being introduced intomanufacture, and higher
polymer layercountswill soonbe available.



Conclusion
The foregoing examples ofproductclasses,

together withothers, are more fully described in the fol­
lowing papers.The examples illustrate that present and
future AT&T manufacturing is actually a sequence of
materials processingoperations. The value, yield, qual­
ityand performance ofAT&T productsdepend critically
on our understandingof the complex details ofall the
steps. Dogged and inspiredeffort continuesto be
required to maintain a competitive position. Materials
and process leadershipis critical to success, even sur­
vival, in a marketplace where competition is fierceand
well advanced in everyarea describedin this issue.
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