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Integrated circuit packaging affects component perfor­
mance, price, and reliability. Molded plastic packaging is
cost-efficient compared to otherpackaging processes,
andoffers bothquality andreliability. In recentyears,
AT&T Microelectronics has made significant improve­
ments in package quality through a closely monitored
quality program. Rapidly evolving device technology will
make new demands on packaging to accommodate
increases in device speed, miniaturization, and power
dissipation. Packaging andinterconnection will continue
as significant factors affecting further advances in sys­
temperformance. AT&T's expertise in packaging sophis­
ticated, highlead-count devices has been achieved by
focused development efforts and a packaging research
program. New materials and process technology help
AT&T package development engineers realize advanced
designs for customer needs. Several new packaging
technologies-including multichip modules, tape-based
packages, andoptical interconnection-will emerge in
yearsto come, and could radically change the nature of
packaging. AT&T will meetits customers' needsin
microelectronics packaging bystaying at the forefront of
packaging design, materials andprocess technology.
Introduction

The packaging ofan electronic component profoundly affects
its performance and reliability. Plastic packaging-the low cost option
for reliable, high quality devices-accounts for almost90percent ofthe
30billion devices packaged annually worldwide. Plastic packaging,
including assembly and testing, represents as much as 40percentof the
component's cost, and its featuresand cost affect its competitiveness.



CCC-WB

PMP
PQFP
QA
QFP
TAB

MCM
MOS
PAA
PGA
PLCC
PMDA-ODA

CTE
DIP
FEA
HIC
IC
I/O
leadframe

61

tion (i.e., the overall communication between a computer
chip and the system) an ever-increasing determinant of
systems evolution.

AT&T committedmore than 10years ago to
extensiveuse ofplasticin packaginghighlysophisticated
silicon devices. AlthoughAT&T was a latecomer to the
technology, focused research and development efforts
have given it a technicaledge. The packagingefforttook
advantage ofand complemented AT&Ts silicon product
mix, whichemphasizeshigher lead counts and more
sophisticated deviceswhen compared to the rest of the
industry.Thus, AT&T was amongthe first to encounter
and resolveproblemsassociatedwith higher lead counts,
higher silicon-to-package area ratios,and higher heat
dissipation.

However, significant challenges lie ahead. As
older packagingtechnologiessuch as wirebonding
reach their limits, they will be replacedby new designs
and processes such as tape technology-based packages,
active thermal management structures, and optical inter­
connection. The challenge is to knowthe limitations,
predict the emerging technologies, and put them into
practicebefore the competition. In this way, the present
limits represent an opportunity for a supplier to differen­
tiate itselffrom its competitors. Component manufactur­
ers who can retain lowcost plasticpackagingwhen oth­
ers must resort to more expensive ceramicand pre­
moldedpackagingoptionswill enjoya distinctcompeti­
tiveadvantage in the marketplace.

Panel 1. Terms and Acronyms in This Paper

AOQ averageoutgoingquality
CCC-DCA leadless ceramicchip carrier

with direct chip interconnection
leadless ceramicchip carrier
withwire bonding
coefficient of thermal expansion
dual in-line package
finite element analysis
hybrid integrated circuit
integrated circuit
input!output
an assemblyoffan-out patterns
for severalpackagesattached
together in a strip that has been
either punched or etched
multichip module
metal oxide semiconductor
polyamic acid
pin grid array
plasticleaded chip carrier
pyromellitic dianhydride­
oxydianiline polymide
plasticmultilayer packages
plasticquad flatpackage
quality assurance
quad flatpackage
tape automatedbonding

Waferfabrication-not packaging-has been the
rate-determining aspect of silicon integrated circuit (Ic)
performance and miniaturization, and has been the focus
ofmost R&D efforts. Despite the limitedinvestmentin
R&D intopackaging, plastic packagingtechnologyhas
made it possiblefor nearlyalldevices, except those used
in specialized applications, to be packagedat lowcost.
This technology has promoted the use ofchips in a wide
array ofconsumer products.The rapid evolution of
device technology is makingpackagingand interconnec-

Types of Packages
Packaging has five basic functions:

- Physical protectionfrom the environment
- Interconnection to the next signal level
- Signal propagation matching
- Thermal management
- Providing a mechanically precise exterior to aid in

testing, handlingand assemblingthe componentinto
electronicsystems.

Most packages consist ofelectrical leads inter-

AT&T TECHNICAL JOURNAL • NOVEMBER/DECEMBER 1990



62

Molding
compound
preheating

Dicing of wafer

Chips attached to leadframes

Wire bonding

Leadframes loaded into mold

Molding compound loaded into mold

Transfer

Curing

Molded leadframes unloaded

Post-eure

Deflash

Trim and form

Solder dipping

Code mark pretreatment (optional)

Code marking

Completed product

Figure 1. A flow chart showing the process steps in molded
plastic packaging. Different manufacturers may use a dif­
ferent order of process strips.

connecting the small bond-pad spacesofthe device to
the larger leadspacings that canbe accommodated by
the next higher level ofinterconnection (e.g, a printed
circuitboard).Packages can also include power and
ground distribution planes, internal interconnection pat­
terns, and thermaldissipation structures.Package leads
are supported or encapsulated in a package body. They
protrudefrom the package and are attachedto the bond­
ing sites ofthe printedwiring board.

There are severalmajor package typesused by
AT&T and the electronics industry. These include
ceramic, refractory glass,pre-molded plastic, and post­
molded plastic.

Ceramics. Ceramic packages are constructed by
building up layersofceramic precursor tape (aclay-like
material that becomesceramic afterfiring), addingthe
metalinterconnect linesthat often passbetween the
layers, then firing the assembly to formthe package
body. The device is mounted in a recess in the ceramic
body, and is attachedto the fan-out patterneither
through wirebonds or a directchipattachment method.
Ametalor ceramic lid seals the structure.Ceramic pack­
ages are usually hermeticand are presumed to offer
higher reliability than nonhermetic packages, although
the difference is decreasing. Ceramic packages are also
excellent heat dissipaters. Packages madefrom refrac­
toryglass technology are alsoan option. They are not as
expensive to makeas ceramic packages becausethey are
based on leadframes. (A leadframe is an assembly offan­
out patternsfor severalpackages attached together in a
strip that has been either punchedor etched.) Both
ceramic and refractory glass packages are less than 10
percentofthe worldwide total; and this fraction is
decreasingas ICs are used in more consumerproducts.

Apre-molded plastic package is similar to a
ceramic package in that the device is mounted in the
recess ofa prefabricated body. These nonhermetic
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in the package are
shown.
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packages are sometimes necessary to accommodatevery
high lead count devices, or to provideplasticpin grid
arrays that are more difficult to mold. They account for
onlya smallbut important fraction of market share. Pre­
fabricated packages based on multilayer printed wiring
board-known as plasticmultilayerpackages (PMP)-are
an important optionfor packaginghigh lead count
devicesthat cannot be handled with post-molding.

Post·Molded Packages. Most plasticpackages are
post-molded, meaning the package body is molded over
the assembly after the devicehas been attached to the
fan-out pattern.This allows assembling and processing
on leadframeswith as many as 12devicesites per lead­
frame strip. Twentyor more leadframe strips can then be
encapsulated in a production-size moldingtool over a
three minute cycle to providehigh productivity and a
low-cost package. Ofthe 3-minute cycle time, the plastic

moldingcompoundflows into the mold in 15seconds;
two minutes is needed to polymerize or cure the plastic;
and the remaining time is used to prepare the moldfor
the next moldingcycle.

Following molding, a plasticpackage requires
some secondary operations, such as a large batch post­
cure (or post-polymerization) to complete the polymeri­
zationreaction.The packages are then separated from
the leadframe strip, and the leads are formed to their
final configuration in a trim andform operation. Other
secondary operations includewriting information on the
package with either inks, lasers, or plating; full function
testing; and an "infantmortality" screening knownas
burn-in, where the device is operated at elevated tem­
peratures and bias to eliminatepremature failures. The
steps involved in molded plasticpackagingare described
in the flow chart in Figure 1.
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Figure 3. Photograph
of three PQFP pack­
ages with gull wing
leads on 0.025 inch
outer lead pitch. The
lead counts shown
are 84, 100, and 132.
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Several different configurations are used in
molded packaging. Through-hole packagesare based on
an older technology where the leads are inserted through
the interconnecting printedwiring board. Becauseoflimi­
tationsin drilling these holes, the minimum lead spacing
on through-hole packagesis 0.100 inch.A common
through-hole package is a dual in-line configuration com­
monly known as a DIP (dual in-line package). Although
DIPs nowaccount for a large fraction ofthe overall share
ofpackage types, they are losingground to surfacemount
packages such as the plastic leadedchipcarrier (PLCC)
and the plastic quadflatpackage (PQFP). [Quad flatpack­
ages (QFPS) are similar to PQFPs, but do not havecomer
bumpers to protect the leads.] Surface mountpackages
do not havethe restrictions ofminimum lead pitchthat
through-hole technology creates, and they have the added
advantage ofbeingable to mountcomponents on both
sides ofthe board. PQFPs oftenincorporate finer outer lead
pitch: 0.025 inch or less, compared to the standard 0.050
inchpitchof PLCCs. All three package types discussedso
far-DIPS, PLCCs, and pQFPs-incorporate leads alongthe
periphery ofthe molded body. This is a limitation because
it crams the interconnection onto the thin outline ofthe
package rather than throughout the packagearea. Pingrid
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arrays (PGAS) use more ofthe package area by dispers­
ing the leads overmost of the undersideofthe package.
This advantage is costly, however, because ofthe higher
cost of PGA packages.

Figure2 showsa cutaway view ofa QFP package.
Notethat the leads are embeddedin the plastic molding
compound that supportsthem and provides electrical iso­
lation. The lead tips close to the chipare known as the
inner leads. They are connectedto the bondingpads
through finegoldwirebonds.The outer leads are formed
for mounting on the circuitboard.This pitch (i.e., spacing
betweenthe leads) determinesthe overall package size;
thus, there is strong motivation to minimize this spacing
withthe trade-off that finer pitchis more difficult to attach
to the board withthe near perfectyieldsrequired.

Twotypes ofleads are used withsurfacemount
packages:
- "J" leads. These are tucked under the molded body,

conserve area on the circuitboard,but are difficult to
inspect.

- Gull wing leads. These are formed away from the
molded body, and allow visual inspection ofthe solder
attachmentto the printedcircuitboard.

Finepitch PQFP packagestypically use gullwingleads,
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because attachmentyield is more of an issue. A photo­
graph of the three fine pitch PQFPpackageswithgull
wing leads is shown in Figure 3.

Materials for Electronics Packaging
There are several different organic and inorganic

materials (seeFigure2B) used to package microelectronic
devices, including twoprincipal metal alloys for molded
plastic packaging: copper-rich alloys and iron-nickel
alloy. Iron-nickel has a coefficient ofthermal expansion
closer of silicon, and better mechanical properties than
the copper-based alloys. The disadvantage of iron-nickel
is its lowthermal conductivity. The growingheat dissipa­
tionneeds of larger deviceshave required using copper
alloys, acceptingtheir limitation on thermal expansion
and mechanical properties.

The metalleadframe influences importantpro­
cessingand performance characteristics such as deformed
inner leads during molding, heat dissipation, yieldofthe
trim and formoperation, thermomechanical shrinkage

mismatch, and mechanical robustness of the leads dur­
ing attachment to the printed circuitboard. Leadframes
are formed from punched sheet stock.Those requiring
high interconnection density, such as 164-lead packages
and above, have to be etched because the inner lead
spacingis too small to formwitha punchingtool. Gold or
aluminum wires are used to connect the tips of the leads
to the bond pads on the device. The silicon device is
attached to the leadframewitha die-attach material: typi­
cally a conductive polymer, eutectic solder, or silver­
glass composite material. Conductive polymeradhesives
are displacing solders for die-attach, because they are
cheaper than gold-containing eutectic materials, and are
more easilyautomated.

Polyimides are importantpackagingmaterials
for interlayerdielectrics, conformal coatings,die-attach
materials, and reinforcementtapes for the fragile leads.
This class ofmaterials results fromthe reactionof dian­
hydrides and diaminesto form an intermediatepolyamic
acid (PM) that is soluble in polarsolvents. PM is then
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Figure 5. The chemical structure of the novetae epoxy resin
and phenol novolae hardener used in most molding com­
pounds for plastic packaging.

applied and bakedto complete the imidization reaction,
providing the final chemical structure shown in Figure4.

There are manyaromatic diamines and aromatic
dianhydrides that can be reactedto form high tempera­
ture polymers. Differences in the resultingmolecular
structures determine the differences in the material's
physical properties. Polyimides withexcessively rigid
polymer backbone structures,because they are too brit­
tle, often are inappropriate for microelectronic applica­
tions. New innovations in polyimide materials seek to
lower their coefficient ofthermalexpansion and make
them less susceptible to moisture uptake.

Among the most important materials in molded
plastic packaging is the thermoset polymer molding com­
pound itself. 1 The molding polymer is converted from
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low-viscosity fluid to hard plastic duringthe process.
Although they havea softening point, or glass transition
temperature, they do not flow afterpolymerization, even
at soldering temperatures, because they havea cross­
linked molecular architecture.

Epoxy is the cross-linkable resinfor nearly all
commercial molding compounds. The formulation con­
sists ofa complicated (often proprietary) mixture of
epoxy resin,hardener (or curingagent),catalyst, fillers,
flame retardants, flexibilizers, coupling agents,mold
releaseagents and colorants. The chemical structuresof
the novolac epoxy and cresolnovolac hardener used in
many commercial systemsare shown in Figure5.

Important molding compound properties include
low viscosity to preventdamage to the fragile assemblies
duringmolding, rapid cure to provide high productivity,
and lowthermalshrinkageforces causedby disparities
in coefficient ofthermalexpansion (CfE) amongmolding
compound, leadframe, and silicon die.The thermo­
mechanical shrinkagestresses are proportional to the
integral ofthe molding compound modulus, the differ­
ence in the coefficients ofthermalexpansion, and the
temperature excursion as shown below:

o = f Ep ( a p - as ) d T (1)

New low-stress molding compounds havelow
CfE and low modulus to minimize the stresses gen­
erated;excellent strength to resist the cracking these
stresses promote; andgood adhesion to die and lead­
frame to disseminate the stresses overthe entire pack­
age volume. The molding compound contains about75
percentbyweightinert inorganic filler, e.g.,ground sil­
icato lowerCfE and increasethermalconductivity.
Higherfiller loadings achieved through improvements in
filler sizeand sizedistribution havelowered the CfE
while reducingthe material viscosity.

Many important innovations havebeen madein
elastomermodifiers for molding compounds to improve
their toughnessand strength, and lowertheir modulus.
These rubberymaterials are incorporated as a second
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frameshavealreadybeen loadedon the molding tool
either manually or withan automated leadframe loader.
The operator starts the transfer by beginning the
plungermovement that pushes the molding compound
out ofthe transfer potand into the mold (see Figure7).
Aproduction molding toolconsistsofup to severalhun­
dred cavities connected by flow channelsknown as
runners. The flow generates flow-induced stresses on the
fragile rc assemblies that can lead to damage and yield
loss.The magnitude ofthese forces is proportional to the
productof the molding compound velocity andviscosity.
Viscosity is more important than velocity here, because
the molding compound is a shear-thinning fluid:

phase in a disperseddomain morphology. The effective­
ness ofthe elastomermodification dependsheavily on
the size, sizedistribution, and interfacial bondingof
these domains." Reductions in thermomechanical stress
and improvements in toughness haveallowed molded
plastic packaging to provide high reliability while placing
larger silicon devices intosmallervolume packages.

Package Molding Process
Nearly allpost-molded plastic packagesare made

by a transfer molding process using thermoset molding
compounds (see Figure6).The molding compound is
pre-softened by heating it in a dielectric preheater above
its glass transition temperature. It is then placed in a cyl­
indrical cavity in the molding tool. The assembledlead- Flow Induced Forces oc 11 vn (2)
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Figure 7. Photograph
of an incomplete fill
of a production size
packaging mold for
40 pin DIPS. Ninety-six
devices are encapsu­
lated in a 3-minute
molding cycle with
this tool.

In this relation, II is the viscosity ofthe molding
compound when it reaches the device, Vis its velocity,
and n is the power lawindex, i.e., a number between 0
and 1 that characterizes the extent of shear thinning
behavior. Materials that showgreater reduction inviscos­
itywithincreasing shear rate havean indexcloser to zero.
Molding compounds are moderately shear thinning, and
have indices around 0.5. In addition to the shear thinning
character, the molding compound viscosity alsochanges
withtime and temperature. The molding compound
enters the mold at about 1000 C,but the mold tempera­
ture is 1750 C. Thus, the molding compound heats as it
flows through the mold. However, because the molding
compound is polymerizing as it flows at these high tem­
peratures, the viscosity at constantshear rate and con­
stant temperaturewill increasewithtime.

Figure8 charts the effect oftemperatureand time
onviscosity," showing a computed plotof the viscosity of
a singlefluid elementas it flows in the runner systemofa
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large molding tool. This behavior has important implica­
tionsfor the yield ofthe molding process,Le., the frac­
tionofdefect-free packages. Upon reachingmold tem­
perature, the viscosity is low. The flow-induced forces
are lowestwhen the molding compound encountersthe
devices while within this low viscosity window. Precise
control can be difficult, however, when using large
molding toolssuch as the one shownin Figure 7 that
provide high production rate but cause the largest
spread in the times that the molding compound reaches
the different cavities of the tool.

After mold filling, the pressure is increased and
the molding compound is packedand further polymer­
izedunder a higher applied pressure than that used to
fill the mold. Packingis important because the material
is porousafter filling. Therefore,packing compresses
both macroscopic and microscopic voids in the molded
body, lowers package permeability, and eliminates voids
where liquid watercouldcollect and promote corrosion.
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Figure 8. A plot of the viscosity of a single fluid element as
it moves through a large molding tool. The plot shows a low
viscosity window where flow-induced stresses on the
devices will be minimized.

the processing window. Achieving balanced mold filling
is challenging witha complex fluid such as the epoxy
molding compound whoseviscosity changes withtime,
temperature, and shear rate.

Designingmolding toolsand selectingmaterials
for specific fill patterns requires sophisticated flow simu­
lation packagesthat havebeen developed by AT&T
specifically for microelectronics packaging.' Figure 10
shows the predictedfill pattern for one quadrant ofa
production-size molding toolwhere changes havebeen
made to the runner cross sectionsand uniform gate sizes
to promotemore balanced filling.

The reliability of the molded package is critical
to productquality. Molded packagesprovide excellent
reliability for most consumer and telecommunications
applications. Earlyworkon reliability showedthat plastic
packagescouldmeet the customer's expectations for
AT&T productsevenwhen subjectedto the harshest

69

252010 15
Time (seconds)

~ 3
(1)
·0.e:
i'=' 2
·iii
oo5 1

o 4oo
,-I

Optimizing Yield, Performance, and Reliability
Packageassemblyand molding must be nearly

perfect to satisfy the customer's quality expectations and
to minimize Iemanufacturing costs. In recent years,
AT&T Microelectronics has significantly improved the
quality of metaloxidesemiconductor (MOS) device pack­
aging as shownin Figure 9.Achieving near-perfect yield
requiresan intimate understandingof the manymanufac­
turingprocesses involved in assembly, molding, and
post-molding operations. Computersimulation toolshave
beendeveloped4 to modelthe flow of the molding com­
pound through the mold. They provide the parameters
forevaluating flow-induced stress (shown in Equation 2)
because it is difficult to evaluate them experimentally.
We concluded that the molding compound sustains a
shear rate of severalthousand reciprocal seconds when
it flows through the gate of the cavities, yet-because
the velocity is much lowerat this point-only tens of
reciprocal secondswhen it flows over the device. This
resulthas importantimplications for selectingmolding
compounds for packaging. Rheological evaluation of
molding compounds should be directed to finding mate­
rials with low viscosity at the lowshear rates where flow­
induced damageoccurs.

The filling profile of the molding toolalso affects
yield and productivity. In most conventional molding
tools, allgates are uniform in geometry,and the flow resis­
tance they offer is equal. Therefore, the resultingfilling
profile is non-uniform (see Figure 7) because the pres­
sures are higher closer to the transfer pot.The implica­
tionsof the filling profile can be importantin reducing
flow inducedforces. Uniform filling divides the volumet­
ric flow rate into the mold over the largest number of
cavities, thereby lowering the velocity in each cavity and
lowering the flow inducedforce according to Equation 2.
More important, however, is the pointon the viscosity
versus time plot (Figure8) where the molding com­
poundcontacts the devices. Uniform filling clusters the
cavity fill times together because all cavities fill simul­
taneously. This makes it easier to center them within

AT&T TECHNICAL JOURNAL. NOVEMBER/DECEMBER 1990
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Figure 9. Plot showing the significant improve­
ment in MOS package quality over the last 7
years. QA commitment is the defect level com­
mitted to by manufacturing, the partner goal line
is the target set by the customer, and the meas­
ured AOQ is the Average Outgoing Quality
achieved per testing. The convergence of the
three lines shows that AT&T Microelectronics
has been able to meet its customers and its
own expectations for quality. (Results compiled
by G. Fowler, AT&T Microelectronics.)
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environments. These findings prompted a commitment
to design, develop, and manufacture plastic packages for
AT&T integrated circuits, with the result that AT&T
becamea leader in the technology. But maintaining high
reliability is a continuing challenge, because the devices
continue to growin size, complexity, and interconnection
requirements.

There are several well-defined failure mechan­
isms associated withplastic packaging and most involve
one or more ofthe following phenomena:
- Corrosion introduced by ionic impurities in the mold­

ingcompound
- Device cracking introduced by differential thermal

shrinkage
- Package cracks induced by thermalshrinkageor

vaporization ofwaterduringsurface mountattach­
ment to the printedwiring board.

The ionic impurities present in the molding compound
havebeen reducedto such a lowlevel in the past decade

that this issue is no longer important. Moisture-induced
failures duringsurface mountare currentlybeing
addressed through newhandling proceduresand mold­
ingcompound improvements.

Thermomechanical stress continues to be an
important problem because marketpressures promote
the drive to put larger piecesofsilicon in smallerand
smaller packages. Stress cracking ofthe package or pas­
sivation layercan occur if the package designor choice
ofmolding compound is incorrect. One approach to
address stress is material selection based on evaluating
the mechanical properties of the molding compound.
There are large differences in properties amongcom­
mercial molding compounds, and it is impossible to eval­
uate them allin reliability trialswithlive devices. Compu­
tational techniques such as finite elementanalysis (FEA)
can be used to predictthe performance ofmaterials. FEA
is also important in evaluating package designsfor mini­
mizing thermomechanical stresses and avoiding stress

AT&T TECHNICAL JOURNAL. NOVEMBER/DECEMBER 1990
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concentration points. Anexample ofapplying FEA to
predictthe stresses in a packageis shownin Figure 11.
The mechanical property testing discussedpreviously is
alsoessentialto support the FEAevaluation ofthe design.
Confident predictions ofstress levels and propensity for
failure require complete mechanical property data.

New Trends in Plastic Packaging
Bothdevice and packaging technology are evolv­

ing so rapidly that packaging engineers-to predict

future needs-must be aware ofindustrytrends. Packag­
ing falls in the middle ofthe electronic systemassembly
process; therefore it is influenced by changes in device
fabrication technology that precede it, as well as by
trends in circuitboard assembly operations and system
configuration that follow it.Although it had been taken
forgranted that anydevice could be packaged without
loss ofperformance, this will change as soonas packag­
ing and interconnection controlthe rate ofevolution of
future improvements in systemperformance. Several of
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Figure 11. Finite element analysis of the thermomechanical
stresses induced in a molded plastic package by the dispari­
ties in the coefficients of thermal expansion among device,
metalleadframe, and plastic molding compound. (Results of
T. M. Sullivan, AT&T Bell Laboratories.)

the important trends that will affect moldedplastic pack­
agingare reviewed in the following sections.

Number of I/O. The number ofleads a micropro­
cessor needs to communicate withthe next level of inter­
connection depends on the number oflogic elements
(i.e., transistorgates) it encompasses. Rent's Rule" pro­
videsan empirical correlation for predicting this number.
Reduced device feature sizesand the trend toward larger,
more sophisticated devices haveresulted in a rapid
increase in the number of inputsand outputs (I/O), with
somecurrent devices nowrequiring200 leads (see Fig­
ure 12). This trend is likely to accelerate to the extent that
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500 lead plastic packagesare expected within the next
five years.These higher leadcountswill change the
way single-chip packagesare assembledand packaged.
Among the first problemswill be leadframes for wire
bondingassembly. The interconnection densityat the
die will require bond pad spacingsofabout0.005 inch.
It is difficult to produceunsupported leadframes with
this inner lead pitchwitheither punchingor etching.
TAB technology is expectedto displace wirebondingfor
these high lead countassemblies. Though TAB has been
known foryears, it has not had a majorimpactuntilnow
because of improvements in wirebondingand leadframe
manufacture. This is likely to change as leadcounts
cross overthe limitofwhat is feasible withconventional
wirebonded leadframes.

In TAB, the fan-out pattern is supportedon a
polyimide film. The leads themselves are etched from
thin copper, platedon the polyimide, that can provide
inner lead pitchof .004 inches or less.TwotypesofTAB
assembly are available:
- Inner lead bonding relieves the inner lead density

problem by using a modified leadframe where the
leads do not approach the die assembly. An inner
leadfan-out pattern on polyimide is bondedto the
leadframe. The die is then attachedto it through
bumpson the lead fingers or the chip. This typeof
TAB uses a conventional molded plastic package,
althoughthe effect offlow-induced stress on the TAB
film could be more serious than that on the die and
wireassembly. Aversionofinner leadTAB, known as
a translatorassembly, was invented byAT&T6 to
realize the benefitsofinner leadTAB withoutwaiting
for the solderbumping technology needed at the
chipbond pads. With translator, the bond pads on
the chipare wire-bonded to the polyimide-supported
leads.These leads are then thermocompression­
bondedto the outer leads as in conventional inner
leadTAB. The structure is then amenable to conven­
tional molded packaging (see Figure 13).

- The second typeofTAB uses one TAB film for both
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Figure 12. Highest lead count in mass produced plastic
package versus year of introduction. The acronyms and line
types indicate the predominant package designs used for
those lead counts. (After Manzione, Reference 3)

inner andouter leads, entirelyeliminating the lead­
frame. Although this TAB can be accommodated in a
molded plastic package, it is stilluncertain whether
molding will emerge as the preferred packaging
methodfor this much more fragile assembly. This
configuration is closely relatedto chip-on-board inter­
connection; thus, a conformal coatingofthe device on
the printedcircuitboard couldalsobe used.

Power Dissipation. Device reliability drops rapidly
with increasingtemperaturebecause high temperatures
accelerate the chemical processes offailure at the semi­
conductorlevel. Powerdissipation is probably the most
urgent issue facing low-cost plastic packaging, because
powerlevels ofleadingmass-produced productsare now
at the limitofwhatcan be dissipated through a plastic
package while stillmaintaining acceptable device junc­
tiontemperatures." Therefore,thermal management has
assumeda leadingrole in preservingplastic packaging.

The thermal conductivity ofthe molding com­
poundcan be increasedby switching the inorganic filler
fromsilica to materials such as alumina, silicon carbide,
or aluminum nitridethat have thermalconductivities

Figure 13. The translator version of TAB shown in a conven­
tional molded plastic package. Translator relieves the prob­
lem of high inner lead density while allowing conventional
wire bond attachment of the chip to the fan-out-pattern.

tens to hundreds oftimesgreater than silica. This
change can increasethe thermalconductivity ofthe
molding compound by twoto five times. However, this
increaseprovides only a temporary solution.

The problemswithother fillers are the sharply
higher abrasiveness and reduced flow propertiesofthe
molding compound. A different or evencomplimentary
solution would involve a molded-in heat spreader, prefer­
ablyone exposedat the surfaceofthe package. The
process technology for molded-in heat spreaders has to
be developed to make this approach feasible. Reliability
considerations ofintroducing a large metalobjectinto
the package alsohave to be addressed.

Multichip Modules. The interconnection densities
of the device and printed wiringboard are diverging
rapidly as feature sizeson the device continue to decrease
regularly. However, the interconnect density ofconven­
tional printed circuit boards and multilayerboards
decrease at a much slower rate7. It is becoming more
difficult for the package to bridge this widenening gap.
The multichip module (MCM) is an intermediate inter­
connection level that fitsbetweenthe device and the
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Figure 14. Propaga­
tion delays introduced
by different types of
64 lead packages.
(DIP: dual-in-Iine plas­
tic package with wire
bond attachment,
PQFP: plastic quad flat
package with wire
bonding, CCC-WB: lead­
less ceramic chip car­
rier with wire bond­
ing, CCC-DCA: leadless
ceramic chip carrier
with direct chip inter­
connection.) (after
Sinnadurai, Refer­
ence 10)
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printed wiringboard to bridge this wideninggap. A
multichip module" is a substrate that interconnects
several high performance devices through fine linepat­
terns that are produced using the same microlitho­
graphicprocesses used for the chip themselves. Solder
bump, TAB, or wirebondingcan be used to interconnect
the devices to the substrate. Multilayerstructures are
feasible, but two to three layers are often adequate
because ofthe much higher interconnection densitythat
can be achieved. Silicon, alumina, or printedwiring board
are the preferredsubstrate materials withsilicon offering
the best err matchto the silicon devices.

Although current MCMs are expensive devices
that often warrantexpensive ceramicpackages, interest
in packaging MCMs in low-cost plastic will undoubtedly
develop as the technology matures and competitive cost
pressures mount. Plastic packaging ofthese structures
is difficult, however, because the large substrates will
allow onlya thin edge ofmolding compound, signifi­
cantly concentrating the thermomechanically-induced
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stresses in this regionand promoting packagecracking.
Flowing the molding compound over the large substrate
could alsocreate problemsin ventingthe air fromthe
cavity. AT&T has alreadyshownthe feasibility ofthis
technology through the development ofa molded hybrid
integratedcircuit (HIC) technology." MCMs differ from
HICs in the interconnection densityachieved and the
sophistication ofthe devices used; however, the molding
and mechanics ofthe packagesare similar. Thermal dis­
sipation fromMCMs is likely to be the greatest challenge,
because the demandsofmanaging the heat produced
fromseveralhigh-power ICS clusteredclose together on
a silicon substrate will be fargreater than anyencoun­
tered in singlechippackaging.

Clock Rates. The propagation delaysintroduced
by the packagehavebeen much shorter than the rise
timesofthe devices typically packaged in molded plastic.
But in the next severalyears, developments in miniaturi­
zation and faster computation will reduce rise times to
within the propagation delays introduced by the package,



thereby degradingdevice performance. These delays
dependon the material propertiesof the package and
the geometryofthe structures. Plastic materials havea
lower dielectric constantand dielectric loss factor than
ceramics. Where propagation delayis an issue, this pro­
pertyadvantage will favor plastic packaging forsophisti­
cated devices. The geometriesused in plastic packaging
are generally less favorable to low propagation delays,
however. Figure 1410 shows the propagation delays
introduced by severaldifferent package types. Long
delays are associated withthe designsused most often
withmolded plastic packages such as the DIPand PLCC
packages describedearlier. Molded packagestypically
incorporate high-inductance wirebonds, longfan-out pat­
terns compared to multilayer ceramicstructures, and
high-inductance leads to the printedcircuitboard.There­
fore, plastic packageswill have to evolve toward leadless
geometrieswithdirect chipattachmentofthe device to
the fan-out pattern to accommodate high clockrates.

Integrated Optics. Significant growth in optoelec­
tronics is predictedin the near future. As lightwave tech­
nology continuesto grow, it will continue to move down
the interconnection hierarchy toward smallersystems
such as personal computers, where it will be found on
printedwiring boardsand electronic components. This
trend will promoterapidgrowth in the technology of
attachingfibers to electronic packages. 11 Optical data
linksare excellent examples ofthis typeofdevice.

The implications ofoptoelectronic packaging
are profound because coupling photons intothe device
requires a precision that is difficult to achieve withcon­
ventional mass production methods. This higher preci­
sionis possible, but will require extensive development
ofthe materials, machinery, and process parameters.
Highly filled thermoset molding compounds havebeen
widely used for precision molding because they polymer­
izein the mold cavity, eliminating the flow-induced
molecular orientation effects that cause deformation.
There havebeen significant advances in the precision of
injection molded parts in the last few years as machinery,
mold design, and materials have all improved. liquid

crystal polymers, that are crystalline in the meltstate,
offernewlevels ofprecision in molded plastic parts
because these materials showless shrinkage on solidi­
fication. Extending low-cost plastic molding technology
to packaging optoelectronic devices will provide signifi­
cant cost reductions that would rapidly promote the use
ofthese components in consumerproducts.

Summary
This paperhas described the important roleof

materials in plastic packaging ofmicroelectronic devices.
Athorough,fundamental understandingofthe materials
and processes used in packaging has enabledAT&T to
becomea leader in low cost, highlyreliable plastic pack­
age technology. Bothmaterials and processeshavebeen
refined extensively to provide high yieldsand high pro­
ductivity. Aconfluence ofseveralemergingtrends will
present significant challengesto the continued use oflow
cost packagemolding. These trends include higher lead
counts,greater thermal dissipation, higher clockrates
and optical interconnection. Packaging forleading-edge
productsis likely to change rapidly in the coming years
in response to these trends.The need to retain low-cost
packaging for their economic and assembly advantages
assures a place for this technology. Component suppliers
whomeet these challenges-while retaining the cost,
performance and reliability advantages ofplastic
packages-will enjoy a distinctcompetitive advantage in
the marketplace.
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