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In the past several years, multichip modules (MCMs) have become cost
effective inmany high-volume applications, including wireless technologies,
telecommunications, workstations, and consumer products. One reason for
this success is the development oflow-eost and highly reliable packaging
techniques. We discuss a packaging technique thatpermits us to offer cus­
tomers multichip-module packages thatare identical inoutline to single­
chip semiconductors, and conform to the standards ofboard assembly man­
ufacturers. Molded MCM packages externally appear tobe identical to
single-ehip packages, but they have a quite different internal structure,
which can be ceramic, silicon, or organic laminate-based. MCMs consist of
multiple-mounted and interconnected devices thatoffer integration advan­
tages notavailable inotherpackaging technologies. This paper describes
the characteristics ofAT&Ts MCMs, and the technology ofmolding these
structures. Thismolding technology offers higher reliability, higher yield,
and lower costto manufacture.
Introduction

The increased sophistication ofsemi­
conductors has certainly been responsible for
the introduction ofexciting newproducts to
the marketplace. Atthe sametime, improve­
mentsin semiconductor manufacturing tech­
nology have lowered costs to a point at which
mass-produced consumer products are now
feasible that previously would have been too
costly.

Industries that depend heavily on
semiconductors include automobiles, con­
sumerelectronics, telecommunications, and
allsegmentsofthe computer industry, includ­
ing main frames, mid-range workstations, and
personal computers.

Semiconductors are packaged inone
oftwo ways; hermetic, or nonhermetic. Her­
metic methods are used forextremely high­
reliability applications, including many mili­
tary and aerospace applications. The most
notable disadvantage ofthis packaging
approach is the cost. Suchdevices are very
expensive.

Mass-produced semiconductors are
typically packaged by usinga transfer-

molding process1 to encapsulate theminan
epoxy novalac molding compound, a type of
epoxy used in manufacturing integrated cir­
cuits. The transfer-molding process preheats
the compound, then transfers softened com­
pound underpressure into the mold, where
the compound adheres to a leadframe struc­
ture in the mold. This process is low incost,
sincemany devices canbe encapsulated at
onceandthe material is inexpensive. Assemi­
conductor passivation, or protective-eoating
technology, and molding compounds have
improved, plastic packages have become
increasingly reliable. Thus,plastic packaging
has become an extremely important partof
the semiconductor industry, contributing to
increased component reliability andlower­
product costs.

Multlchlp Modul••
The increase in semiconductor

sophistication has resulted in the develop­
mentofsilicon devices with upwards of300
input/outputs (I/Os). Also, a new type of
device, known as a multichip module (MCM),
has evolved that incorporates multiple
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Panel 1. Acronyms UsedIn this Paper

AIM - Advanced Integrated Module organization
C- Centigrade
crs - Co-efficient ofthermalexpansion
in/in - Inch per inch,a measureofstrain
I/O- Input/output
MCM - Multichip module
MCM-D - Multichip module-deposited
MCM-L - Multichip module-laminated
ppm- Parts per million
PQFP - Plastic quadflatpack
Psi- Poundsper square inch
TMA- Thermomechanical analysis

devices on an interconnect fabric. This technology
results in modules with muchhigher-performance char­
acteristics than packages with single-silicon chips. Multi­
chipmodules canemploy fabrics, or substrates, basedon
ceramic, silicon, or organic laminates, such as glass­
epoxy, polyimide, or triazine. Anexample ofan AT&T
MCM is shown in Figure lb.

Multichip modules wereinitially packaged in
hermetic packages, which increased their reliability, but
alsoincreased their cost.Making multichip modules
moreattractive to mass-market manufacturers involved
three basicfactors:
- The package format had to correspond to industry

standardsconcerning leadcounts, form factors, and
printed-eircuit boardassembly,

- Modules had to be manufactured in highvolumes,
usinglow-eost packaging materials, and

- The manufacturing processhad to have a highyield,
sinceanydefective end products would contain expen­
sivenon-reusable active devices.

ATaT'. Trensfer.MoIdlng Proce... AT&T has devel­
opeda high-volume MCM technology that deposits multi­
plelayers ofconductors on a ceramic substrate.l This
processis known as MCM-D (deposited) technology. To
achieve the goalspreviously mentioned, AT&T has
developed a high-volume plastic packaging technology,
inwhich an entirecircuit with multiple devices is pack­
agedina standard format, usinga transfer-molding pro­
cess.The outside ofthe package is identical to a single­
chippackage, but has an internal structurethat is consid­
erably different.
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The package differences have created numerous
challenges in the manufacturing process, and have
pushedthe technology ofpackaging materials to new lev­
els.Throughthe evolution ofthe MCM plastic-packaging
technology, AT&T demonstrated the reliability ofthese
components and developed a roadmap for MCM packag­
ingmaterials in the future. AT&Ts techniques forthe
transfer-molding processalsofocus on maximizing yield
and on the quality ofthe molded parts. .

P~e Chenlcterlstlcs. In a typical single-ehip
package, the leadframe has whatis known as a die"pad­
dle." This is a support forthe diewhich, in tum, iswire­
bonded, usingsmall goldwire, to the fingers ofthe pack­
age leads. Bonding takes place at multiple siteson any
given leadframe strip. Leadframe stripsare handled in
batchform, andare serially fedthroughprocessing
steps,including diebonding andwire bonding. During
molding, multiple stripsare placed intoa transfer mold.
Thus, a single processing cycle resultsin the encapsula­
tionofmultiple silicon devices.

In the leadframe structurethatAT&T has
adopted forour MCM technology, the internal section of
the leadframe has an innerleadconfiguration (no pad­
dle) that uses high-temperature soldering techniques to
attach the leadframe directly to the bonding padsofa cir­
cuit. The circuit can include a number ofactive devices.
(See Figure lb.) AT&Ts MCM-eircuit substrateswereini­
tially ceramic based, but other materials, suchas silicon
andorganic laminates, are now beingincorporated as the
interconnect medium.

Having sucha substrateallows notonly forthe
incorporation ofmultiple devices, but fordifferences in
the package performance, mostnotably improved ther­
maldissipation. Asingle-ehip leadframe conducts heat
out ofthe package in two ways:
- Conduction throughthe fine wirebonds and the

epoxy-molding compound to the leadfingers. The lead
fingers travel to the exteriorofthe package, andare
soldered to a printed circuit board.

- Conduction throughthe epoxy molding compound to
the package surface, whereheat is removed byair
convection.

Benefits of MCM SUbstndeL AT&Ts molded-MCM
package contains a ceramic that has a fairly high thermal
conductivity. This package spreadsheat away from the
silicon to the package leads, which are soldered to con­
ductorpadson the film circuit. This spreading capability
greatly lowers the thermal resistance ofAT&Ts MCM



(8)

(b)

Figure 1. In (a), the square "paddle" of a slngle-chlp pack­
age Is shown In the center of this leadframe, and this paddle
has room for only one device. In (b), the leadframe structure
AT&T has adopted for Its MCMtechnology Is shown. The
Internal section of the leadframe has an Inner lead config­
uration (no paddle) that uses high-temperature soldering
techniques to attach the leadframe directly to the bonding
pads of a film circuit. The circuit can Include a number of
active devices. AT&T's MCM-clrcult substrates were Initially
ceramic based, but other materialS, such as silicon and
organic laminates, are now being Incorporated as the Inter­
connect medium.

packages, and makes them at least 20% superiorto con­
ventional single-chip packageswith"paddle"leadframes.
Table I showsthe relative thermal performance of
molded MCM-D packagesversus conventional single-chip
packages. These valueshavebeen calculated usingfinite
elementsimulations.3

Further thermal enhancementsofthis technol­
ogyalsohave been developed. In order to improve the
thermalconduction ofthe heat froma silicon chip to the
surfaceofthe package, AT&T has developed a technique
ofmolding metallic "heat posts,"copperslug heat sinks,
into the MCM package. The heat post is attachedto the
ceramicdirectly opposite to where the silicon is
attached. The "heat post"extends to the surfaceofthe
packageand provides superiorthermal performance
whenforced air is used for heat removal. Multiple heat
postscan be used when more than one chip is present.

The design ofthe heat posts is critical in main­
tainingthe reliability ofthe MCM's incorporating them.
Temperature-cycling tests provide a major criteriain
establishing reliability. These tests require packagesto
withstand multiple temperaturecycleswithout packaging
cracking, device cracking, or device failure. The materi­
als subject to failure include substrates, such as the alu­
minaAl2 0 3 ofthe MCM circuitsubstrate.This material
has a coefficient of thermal expansion (CTE) ofsix parts
per million, per degree ofcentigrade ( ppm-C), while the
molding compound has a CTE near 17ppm-C. Amaterial
for the post has been chosen whose CTE matchesthat of
the molding compound. Further, the cross-sectional
geometryofthe heat post is such that it will allow for
stress reliefof the molding compound during tempera­
ture excursions. This particular structure will not com­
promise the reliability ofthe package. Table II showsthe
characteristicsof the molded MCM-D packagesthat are
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presentlyin production. Packageoutlines, whichcon­
form to the metric standards and are under development,
are reported inTable III.

Material Requirements
The evolution of molding compoundsover the

past few years has resulted in materialsthat haveexcel­
lent characteristicsfor encapsulating semiconductors.
The trends for molding-eompound properties include
lowstress, lowlevelsof impurities, low-moisture absorp­
tion, lowviscosity at molding temperatures, high­
adhesiveproperties,and resistance to crackingat sol­
dering temperatures.

Becauseof the fact that there are larger silicon
devices (up to .5"x .5") nowbeing considered for plastic
packaging, and there is a growingneed for low-profile
packageswith thin cross-sections, molding-eompound
manufacturersare racing to develop extremely"low­
stress" materials. Such materialsapply a minimum stress
to the silicon, due to differential expansionrates, and
must be able to withstand the thermomechanical
stresses developed in the plastic themselves.

Low-Stre.. Molding. As a result, low-stress mold­
ingcompound technology has been developed to mini­
mizestress by loadingthe material with lowCTE fillers,
and by introducinglow-stress agents to minimize the
flexural modulus, or stiffness, of the material. Multichip
moduleswitha large internalsubstrate are a particular
concern. Experiencehas taught us that, as the package
and substrate size increase, there is a greater risk that
the stresses in a packagewill grow and cause the pack­
age to crack during temperature cycling. Table IVis rep­
resentativeof materialproperties of today's state-of-the­
art molding compounds, and indicatesthe direction of
compoundsneeded to evolve for use in large MCM appli­
cations. The table will be discussed in detailelsewhere.

Also, plasticpackagesare permeableto mois­
ture. Therefore, surface-mount packaging techniques
have resulted in other complications, including the well­
known "popcorn effect." This is the result of the plastic
packageabsorbing moisture and collecting it at an inter­
face that has delaminated, such as the die paddle. During
high-temperature solderingof the packageto a printed
circuitboard, this moisture mayturn into steam, which
results in the packagebulgingor even cracking.

To combat these problems, molding-compound
manufacturers have developed newresin systems, called
solder resistant, based on biphenyl and higher-
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Table I. Comparisons of thermal performance.

Thermal Resistance ofMolded MCMs
Vs. Conventional Molded Packages

*Thennal Conventional
resistance molded

MCMs (per °CIW) package

Plastic leaded 68 32.3 45.0 28%
chip carriers 84 30.5 43.0 29%

100 25.1 40.0 37%
124 24.7 NA

Plastic quad 132 32.1 42.0 23%
flat packs 164 29.0 40.0 27%

196 24.1 NA
244 23.1 NA

Assumptions:
Natural convection
1chip 0.76 X 0.76 centimeter (ern)
Printed wiring board thermal conductivity =.032 W/cm °C

°C/W = Degrees Centigrade/Watt
NA = Package size not available
• From AT&T.9 CMOS Standard Cell Design Book. 1/90

functionality epoxies. These materialsare tougher at
high temperatures, and have lower-moisture absorption
characteristics,lowermodulii at high temperatures, and
improved adhesion.Thus, there is a plethoraof molding
compound alternatives. Table IVsummarizesthe choices
available for molding compounds.

Someof the critical parameters for MCM materi­
als includethe coefficient ofexpansion of the material
above and belowthe glass-transition temperature (the
temperature at whichthe glass softens to the consis­
tency ofrubber), the flex modulus, and the glass­
transition temperature. Sincethe stresses generated
within MCMs are due to mismatchesin CTEs, the materi­
als ofchoicefor large MCMs (that is MCMs withlarge
internalsubstrates) must have lowCTEs and high glass­
transition temperatures.

There are three stress valuesthat must be con­
sidered:
- The productof the CTE below the glass-transition tem­

perature and the flex modulus,
- The product of the flex modulusand the difference in

the CTEs ofthe molding compound and substrate, and
- The productof the flex modulusand the difference in

the CTEs of the molding compound and the silicon.



Table II. Post-molded multlchlp module packages

Lead type Thermal parameters

Natural convection Forced convection

PI£C PQFP Package Package Usable Thermal Maximum Thermal Maximum
(J-lead) (gull wing) footprint size circuit resistance power resistance power

I/O pins (mils) (mils) (in.) (in.) area (in.) eCIW) (W) eCIW) (W)

68 50 - 0.99 x 0.99 0.95 x 0.95 0.70 x 0.70 32.3 1.9 24.0 2.5

84 50 - 1.19 x 1.19 1.15 x 1.15 0.90 x 0.90 30.5 2.0 18.6 3.2

100 50 - 1.39 x 1.39 1.35 x 1.35 1.10 x 1.10 25.1 2.4 16.4 3.7

100 - 50 1.48 x 1.48 1.35 x 1.35 1.10 x 1.10 - - - -
124 50 - 1.69 x 1.69 1.65 x 1.65 1.40 x 1.40 24.7 2.4 15.4 3.9

124 - 50 1.78 x 1.78 1.65 x 1.65 1.40 x 1.40 - - -
132 - 25 1.08 x 1.08 0.95 x 0.95 0.70 x 0.70 32.1 1.9 24.0 2.5

164 - 25 1.38 x 1.38 1.15 x 1.15 0.90 x 0.90 29.0 2.1 18.6 3.2

196 - 25 1.48 x 1.48 1.35 x 1.35 1.10 x 1.10 24.1 2.5 15.8 3.8

244 - 25 1.78 x 1.78 1.65 x 1.65 1.40 x 1.40 23.1 2.6 14.3 4.2

°C/W =Degrees Centigrade per Watt PLCC =Plastic leaded chip carriers PQFP =Plasticquad flatpacks

The goalin low-stress molding compounds is to lower
these stress levels. Yet, many ofthe new surface-mount
compounds appearing on the marketare designed to
resistcracking duringinfrared reflow, a process ofusing
infrared heat to solderdevices to the circuit board. As
mentioned, these compounds are designed forgreater
toughness at high temperatures, to absorb less moisture,
andsometimes to have a lower flex modulus at high tem­
peratures. These surface-mount compounds don'tneces­
sarily have lower "stress"values than standard "low­
stress"compounds. Therefore, selection ofa molding
compound foran MCM mustbe carefully done.

The lastcolumn inTable IV liststhe properties
that will be required in molding compounds in future
MCM applications. The projected crE properties, which
will be required inmolding compounds infuture MCM
applications, will either be in the high or low end ofthe
range, depending on whetherthe substrateis ceramic or
silicon. For MCM-L (laminate) applications, similar materi­
alswill be required. These materials will have verygood
adhesion characteristics andmatching coefficients of
thermal expansion. To achieve the low-cTE properties,
filler loadings up to 90% will be required.

Stre.. ...,.... It is well known that the zero
stress point ofa package becomes locked inat the mold­
ingtemperature. The higherthe mismatch in crss, and
the lower the glass-transition temperature, the more
stress will begenerated inthe package. Thisis dueto
the high-molding temperature andsubsequent tempera­
ture excursions. Also, the higherthe ambient tempera­
ture, andthe higherthe ereabove the glass-transition
temperature, the greater the strain or expansion ofthe
molding compound at these hightemperatures.

To assistin determining whatstress properties
are required formolding compounds forMCMs, wehave
performed a stress analysis ofour present largestMCM
package. This is the 244-1/0 plastic quad flat pack
(PQFP) , a standard-sized body package thathas a 1.5-inch
internal ceramic anda plastic body size of1.65 inches.

Afinite element analysis ofthe molded structure
wasperformed using the ANSYS3 computer simulation
program forstress analysis. (ANSYS is a registered
trademark ofthe Swanson Engineering Co.) The proper­
ties ofthe presentcompound wereusedto evaluate
stress distributions. Asthe material properties forthe
molding compound are nonlinear, effective material

AT&TTECHNICALJOURNAL. SEPTEMBER/OCTOBER 1993 77



Table III. MCMpackage outlines that conform to metric standards.

Package Roadmap (Metric Packages)

Package body size Lead count Lead pitch

14rnrnX20rnrn + 64 l.oornrn

14rnrnX20rnrn + 80 O.80rnrn

14rnrnX 20rnrn+ 100 0.65rnrn

28rnrnX 28rnrn +* 108 l.oornrn

28rnrnX28 rnrn +* 128 O.80rnrn

28rnrn X 28rnrn +* 160 O.65rnrn

28rnrn X 28rnrn +* 208 O.50rnrn

32rnrnX32rnrn * 240 0.50rnrn

40rnrnX40 rnrn * 304 0.50rnrn

Package Roadmap (BGA) **

Package Number Solder
body size ofl/Os ball pitch

17rnrn X 17rnrn 169 1.27rnrn

25rnrnX25 rnrn 100 .100 inch

27rnrnX27 rnrn 252 l.oornrn

40rnrnX40 rnrn 400 l.oornrn

50rnrnX50rnrn 620 l.oornrn

+ 2.80mm-thick quad flat pack (QFP) and 1.40 mm-thick thin QFP
• Withand without molded carrier ring (MeR)
•• Packagetypes will evolve withstandards

properties were used so that a linearelasticanalysis
could be performed. For this analysis, three properties
were required:
- <X - the coefficient of linearexpansion,
- E-the modulus, and
- v - the poisson's ratio.

An effective coefficient ofexpansion waschosen,
based on the requirementthat the totalstrain imposed for
the temperature drop must be equivalent to the actual
strainexperienced by a test specimen as measured by
thermomechanical analysis (TMA). Overthe temperature
rangefrom 170 C to -40 C , <xe=21.4 ppm-C. The poisson's
ratio (the measurement in the differences ofa property in
an orthogonal, or perpendicular, direction) wastaken from
the literature to be .35. An effective modulus wascalcu­
latedbyusinga method developed by Sullivan5•

We studiedthe maximum shear-stresscalcula­
tionsofthe package and found stresses up to 13,500 psi.
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The highest stress occursat the cornerofthe ceramic.
There is a clear increasein stress at the thinnersideof
the package, whenthe package has a nonsymmetric sub­
strate. Here, the principal stresses are up to 7000 psi, and
the package with the offset ceramic will clearly have a
higher tendency to havea crack initiated at the package
surface. The maximum principal stress and the maxi­
mumprincipal strainare around.OO6 inchper inch
(in/in).This is somewhat less than the measured value
of .007 in/in forboth tensile and flex tests.

In evaluating the stresses in largerpackages
with a ceramic sizeof1.5 inchesx 3.0inches, wefound
stresses that are no higher than in the previous case.Also,
it should be notedthat the stresses no longerincrease
with larger substrate sizes, but are redistributed.

The above stresses are lower than the critical
values reportedby molding-eompound vendors, but are
within 10% ofthose values. These packages havebeen



Table IV. Choices available for molding compounds

Present Present Solder Solder
Low Lower Resistant Resistant

Stress Stress Type 1 Type2 Future

al X 10-5 1.5-1.9 1.2-1.4 1.4-1.6 1.2-1.4 .3-.8
(m/in/oC)

a2X 10-5 6.0-7.0 6.0-7.0 6.0-7.0 5.0-6.0 3.0-6.0
(m/in/oC)

Tg (oC) 150-170 160-180 180-195 150-160 180-220

F1exMod. 1100-1300 1000-1200 1100-1300 1700-1900 1500-1800
(kg/mm")

Stress (AVG) 2040 1430 1800 2340 1900
(aXE)

Stress(AVG) 1680 1100 1440 1800 400
(a-a,)E

Stress(AVG) 1320 770 1080 1260 80
(a-ac)E

temperature-eycled over1000 cycles without failures and,
therefore, the stress results seemcorrect. Lower-stress
materials will provide an evenlargermargin forpost­
molded MCM packages. Post-molded packages with sili­
con substrateswill have higher stress levels and,there­
fore, muchcare will be required inselecting a molding
compound forpackages with largesilicon substrates.

Transfer Molding Technology

Transfermolding has been used in the encapsu­
lation ofsingle-ehip circuits formany years. Traditional
production-transfer molding has involved a multicavity
mold, which is driven bya single ram,or plunger. The
multiple cavities are filled bylongrunners,channels in
the mold that directthe flow ofthe compounds (see Fig­
ure 2).Dueto geometry and the desire to manufacture
as many parts per cycle as possible, common-mold
designs often result in"unbalanced" configurations. In
these cases,the cavities in the mold fill at different rates,
and the material is at different temperatures, shear
states,cure conditions and,hence, viscosities, as it
enters different cavities.

Multlplun.., Molding. In recentyears, multi­
plunger molding technology has gained widespread
acceptance in the industry. This technology involves
feeding a cavity with one or two small plungers, thereby

eliminating the common feed runnerand,hence, theo­
retically allowing foreachcavity to fill underthe same
molding conditions. Multiplunger molds are typically
two or fourstrips, as opposed to the many stripsina
conventional mold. Therefore, new "rapid-eure" materi­
alsweredeveloped to lower the cycle time and improve
throughput.

These multiplunger systems do notcompletely
cure the "balance" problems associated with conven­
tional mold design and production processing. Specifi­
cally, mostmultiplunger systems are driven byeither
mechanical springsor hydraulic systems, which are not
controlled individually. This meanseachram may pro­
ducea different process profile at a given time. Also,
the multiplunger systems currently available do not
provide directpressurecontrol, and thus do notprovide
forapplying pre-programmed "packing" profiles to the
mold cavities.

Whatmultiplunger systems do provide is the
ability to apply high pressures inside the mold cavity.
This produces higher-density parts thancanbe achieved
bya conventional mold with a longrunnersystem. Also,
minipellets ofthe molding compound are usedin these
processes. These pellets are notpreheated as inconven­
tional molds. The short-runner lengthsdo notprovide
muchtimeforheatingthe molding compound priorto its
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Rgure 2. (a) Half of a mold with an unbalanced cavity
configuration. Here, 16 cavities are filled by a single ram,
but the mold geometry causes each cavity to fill at a dif­
ferent rate. The center cavities fill first, while the outside
cavities lag behind, which produces more defective parts In
the center cavities than the outside cavities. (b) A new
mold design, In which a runner Is designed to provide more
equal temperature and shear conditions to the material
being distributed among the 16 cavities.

injection intothe mold cavity. Also, with largepackages,
morethan one ram/pot combination may be requiredfor
eachcavity. This creates moreprocess-eontrol problems
thanwhenone ram is used for eachcavity. Also, as pro­
ductivity isgained usingrapid cure materials, the
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processwindow may notbe as wide with multiplunger
molding as with conventional molding.

Thus, multiplunger molding doesnot solve
allthe engineering issuesassociated with mold
design/processdesign forhigh-volume production.
Whethermultiplunger or single-ram techniques are uti­
lized is not the issue. The heart ofthe molding problem
is assuringthat the molding compound experiences tem­
peratureand shear profiles that are within a particular
window. Assuring that these profiles are controlled con­
sistently, and with properaccuracy, will result in mini­
mummolding defects.

AT&Ts approach in MCM production molding is
to concentrate on developing a mold fora given package
with as wide a processwindow as possible. Wethen
apply processcontrol to achieve as uniform a process as
possible. The discussion that follows addressesthe
designofa production mold formultichip modules.

Unbllianced Mold System.. In an unbalanced sys­
tem, the molding compound enteringeachcavity has
unequal material properties. The important properties
for filling" are viscosity andvelocity. It is well known that
the higher the product ofthe velocity andthe viscosity,
the greater the chanceofwiresweep-the tendency of
compounds whoseviscosity is toohighto pushthe wires
together, rather than flow overthem. Whatis notwell
understood is the relationship ofthese properties with
respectto voids, or bubbles, which are a major reliability
concern. Whatis known is that the pressure inside a mold
cavity is proportional to the numberandsizeofvoids
resulting in the plastic package." Also, ifthe pressure
varies, molding resultswill varyfrom cavity to cavity.

Typical unbalanced molds have been studied
to determine the differences in the temperature ofthe
molding material flowing down a longrunner system and
enteringdifferent cavities. The differences in tempera­
ture between the cavity closestto the cull, the point
wherethe material enters the mold, versusthe tempera­
ture ofthe material enteringthe furthest cavity, is in the
rangeof40°C.6

In order to understand the pressureprofiles
inside eachcavity ofa mold with an unbalanced runner,
webuiltan experimental test setup. This included a
capillary-pressure transducer, which wasconnected to a
real-time, data-acquisition system. Aprocesscontroller
wasused to control mold-filling characteristics, anda
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specific pressure profile wasused to drive the ram.
Foreachcavity, the datawasaccumulated and the pres­
sure wasmeasured at individual mold cavities as a func­
tion oftime.

The plotsclearly showa different pressure
profile in eachcavity. Even more importantly, the pres­
sure is seen to dropoffsignificantly earlyin the cavity
farthestfrom the pot. It is clearthat the only cavities that
see the full packing profile are those closestto the cull.

Weconclude that the material that travels the
farthestreceives the mostheat transferand, thus, will
tend to cure morerapidly, particularly in the gate area.
The fact that the temperature ofthe material is unequal
as the material enters eachcavity notonly generates
potential filling problems, but will alsoimpact howthe
partsbehave duringthe critical packing cycle. Thus,

Figure 3. These two computer-generated illustrations show
Isochrones-snapshots In time-and temperature contours
of the compound In both the old and new molds. In (a), the
cavities fill at unequal rates (as shown in Figure 2a), and
this causes wide temperature variations of the compund in
each cavity. In (b), the new mold design yields a maximum
temperature difference of 7°C. This mold was found to have
a higher yield, with cavities yielding more equal parts, than
the old mold.

goodtool design is critical forthe manufacture ofuni­
form and reliable plastic-molded multichip modules.

Multlchlp Module Mold Design
The approach that we've applied to production

molding ofmultichip modules involves "viscosity
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balancing," a manner ofdesigning the mold to minimize
the imbalance problem. This approach is used to achieve
uniform material properties in a mold, evenifthe runner
design isgeometrically unbalanced.

Figure 2ashows a prototype mold with an unbal­
anced cavity configuration. Here, 16cavities are filled by
a single ram. The mold geometry infers that eachcavity
will experience a different filling condition. The figure
shows the molding process (one halfofthe mold)
stopped at a specific timeincrement. Asnoted, it canbe
easily seen that the centercavities fill first, while the out­
sidecavities lagbehind. This tendsto produce more
defective parts in the centercavities than the outside cav­
ities. The original thinking relating to this mold design
was that the material enteringthe centercavities didn't
receive enough heat transfer. Thiswasbelieved to pro­
ducea viscosity that wastoohighandcaused wiresweep.

Aflow simulation wasused to determine the
mechanics ofthe filling process. The fluid-flow proper­
ties ofthe material are critical to performing this analy­
sis.The constitutive equations describing the material
viscosity takesthe form:

TJ =TJ (T,y,a,ag) eEIT

The viscosity is dependent on shear rate, temperature
anddegreeofcuring. Weuse the Macosko" viscosity
model, an equation forcalibrating the viscosity as a func­
tion oftemperature andshear rate,therefore, to predict
the chemorheology ofthis thermosetting resin:

TJ = AleC/T[agl(ag-a) ]D+Ea

where
E = activation energy
A= viscosity factor
B = shear factor
C = temperature factor
D = reactivity factor
a =degreeofconversion
ag = gel point
y= shear rate

Using the above rheology, wefound, forexam­
ple, isochrones and temperature profiles at 60% ofthe fill
level had a temperature imbalance ofabout27°C between
the innerandouter cavity. The simulation showed that the
outside cavities actually advanced infilling beyond the
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inside cavities, leaving the inside cavities to hesitate, or
stop. Thishesitation allowed a rapid increase intempera­
ture andeventual premature curing, called cross-linking.
Thiscaused the wiresweep in the inside cavities, notthe
short flow distance, as wasoriginally thought.

Figure 2bshows a newmold design, where a
runner is designed to provide moreequal temperature
andshear conditions to the material beingdistributed
among the 16cavities. Figures 3aand3bshowiso­
chrones, snapshots in time, andtemperature contours of
the compound in the oldand newmolds. The new mold
design yields a maximum temperature difference of7°C.
Thismold wasfound to have a higheryield, with cavities
yielding moreequalparts, than the oldmold.

Thisapproach isveryspecific foreachpackage
design, andthe geometries are specifically calculated
using mold-filling software andthe rheological properties
ofthe molding compound. The resultshave shown us
that wecan mold MCMs veryreliably without sweeping
wires or causing unacceptable voids.

Conclusions
AT&T has developed the capability to manufac­

ture plastic molded-multichip modules inhighvolume
using a transfer-molding process. Webelieve thatwe
have established a roadmap formolding-eompound
properties to decrease stress levels andto make it possi­
ble to produce even largermodules. Weare developing
the capabilities to manufacture MCMs using other sub­
strates, suchas silicon andlaminate-based materials, and
are optimizing the materials andmolding technologies
formaximum product reliability andhighyields.

It is clearthat the production equipment avail­
abletoday needsto be refined to mold the complicated
high I/O MCMs ofthe future. Betterprocess control, bet­
ter mold design, andan improved understanding ofthe
molding processis essential inassuring a six-sigma
molding process, that is, multichip modules that have 3.4
defects per million-the highestlevel ofquality inthe
semiconductor device industry.
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