15 April 2005 SINGLE UNIT AUTOMATED ASSEMBLY OF FLEX ENHANCED BALL GRID ARRAY
PACKAGES BACKGROUND OF THE INVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and more particularly, to a method to autonmaticaty assemble
flex Ball Grid Array (BGA) packages that have been enhanced. (2) Description of the Prior Art In the
semiconductor SINGIRCUNTTY AUTRCMATEIR \ASS EME IO NTEN G K0 'E NHIRCEDI NSy cGRIDC WA with the
unrelenting strain of competitive advantage gained by tight control of device manufacturing cost. The
basic laws of electronic design and device perforrBaf88G8Erived therefrom dictate that device
performance in most cases can only be gained if device features are further reduced. This has led to the
era of the Ultra Large Scale Integration (ULSI) where device features in the micron and sub-micron range

are becoming the norm. This results @A%:Iggﬁ JIQBI‘P??S Eeﬂﬁ:\%%%ihty which in turn results in
n

increased requirements that are imposed on the technology that concerns itself with the connection of
the completed devices to the surrounding electronic interfaces or components. Increased device circuit
density does not necessarily result in smaller device packages. In fact, in many applications, device
package size hasircreasedteenaurventty with the increase in device density. 1

The invention relates to the fabrication of integrated circuit
devices, and more particularly, to a method to automatically assemble

flex Ball Grid Array (BGA) packages that have been enhanced.

(2) Description of the Prior Art

In the semiconductor manufacturing industry, device performance
continues to improve concurrent with the unrelenting strain of
competitive advantage gained by tight control of device manufacturing
cost. The basic laws of electronic design and device performance
derived therefrom dictate that device performance in most cases can
only be gained if device features are further reduced. This has led to
the era of the Ultra Large Scale Integration (ULSI) where device
features in the micron and sub-micron range are becoming the norm.
This results in greatly increased device density which in turn results
in increased requirements that are imposed on the technology that
concerns itself with the connection of the completed devices to the

surrounding electronic interfaces or components.

Increased device circuit density does not necessarily result in
smaller device packages. In fact, in many applications, device package
size has increased concurrently with the increase in device density.
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15 April 2005 The requirements to connect higher density, larger size devices to the surrounding
environment has led to the development of surface mounted packages. With the increase in device
density and the concomitant increase in functions being packaged per Integrated Cicait{iC), 2thesneed
has arisen to provide increased input/output (1/0O) capabilities for the IC. This increase in I/O connectivity
however must he gravidedn whileoreghucing the footprindof $he yntereepnecting mediviim.cyhide maintaining
acceptable thermal performance of the package and at the same time having no negative impact on the
package reliahilityn Gme of thve comventiohabmiethHots thathdvedeamased €6 assembsle 1Clswwith high
device density and high 1/O requirements has been the use of Tape Automated Bonding (TAB) or
lead-fram&pakRaGEs. KTABGIC IdAhFamie typicafy contaif oy cHelldyet otinterConABEt lines. As is

well known in the art, thesfe gackgggsbcan thermall d electflcalléﬁerfoo{n&satlsfatctorfl%}wnh an 1/O

a
count of uﬁ 15300 Teads at a thermal rgtllﬁa ot 10 Wiatts While 855 %%eat & clock raté' of 50 MHz. The

area that ig laken up be the /Q coppecisyis deterpuned nabophohy the foatpsint of the fntereaanect points

but also by the distance or pitch between these I/O interconnect points. The presently established pitch
is around @&rmim betweenradjacent #&:poits;rthis dees bowevef impase:limitationsonther i@ evice
interconnectivity. It is also clear that device operating speed will continue to increase at the same time
that powem{wadtts)rechsumedyber [ devicenwilbdontirue ntocincrease tongurrent with thelicrease in

circuit density.
maintaining acceptable thermal performance of the package and at the

same time having no negative impact on the package reliability.

One of the conventional methods that have been used to assemble
IC's with high device density and high I/0O requirements has been the
use of Tape Automated Bonding (TAB) or lead-frame packages. A TAB or
lead-frame typically contains only one layer of interconnect lines. As
is well known in the art, these packages can thermally and
electrically perform satisfactorily with an I/0 count of up to 300
leads at a thermal rating of 10 Watts while operating at a clock rate
of 50 MHz. The area that is taken up be the I/0 connects is determined
not only by the footprint of the interconnect points but also by the
distance or pitch between these I/0 interconnect points. The presently
established pitch is around 0.5 mm between adjacent I/O points; this
does however impose limitations on the IC device interconnectivity. It
is also clear that device operating speed will continue to increase at
the same time that power (watts) consumed per IC device will continue
to increase concurrent with the increase in circuit density.
Decreasing the pitch of the I/O interconnect lines requires ever

increasing sophistication in the deposition of the interconnect lines,
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Decreasing the pitch of the 1/O interconnect lines requires ever increasing sophistication in the deposition
of the interconnect lines, 2 15 April 2005 a requirement that is further emphasized by requirements of
adhesion to the underlying surface, contact resistance, resistance to corrosion ands ultipatelg005
requirements of reliability in the face of high temperature down-stream processing. The development of
the Ball Grd Avtay (BeA)deviees hasroffered- thepporiunityto spread devicesl/Odntenconngct points
over the entire surface of the device, this as opposed to having I/O connect points available only around
the periphéry ohthellCelelice g Typicallys the BEGAPackagesisesurface arouwied-and mounmtetsonithe
surface of a motherboard (a Printed Circuit Board or PCB). The concerns of making reliable 1/0
interconnetts! noWhaté 'shifted fiin fif&Piteh ifdline inés 14 tohtact balks. ‘GeRerd siZéd'that are
currently in use for Qluad Flat Pagléégnl{:P acekasgles are a footprint in the 25 x 25 mm range, a lead pitch

down—ﬁ QoC

erature . . . . .
of around 03 Mm While the package itselfis a out 2'mm thick. A typical ball pitch for a BGA package is
around 1.5 mm, with a footprint similar in size to the QFP package and a package thickness similar or
slightly less than the thickness of a QFP package. In assembling a BGA package to a PCB, the lower
surface of the PGBdsdypicallypsavided with contactbals that:gonmest)tomn iiaterfacipgdratuiasrk of
conducting lines that connect to surrounding

the opportunity to spread device I/0 interconnect points over the
entire surface of the device, this as opposed to having I/0 connect
points available only around the periphery of the IC device.
Typically, the BGA package is surface mounted and mounted on the
surface of a motherboard (a Printed Circuit Board or PCB). The
concerns of making reliable I/O interconnects now have shifted from
fine pitch in-line lines to contact balls. General sizes that are
currently in use for Quad Flat Pack (QFP) packages are a footprint in
the 25 x 25 mm range, a lead pitch of around 0.5 mm while the package
itself is about 2 mm thick. A typical ball pitch for a BGA package is
around 1.5 mm, with a footprint similar in size to the QFP package and

a package thickness similar or slightly less than the thickness of a

QFP package.

In assembling a BGA package to a PCB, the lower surface of the
PCB is typically provided with contact balls that connect to an
interfacing network of conducting lines that connect to surrounding
electrical components or systems. A typical PCB contains two layers of
interconnect metal. A cavity is typically formed in the upper surface
of the PCB, the semiconductor device that is to be mounted on the PCB

is inserted into this cavity. The contact balls of the BGA make
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electrical components or systems. A typical PCB contains two layers of interconnect metal. A cavity is
typically formed in the upper surface of the PCB, the semiconductor device that is to be mounted on the
PCB is inserted into this cavity. The contact balls of the BGA make 3 15 April 2005 elegtrical contact with
the layers of interconnect metal in the PCB, the BGA die is further wire bonded to the PCB and enclosed
in a moldesd €asing: alhe-eperation; of wire.bonding kmits thetsize afthesurtace omwhich thewire is
connected which in turn increases the size of the die that can be used. The side of the BGA that faces
the PCB int-tis Bafafngementfis thedrackside bf thie dCtdieheaPeéRchange between the BGAldiecand the
underlying PCB takes place through this interface of the BGA die with the PCB. Since signal lines (in the
PCB) are fyicafly of fine dGistiuctivr thEsédinedndd mot lefd trermseivesfo Drolite &'goctFpath for
heat exchange Th at exchange betvveentthe GA and t]ge PCB must theref re de%endfon 1QW|der or
larger in cross” sec or?fgroun& p anes in the E’% which Brlngs With' it'a f flmltatlon on the space that is

available g route signal lings indbg PGR. FY ?é@né? GR deghnologys fimited i, the sedyction, of line size

that it can apply in a cost effective and reliable design. This limits the operating clock cycle for the circuit
applicationirrwhighthe: PCB tean hecusedie nomoundingrefatively smakk sizesKs davices-en thesurface of
relatively large size PCB's, the thermal expansion and the related

BGA die and the underlying PCB takes place through this interface of

the BGA die with the PCB. Since signal lines (in the PCB) are

typically of fine construction, these lines do not lend themselves to

provide a good path for heat exchange. The heat exchange between the

BGA and the PCB must therefore depend on (wider or larger in cross

section) ground planes in the PCB, which brings with it a limitation

on the space that is available to route signal lines in the PCB.

Present PCB technology is limited in the reduction of line size
that it can apply in a cost effective and reliable design. This limits
the operating clock cycle for the circuit application in which the PCB

can be used.

In mounting relatively small size IC devices on the surface of
relatively large size PCB's, the thermal expansion and the related
acceptance or rejection or moisture content within the larger PCB can
have a serious negative effect on the package performance under
elevated temperatures. In the case where there is a high moisture
content present in the assembled PCB, this moisture content will
expand rapidly during down-stream operations, especially where these

down-stream operations are required for the assembly of the BGA
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acceptance or rejection or moisture content within the larger PCB can have a serious negative effect on
the package performance under elevated temperatures. In the case where there is a high moisture
content present in the assembled PCB, this moisture content will expand rapidly dusngdawnsstrsam
operations, especially where these down-stream operations are required for the assembly of the BGA 4
15 April 2Q0&-pagkages tethe REB. Thissrapigdiexpansion ofthe PEBCcameause sevese thargal stress in
interconnected surfaces to the point where these surfaces may be dislocated and break. It is therefore of
great impoitanve thatevery effortris emadetedimit the Meistretcoriteat ire ithe RPE8rpriohtsthe
assembling of the BGA into the PCB. Thermal performance of a PCB mounted BGA can be improved by
enhancingtreGGiact betheer thé PeBeand e BGADY dbding AR/ 6F metaldAtRE cavity that is
created in the PEB for th%insertion ofegjfe BGA. This mettho has b%ﬁg applied successfulhéwihnen

e

mounting the BGA'Ina T(;:a\a/itfy Hatid created in the' f‘o%er Surface of B: This mathod of mounting
the BGA is. howsver mnorts: difficylt andincyrs added: cogtinsthe manufagturingsprocess. Many of the
techniques that have been discussed for mounting IC devices that have extended I/O capabilities do not
lend themselves to high speed, automated methods of assembly. The well-known technique of Tape Ball
Grid Array (TBGA) suffers from this disadvantage resulting in high assembly cost for the package. An
excepﬂonfnmnthﬁbﬁiﬂﬁ# performance of a PCB mounted BGA can be improved by

enhancing the contact between the PCB and the BGA by adding a body of

metal in the cavity that is created in the PCB for the insertion of

the BGA. This method has been applied successfully when mounting the

BGA in a cavity that is created in the lower surface of the PCB. This

method of mounting the BGA is however more difficult and incurs added

cost in the manufacturing process.

Many of the techniques that have been discussed for mounting IC
devices that have extended I/O capabilities do not lend themselves to
high speed, automated methods of assembly. The well-known technique of
Tape Ball Grid Array (TBGA) suffers from this disadvantage resulting
in high assembly cost for the package. An exception from this is the
Plastic Ball Grid Array (PBGA) where multiple PBGA's can be formed
from a single PCB strip while standard processing equipment has been
designed to perform the process of assembling the package. The PCB
strip that is used to assemble the PBGA package constitutes a
substrate for providing interconnects in the package while serving as
structural support for the package. The cost of assembling the PBGA

package is sharply increased by the fact that, during assembly of the



Plastic Ball Grid Array (PBGA) where multiple PBGA's can be formed from a single PCB strip while
standard processing equipment has been designed to perform the process of assembling the package.
The PCB strip that is used to assemble the PBGA package constitutes a substrate forpravidam 5
interconnects in the package while serving as structural support for the package. The cost of assembling
the PBGAppackage is:shanply inereased-by thedactthat, dukng@ssembly of thed 16 ApkHL200%
package, a relatively large amount of the PCB is discarded during the assembly. A further consideration
in using maaatingrethods for mounting BGA devices is the reflow and melting temperature of the
contact balls. For BGA devices that are mounted on for instance PCB strips, some of the materials that
make up the PCB strip may be affected by increased temperatures in an unacceptable process. If
therefore the te perature of the PCCFE mounted, BGA device is rajsed, fo&iln%tange for reV\{or?I;?purposes,
damage to the PCB material rcrllgfflsrleSIeJﬁfal %ncﬁélm}lcseflngornﬁ%%%ﬁll&? of the matenial uSed for tite contact

balls also playsayole In thisipdhattheflowor seftening Qidhecontact balls is detgrmingd by the

materials that have the lowest flow or melting point thereby making the contact balls unsuitable for high
temperature: 1lenviroypents, lheanda shisnaannes ogsur that, svhen a PB&A is semovest fross the

motherboard for rework, some of the contact balls will separate from the PBGA package and adhere to

the PCB. Heisgesltsliie materials that make up the PCB strip may be affected by
increased temperatures in an unacceptable process. If therefore the
temperature of the PCB mounted BGA device is raised, for instance for
rework purposes, damage to the PCB material may result. The chemical
composition of the material used for the contact balls also plays a
role in this in that the flow or softening of the contact balls is
determined by the materials that have the lowest flow or melting point
thereby making the contact balls unsuitable for high temperature
environments. It can in this manner occur that, when a PBGA is removed
from the motherboard for rework, some of the contact balls will
separate from the PBGA package and adhere to the PCB. This results in

time consuming and expensive rework or in complete loss of the removed

device or even the PCB from which the device was removed.

Solder ball fatigue and mechanical stress that is exerted on the
solder ball where the balls make contact determine the reliability
performance of the ball interconnects. Ball fatigue is strongly
influenced and determined by the thermal environment in which the
contact balls are used with frequent and extreme variations in the
temperature of the surrounding environment having a serious negative

effect on the long term reliability of the contact balls. This effect
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time consuming and expensive rework or in complete loss of the removed device or even the PCB from
which the device was removed. Solder ball fatigue and mechanical stress that is exerted on the solder
ball where the balls make contact determine the reliability performance of the ball irtergoninects oBall
fatigue is strongly influenced and determined by the thermal environment in which the contact balls are
used with freguent and-exiremgovarations khthe-demperatureiof the-surouading.envirenmadaving a
serious negative effect on the long term reliability of the contact balls. This effect 6 15 April 2005 can
further be aggragatedaand cantiesuttinmmedhanical faifureqSheles enbieakage)tf the therdmalexpansion
of the environment with which the contact balls interface reacts have thermal coefficients of expansion
that differ SigRificiHtR froRfthesthidthtal ‘Sxran<ion of thé Veontt halis cemtet thesé Tontditions of thermal

reaction, the mechanigﬁ%asgr(fadslsftpgg is exer(tfgl on the cgptactt%aellstgge to_the thermalh/ in ucktlad and
C

mutually cSﬁﬁ%ﬁchtSPy way o expansiarllc}{e{lnl Coanqrte%é{ion,%ﬁe contact gﬁ‘sl havea ﬁllg% p?o a |ﬁty of

mechanical failure raaking the.overall package ynreliahle It is therefore.of key imperance to realize that

thermal performance is part of the overall package design and that considerations of cooling and
transmissiapafzheak geperated by the devices-thad age ropunted ik these:packages ase tyery important in
creating a successful package design. US 5,843,808 (Karnezos) shows an assembly of a Tab grid array
thermally induced and mutually contradictory way of expansion and
contraction, the contact balls have a high probability of mechanical
failure making the overall package unreliable. It is therefore of key
importance to realize that thermal performance is part of the overall
package design and that considerations of cooling and transmission of

heat generated by the devices that are mounted in these packages are

very important in creating a successful package design.

US 5,843,808 (Karnezos) shows an assembly of a Tab grid array

assembly in strip form. Cited by the inventors.

US 5,409,865 (Karnezos) and US 5,397,921 (Karnezos) show TAB grid

arrays.

UsS 5,852,870 (Freyman et al.) shows a method for a Grid array

assembly.

US 5,635,671 (Freyman et al.) shows a mold runner removal process

for a package.

US 5,620,928 (Lee et al.) teaches a BGA method using a flex tape.
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assembly in strip form. Cited by the inventors. US 5,409,865 (Karnezos) and US 5,397,921 (Karnezos)
show TAB grid arrays. US 5,852,870 (Freyman et al.) shows a method for a Grid array assembly. US
5,635,671 (Freyman et al.) shows a mold runner removal process for a package. US 52620,9280(Lee et
al.) teaches a BGA method using a flex tape. 7 15 April 2005 SUMMARY OF THE INVENTION A
principle objective of the invention is to providea refiahie andcost effective package for packaging BGA
devices. The package comprises a tape with adhesive and copper traces attached below, a solder mask
layer with openings that covers the copper traces, a stiffener structure having a cavity for accommodating
the die having an electrically conductive surface. In accordance with the objectives of the invention a new
package is provifieBfor tHé hfoGtirg bf Y€ ddvices. TR TEdietis bordedPie efaltrdcesébrtained in a
flexible tape, he IC d|e \%nth the erX|bIe tap |s attac ed to a%ggegg% eat s eader) the various heat

conductlng | effaces are cured and sof‘oger béjlf% Sre aﬁgcﬂgd 0 anothecres?urface of ?h SHid%ible tape. The

invention offers.theameans, for single ypit{of package).giigchmentand fransportation g progess carrier

is used for this purpose. The process carrier is a flexible
solder mask layer with openings that covers the copper traces, a

stiffener structure having a cavity for accommodating the die having

an electrically conductive surface.

In accordance with the objectives of the invention a new package
is provided for the mounting of IC devices. The IC die is bonded to
metal traces contained in a flexible tape, the IC die with the
flexible tape is attached to a stiffener (heat spreader), the various
heat conducting interfaces are cured and solder balls are attached to
another surface of the flexible tape. The invention offers the means
for single unit (or package) attachment and transportation, a process
carrier is used for this purpose. The process carrier is a flexible
band or tape on which a single package is mounted and transported
between processing stations. A carrier holder interfaces between the

single unit and the process carrier.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of the Tape Automated Bonding (TAB)

package using inner lead bonding techniques.



band or tape on which a single package is mounted and transported between processing stations. A
carrier holder interfaces between the single unit and the process carrier. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 shows a cross section of the Tape Automated Bonding (TAB) paskage ilsing irner
lead bonding techniques. 8 15 April 2005 Fig. 2 shows a top view of the IC die with a partial cutout of the
tape that is used i agssemhblingsthe TAB package usig innerieadi bending techniquesohig. Srshows an
IC die bonded to a flex tape using inner lead bonding techniques. Fig. 4 shows the inner lead bonded IC
die with thelflextape toatedteduscthel stifferrenofltheoBGA patRagecFigiss shows thenemcapsuylation of
the inner lead bonded IC die inside the cavity of the package stiffener. Fig. 6 shows the inner lead bonded
BGA pack&geHifter the<ddlderpalls have been connected. Fig. 7 shows a cross section of the Tape
Automated Bonding (TAB) package using wire bonding techniques. Fig. 8 shows a top view of the IC die
with a partial cutout of tape that is used in assembling the TAB package using wire bonding techniques.

Fig. 95howsaﬂqxi§t.ta§h%§1<§9§ %@ff%%e'di{]epmégoggoé flex tape using inner lead

bonding techniques.

Fig. 4 shows the inner lead bonded IC die with the flex tape

connected to the stiffener of the BGA package.

Fig. 5 shows the encapsulation of the inner lead bonded IC die

inside the cavity of the package stiffener.

Fig. 6 shows the inner lead bonded BGA package after the solder

balls have been connected.

Fig. 7 shows a cross section of the Tape Automated Bonding (TAB)

package using wire bonding techniques.

Fig. 8 shows a top view of the IC die with a partial cutout of
tape that is used in assembling the TAB package using wire bonding

techniques.

Fig. 9 shows a flex attached to a stiffener in preparation for

wire bonding.



wire bonding. 9 15 April 2005 Fig. 10 shows the IC die with the flex tape connected to the stiffener of the
BGA package in preparation for wire bonding. Fig. 11 shows the wire bonding of the IC die inside the
package stiffener. Fig. 12 shows the wire bonded BGA package after encapsulationofzheilC diecinside
that cavity of the stiffener. Fig. 13 shows the wire bonded BGA package after the contact balls have been
attached to the package.)DESGRIRRONOL EHEi PREFERRER EMBODIMENTSJ Referirg now
specifically to Fig. 1, there is shown a cross sectional view of a Tape Automated Bonding (TAB) package
of the preséntfifventiont Thees@&®icarrducetoe chip or die 10takes Uprthel reertendf thie package; the
contact points 12 of the die 10 are closely spaced around the periphery of the die 10. The heat spreader
14 takes in the main body of the TAB package, cavity 16 is provided in the heat spreader 14 for the

mounting of the Integrated Circuit (IC) chip 10. The top of the IC_chip.10 is in.close_physical contact with
IJ’:rl 6&? %ows ‘ghg W Qe %(i %O OE % I%hg hgc%

the heat spreader 14via a thin ‘adhesive ayer 8°0of t ermaﬁyeconducjtﬁ/elélﬁéxﬁ e %(facatqpeoints 12 of

the die 10 jare-¢canductively bonded, using inner lead bonding techniques, to tape 20. 10

Fig. 12 shows the wire bonded BGA package after encapsulation of

the IC die inside that cavity of the stiffener.

Fig. 13 shows the wire bonded BGA package after the contact balls

have been attached to the package.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 1, there is shown a cross
sectional view of a Tape Automated Bonding (TAB) package of the
present invention. The semiconductor chip or die 10 takes up the
center of the package; the contact points 12 of the die 10 are closely

spaced around the periphery of the die 10.

The heat spreader 14 takes in the main body of the TAB package,
cavity 16 is provided in the heat spreader 14 for the mounting of the
Integrated Circuit (IC) chip 10. The top of the IC chip 10 is in close
physical contact with the heat spreader 14 via a thin adhesive layer
18 of thermally conductive epoxy. The contact points 12 of the die 10
are conductively bonded, using inner lead bonding techniques, to tape
20.
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15 April 2005 Tape 20 contains three layers 22 (the top layer), 24 (the center layer) and 26 (the bottom
layer). Layer 22 is a layer of tape adhesive that connects that tape to the bottom surface of the heat
spreader 14. The center 24 of the tape contains copper interconnect lines while thesbottem layer6 of
the tape is the solder mask layer for interconnect to the contact points (typically contact balls) that are
connected to therayerallppackage.nEhe top fayer22 of tapg 20-attaghes the flexible (tap-204athe bottom
surface of the heat spreader 14, the heat spreader 14 in this manner also serves as a stiffener for the
tape 20. Hearspreader @r stiffendry 14dmad,;as alreatysindicated sa acavitye 1646r rsertionofthee
semiconductor die 10, the surface of the heat spreader 14 is electrically conductive. The interface
between theFGRCpaEKage ditithe?8Grrbantitfy ErEGitRy SPWRRIFtHE TER pagkagePicadtnctidnal part
and is proyjded b lurality of solder balls 30, each solder ball has the approximate size of the size of
tho. openiigS i HCShider sk Ty GF 38, T S30H LT TrUFRE S BHner cbMNEEtal 1 Biedfcally

conducting, paths,0f the. copper races coplained-indhe copperinterconnect layer 24. he,cantact balls 30

connect to the outside circuitry by connecting to conductive pads, these conductive pads are not part of
the TGA package hiiferndhgdirect interface betweenthewcaiactk balsa30 of the JGA package and the
interconnect lines of the outside circuitry. 11

the overall package. The top layer 22 of tape 20 attaches the flexible

tap 20 to the bottom surface of the heat spreader 14, the heat

spreader 14 in this manner also serves as a stiffener for the tape 20.

Heat spreader (or stiffener) 14 has, as already indicated, a
cavity 16 for insertion of the semiconductor die 10, the surface of
the heat spreader 14 is electrically conductive. The interface between
the TGA package and the surrounding circuitry of which the TGA package
is a functional part and is provided by a plurality of solder balls
30, each solder ball has the approximate size of the size of the
openings in the solder mask layer 26, the solder balls are in this
manner connected to electrically conducting paths of the copper traces

contained in the copper interconnect layer 24.

The contact balls 30 connect to the outside circuitry by
connecting to conductive pads, these conductive pads are not part of
the TGA package but form the direct interface between the contact
balls 30 of the TGA package and the interconnect lines of the outside

circuitry.

11



15 April 2005 These latter interconnect lines are typically part of an external (external to the TGA
package) Printed Circuit Board (PCB). The interconnect points 12 of the IC die 10 are, as already noted,
connected to free standing ends of the copper traces 24 using TAB inner lead bondingtechnigaes. The
interconnect points 12 of the IC die 10 can also be connected to free standing ends of the copper traces
24 using TAB wirerkendingteshnigues:; dbisris highlightedawader, FHigs1 7 ghiough 438 fellowingrhhe
encapsulation material 32 fills the cavity 16 of the heat spreader 14 with the exception of the top surface
of the IC diewtrareathe (C ihterfadeowithahe héatispreader 14uvia |ayer 48 (Fhie) entapsulation material
encloses the IC die 10 and penetrates between the IC die 10 to TAB inner bond or wire bonding
connections' 12T ACSPESAI B8é tah Be madé vt soidértBalt 312 His sotdérbafdpraidésia direct connection

between the underlying Printed circuit Board (PCB)_and the stiffener 14 thereby establishing a direct
o o e e R e ne B0 8 B one

(ground) coppection hetwgen; the PCH and,, stffengr of the TAB device,package £ap:he gstablished in this

manner. Further detail relating to the TAB tape 20 is shown in the partial cutout view of tape 20 in Fig. 2.
Fig. 2 showsea tap view of shedC diemdBcwith die pads 12+ imaddifiomtosther partial @utedt-of tape 20.
Tape 20 contains a layer of copper traces (or interconnect lines) 24, one layer 22 of adhesive on one
gde(oﬂaYQﬁgﬁyaﬁé(ﬂﬁgng TAB wire bonding techniques, this is highlighted under

Figs. 7 through 13 following.

The encapsulation material 32 fills the cavity 16 of the heat
spreader 14 with the exception of the top surface of the IC die where
the IC interfaces with the heat spreader 14 via layer 18. The
encapsulation material encloses the IC die 10 and penetrates between

the IC die 10 to TAB inner bond or wire bonding connections 12.

A special use can be made of solder ball 31, this solder ball
provides a direct connection between the underlying Printed circuit
Board (PCB) and the stiffener 14 thereby establishing a direct ground
connection between the PCB and the stiffener 14. It is clear that,
where required, more than one (ground) connection between the PCB and

stiffener of the TAB device package can be established in this manner.

Further detail relating to the TAB tape 20 is shown in the
partial cutout view of tape 20 in Fig. 2. Fig. 2 shows a top view of
the IC die 10, with die pads 12, in addition to the partial cutout of
tape 20. Tape 20 contains a layer of copper traces (or interconnect

lines) 24, one layer 22 of adhesive on one side (of layer 24) and one
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12 15 April 2005 layer 26 of solder mask to which the contact balls 30 are connected. Copper traces
(interconnect lines) 34 form a network of conducting lines (in layer 24 of tape 20) that spread out from the
periphery of the opening 16 that has been created in the heat spreader 14. Each afstheeappentraces 34
end in a pad area 35, this pad area 35 aligns with the solder mask layer 26 for connection of the copper
traces 34 teihe spisraunding circuitsyxkPad designs may differabased ondhedfunetiopahreguicements that
are imposed on the pad. The majority of interconnects to an IC die carry signal lines, for those
interconnectetive padsdfor instamee pade 37) tandse o} dpenrdesignatherslyy drhprovidgcifout
performance. For pads that are required to carry relatively large currents (for instance pad 35g and for
which powetHissipatioh BEComés A cdRES T Othe-pads Fhag e 6fSolfd eBnsttEiciEA 1 RBR e bpper
traces 24, %tll% distance b?g/v%%n ggé)acegt lines ma tQS between I[Sigo and 1008 micgns wh}ille ttge pad

diameter may be between abou an microns. Wﬂerte,em @1.:2,5 1€ Cutout 24 h?ga}ﬁlghcfed the

copper tracgs wisBin.tape 20, cutout36;highlights the soldersmask;laygr 26 ofdapgs 20; Gontact points 38

are provided in this solder mask for contact to the underlying contact balls 30. The following details of
materials usethandadesigaonsiderations: apply ta-the TGA paskage efthedinvention: 2 Hae stiffener or

heat spreader contains a thermally conductive
to the surrounding circuitry.

Pad designs may differ based on the functional requirements that
are imposed on the pad. The majority of interconnects to an IC die
carry signal lines, for those interconnects the pads (for instance pad
37) can be of open design thereby improving circuit performance. For
pads that are required to carry relatively large currents (for
instance pad 35) and for which power dissipation becomes a concern,
the pads may be of solid construction. For the copper traces 24, the
distance between adjacent lines may be between 500 and 1000 microns

while the pad diameter may be between about 200 and 700 microns.

Where, in Fig. 2, the cutout 24 highlighted the copper traces
within tape 20, cutout 36 highlights the solder mask layer 26 of tape
20. Contact points 38 are provided in this solder mask for contact to

the underlying contact balls 30.

The following details of materials used and design considerations
apply to the TGA package of the invention:
- the stiffener or heat spreader contains a thermally conductive

material
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material 13 15 April 2005 - the stiffener material has a thermal coefficient of expansion that is
approximately equal to that of silicon - the stiffener material is made of copper - the stiffener has a
conductive surface that is plated with metal that is wettable by solder, this metal isiselegted froon sa group
that consists of silver and gold - the thickness of adhesive layer of the TAB tape is selected to allow the
electrically conductiverisaces anshthe stiffenarsto farnanelectdc path of controlledimpedance nthe
apertures that are provided in the TAB tape for insertion of the IC die are slightly larger than the opening
of the cavity that is provided irrtive stiffenerior thevinsertiort b ttheflGdie; drthis manner a bond wire can
make ground connection between the IC die and the stiffener. The process of assembling a TAB grid
array package will bégiséidSed Hext Meirstthe process &dseifiBRRg using the inner lead bonded

techniques will be highlighted, the process of assembling using_wire-ponded technjques will be discussed
after that. In Fig. 3, t%geco?ﬁal\gt%%él S o%na&ieal(ﬁj are 1‘bc(‘)tnlol\ged fo feaﬁ%epg?atndllﬁgpc%ap%eo} t%g races of tape

20, that is traces 12 thatare part ollayer 24.0Ltape 20 (kig- 2)-this ysing jnner leag-beading. techniques.

Layer 22 as indicated in Fig. 3 is the tape adhesive,
a group that consists of silver and gold

- the thickness of adhesive layer of the TAB tape is selected to
allow the electrically conductive traces and the stiffener to
form an electric path of controlled impedance

- the apertures that are provided in the TAB tape for insertion
of the IC die are slightly larger than the opening of the
cavity that is provided in the stiffener for the insertion of
the IC die, in this manner a bond wire can make ground

connection between the IC die and the stiffener.

The process of assembling a TAB grid array package will be
discussed next. First the process of assembling using the inner lead
bonded techniques will be highlighted, the process of assembling using

wire-bonded techniques will be discussed after that.

In Fig. 3, the contact pads on die 10 are bonded to the free
standing copper tape traces of tape 20, that is traces 12 that are
part of layer 24 of tape 20 (Fig. 2), this using inner lead bonding
techniques. Layer 22 as indicated in Fig. 3 is the tape adhesive,
layer 24 is the layer of copper traces while layer 26 is the solder

mask layer with openings to connect the solder balls 30 (Fig. 1).
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layer 24 is the layer of copper traces while layer 26 is the solder mask layer with openings to connect the
solder balls 30 (Fig. 1). 14 15 April 2005 Fig. 4 shows a cross section of the heat spreader 14 with the die
10 inserted into cavity 16. The flexible tape 20 is attached to the heat spreader 14 11y meaiis abihe
adhesive layer 22 of the tape. The die 10 is attached to the heat spreader 14 via the back wall of cavity
16; the thermally cogductivedayer 18 ajtachescthe-dieck0 ta dhe heat sgpreader 14 The themaaly e
conductive adhesive layer 18 is cured. At this point in the process there as yet exists an opening 28
between the sidewatlsbfitheadieak( andlthe éat dpreadeld 4. dxg. 8 Shows howrctheelopeninige28 (Fig. 4)
between the die 10 and the heat spreader 14 is filled by insertion of a molding compound material 32

into this op&iing BYF adrsistef nolditi procdsstafd Fise Aot BnhPdpéning 28 (Eig Hbit-is 8o inserted

between the inner lead ponded sonnections of die 10. The ini marking of lhe unit s, applied, The fina
molding compound or materialiS post mol cared 8nd"an‘ink marK'is used af the same timé. The

significant agdvaptages of fhe fransighmalding process,ever: the prior.aft syrnge encapsylation process

are: - the transfer molding process has faster throughput, and - the consistency of the molded package

height for tanstere maldingrisemtich-more gonsisient ikhe next step-requited for the assembly of the wire
bonded TAB

this point in the process there as yet exists an opening 28 between

the sidewalls of the die 10 and the heat spreader 14.

Fig. 5 shows how the opening 28 (Fig. 4) between the die 10 and
the heat spreader 14 is filled by insertion of a molding compound
material 32 into this opening by a transfer molding process and fills
not only opening 28 (Fig. 4) but is also inserted between the inner
lead bonded connections of die 10. The ink marking of the unit is
applied. The final molding compound or material is post mold cured and

an ink mark is used at the same time.

The significant advantages of the transfer molding process over
the prior art syringe encapsulation process are:

- the transfer molding process has faster throughput, and

- the consistency of the molded package height for transfer

molding is much more consistent.

The next step required for the assembly of the wire bonded TAB
grid array package is to connect the solder balls 30 to the package,
Fig. 6 addresses this step. Solder flux is applied to the balls that

need to be attached to the package, the solder balls are then attached
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grid array package is to connect the solder balls 30 to the package, Fig. 6 addresses this step. Solder
flux is applied to the balls that need to be attached to the package, the solder balls are then attached 15
15 April 2005 to the solder mask 24 (conductive pads) of the tape 20. The solder ballsa3@ are xesffowed
by applying heat to the package; excess flux is cleaned from the conductive pads by applying an
appropriate£learing agentnAsia final slepqa the 1Gpackage iscdnnhbakegewhich campletese the process of
assembling the inner lead bonded package. It can be appreciated that the process of encapsulating TAB
grid arraypalckages, arprocesslthat iasysa farlyeew aderéssed foeasitglespackagesontaimng a single
IC die, can readily be expanded to include multiple packages in an automated process. This process
starts by plagiid nurfiBer bf sﬁﬁ@ﬁé%bﬁ%h@%ﬁ?@é’e oPBIcarTier Strip WP each-6f thiSsfifféers having

an opening. A multiplicity of pieces of tape, each piece to be used for one stiffener, is made available.
These Sing TS thse ol bre hicalt bros A ol b Pt TR otk whioh By Cadtbe readily

removed for application tq Andividyah stiffeners. Each frame;captaing bonding pads for connecting the IC

die that is to be contained within the stiffener, solder ball bonding pads and interconnecting lines
(conductive traces) that connect the die bonding pads with the solder ball bonding pads. Each frame is
connected to a stiffener using a tape adhesive that is made of thermoset or thermoplastic epoxy and that
can withstand It can be appreciated that the process of encapsulating TAB grid

array packages, a process that has so far been addressed for a single

package containing a single IC die, can readily be expanded to include

multiple packages in an automated process. This process starts by

placing a number of stiffeners on the surface of a carrier strip with

each of the stiffeners having an opening. A multiplicity of pieces of

tape, each piece to be used for one stiffener, is made available.

These singulated tape frames are typically provided in reel or panel

form from which they can be readily removed for application to

individual stiffeners. Each frame contains bonding pads for connecting

the IC die that is to be contained within the stiffener, solder ball

bonding pads and interconnecting lines (conductive traces) that

connect the die bonding pads with the solder ball bonding pads.

FEach frame is connected to a stiffener using a tape adhesive that
is made of thermoset or thermoplastic epoxy and that can withstand
temperatures of above 300 degrees C. The encapsulation of the IC die
is completed using the same processing steps as previously indicated
of inserting the die to the back of the cavity with die attach epoxy,
curing the thermally conductive adhesive in the cavity of the heat

spreader, bonding the copper traces on the tape (for wire bonds) and
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temperatures of above 300 degrees C. The encapsulation of the IC die is completed using the same
processing steps as previously indicated of inserting the die to the back of the cavity with die attach
epoxy, curing the thermally conductive adhesive in the cavity of the heat spreader, handing the copper
traces on the tape (for wire bonds) and 16 15 April 2005 encapsulating the die in the cavity of the stiffener
and curingsthes gncapsulatingmatedak. nl e solderiballsoare- thensattacbhed todhe eandustivedond pads of
the frames using a re-flow procedure. The solder balls that are used under the invention are made using
a compositeqaraterialtcorsistiig of éih; |68 arvd Siveballdyirmtive rado cftB3:86:2. Afterttlve solder balls
have been attached, the stiffeners can be separated into individual units by removing the stiffeners from

the carrier StAPUACIZSr BRithdivA MBSt bRSmate etweei thrieri8ad ohding <t Wire Bhding. The
TAB packa at is assembled using wire bonding, techniques js discussed under.the following Figs. 7
(rough 13 T8 casher TR0s of o RS ier Hyer 21 of (e FARe.20 arE SORUHEA. 141y typical bonding
techniques, 49, the;qantact points 12.gtthe die; 10- Rarwire honding the package agranggment is slightly

different in that the contact points of the IC die are connected to traces of the center layer 24 of the tape
20 using wite-bending techmniques £ his ishshewrisFigs 71 I hesbendawites 4dand 42 are-shown here as
applied for the connection of the IC die to layer 24 of tape 20. It is clear

stiffeners can be separated into individual units by removing the

stiffeners from the carrier strip.

A clear distinction must be made between inner lead bonding and
wire bonding. The TAB package that is assembled using wire bonding
techniques is discussed under the following Figs. 7 through 13. The
copper traces of the center layer 24 of the tape 20 are connected,
using typical bonding techniques, to the contact points 12 of the die
10. For wire bonding the package arrangement is slightly different in
that the contact points of the IC die are connected to traces of the
center layer 24 of the tape 20 using wire-bonding techniques. This is
shown in Fig. 7. The bond wires 40 and 42 are shown here as applied
for the connection of the IC die to layer 24 of tape 20. It is clear
that these wires can only be accommodated if the opening in the tape
20 that overlies the opening of the cavity in the heat spreader is
slightly larger than the cavity in the stiffener. Wire 40 indicates a
wire bonded connection between a contact point on IC die 10 to the
copper traces contained in layer 24 of tape 20. A direct connection 42
can also be made between the IC die 10 and the stiffener 14. This
direct connection 42 typically is a ground connection. As is shown in

Fig. 8, the interconnect traces of layer 24 are, by virtue of their
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that these wires can only be accommodated if the opening in the tape 20 that overlies the opening of the
cavity in the heat spreader is slightly larger than the cavity in the stiffener. Wire 40 indicates a wire
bonded connection between a contact point on IC die 10 to the copper traces containegb i layer@4 of
tape 20. A direct connection 42 can also be made between the IC die 10 and the stiffener 14. This direct
connectiom 42ty picatly ds @iground eonpnestioneAsis shovdt inbFige 8n the intereconnect draces of layer 24
are, by virtue of their 17 15 April 2005 being attached directly to the stiffener by means of the adhesive
layer 22, fitmhye supportéd-ny the sprface<of the stifferrerr This establishes the areeessdhi mechanical
support for the wire bonding operation. The process of assembling the wire bonded TAB package is
further exptaird dSinG Figas OtRrEEgHR 18. 5G9 sHows ABRPTAB e 209s Attt MHe heat
spreader 14 usir%q the adhesive layer 22 of tape 20. Tape 20 contains, as has previously been indicated,
the adhesi%ﬁgja/er 22 the layer 24 of copper traces for the interconnect network of the tape 20 and the
solder mask layer 24. The adhesive layer 22 is cured after the tape 20 has been attached to the heat
spreader 14. Cavity 46 is at this time provided in the heat spreader 14. Fig. 10 shows how a layer 18 of
thermally conductivie epaxy-issdeposiedmvertbetdnp surface,ef.cavity 46, the Ieqdie k0 is.attacked

explained using Figs. 9 through 13.

Fig. 9 shows how TAB tape 20 is attached to the heat spreader 14
using the adhesive layer 22 of tape 20. Tape 20 contains, as has
previously been indicated, the adhesive layer 22, the layer 24 of
copper traces for the interconnect network of the tape 20 and the
solder mask layer 24. The adhesive layer 22 is cured after the tape 20
has been attached to the heat spreader 14. Cavity 46 is at this time

provided in the heat spreader 14.

Fig. 10 shows how a layer 18 of thermally conductive epoxy is
deposited over the top surface of cavity 46, the IC die 10 is attached
to the heat spreader 14 by means of this layer 18. The epoxy layer 18
is cured after the IC die 10 has been inserted into cavity 46. The
opening 44 between the sides of IC die 10 and the stiffener 14 is at
this time vacant and will be filled during a subsequent processing

step.

Fig. 11 shows how the contact points on the IC die 10 are
connected, by wire bonding, to the copper traces in layer 24 of tape

20. Bond wire 40 is typically a signal connector while bond wire 42,
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to the heat spreader 14 by means of this layer 18. The epoxy layer 18 is cured after the IC die 10 has
been inserted into cavity 46. The opening 44 between the sides of IC die 10 and the stiffener 14 is at this
time vacant and will be filled during a subsequent processing step. Fig. 11 shows hewaihei contacs points
on the IC die 10 are connected, by wire bonding, to the copper traces in layer 24 of tape 20. Bond wire
40 is typicatty arsignaheernectes vwhite-bpedwire 42;HS8 16 Apidl 2005 owvhich eenmreeia eontgctipoint on
the IC die 10 to the stiffener 14, is typically a ground connection. Fig. 12 shows how the IC die 10 is
encapsulated usingla molding ndompoundtmaterial applied by transfer molding to surround the die 10
forming the encapsulation layer 48. It must be noted that this layer not only surrounds the IC die 10 but
also covers the bond wires. The ink markings of the unit are applied. The final molding compound layer
48 is post mold cured after injectio and{r'nk- rked at the same time. Fig. 13 shows the attachment of
tne soidor balls 30. i GroPReE eNEntLS) G revion i THCATGI e Biocs o Ariiirarte.soider
balls and dogs,therefare.not need any; fusther explanation at, this, point. For extremely.fing pitch packages,
where the distance between the contact points of the IC die is very small, the inner lead bonding
packages isbettersuited Wire bonding requites better accesstodbenoted that this layer

not only surrounds the IC die 10 but also covers the bond wires. The

ink markings of the unit are applied. The final molding compound layer

48 is post mold cured after injection and ink-marked at the same time.

Fig. 13 shows the attachment of the solder balls 30, this process
is identical to the previously highlighted process of attaching the
solder balls and does therefore not need any further explanation at

this point.

For extremely fine pitch packages, where the distance between the
contact points of the IC die is very small, the inner lead bonding
packages is better suited. Wire bonding requires better access to the
bonding contact points and is therefore not suited to extremely fine
pitch connections. Wire bonding is therefore typically used for
packages with larger pitch interconnects, these packages tend to be
more expensive to produce. The wire used during the wire bonding
operation also introduces larger parasitic elements into the circuit
configuration resulting in limiting the high-end frequency range over

which wire bonded packages can be used.
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bonding contact points and is therefore not suited to extremely fine pitch connections. Wire bonding is
therefore typically used for packages with larger pitch interconnects, these packages tend to be more
expensive to produce. The wire used during the wire bonding operation also introducesdarger patasitic
elements into the circuit configuration resulting in limiting the high-end frequency range over which wire
bonded packages candgjusede 19tk Aprih 2005sAllheughdbe-inyentian hasibeen sesssibedwand
illustrated with reference to specific illustrative embodiments thereof, it is not intended that the invention
be limited te frosenitkistrativee enfbodimentst Thosessldlhed i tiver bt Wilkrezognize that varfations and
modifications can be made without departing from the spirit of the invention. It is therefore intended to
include withiry BR&'fVerition dIFsdel YakATBNS and Middifictforyd Wiich falf Withiry tHE scope of the
appended claims and equiyalents thereof. 20 15 April 2005 What is claimed is: 1. A method for
e sombling G A AR At A BONINEC (B Sadikagd amEranie HovainG AT higisian Circu
(IC) die; proyiding.a flexible JAB tapey saigflexible TAR tapg.comprising 4, firstorlowerlayer,a second
or center layer and a third or upper

invention. It is therefore intended to include within the invention

all such variations and modifications which fall within the scope of

the appended claims and equivalents thereof.
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layer, said third or upper layer comprising an adhesive layer; attaching said die to a back wall of a cavity
in a stiffener using a thermally conductive adhesive; attaching said flexible TAB tape to the stiffener using
a tape adhesive; curing said thermally conductive material; bonding copper tracesiof said flexilesT AB
tape to corresponding bond pads of the die using wire bond techniques; encapsulating said IC die inside
said cavityyenelasing saigglie and said TAB wire bond connections, using encapsulating material; curing
said encapsulating material; applying solder flux to one or more solder balls; applying the one or more

solder balls to copdctiys pags,on said, flexible FAB tane; re;flowy saidiselder . balls ky.applying heat;

cleaning excess solder flux from the conductive pads using an appropriate cleaning agent; and dry
baking thepEAB=packagen2L 45pApril 2005 2. The method of claim 1 wherein said lower layer comprising:
a first opening for insertion of said IC die; a solder mask layer comprising interconnect points between
said flexilhte TAB tape and saicoore of Moresoldef Isallsi awifirst array of conductive pads, a pitch

between said conductive
providing a flexible TAB tape, said flexible TAB tape comprising a

first or lower layer, a second or center layer and a third or upper
layer, said third or upper layer comprising an adhesive layer;
attaching said die to a back wall of a cavity in a stiffener using a
thermally conductive adhesive;

attaching said flexible TAB tape to the stiffener using a tape
adhesive;

curing said thermally conductive material;

bonding copper traces of said flexible TAB tape to corresponding bond
pads of the die using wire bond techniques;

encapsulating said IC die inside said cavity, enclosing said die and
said TAB wire bond connections, using encapsulating material;

curing said encapsulating material;

applying solder flux to one or more solder balls;

applying the one or more solder balls to conductive pads on said
flexible TAB tape;

re-flow said solder balls by applying heat;

cleaning excess solder flux from the conductive pads using an
appropriate cleaning agent; and

dry baking the TAB package.
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pads being between about 1 and 2 mm, a diameter of said conductive pad being between about 0.5 and
1.0 mm; and a conductive pad in said first array of conductive pads having an opening aligning with a
matching opening in said center and said upper layer. 3. The method of claim 1, sail center lagers
comprising: a second opening for insertion of said IC die, said second opening aligning with a first
opening inzsaid boemtayeracepper fraces with aesecend armaywef-conguctive padss saig: copper traces
forming metal interconnect lines using TAB inner lead bonding connections between free standing ends
protrudingantoisaid secondopgeringrersd ancarray of cohdictivegrads within said IC die, said second
array of conductive pads being aligned with a first array of conductive pads on said lower layer of said
TAB tape; antPa tonditive 5ad in SAPSeENd atfay 6FEBREGELIVE pats ail§HEh SSpehing aligning with

a matching ppening in said lower and said, upper layer. 4. The method of claim 1, said center layer
comprisingf:?gxs{]ebgc%n ggeﬁﬁ‘?gefoarr}%sgr ion g said'IC die, 22 ?[égﬁpnl%gﬁs said second opening aligning

with a first gpeningin said bottem Jayer.Gopper.taces with arsgrond.anay of congdugtive;pads, said
copper traces forming metal interconnect lines using wire bonding connections
pads being between about 1 and 2 mm, a diameter of said conductive pad
being between about 0.5 and 1.0 mm; and
a conductive pad in said first array of conductive pads having an

opening aligning with a matching opening in said center and said upper

layer.

3. The method of claim 1, said center layer comprising:

a second opening for insertion of said IC die, said second opening
aligning with a first opening in said bottom layer;

copper traces with a second array of conductive pads, said copper
traces forming metal interconnect lines using TAB inner lead bonding
connections between free standing ends protruding into said second
opening and an array of conductive pads within said IC die, said
second array of conductive pads being aligned with a first array of
conductive pads on said lower layer of said TAB tape; and

a conductive pad in said second array of conductive pads having an
opening aligning with a matching opening in said lower and said upper

layer.

4., The method of claim 1, said center layer comprising:
a second opening for insertion of said IC die,
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between said interconnect lines and an array of conductive pads within said IC die, said second array of
conductive pads of said copper traces aligning with a first array of conductive pads on said lower layer of
said TAB tape; and a conductive pad in said second array of conductive pads having axpojperning aligning
with a matching opening in said lower and said upper layer. 5. The method of claim 1, said upper layer
comprisingaa thikd epeaing &oriingertian saith |G die, saidihird epenringalighing iwithe segond opening in
said center layer; an adhesive layer, said adhesive layer being an interface between said TAB tape and
said stiffeneryattaching said TAB tape to said stiffener; and an opening aligning with a matching opening
in said lower and said center layer. 6. The method of claim 1, said stiffener being a copper stiffener
comprising’ @R avity forndeftidn of saff feHier 231 ApfiP2085 Y eléttfically 2oAdEeRYE Surface plated
with a metg!:that is w%%t%t?le b%tsollder tchis metal bgirﬂrq selected from the %rou($. consisting %f. silver or
gold; and a material avmgOI at e?ma?%x%]éﬁgflonnegoe icient Blgiﬁrégaﬁvﬁr%%m%?e 3l/ng,q88ppo a thermal
eXpanﬁonﬁg%ﬁggﬁnégqé”%ﬁ%%rconnect lines and an array of conductive pads within

said IC die, said second array of conductive pads of said copper
traces aligning with a first array of conductive pads on said lower
layer of said TAB tape; and

a conductive pad in said second array of conductive pads having an
opening aligning with a matching opening in said lower and said upper

layer.

5. The method of claim 1, said upper layer comprising:

a third opening for insertion said IC die, said third opening aligning
with a second opening in said center layer;

an adhesive layer, said adhesive layer being an interface between said
TAB tape and said stiffener, attaching said TAB tape to said
stiffener; and

an opening aligning with a matching opening in said lower and said

center layer.

6. The method of claim 1, said stiffener being a copper stiffener
comprising:

a cavity for insertion of said IC die;
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7. A method for assembling a multiplicity of Tape Automated Bonding (TAB) packages, comprising:
providing a multiplicity of IC die; providing a flexible TAB tape comprising a multiplicity of flexible TAB
tapes, said flex tapes comprising a first layer, a second layer and an upper layer, sadaipper lagep
comprising an adhesive layer; providing a carrier strip; providing a multiplicity of stiffeners having a
cavity; attashingesaidimultiplicityref siiffenersde said cardeeatrip; tseparing saisbmultiplicity of flex tapes
into individual sections of flex tapes, a section of flex tape accomodating a stiffener; transporting said
stiffeners tossucdessive work Statiohs sisireg-saidocarrhersstrijras@ means-oktransportationi eachavork
station being dedicated to and being equipped for performing at least one of assembly dedicated to a
sequence %%a%%éﬁ?dqirf@rsﬁiﬂ%ijlt?ﬁl%ity of Tape Automated Bonding (TAB) packages; providing a

stiffener with a ectioaq[ogflex tape; a}tltgcrtgiqg anIC dietoa Cpeafc wall of a cavity in a stiffener fgrming part
if

of said muﬁiﬁ?ﬁzl 3e/rojf S e%\élrg%safngt a t]ﬁearmaﬁ@p@c?nsdllf&iv% a ie%%\?&tZ 15, pﬁp%%gt‘?atc n¥g a
section of flgxible tape tQ @amatehing stiffener using rtape adhgsive; curing said thermally conductive
adhesive;

7. A method for assembling a multiplicity of Tape Automated Bonding
(TAB) packages, comprising:

providing a multiplicity of IC die;

providing a flexible TAB tape comprising a multiplicity of flexible
TAB tapes, said flex tapes comprising a first layer, a second layer
and an upper layer, said upper layer comprising an adhesive layer;
providing a carrier strip;

providing a multiplicity of stiffeners having a cavity;

attaching said multiplicity of stiffeners to said carrier strip;
separating said multiplicity of flex tapes into individual sections of
flex tapes, a section of flex tape accomodating a stiffener;
transporting said stiffeners to successive work stations using said
carrier strip as a means of transportation, each work station being
dedicated to and being equipped for performing at least one of
assembly dedicated to a sequence of assembling said multiplicity of
Tape Automated Bonding (TAB) packages;

providing a stiffener with a section of flex tape;

attaching an IC die to a back wall of a cavity in a stiffener forming
part of said multiplicity of stiffeners using a thermally conductive

adhesive;
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bonding copper traces on said flexible TAB tape to corresponding bond pads of an IC die using inner
bond leads; encapsulating said IC die inside said cavity, enclosing said die and TAB inner lead bond
connections; curing said encapsulating material; applying solder flux to at least one sokderbalb @pplying
at least one solder ball to conductive pads on said flexible TAB tape; re-flow said solder balls by applying
heat; cleanipgexcass soldet fluxfram carductive pags orvsaidflexiblendAB: tapeusing amappropriate
cleaning agent; dry baking the TAB package; and separating said multiplicity of stiffeners into individual
stiffeners. Bafheamiethodof claim 7, wherein: said first layer comprises a solder mask being interconnect
points between said flexible TAB and solder balls, further comprising a first array of conductive pads, a
pitch betw&8R 'S4id toHduchveFdds be it Wetiveerrabeat-Y aind 2 mm, a diameter of a conductive pad
being bet%%%% about 0.5 and 1.0 mm furthegndg#e com%risre?sBagirst ort)gnicn for insegi,lon oL(s)%igl IC die,

1Nng. CO er races (’m Sald. exX1 e,. respon n . .
furthermore comp?lsespf conductive pad in” sai irst array o condtictive pads ha\%ng an CE)penlng aligning

with a 25 15 April 2005 matching oneningina-cepier and an.upper layer of said flexible TAB tape;

encapsulating said IC die inside said cavity, enclosing said die and
TAB inner lead bond connections;

curing said encapsulating material;

applying solder flux to at least one solder ball;

applying at least one solder ball to conductive pads on said flexible
TAB tape;

re-flow said solder balls by applying heat;

cleaning excess solder flux from conductive pads on said flexible TAB
tape using an appropriate cleaning agent;

dry baking the TAB package; and

separating said multiplicity of stiffeners into individual stiffeners.

8. The method of claim 7, wherein:

said first layer comprises a solder mask being interconnect points
between said flexible TAB and solder balls, further comprising a first
array of conductive pads, a pitch between said conductive pads being
between about 1 and 2 mm, a diameter of a conductive pad being between
about 0.5 and 1.0 mm, furthermore comprises a first opening for
insertion of said IC die, furthermore comprises a conductive pad in

said first array of conductive pads having an opening aligning with a
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said second layer comprises a second opening for insertion of said IC die, said second opening aligning
with said first opening in said lower layer, further comprises copper traces with a second array of
conductive pads, said copper traces forming metal interconnect lines using wire bandimgrdanrections
between said copper traces and an array of conductive pads on said IC die, said copper traces
emanatingd¥ean said seeandopeningde said centeslayespsaidisgeond arrayief condustivepads aligning
with said first array of conductive pads on said lower layer of said TAB tape, furthermore comprises a
conductive-grad in said second array of conductive pads having an opening aligning with a matching
opening in a conductive pad of said lower and said upper layer; and said upper layer comprises an
adhesive 18§éf sHid AethesVE fay&t™ Forhiing an ﬁﬁ%?%g)e%’@ﬁ}\?é% §afd TAB tdpeant said stiffener,
attaching said TAB .tgpe to sajd stiffener, fuﬂhermore g(%@psriasleg afithird opening for insé%qign of said IC

die, said third bp%%llng Saﬁﬁﬁﬁng With'said Secona %%evﬁmg in'Said center Ig%ﬁjfu?thle?more comprises an

opening aligning Wiy%@rm%@w&p@a}ﬂgﬂ@%d é%‘ﬁ‘!]f@éra@%ié@é% cenier layer nthe methog:of claim 7,

said multiplicity of stiffeners comprising copper, a stiffener of said multiplicity of stiffeners comprising: a
cavity for inserionefsaishiG dies 261 16ApeEh2005 asselestrically eerductive: sudfacediated with a metal
being wettable

using wire bonding connections between said copper traces and an array

of conductive pads on said IC die, said copper traces emanating from

said second opening in said center layer, said second array of

conductive pads aligning with said first array of conductive pads on

said lower layer of said TAB tape, furthermore comprises a conductive

pad in said second array of conductive pads having an opening aligning

with a matching opening in a conductive pad of said lower and said

upper layer; and

said upper layer comprises an adhesive layer, said adhesive layer

forming an interface between said TAB tape and said stiffener,

attaching said TAB tape to said stiffener, furthermore comprises a

third opening for insertion of said IC die, said third opening

aligning with said second opening in said center layer, furthermore

comprises an opening aligning with a matching opening in said lower

and said center layer.

9. The method of claim 7, said multiplicity of stiffeners comprising
copper, a stiffener of said multiplicity of stiffeners comprising:

a cavity for insertion of said IC die;
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by solder, the metal being selected from the group consisting of silver or gold; and a material having a
thermal coefficient of expansion being about equal to a thermal coefficient of expansion of silicon. 10. A
method for assembling a multiplicity of Tape Automated Bonding (TAB) packages, Saisjrackayess
comprising an Integrated Circuit die, comprising the steps of: providing a multiplicity of IC die; providing a
flexible tapacemyrising a1 myltiplicityafilex tapes, csaish iex tapas comprisiag a-first priewesdayer, a
second or center layer and an upper layer, said upper layer comprising an adhesive layer; providing a
carrier stripypreovidieg, a rheltipticiey: op stiffenees havary acavityheattaching said multiplicity of stiffeners to
said carrier strip; separating said multiplicity of flex tapes into individual sections of flex tapes, each
section of fléX t&pe Hccdmbdatind one stiffener; transporting said stiffeners to successive work stations

using said c%rarjcer sitgg s a means cﬁ translpocrtatji%?, eac woogk station bein dedicg{éed to and tieing

equipped for per?orrmlng Stleast one s?égaassgﬁ 'ﬁalseéi multi%fr%ﬁyr}%]folnapee Altomated Beo%lcﬂng (TAB)

packages;. praviding each stiffeper with aJpatching segtion-offlex tape; attaching an IC die to a back wall
of said cavity in a stiffener using a thermally conductive adhesive; 27

10. A method for assembling a multiplicity of Tape Automated Bonding
(TAB) packages, said packages comprising an Integrated Circuit die,
comprising the steps of:

providing a multiplicity of IC die;

providing a flexible tape comprising a multiplicity of flex tapes,
said flex tapes comprising a first or lower layer, a second or center
layer and an upper layer, said upper layer comprising an adhesive
layer;

providing a carrier strip;

providing a multiplicity of stiffeners having a cavity;

attaching said multiplicity of stiffeners to said carrier strip;
separating said multiplicity of flex tapes into individual sections of
flex tapes, each section of flex tape accomodating one stiffener;
transporting said stiffeners to successive work stations using said
carrier strip as a means of transportation, each work station being
dedicated to and being equipped for performing at least one step
assembling said multiplicity of Tape Automated Bonding (TAB) packages;
providing each stiffener with a matching section of flex tape;
attaching an IC die to a back wall of said cavity in a stiffener using

a thermally conductive adhesive;
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15 April 2005 attaching a section of flexible tape to its matching stiffener using tape adhesive; curing said
thermally conductive adhesive; bonding copper traces on said flex tape to corresponding bond pads of
the IC die using wire bonding techniques; encapsulating said IC die inside said cavity efcsaid stiffener,
enclosing said die and said TAB inner lead bond connections; curing said encapsulating material;
applying selderdluxtp at least one salder ballp alaching atleast ane-soldes batlitorconductiyengads on
said flex tape; re-flow said solder balls by applying heat; cleaning excess solder flux from conductive
pads of saidiflexadpesusig an appropriate cleaning agent; dry baking the TAB package; and separating
said multiplicity of stiffeners into individual stiffeners. 11. The method of claim 10, wherein: said first or
lower layefisrasdldér-maskestinterconteit pbirts BeRFeén said TAB tape and said plurality of solder
balls, furthermore cor(gg)rises a first array of fgnglf&ivg ads, a pitch betwegg said conductive pads being

between about 1 and 2 mm, & diameter of said conducti 8pﬂaod 8|rn]i;e88?v{}eeﬁ%b%%rf Band 1.0 mm,

furthermore,comprises a,first PRening,for insertion of said IC die, furthermore comprises a conductive
pad in said first array of

encapsulating said IC die inside said cavity of said stiffener,
enclosing said die and said TAB inner lead bond connections;
curing said encapsulating material;

applying solder flux to at least one solder ball;

attaching at least one solder ball to conductive pads on said flex
tape;

re-flow said solder balls by applying heat;

cleaning excess solder flux from conductive pads of said flex tape
using an appropriate cleaning agent;

dry baking the TAB package; and

separating said multiplicity of stiffeners into individual stiffeners.

11. The method of claim 10, wherein:

said first or lower layer is a solder mask of interconnect points
between said TAB tape and said plurality of solder balls, furthermore
comprises a first array of conductive pads, a

pitch between said conductive pads being between about 1 and 2 mm, a
diameter of said conductive pad being between about 0.5 and 1.0 mm,
furthermore comprises a first opening for insertion of said IC die,

furthermore comprises a conductive pad in said first array of
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28 15 April 2005 conductive pads having an opening aligning with a matching opening in a center and an
upper layer of said flexible tape; said second or center layer comprises a second opening for insertion of
an IC die, said second opening aligning with said first opening in said lower layer, furthermare comprises
copper traces with a second array of conductive pads, said copper traces forming metal interconnect
lines using-wirekendingeennectionsbatweer free; standing.gnes prowuding-inta saigsecogdigpening,
said copper traces emanating from said second opening in said center layer, said second array of
conductivexpads tignimgt with saieefirst array off cenrddctiMe :pddsohagaid lower layer of said TAB tape,
furthermore comprises a conductive pad in said second array of conductive pads having an opening
aligning with 5°mtERing GPerifgtif’sdia Y6Wer AfdrFan thper S Riyet DfSfid Hexibie tapBSand sdid upper
layer comeres ap §d£%sive layer, said gdhesive Iayae[ forming alnt'mtgggge tbiertween said TAB tape and

e g Said TAB tape 1o safd stiffeher, ftharmare comprises a-third opening for

said stiffener attac
insertion of said IG die, said thirdopening, aligningwithsaid sggond epening ip;said.center layer. 12. The

method of claim 10, wherein said multiplicity of stiffeners comprising copper, a stiffener of said multiplicity

of stiffenersr eomprisingnacavitydfor drsertioniof saigdderdieraces forming metal
interconnect lines using wire bonding connections between free
standing ends protruding into said second opening, said copper traces
emanating from said second opening in said center layer, said second
array of conductive pads aligning with said first array of conductive
pads on said lower layer of said TAB tape, furthermore comprises a
conductive pad in said second array of conductive pads having an
opening aligning with a matching opening in said lower and an upper
layer of said flexible tape; and
said upper layer comprises an adhesive layer, said adhesive layer
forming an interface between said TAB tape and said stiffener
attaching said TAB tape to said stiffener, furthermore comprises a

third opening for insertion of said IC die, said third opening

aligning with said second opening in said center layer.

12. The method of claim 10, wherein said multiplicity of stiffeners
comprising copper, a stiffener of said multiplicity of stiffeners
comprising:

a cavity for insertion of said IC die;
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29 15 April 2005 a conductive surface plated with a metal being wettable by solder, this metal being
selected from the group consisting of silver or gold; and a material having a thermal expansion coefficient
being about equal to a thermal coefficient of silicon. 30 15 April 2005

a conductive surface plated with a metal being wettable by solder,
this metal being selected from the group consisting of silver or gold;
and

a material having a thermal expansion coefficient being about equal to

a thermal coefficient of silicon.
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