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The present invention relates to the surface mounting of electronic components and more
particularly to a mounting technique that permits easy removal and replacement when rework is

" required.
BACKGROUND OF THE INVENTION

It is common practice in electronic packaging to provide carrier structures with enhanced
heat dissipation characteristics; to assist in the cooling of attached components and subassemblies.
With specific emphasis on chip on flex (COF) é.nd chip. on board (COB) packaging used for direct
attach of integrated circuit chips to a vé.riety of carriers including flexible polyimides, glass
reinforced epoxy (FR4), and ceramic circuit carriers, a structure which provides not only
enhanced heat dissipation, but also added ground or electrical shielding characteristics is generally |

provided using two techniques.

The first technique involves directly affixing integrated circuit chips to metal heatsinks that
are bonded or laminated to the circuit carriers. In these applications, wirebonded chips are
gene%ally attached to the metal heatsinks with epoxy based adhesives that may contain |
incorporated electrically conductive particles and/or thermally conduct'ive particles to reduce
thermal resistances of chip-heatsink interfaces. - The second technique involves directly affixing
integrated circuit chips to circuit carrier surfaces possessing chip attach pad locations that are
electrically and thermally interconnected by metal filled or plated vias to large metal ground or

shielding planes present within or on the opposing side of the circuit carrier.

Although direct chip attach (DCA) to either heatsink structure provides an effective
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chip packages these yield losses can usually range to several percent, while yield losses in multi-
chip assembly configurations can range to 30% or more depending on the assembly complexity.
Given the aggregate potential for assembly yield loss coupled with the high volume manufacturing
requirements associated with assembly of most packages that rely on chip on flex (COF) and chip
on board (COB) technologies (typically 1,060 to 100,000 per week), it is clear that significant
cost savings could be realized by the development and implementation of a siinple and cost

effective DCA to heatsink packaging structure that supports chip rework and replacement.

A resolution to the above problems is found in the application of the techniques of U.S.
Patent application Ser. No. 08/349,854, filed December 6, 1994, and entitled REWORKABLE '
ELECTRONIC APPARATUS HAVING A FUSIBLE LAYER FOR ADHESIVELY
ATTACHED COMPONENTS, AND METHOD THEREFOR and U.S. Patent application Ser.
No. 08/530,452, filed September 19, 1995 and entitlted METHOD AND SYSTEM FOR
REWORKABLE DIRECT CHIP ATTACH (DCA) STRUCTURE WITH THERMAL
ENHANCEMENT, both assigned to the assignee of the present Patent Application. The use of a
layer of fusible material, such as solder, enables the adhesive or cement that bonds the chip to the
carrier to be removed with the chip. This avoids the necessity to scrape, grind or abrade the
carrier location of chip attachment to remove residual cement or adhesive. Accordingly, the

difficulty, cost and added part loss occasioned by the residual cement removal procedure are

avoided.

Although these solutions are a resolution of the problem, the application of heat is
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I sol ation, the adhesives used to affix chips to heatsinks or carrier
surfaces are not readily reworkable. Therefore the vast majority of

el ectrical, manufacturing assenbly, and test | osses associated with the
chip assenbly are non-recoverable. These yield detractors enconpass known
good di Qeq]ﬁmo EFBUBE sEPAFatiORS ITHeQBMPEralledmAst H8 FRlaY edlgh 1R S AGhY Rlsiie
process flow defects including adhesive overfl ow onto bond pads,

m sor i efatediabruficiently herdlense the ehimBigedhel castienvhiletmonhbeipghigk enougbdogaimageon

errors, WML PRERS;; ..as 0 t- est .

I nt rodué%&qegyf)gg{)g@gﬂ%r m%nglf glstch\i%?%)}n Sg'c fﬁ%@tt%e@ gc%agﬁ %S)’I%oe sge)és?ggaﬁmﬁfghal |y
range t casageebletemperarenstrangesj the rewarkihg weddbe expeditddtif the phogessasisepiration

confi guratipns..can range to 30% or note depending on the assenbly

conpl ex ey 8@@%&%@@’@&?@8‘&?&5@%9%&158 VARG ERPCTAYPel d | oss coupl ed
with the high volune manufacturing requirenents associated wth assenbly of

nmost packages that rely on chip on flex (COF) and chip on board (COB)
t echnol ogi esWheyp ghecegrrisy usediz@ hestsinkothpdwatdissipatiengharacteristicsanakerthe hat

O SRS RS o B B BB e Bt o
str uEt uahl;ernzh'ae te g‘lemoéess oif’t'\qatigguwds;mlﬂy woyld be eﬂwm%greart]er beneﬁr:. A meﬁe)dlillc:ac't Og
to the above, problens is found jn the | cation o e techni ques of U S
Pat ent H5pHS fegﬁpmﬂwhem#@sﬂﬁwﬂwﬁp 5&1 the asspsably pyow gt oplycsimplify ghe

entitle rdaaé\%/éﬁb%EWH&&%MW%&MM%&%%&%?&@&
ADHESI VELY ATTACHED COVPONENTS,  AND METHOD THEREFOR and U.S. Pat ent

appl i carewsnkegieassenpdies.08/ 530, 452, filed Septenber 19, 1995 and entitled
METHOD AND SYSTEM FOR REWORKABLE DI RECT CH P ATTACH (DCA) STRUCTURE W TH
THERMAL ENHANCEMENT, bath assigned to the assignee of the present Patent
Appl i cat i on. Fudiifer 46& behefils EGI@ be ahidvédiifthe cifBd SdtediVe atPdthiheASof IR Gifdct
enabl es the adhesive or cenent that bonds the chip to the

attach device could be wholly eliminated. The adhesive application and cure processes are time

consuming and expensive, and can account for a significant portion of the manufacturing assembly
costs of small form factor packages. For example, the adhesive dispense and cure operations
required for conventional direct chip attach on arm electronics cables such as those used in state
of the art small rigid disk drive products can encompass approximately 25 percent of the total
component subassembly cost. Moreover, as previously discussed, once the epoxy adhesive is
cured, rework/repair or replacerrient of defective chips or chip site defects is not cost effective.
Ther-efore, the development of an economical chip attach structure and assembly process that is
both reworkable and provides for elimination of costly and time consuming adhesive processing
steps is of great economic value to industries that provide high volume form factor packaging of

electronic assemblies.

A still further problem associated with electronic assemblies used in particular
environments is the compactness required to meet the requirements of specific applications. For

example, flexible circuitry and card electronic assemblies used in rigid disk data storage devices,
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electronics usually drives one or more forms of packaging minimization including the use of thin,
flexible carrier materials with fine line/space/via wiring, small passive discrete components and
varidus' direct chip attach technologies to support integration and placement of silicon devices
include wirebonded chip on flex and wirebonded chip on board attach methods. However, in
addition to providing for space savings, the packaging design and assembly methdds must also
support high volumé, low prqﬁt margin manufacturing, since the bulk of high density f‘oﬁn factor

packaging is used in low cost consumer electronics applications.

Unfortunately, low cost manufacture of form factor electronics ﬁsing direct chip attach
technology is inherently difficult, since most all direct chip attach processes and package
structures are relatively expensive to produce, as manufacturing requires multiple steps with
specialized equipment,, and slow throughput batch assembly steps involving chip adhesive and/or
encapsulant application and cure steps. Moreover, additional cost is usually incurred from
assembly fallout due to inability to test for known good chips and from inability to rework many
direct chip attach structures in use today. Additionally, the mé_ny steps requires for direct chip
attach assembly, ultimate manufacturing cost, yields, and subsequent integration of direct chip
attach carrier assemblies into the form factor packages are also highly dependent on the

application specific carrier package designs.
SUMMARY OF THE INVENTION

In the present invention, chip rework capability for DCA to heatsink packaging

configurations is provided through use of separable metal heatsink laminate and heatsink tape
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using a conventional (ie non-reworkable) die attach adhesive. After the chip attach adhesive has
cured, electrical connection of the chip input/output terminal pads to the carrier circuitry are made

with wire bonds.

‘ When defects are present that require chip removal and replacement for repair of the
electronic component or assembly, the chfp and die attach adhesive are readily removed by
peeling away the separable metal foil layer of the heatsink laminate in the area of the attached
chip. Defective chip assembly removal is accomplished by first mechanically removing all
wirebonds and cutting through the metal foil bonded to the base metal heatsink in the vicinity of
the die attach adhesive perimeter using manual tools or patterned stamp cutting methods. _Néxt,
an eage or corner of the foil is peeled up from the base metal heatsink, followed by complete
removal of the area of foil around and under the chip and die attach adhesive. Because the die
attach adhesive and defective chip are bonded to the foil, simultaneous removal of both chip and
die attach adhesive occurs as the metal foil is peeled off the base metal heatsink. Chip
replacement is accomplished by simply attaching a new chip to the base heatéink material using

fresh die attach adhesive, followed by wirebond attachment to carrier interconnect pad surfaces.

The use of a laminated heatsink including a foil layer permits the use of a foil of one metal



4 tel econmuni cati ons equi pnent, portable conputers, conputer peripherals,
and a host of consuner electronics generally require high density packagi ng
of conponents and conpact efficient electronic carrier integration in form
factor packages. The physical constraints within the various formfactor
designs in many of these packaging applications restricts both area and

hei ght avail,able.for e|lectrical carrier wring conponent placenents, device
interco neh“gcat }fegi’fg‘,k fgﬂﬂe‘t‘éﬁ?"r‘ﬁog}er Metal Lo MR AThYay IR eheracisistss indhgiamdnatedrhe

limted éthicRge dTyHEER iispmaluséBa&fppawﬁiulta%a%wto% &Rk SF tHOQRm ated SNy
drives one ar nore fornms of packagi n% mnimza f

, I p _ tion including the use©o
thin, fldemble cHhis cenfigumationiinplso upabfe on mboard wish épeimal sround\plenesgyhignal |

passive gl stieks fapgnents and various direct chip attach technologies to
support 1 ntegration and placenment of silicon devices include w rebonded
chip on flex and wi rebonded chip on board attach nethods. However, in
addition to ovidin or. space. savi ngs, the packagi ng desi gn and assenbly
met hods must I@S%Dg"ﬂg?‘imﬁ?'g‘?ftb?)ﬂ‘!ﬁgwﬁ B d e rattachintegratediaifmitdeyviceiing,
since thechre o e datrike of RBALIhY af e ThipAfatll 10BAIAIINBG f it st
consuner el ectronics appli calt i gns. Iaﬂfp ° U?Portng%af?gﬂdf%gbvgrc‘%@&ﬁ'%
manuf act eaatingon taghrsidectotafford bethtar simplified assemblydind attachmin st dterelwhileprovitingy
o ckane 180 bast of ek when feqlifé, By bivifly the'pebiEbie £l tafer 3t i atabAenk Trtertace.

The foil layer may be used ‘either at a chip attach location on the carrier or at the surface of a

metal heatsink that is adhered to the carrier assembly at a hole in the carrier that defines the chip

attach location. In this configuration, elimination of chip attach adhesive is achieved.

A further modified form of the invention may be used when it is critically important to
achieve a compact electronic assembly structure or minimize the profile of an electronic package
including a direct attach integrated circuit device and a carrier assembly. To reduce the maximum
height of the electronic package, the chip attach site in the carrier assembly is defined by aligned
openings that extend through both the carrier and a heatsink or heat spreader which is adhered to
the carrier. A foil layer adjoins the heatsink and has the adjoining surface coated with a pressure
sensitive adhesive to bond the foil to the heatsink and present an adhesive coated surface at the
chip attach location. If the' electronic package is to be supported on an adjacent surface of the
asso;:iated device, the foil is provided with an adhesive coating on both surfaces. The foil
adhesive costing at the surface remote from the carrier element can be covered with a release

sheet to protect the adhesive layer prior to the assembly of the electronic packagé to the using

device.

In any of the applications shown and described, the adhesive layer or layers on the foil may
contain filler materials to enhance the thermal conductivity, make the adhesive layer electrically

conductive or impart both characteristics to the adhesive layer or coating. Moreover, the use of
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diminished concentration of energy at the bonding interface reduces the quality of the bond.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an interrupted elevation view, partially in section, of a chip carrier with a heatsink
mounted at a cutout chip attachment site including the laminated heatsink structure of the present

invention with a continuous foil layer.

Fig. 2 is similar to Fig. 1, but includes a patterned foil layér laminated to the heatsink
solely at the chip attach site. .
Fig. 3 is similar to Fig. 1 and further includes a fusible layer intermediate the laminated

heat sink and the die attach adhesive securing the chip.

Fig. 4 is similar to Fig. 2 further including a fusible layer between the patterned foil and

the die attach adhesive.

Fig. 5 is an interrupted elevation view, partly in section, with a heatsink mounted at a

cutout chip attachment site and the chip attached using a foil layer with double sided adhesive.

.- Fig. 6 is a prior art showing of chip on flex mounting wherein the chip is secured to a heat

spreader laminated to the carrier assembly.

Fig. 7 illustrates the tape cavity packaging (TCP) of the present invention wherein the chip
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layer 24 which are laminated together by an adhesive layer or film 26. The heatsink laminate
assembly 20 is secured to the carrier 12 by an adhésive bonding film 28. Chip 10 is mounted on
the heatsink laminate assembly 20 by a die attach adhesive 30, such as a cured epoxy material
which is non-reworkable. When it is necessary to remove the chip, using the die attach adhesive
material 30 as the separation interface, the cured adhesive breaks away irfegularly, requiring that
the portion that remains on the carrier assembly to be scrapped or abraded from the surface before

a replacement chip may be installed.

The heatsink laminate assembly 20 includes the metal heatsink 22, a foil layer 24, and an
adhesivg film 26 that bonds the foil to the heatsink. The adhesive film layer 26 may be formed of
dry film adhesive and a corresponding lamination process or, in the preferred form for practicing
the invention, a pressure sensitive adhesive (PSA) either in the form of a free standing sheet or as
a foil tape with a coating on the foil layer. In addition, this adhesive layer may be impregnated

with particles which enhance the thermal conductivity, the electrical conductivity or both.
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When rework of the electronic assembly requires removal and replacement of chip 10, the
wirebonds 14 are mechanically removed and the foil layer is cut in the region 34 between the edge
32 of the carrier cutout opening and the adhesive 30 which cements the chip to the heatsink
laminate assembly. The foil may be cut using manual tools or using patterned stamp cutting
methods. With the foil portion underlying the die attach adhesive 30 severed from the balance of
the foil layer, the foil underlying the die attach adhesive may be peeled away, starting at a corner,
to separate chip, die attach adhesive and foil portion as a unit from the remainder of the carrier
electrical assembly along the interface formed by the PSA adhesfve film 26. Chip replacement can
be effected by mounting a replacement chip with fresh die attach adhesive or by restoring a
patterned layer of foil to the heatsink at the carrier cutout dpening aﬁd thereafter attaching the
replacement chip using die attach adhesive. Replacement is then completed by restoring the
wirebond connections between chip external electrical contacts and corresponding carrier

conductor terminal pads.

Fig. 2 is similar to Fig. 1 in providing a carrier assembly with a cutout opening 32 at which
a chii) 10 is mounted to a heatsink 22 bonded to the carrier 12 by an adhesive 28. In this
embodiment, the foil structure 36, which is patterned to be present only at the chip location within
the carrier opening 32 with the metal heatsink being bonded directly to the carrier 12. The foil
layer is adhered to the metal heatsink 22 by PSA layer or film 38 to provide the interface of
separatién if rework should require that chip 10 be removed. Chip 10 is adheréd to the foil 36 in
the conventional manner _wﬁh die attach adhesive 30 and is connected to the carrier assembly
circuitry by wirebonds 14. The modified assembly structure of Fig. 2 makes the chip removable

directly without the cutting process step that is necessary to separate the foil underlying the chip
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conductive or inpart both characteristics to.the adhesive |ayer or coati ng.

Mor eover fextures eanalsofbe modified through chemical or mechanical means to lower adhesion

characteristics to accommodate easier foil removal during a chip rework/replacement steps.

: Another important feature of the invention is that dissimilar metals in the heatsink
structure can also be used to impart other special properties for assembly applications as well.
For example, by using an aluminum base metal heatsink with a laminate foil layer of copper, the
heatsink can also be made solderable, or made to readily accept noble metal platings. For a
solderable heatsink laminate configuration, a variation of the packaging structure would enable
the process and method described in U.S. Patent application Ser. No. 08/349,854 (previously
identified herein) to be available as an alteﬁlative option for chip removal. This modification of
the {nvention is :i.llustrated in Fig. 3 and Fig. 4, which are respectively similar to Figs. 1 and 2. Fig.
3 shows a heatsink structure for direct chip attach that is similar to the structure of Fig. 1 wherein
an aluminum heatsink 22 is laminated to a copper foil 24, which. completely covers the heatsink
surface, using an adhesive layer or film 26. Overlying the copper foil is a pattern layer of solder
40 in the carrier cutout region where the chip 10 is mounted using die attach adhesive 30.
Likewise, Fig. 4 shows a structure similar to that of Fi.g,.- 2 wherein a pattern coverage of copper
foil 36 is laminated to the heatsink by a PSA film 38 in the carrier chip site cutout area and a layer

of solder 40 on the cbpper foil underlies the chip 10 and die attach adhesive 30. In this



7 filler. material increases adhesive layer rigidity which enhances high
yikel d wi rebonding. As the support for termnal pads is nmade nore rigid, the
ultrasonic energy transferred to the interface where bondi ng occurs
effectively functions to create the wirebond. To the extent that the
bondi ng surface is subject to flexible or resilient support, the ultrasonic
energy can be partially dissipated inparting mcronotion to the term nal
pad which inpairs alignnent and al so the di m ni shed concentration of energy
at the bonding interface reduces the quhlity of the bond. BRI EF

DESCRI PTd () tior e ERMNGRRion to remove mdrepldcel the éip 1 0 vithoutrerdvingehatopper
view, partially in section, of a chip carrier wwth a heatsink nounted at a
cut out  choil feyar atshhtesraurface of the beaseink Bminete 35860t ed heat sink structure of
the present invention with a continuous foil |ayer. Fig. 2is

simlar to Fig. 1, but includes a patterned foil layer |amnated to the
heat si nk When the solder layer is present, the chip may be removed either by peeling away the foil

underlying the combined chip and die attach adhesive, using the adhesive layer, securing the foil
" to the heatsink base, as the interface of separation or by the applicétion of sufficient localized heat
to allow the chip and die attach adhesive to separate from the laminated heatsink assembly with

the solder layer as the interface of separation.

The invention provides an easy and cost effective method for direct chip attach assembly
rework on multiple carrier types including epoxy/glass board, flex and ceramic single chip .
tﬁodules, multi chip modules and circuit board assemblies. Soldering chips to heatsinks requires
:that both chip and heatsink have solderable metallurgy present. Backside metallization on chips is
fairly common, but is expensive. Also, in some instances, cost effective solderable metallizations
on the heatsink structure (such as copper) are incompatible with the packaging application. These
incompatibilities require that expensive noble/semi noble coatings be used in order to solder chips
to heatsink surfaces. By using the invention disclosed herein, need for the use of expensive
heatsink overcoat and backside metallization layers is eliminated. Simple mechanical removal of
chips and adhesives requires the use of milling or grinding operations to remove residual die
attach adhesive from the mounting location on the carrier. These operations are costly, time
consuming, require special tooling and fixturing, can induce damage to components and/or
assemblies, and require use of secondary cleaning operations to rid assemblies of particulate
contamination. Chemical removal of chip adhesives causes many problems similar to those
encountered with mechanical removal operations, along with other issues of doncern including the
need for use of harsh, caustic and environmentally undesirable solutions, and the potential for
chemical incompatibility with some materials comprising the assembly. Secondary cleaning
operations and potential for use of added chemical neutralization steps are also required to
eliminate possible corrosion on reworked assemblies as well. Although chip rework can be used

(ie, good chips glued on top of defective chips, then wirebonded), application of this technique is



solely at the chip attach site. Fig. 3is simlar to Fig. | and
further includes a fusible layer internediate the | am nated heat sink and
the die attach adhesive securing the chip. Fig. 4is simlar to
Fig. 2 further including a fusible |ayer between the patterned foil and the
di e attach adhesi ve. Fig. 5is an interrupted el evation view,
partly in section, with a heatsink nounted at a cutout chip attachnent site
and the chip attached using a foil layer with double sided adhesive.

Fig. 6 is a prior art show ng of chip o flex nmounting wherein the chip is

secur ed Fe& @tea ﬁ}ucﬁ@gf&ggé aJs%l@ttﬁﬂ pb?se%%?é%rc%ﬁ?eﬁ b8 e\[)metnes and - Fig.

7 illustrates the tape ¢ vity packagi n e pres I’ nvention
Wher ei n ndghgibleizpheight form factor packaging constraints. In contrast, the current mventlon is

compatible with tightly pitched direct chip attach wiring geometries, and initially imposed form
factor packaging constraints for most direct chip attach to heatsink packaging configurations for

chip on board, chip on flex, single chip module and multi chip module assemblies.

The embodiment illustrated in Fig. 5 provides the solution to provide for both assembly
cost reduction and chip rework/replacement capability. This combination of capabilities is
achieved through development of a packaging structure and assembly process in which a
removable, double sided, -thermally and/or electrically conductive tape is used as a chip carrier
attach medium in place of conventional dispensed or screen printed chip attach adhesives. i(ey
elements of this direct chip attach package structure are depicted in Fig. 5 and illustrate use of the
disclosed tape/attach 'method for a package st_ructufe similar to that shown in Fig.1. In Fig. S the
comi)lete package structure consists of a base metal heatsink 51 that is laminated to a circuit
carrier 52 (formed of" a material such as polyimide, FR4, epoxy/glass or ceramic) with a patterned
adhesive bonding film 53. Circuit carrier 52 possesses metal circuit wiring 54 and insulating
coverfilm 55 with openings in areas where direct attach of chips 56 to heatsink 51 is required.
However, in the configuration of Fig. 5, chips 56 are attacﬁed to the base metal heatsink 51 using
a metal foil or tape layer 57 that possesses pressure sensitive adhesive layers 59 on both upper and
lower surfaces of the foil 57. The foil/tape 57 with double sided adhesive layers 59 can be applied
to either carrier or chip surfaces via use of patterned decals present on a release sheet or in a tape
and reel form with methods commonly used for attaching labels. A free standing pressure
sensitive adhesive layer (no intermediate foil layer) can also be used as a chip to carrier attach
medium as well, and can be attached using identical methods. Optimum thenﬁal performance
and/o} electrical grounding capabilities are achieved by using a foil 57 with adhesive layer(s) 59
that are both textured and impregnated with thermally and/or electrically conductive particles that
provide heat dissipation and/.or electrical continuity between the carrier/chip attach interfaces.
Particulate fillers also rigidize the chip-carrier interface to enhance wirebonding yield. "Chips 56

are attached to the package via placement onto the surface of pressure sensitive adhesive surface



8 i,s nmounted within aligned openings in a carrier/heatsink assenbly and

secured to a foil layer adhered to the heatsink | ower surface to reduce
wi rebond wire |l engths and heights, sinplify encapsul ation, and reduce the
profile of the conpleted assenbly. DETAI LED DESCRI PTI ON Fig. |

illustrates a direct chip attach (DCA) assenbly wherein a chip 10 is
effectively attached to a base circuit carrier 12 and electrically
connected to the circuitry of such carrier by wi rebonds 14 that extend from
chip external electrical contacts 16 toj3w re traces or termnal pads 18 on

the carrier. Base carrl n a vari et f terials
such as BHI8A ‘fﬂnagnnoélﬁloa)‘('y? Béﬁ%’ge%é%qﬁd‘toﬁ?we aﬁlﬁc c\élnla{f’r%)ém?‘ft'&in E’pfﬁxi bl e
and i ncl jghe/dufgut eermiml 262 @y@ﬁsers:uwaytpamlmdmwmdssw tfrdefeefswuemsem on
term nal portions pre teda Qent he M‘P ?ﬁgatlo @m)ty fromthe
el ectri cp P?‘M%%‘Pé‘ﬁeﬁ'@ Y 5 ithigChiRS 3 WOrKRS UAPRR PR €cut out
Openi N9 Agedbe foilRaped ﬁag.ﬁ)ata@n@a &eféétfv%mp%m@s@setcam‘er SurBik P AlRRr Witebon

heatsink 1s required p I's mounted on heat sink | am nate assenbly 20
whi ch i naxidwdii;:sretrioealndﬁlarepﬂwammnkpmm:lmraughmpnhdat;om of aayw adhpsiveifaibitape

Iamnatedt et her an _adhesi ve. |l aye r,.film?26 k. | am nat e.
hos el yiese Bledeta Pl oot CHE St NP SRt Sids e R aed Breng SR and e i
Chip 10 irbofi@ddYegidnoof the carfiepintdrédnnkétipadat € assenbly 20 by a die attach
adhesive 30, such as a cured epoxy materi al

Figs. 6 and 7 illustrate the current status and a solution to the problem of pfoviding a
compact electronic package that must meet the constraints of the restricted physical ,di'men_sior.ls of
a form factor and further be produced by low profit margin manufacturing techniques compatible
with the requirements of low cost consumer electronics applications. A solution to the broad
based problem is provided through the development of a tape cavity-packaging (TCP) structure in
terms of both cost reduced DCA packaging of carrier electronics ang ithe subsequent integration

of TCP packaging assemblies into form factor electronics.

A conventional COF/COB wirebond structu;'e used in many current applications including
pagers, disk drive flexible circuitry and state of the art transceiver packages is shown in Fig. 6.
This structure consists of a flexible circuit material, printed wiring board or equivalent circuit
carrier 76, with metal wiring 78, electrically insulating overlay 80 and plated wirebond
interconnect pads 79. In Fig. 6, the circuit carrier 76 is laminated to an aluminum heat spreader
70 with an adhesive layer 74. A silicon integrated circuit (chip) 72 is attached directly to
aluminum heat spreader 70 with an adhesive 71 which is dispensed onto the heat spreader prior to
chip placement. Following chip placement, the adhesive must be cured via heat, usually for about
an hoﬁr at 125-150 degrees cehtigrade in a batch oven. After adhesive cure, wirebonds 85
interconnecting chip 72 to plated wirebond interconnect pads 79 are installed. Wirebonds 85 are
then protected by application of an organic, heat or UV cured encapsulant material 82. The DCA
carrier sub-assembly (defined by the aboVe_ elements) is then affixed to or within another sub-

assembly, sub-housing or primary surface of the final form factor package using adhesive, screws,



whi ch~i s, non-rewor kabl e. When it is necessary to renove the chip, using the
di.e attach adhesive material 30 as the separation interface, the cured
adhesi ve breaks away irregularly, requiring that the portion that remains
on the carrier assenbly to be scrapped or abraded fromthe surface before a
repl acenent chip may be installed. The heatsink | am nate assenbly
20 includes the netal heatsink 22, a foil layer 24, and an adhesive film 26
that bonds the foil to the heatsink. The adhesive filmlayer 26 may be
formed of dry film adhesive and a correBpondi ng | am nation process or, in
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Chip attach adhesives cannot be removed once cured to support chip rework or replacement.
Chip to carrier bond pad spacing design constraints place limits on wireloop heights and wirebond
lengths. These geometric,constraints inhibit full optimizatién of both electrical performance
(lowest possible wire inductance) and overall package height minimization. Secondary attach
processes, material, and/or parts are reqixired to affix the COF/COB sub-assembly to housihgs or

form factor package surfaces. -

Fig. 7 shows the tape cavity package (TCP) structure for COF/COB technology. In the
TCP packaging configuration, the laminated carrier assembly, including carrier 76, metal wiring
78 and electrically insulating overlay 80, is laminated to aluminum heatsink by an adhesive layer
74. Both the carrier assembly and the heatsink 70 have holes or openings at the chip attach
locations. A metal or organic tape or foil material 87, with adhesive la§ers 88 and 89 on the
upper and lower sides respectively, is attached to the lower surface of the aluminum heatsink 70
by the pressure sensitive adhesive layer 88. The attached tape or foil closes off the opening in the
aluminum heatsink 70 and creates a cavity in the package. Chip 72 is then attached to the
adhesive present on the exposed tape at the base of the chip attach cavity. Use of thermally or
electrically conductive tape is also possible through proper selection of tape core and adhesive
filler materials. Several commercially available tapes, which possess these attfibutes, can be used
to optimize heat dissipation and/or electrical ground characteristics. Typical heatsink attach
thermally and/or electrically conductive tapes with metal or polymer tape cores are manufactured

by Adhesive Research Co. (AR 9045 and AR 8044) or Chromerics Corp. (XTS 412 or T 405).

After wirebonds 85 are added and encapsulant 82 is applied and cured, the COF/COB



with a lamnate foil |ayer of copper, the heatsink |am nate assenbly
surface can be nmade to be solderable or nade to readily accept noble netal

pl ati ngs. When rework of the electronic assenbly requires renova
and repl acenent of chip 10, the w rebonds 14 are nechanically renoved and
the foil layer is cut in the region 34 between the edge 32 of the carrier

cut out openi ng and the adhesive 30 which cenents the chip to the heatsink
| am nat e assenbly. The foil may be cut using manual tools or using
patterned stanp cutting nethods. Wth it5he foil portion underlying the die

attach aghgsi y8-23nByeinast ddhesvdyefiiked Rnciwusig bhpritharylsuffaseasfa divea fbah |
underlying the die attach adhesi ve may be peel ed away, starti ng? at a
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chip external electrical contacts and correspondi ng carrier conductor

term nal pads. Fig. 2 is simlar to Fig. 1 in providing a carrier
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should require that chip renoved. ip 10 is adhered to the foil 36
in - simultaneously from the heatgink, followed. by tape and chip replacement. The structure eliminates

yield loss concerns from chip adhesive squeeze out onto pads and improves thermal conduction
pathways for heat dissipation thi'ough elimination of added interface layers and thermal
resistances. TCP provides a superior structure for enhanced electrical performance, compact
packaging, and wirebond robustness. For exaxﬁple: wire lengths can be reduced as much as 25-40
%, thereby improving electrical wirebond characteristics (lower inductance and time of flight);
wire loop heights can be reduced by 40-50%. Loop height reduction allows for greater space
savings and higher yield encapsulation processing (low wire loops are easier to encapsulate
completely with reduced potential for encapsulant flow onto other critical areas of electronic
assemblies); and in many applications, tight wirebond spacing from chip to carrier pads requires
that chip thickness be reduced through lapping to eliminate acute, non-robust wirebond
geometries. By wirebonding chips in a TCP, packaging design parameters usually required for
robust wirebonding are relaxed and the need for potential chip backlapping is :eliminated. TCP
also éiiminates the need for, and the cost of secondary carrier attach materials, process, and/or

parts required for assembly to housings or form factor package surfaces.

TCP can also be used for chip on board applications where the tape is applied directly to the

backside of the rigid printed circuit board (PCB). For this COB application, hole in the PCB



t he conventional manner with die attach adhesive 30 and is connected to the
carrier assenbly circuitry by wrebonds 14. The nodified assenbly structure
of Fig. 2 nakes the chip renovable directly wi thout the cutting process
step that is necessary to separate the foil underlying the chip

10 and .di e attach adhesive fromthe remainder of a continuous foil |ayer

| ami nated to the heatsink. The nodified structure of Fig.2 is
particularly useful when netal foils are bonded to base netal heatsinks
using PSA materials. Many PSA material 5, nmay not possess adequate rigidity
to allow for efficient transfer of ultrasonic energy during the w rebondi ng
process \Wieyld pe peaspat a shiprattaeh lagationsa Since thagircujtibapsd is pigid iaghissrse aimptal. As

a conseqyence, k. P LG Vi can result frombonding to "soft"
carrier ;he?tﬁg“: usﬁlggn%ééﬁﬁg{%ﬁg%%ﬁe%ﬁ%dt he carrier bond pads. However, by
using a patterned netal foil on the heatsink beneath only the rigid chips,
wi rebondi ng probl ens .are essentially elimnated. Again, further rigidity of
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details may be made without departing from the spirit and scope of the invention.




textures, can al so be nodified through chem cal or nechanical neans to | ower
adhesi on characteristics to accommodate easier foil renoval during a chip
rewor k/ repl acement steps. Anot her inportant feature of the
invention is that dissimlar nmetals in the heatsink structure can al so be
used to-inpart other special properties for assenbly applications as well.
For exanple, by using an al um num base netal heatsink with a |am nate foil

| ayer of copper, the heatsink can al so It?e made sol derable, or nade to
readily accept noble netal platings. F& a sol derabl e heatsink | am nate
configur%‘i&on, a vgr. i ati on of the packaging structure would enable the
process LREHBEd described in U S. Patent application Ser. No. 08/ 349, 854
(previously identified herein) to be available as an alternative option for
chip removal . This nodificatjion of éf(%l nven ifon is.illustrated in Fig. 3
and Fig. 14, w eenvoskable dicgshehip pitpch ) aspemly QMPISINE and 2. Fig. 3 shows a
heat si nk strugture. ' | id hrddenfific h Surfdee fed ruct ure
of Fig. | vvhe(rael n éfﬁ%éqeﬂénlﬁaﬁﬁ{r%ﬁ%@gﬁtﬂg&rﬂ@%ﬁdﬁﬂ ed toga copper foil 24,
whi ch coriptegtated\circuiv dedee dimchmentsi nk surface, using an adhesive | ayer or

film26. Overl foil i '
T 20 oo o B T BB T el B Rl S5l 40} ke
adhesi ve g3flered td<@id pa lobitidn strfabbyartadhbsivedayer;e similar to that of Fig. 2

wherein a pattern coverage of _co&pﬁer foil 36 is lamnated to the heatsink
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upper surface of said metal foil layer, whereby said integrated circuit device may be removed from

said carrier element by peeling said metal foil layer from said carrier element to remove said
integrated circuit device, said adhesive material and said foil portion underlying said adhesive

material from said carrier element.

2. The reworkable direct chip attach assembly of claim 1 wherein said thin metal foil layer
has a pressure sensitive adhesive coating on both upper and lower surfaces and said adhesive

coating on said upper surface secures said integrated circuit device at said pad location.

3. The reworkable direct chip attach assembly of claim 1 wherein said carrier element is a

metal heatsink.

4, The reworkable direct chip attach assembly of claim 3 wherein said adhesive layer is a film

of pressure sensitive adhesive.

5. The reworkable direct chip attach assembly of claim 1 wherein said metal foil layer is

aluminum. ' B ——
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configuration, there is the option to renove and replace the chip 10

wit hout renoving the copper foil layer at the top surface of the heatsink

| am nat e assenbly. When the solder layer is present, the chip may
be renoved either by peeling away the foil underlying the conbined chip and
di e attach adhesive, using the adhesive |ayer, securing the foil to the
heat si nk base, as the interface of separation or by the application of
sufficient |ocalized heat to allow the chip and die attach adhesive to
separate fromthe | am nated heatsink asst#8bly with the sol der |ayer as the

interface of araty s direct chi LSO 1R 1PRREiA 88d ¥in BREY fANEy& Gt
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present. Bagksdigle igt.al | i zation on chips is fairly common, but is

expensi ve. Also; in sone instances, cost effective. solderable
metal | i zati ons on the heatsink structure (such as copper) are inconpatible
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formed of copper. |

8. . A method of fabricating an electronic assembly including component chips with a flat
surface at a pad location presented by a carrier assembly which includes wiring means for
connecting such components to other electronic assembly components comprising
adhering a foil film layer at said pad location;
applying a coating of die attach adhesive to said foil film layer at said pad location;
attaching a component chip to said adhesive layer at said pad location,
connecting said component chip to said wiring means on said carrier assembly;
determining that said component chip mounted at said pad location must be replaced;

" removing said component chip from said electronic assembly by peeling said foil film layer
from said pad location to remove said foil film layer, said die attach adhesive and said component
chip as a unit;

replacing said coating of die attach adhesive at said pad location;

attaching a replacement component chip to said die attach adhesive at said pad location;
and

connecting said replacement component chip to said wiring means on'said carrier

assembly.
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to heatsink surfaces. By using the invention disclosed herein, need for the
use of expensive heatsink overcoat and backside netallization |layers is

el im nated. Sinple nechanical renoval of chips and adhesives requires the
use of mlling or grinding operations to renove residual die attach
adhesive fromthe nounting |ocation on the carrier. These operations are
costly, time consum ng, require special tooling and fixturing, can induce
darmage to conponents and/or assenblies, and require use of secondary

cl eaning operations to rid assenblies of9 particul ate contam nati on.
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to elimnate possible corrosion on reworked assenblies as well. Although

chi p rewdeflnes sgid pad lesatipr( i e, good chips gl ued on top of defective chips,
then wi rebonded), application of this technique is

10.  The method of fabricating an electronic assembly of claim 9 where said electronic
assembly is formed by adhering said foil film layer to said heatsink surface over an area that
exceeds the surface area presented at said carrier cutout opening, and the step of removing the
chip, die attach adhesive and foil film layer is preceded by the step of cutting said foil film layer
within said cutout opening and about the periphery of said die attach adhesive to separate the foil
film underlying said die attach adhesive from the remainder of said foil film layer adhered to said
heatsink. |
11.  The method of fabricating an electronic assembly of clajml 10 wherein priorito the step of
. replacing said coating of die attach adhesive the method includes the step of adhering a patterned

layer of foil film to the area of said heatsink surface from which the foil layer has been removed.

12. The method of fabricating an electronic assembly of claim 9 wherein said electronic
assembly is formed by adhering a patterned layer of foil film to said heatsink surface that lies
wholly within said cutout opening when said laminated heatsink assembly is adhered to said

carrier assembly.
13. "The method of fabricating an electronic assembly of claim 12 wherein-prior to the step of

replacing said coating of die attach adhesive the method further includes the step of adhering a

replacement patterned layer of foil film to said heats?nk surface from which said patterned layer of

T

foil film was removed.
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12 resiricted to niche package assenblies that possess relaxed carrier bond
pad geonetries and negligible z-height formfactor packagi ng constraints.
In contrast, the current invention is conpatible with tightly pitched
direct chip attach wiring geonetries, and initially inposed formfactor
packagi ng constraints for nost direct chip attach to heatsink packagi ng
configurations for chip on board, chip on flex, single chip nodule and
mul ti chip nodul e assenblies. The enmbodinent illustrated in Fig. 5
provides the solution to provide for b&h assenbly cost reduction and chip

rewor k/ r epl acepent abi lity. Thi,s lhatihon of. capabilities is achieved
t hrough dével dge rﬁ%ﬁe g"‘ifé(‘fﬁ‘gd'l&af&h g@%t%sﬁeﬁ@lya%ﬁgss@gnbl y process in which
a renovabl e, doshbH& aSietl withapper anyl lewna/satfaced, ectudingal dayries elethent andchavinpe i
used as a chip carrier attach nedium.in place, of conventional dispensed or
screen préhin etrch incgtien thﬁfﬂ?“&élﬂ’é‘é‘ihxﬂéé'.‘teﬂé{}déF%’l‘l‘éIﬂ”ge BrtopRetiadhefiect chip |
attach package, gk [ HGE 8 fole'tn FidcanTer a8dmbly tdnti Fro#s Sai@lippéie
di scl osed tap%??ég@ Hr‘r(g%aﬂéﬁf or a paglgagelst.ruét.ure sy:m I ar%t'o t hat g own
i nt F: g.h lsturiface ﬂél;ss%idtlgwfm&wpi_ thtsteidpamcat gserhly u{elfldms cervs tcgtztm(f al%prga%ef d
nmetal heat sin at .is Jamna .to . a, circuit carrier orned of a
mat eri al %ﬁ%ﬁaﬁvmyﬂ;#ﬁﬁﬁ“{%&?}%Pg"s“%‘%g‘r ceramic) with a patterned
adhesi ve bondi gthdhédive datedFoil fskdrial adhetedrto Sidd prficrasseablyonel sufaceand wiring
54 and insulating coverfilm55 with openings in areas where direct attach
of chi ps présentingamadhesike eaatedsfoilsyrfagecy sai gitach logatieme confi guration of
Fig. 5, chips 56 are att . t (ki 1&Qtidn B LA
foil or tape |W8ﬁ%g‘§‘f%t%%§ ﬂg%‘&%@%%@i“g%@%@ﬁ%%ﬁﬁ@ﬁ gg%tedgﬁv&eaflaygf s 59
on both ugRSvedsitddTeR surfavef @whersbysaid incegtanid cirbuit deMie i§ crickdsedimesabiizcantierh
doubl e si ded adhesi ve Iayersﬂ;ﬁecan be applied to either carrier or chip

surf aces. %Sis%[nl?lxbdﬁﬁtf?éq?@?ﬁg gation; sent on a release sheet or in a
tape and reel &QMeMaWé&ﬂEﬁi R ari@ By § inRlptaAsd EiRdiit|dabiet fo sad f 1 ee
standi ng pressure sensiti've adhesive |ayer (no internediate foil layer) can

al so be usaterassembihéqnductor termingls. at t ach
15.  The reworkable direct chip attach assembly of claim 14 wherein said carrier assembly
further includes a heatsink adhered to said carrier element and said chip attach location hole

extends from the carrier assembly upper surface to said carrier assembly lower surface through

both said carrier element and said heatsink.

16.  The reworkable direct chip attach assembly of claim 15 wherein said foil material is an

aluminum foil and said adhesive is a pressure sensitive adhesive.

17.  The reworkable direct chip attach assembly of claim 15 wherein said foil material is an

organic core tape and said adhesive is a pressure sensitive adhesive.

18. The reworkable direct chip attach assembly of claim 16 wherein said aluminum foil has an

adhesive coating on each surface, whereby said carrier assembly may be adhered to and supported

by a surface adjacent to the said carrier assembly lower surface.

* c L M -] *
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medj untas well, and can be attached using identical methods. Optinum

t kermal performance and/or el ectrical grounding capabilities are achieved
by using a foil 57 with adhesive layer(s) 59 that are both textured and

i npregnated with thermally and/or electrically conductive particles that
provi de heat dissipation and/.or electrical continuity between the
carrier/chip attach interfaces. Particulate fillers also rigidize the
chip-carrier interface to enhance w rebonding yield. Chips 56 are attached
to the package via placenent onto the surface of pressure sensitive
adhesi ve surface usi ng a gonventional auto-placenment tool,

foll owed by electrical interconnectionfof chip 56 input/output termnals 62

to carrilx ciTheuewoskapladiredichip attaghrasssotblysofghum 17 whefeanaid greanis caredape bgs

th hi hi bl [ |
ol aced R GoRgE esbRts, WiE Y o83 ARk ARl of RIREAFE B, o i

from t hesuppseedtiy 4 suefacs adjdcentto thetsaid cairiee bxseroblpivoves unfaceerroval , chi p
repl acenent is provided through application of a new adhesive foil/tape
| ayer (s) piece to the carrier chip site. New wirebonds are then added to

the chi pand 5% BHSbY direct chip attach assembly of claim 15 wherein said integrated circuit

device is attached to carrier assembly conductor terminals by wirebonding.

21.  The reworkable direct chip attach assembly of claim 20 wherein said integrated circuit
device installed at said chip attach location is wirebonded to said conductor terminals and is
encapsulated by an encapsulant that encloses said integrated circuit device and said wirebonds at .

said chip attach location.

22.  The reworkable direct chip attach assembly of claim 16 wherein said pressure sensitive

adhesive includes a filler material which enhances thermal conductivity.

23.  The reworkable direct chip attach assembly of claim 17 wherein said pressure sensitive

adhesive includes a filler material which enhances thermal conductivity.

24.  The reworkable direct chip attach assembly of claim 16 wherein said pressure sensitive

adhesive includes a filler material that makes said adhesive coating electrically conductive.

a

25.  The reworkable direct chip attach assembly of claim 17 wherein said pressure sensitive

adhesive includes a filler material that makes said adhesive coating electrically conductive.

e
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unbonded regions of the carrier interconnect pads. Figs. 6 and 7
il.lustrate the current status and a solution to the problemof providing a
conpact el ectronic package that nust neet the constraints of the restricted
physi cal dinmensions of a formfactor and further be produced by |ow profit
mar gi n manuf acturing techni ques conpatible wth the requirements of | ow
cost consuner electronics applications. A solution to the broad based
problemis provided through the devel opnment of a tape cavity packagi ng
(TCP) structure in ternms of both cost r@duced DCA packagi ng of carrier

el ectroni and t he subsequent int | f kagi ng assenblies into
form factg$ el 6?‘?’?)%?@5. irekt chlip at&cﬁgésgﬁb@@?%é%% Wi rebond structure
used in many CagdrAstasedprlly BRludonRse dantdriettntegt witlg&tr sppetlsurfce and/elowee surfice
circuitry and state of the art transceiver atika esrtjs sfh%:an in \I;jg] 6.

Thi s st r ued# keatsyrkarreseating anunnes syirface agdhered fo Igwerauriage of spid camier glemenyy
board or equi V@{:ﬁ% Ettﬁhfls%y'ﬁb Al shidarrieP asséinbl); Metal wiring 78, electrically
i nsul ating over ae 80 an pFat ed wirebond interconnect pads 79. In Fig. 6,
the circuit casholein sl ¢ari¢rgiément achichexpeseathewppersurfecstof spid deateink rpfopmesaidan

i et 1y V0P EearhlorafoR it S AbERBEEhofonk h bt i cldect RO RY Wioen:

di spensedthepefipiereofaat hal®r eader prior to chip placenment. Follow ng chip
pl acenent, the adhesive nust be cured via heat, usually for abo,uﬁ an hour
at 125-150 deqt falldayes having upreriand loversutfaces with amphesive,contiag on said lowver surface

W rebondsgﬁgpkgﬁﬁ%g?}%gggd:&@héﬁmt%agﬁg taﬂe’é%dh%&'ﬁgn'i nt er connect pads

79 are in 5 are then prote by application of an
organi ¢, heat arintégrated ciccugrdesics atiraned toesaidifoiblay@ 2ippdirsarfB@/coating; iand

sub-assenbly (defined by the abave elenents).is then affjixed to.pr wthin
another sub: ccTBRBIngE meapSReRSR G BPeRPE el Bl Sl delife g filentipn,
factor pagkagfs dpéatbcatdbiediniént. SCrews, '
27.  The reworkable direct chip attach assembly of claim 26 wherein said foil layer has a
pressure sensitive adhesive coating on both said upper and lower surfaces and said integrated

circuit device is adhered at said chip attach location by said coating of pressure sensitive adhesive.

28.  The reworkable direct chip attach assembly of claim 26 wherein said foil layer is peelable

aluminum foil with a pressure sensitive adhesive on both upper and lower surfaces.

29: The reworkable direct chip attach assembly of claim 28 wherein said carrier element is one

of a flexible circuit board and a rigid circuit board.

30. "The reworkable direct chip attach assembly of claim 29 wherein an adhesive layer at a

surface of said foil includes a filler material which enhances the thermal conductivity of said

R R )

adhesive layer.
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14 rjvets, pegs or other attachnment nmeans or nedia. Although the use of
conventional COF/ COB DCA structure is common, several design, materials and
process di sadvant ages exi st that add cost, reduce performnce, add

conpl exity, and pronpt potential for manufacturing yield |oss. Exanples

i nclude the follow ng conditions and structure. The technique requires use
of chip attach adhesive, dispense and batch cure operations. |If '

el ectrically conductive chip attach adhesive is required, adhesive squeeze
out and shorting of bond pads causes ass@dbly yield |l oss. Chip attach

adhesi veg, can rpfoxrk?iglg Wﬁ'%t%%ﬁ%&%& sdnfbly? oG HePeirt SYRUHESIOE lagfr ata

replacenent o carrier spaci ng design constraints place
limts osurflice equbf‘dﬂe’h@Mes adfiigr wiategiabthat thakeg s4id adhitbivs Ryerexeneriqally conductive.
constraints inhibit full optimzation of both electrical performance

(1 onest possible wire inductance) and overal |l package hei ght m nim zation.

Secondar gz at t A%etﬁb&@?ﬁﬁﬁ&tm%&h Rlecfbnic &ﬁ%@lﬁ/ iRRiding a%oﬁh;foﬂéht'ch@dvﬁl@a ahf i X
t he COF/ COB sub-assenbly to housings or formfactor pack age sur faces.
surface to be secured at a chip attach site on a carrier assembly which includes wiring means for
connecting such component chip to other components on said carrier assembly comprising the
steps of .
forming an opening through said carrier assembly that defines a chip attach site;
attaching an adhesive coated foil layer to said carrier assembly spanning said opening
through said carrier to create a chip attach cavity with an adhesive coated surface at the base of
said cavity; '
attaching a chip in said cavity with said chip secured by said adhesive coated surface at the

base of said cavity; and

electrically connecting said chip to said carrier assembly wiring means.

33.  The method of fabricating an electronic assembly of claim 32 wherein said carrier
assembly is formed by laminating a carrier element to a heatsink; said opening through said carrier
assembly comprises aligned openings through said carrier element and said heatsink; and said base
surface of said chip attach cavity is formed by the adhesively coated foil layer adhered to said

heatsink,

34, The method of fabricating an electronic assembly of claim 33 wherein the step of
electrically connecting said chip comprises the wirebonding of said chip to said carrier assembly

and sa_id' method further comprises applying encapsulant to enclose said chip and said wirebonds.

35. The method of fabricating an electronic assembly of claim 34 wherein said step of
adhering an adhesive coated foil layer comprises adhering a foil layer with adhesive coatings on
both sides and said method further comprises the step of adhering said electronic assembly to a

mounting surface using the adhesive coating on the foil surface not adhered to said heatsink.

% c L M S *

This Sheet Has Been Rep

R



Fig. .7+shows the tape cavity package (TCP) structure for COF/ COB
technology In the TCP packagi ng configuration, the |lam nated carrier
assenbly, including carrier 76, netal wiring 78 and electrically insulating
overlay 80, is lam nated to al um num heatsi nk by an adhesive |ayer 74. Both
the carrier assenbly and the heatsink 70fave holes or openings at the chip
attach | ocations. A netal or organic tape or foil material 87, with
adhesive | ayers 88 and 89 on the upper and | ower sides respectively, is
attached to the | ower surface of the al um num heatsink 70 by the pressure
sensitive adhesive |layer 88. The att &BMRAGHe or foil closes off the
opening in the alum num heatsink 70 and creates a cavity in the package.
Chip 72 is then attached to the adhe5|ve present on the exposed tape at the
base of the chip attach oﬁ electrlcally conducti ve
tape is al so possible thr LU A8 re and adhesive
filler materials. Seyelal6Q Cé possess these
attributes, can be %bsj“tl%{hu v rful- Lﬁuwghg?@. Mﬁﬂﬁ@ ectrical
ground characteristics. Typical heatsink attach thermally and/or
electrically conductive tapes with netal or polyner tape cores are

manuf act ur ed by gfidlies ?ﬁﬁﬂ%q{eﬁﬁ%ﬁi%w%?glggﬁ d%s&?o%ﬁ) dlgtE]a %ﬁ%ﬁ%ntscs

Corp. (XTS 412 or T 4 are a
encapsul ankwérk WheRRR¢ cRip @0Y nfust ®€ refndfedihd #&pPiced. A laminated heatsink (20)

includes a metal heatsink (22) with a foil layer (24) adhered to the chip attachment

surface with the assembly secured to a carrier at a cutout opening therein that defines the
chip attach site. The adhesive (26), either a dry film adhesive or a pressure sensitive
adhesive, secures foil layer to heatsink and provides the interface of separation when a
chip must be removed and replaced. By peeling the foil away frotn the heatsink, the
foil, chip and non-reworkable die attach adhesive are removed as a uinit, leaving no chip

attach adhesive residue at the attachment site to be scraped or abraded away.

Fig. 1

—_—
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T“Tg‘carrier sub-assenbly can be adhesively affixed to a housing or primary
surface of a given formfactor package by renoving the backsi de tape
.adhesi ve rel ease sheet 90. Conversely, in-situ assenbly of the COF/ COB
carrier.on a given housing or formfactor package surface is al so possible
by first renoving the backsi de adhesi ve rel ease sheet 90 and affixing the

t ape/ heat sink/ carrier assenbly to a housing or formfactor package surface
prior to.chip placenent, w rebonding, 3@ encapsul ation. Sever a
structural and assenbly process advantages are obtained with the use of the
TCP structure, as shown and descri bed, which overcone prior- art probl ens
previously identified. TCP elimnates chip dispense and cure operations and
is reworkabl e. Defective chips can be renoved fromthe tape adhesive and
repl aced, or the tape and chip can be renpved sinultaneously fromthe
heat si nk, followed by tape and chip replacenent. The structure elim nates
yield loss concerns fromchi p adhesi ve squeeze out onto pads and i nproves

t hermal conducti on pat hways for heat dissipation through elimnation of
added interface layers and thernmal resisbances. TCP provides a superi or
structure for enhanced el ectri cal perfgﬁﬁnnggh\conpact packagi ng, and

wi rebond robustness. For exanpl @ WS S can be reduced as nuch as
25-40 % thereby inproving el ectNI ek characteristics (lower

i nductance and tine of flight); wi rlgVK hei gits can be reduced by 40-50%
Loop hei ght reduction allows forngr|¢el space {savi ngs and hi gher yield
encapsul ati on processing (| ow wT? are edgsier to encapsul ate

FIG. |
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‘conpletely with reduced potential for encapsul ant flow onto other critical
areas of electronic assenblies); and in many applications, tight w rebond
.spacing fromchip to carrier pads requires that chip thickness be reduced
through | apping to elimnate acute, non-robust w rebond geonetries. By

wi rebondi ng chips in-a TCP, packagi ng design paraneters usually required
for robust w rebonding are rel axed and the need for potential chip

backl apping is elimnated. TCP al so elimpipyates the need for, and the cost
of secondary carrier attach materials, process, and/or parts required for
assenbly to housings or formfactor package surfaces. TCP can al so be
used for chip on board applications where the tape is applied directly to
t he backside of the rigid printed circuit board (PCB). For this COB
application, hole in the PCB

16 woul d be present at chip attach |ocations. Since the circuit board is
rigidin this case,.a neta
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‘heat si nk/stiffener is not necessarily required. Wil e the
i nvention has been shown and described with reference to preferred

enbodi ments, it will be understood by those skilled in the art that various
changes in formand details my be nmade w thout departing fromthe spirit
and scope of the invention. VWhat is clainmed is: 1. A

rewor kabl e direct chip attach (DCA) assenbly conpri sing: a carrier
el ement having a pad |ocation thereon, .84 pad presenting a surface for
integrated circuit device attachnent; a netal foil layer having an

upper surface and a | ower surface, with said | ower surface adhered to said
pad | ocation surface by a pressure sensitive first adhesive |ayer;

an integrated circuit device having an upper surface and a | ower surface;
and a second adhesive material cenmenting said | ower surface of
said integrated -

RADARIAR KRR XS

©
M
S 5
2

16

S X XXX AKX RRR XWX RREZETR LR RTTERRIIR IR RIS

2
‘5 w0
4 ~N
P
". K4
7'
o N K
— 2
g:m:




3

‘circuit device to the upper surface of said netal foil |ayer, whereby said
integrated circuit device may be renoved fromsaid carrier elenment by
peeling said netal foil layer fromsaid carrier elenent to renove said
integrated circuit device, said second adhesive material and said foi
portion underlying said second adhesive material fromsaid carrier elenent.
2. The reworkabl e direct chip attach assenbly of claim 1 wherein said
second adhesive material is a pressure.gg@sitive adhesive. 3. The
rewor kabl e direct chip attach assenbly of claim 1 wherein said carrier

el enment is a netal heatsink. 4. The reworkabl e direct chip attach
assenbly of claim1 wherein said netal foil layer is alum num 5.

The reworkabl e direct chip attach assenbly of claim 1l wherein said netal
foil layer is forned of a solderable material and said second adhesive
material includes a solder |ayer. 6. The reworkable direct chip
attach assenbly of claim5 wherein said sol derable

L
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‘material is copper. 7. A rewor kabl e direct chip attach (DCA)
assenbly conpri sing: a carrier assenbly with upper and | ower
surfaces, including a carrier elenment and having a chip attach | ocation
thereon at which an integrated circuit device is to be attached;
REPLACEMENT SHEET _

5 MAY 2001 - 18 - a heat
sink with upper and | ower surfaces, sai&/Meat sink upper surface adhered to
said carrier assenbly |lower surface by a first filmof adhesive;

said chip attach location being fornmed as aligned holes in said carrier
assenbly and said heat sink extending fromsaid upper surface of said
carrier assenbly to said | ower surface of said heat sink with said carrier
assenbly including conductor termnals presented by said carrier assenbly
adj acent said chip attach | ocation; a layer of foil materia
adhered to said heat sink |ower surface by a second filmof adhesive and
presenting an adhesive coated foil Slrfffe at said chip attach location
defined by the said aligned opgHings\in/heat sink and carrier assenbly;

an integrated circuit device secur to said foil material at said chip

attach
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"l ocation by said second fil mof adhesive, whereby said integrated circuit
device is recessed in said carrier assenbly hole at said chip attach

| ocati on; and means el ectrically connecting circuitry carried by
said integrated circuit device to said carrier assenbly conduct or

term nal s. 8. The reworkable direct chip attach assenbly of claim?7
wherein said foil material is an alum numfoil and said second fil m of
adhesive is a pressure sensitive adhesiggyz 9. The reworkabl e direct
chip attach assenbly of claim8 wherein said alumnumfoil has a third
adhesive coating on the foil surface opposite the surface to which said
heat sink is secured, whereby the reworkabl e DCA assenbly fornmed by said
carrier assenbly, said heat sink and said foil |ayer may be adhered to and
supported by an adjacent surface. 10. The rewor kabl e direct chip
attach assenbly of claim@8 wherein said pressure sensitive adhesive
includes a filler material which enhances thermal conductivity. 11.

The reworkabl e direct chip attach aggendly of claim8 wherein said pressure
sensitive adhesive includes a figd efymdperial that makes said adhesive

coating electrically conductive. \}
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t12. The reworkabl e direct chip attach assenbly of claim7 wherein said
foil material is an organic core tape and said second filmof adhesive is a
pressure sensitive adhesive. 13. The reworkabl e direct chip attach
assenbly of claim 12 wherein said organic core tape has a third adhesive
coating on the organic core tape surface opposite the

-19- surface to which said integrated circuit device is secured, whereby

t he rewor kabl e DCA assenbly formed by s#y#@ carrier assenbly, said heat sink
and said organic core tape nmay be adhered to and supported by an adj acent

surf ace. 14. The reworkabl e direct chip attach assenblLy of claim 12
wherein said pressure sensitive adhesive includes a filler material which
enhances thermal conductivity. 15. The reworkabl e direct chip attach

assenbly of claim 12 wherein said pressure

76
74
88
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89
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sensi ti ve adhesive incljudes a filler |mdterial that™mag
coating electrically NdR&G MAY.200119. | The reworkak
assenbly of claim?7 ' id i gr(il\r}vI q Circuit. ge
carrier assenbly conduc by W' rebondi ng.’ R
rewor kabl e direct chilp attach assenblyjof claim 16 wWaerein:: ntegrated: -
circuit deviverisRidimbdgd at said chip attach |ocati&n 57 rebbiided®ts said "
conguctor termnals and is encapsul ated by an encapsul ant that encl oses

said integrated circuit device and said w rebonds!at: sal d chipartagHs/fee:

conpri si ng: a carrier rie el.ement with an
upper surface anch earfieveementianing agpad lecdtioattheradn, Faidgedtpregnting o gpefice for

surface adhered to .a Lower surface of said carrier elenent,; a chip
attach Iocrﬂl{ewt CIECﬂtﬁEFraﬂm%’enbl y; a hole in said carrier

el ement whi ch expparl fsie layﬂﬂﬁﬁviﬁg“hﬁ%ﬁexoiurﬁ@é dndh@abwenkurtef Rith 5@ Bwebi P
attach location with conductar term nal portions on said carrier elenment

posi ti oned Rt adherede spidmagiesajion surdanedytrapressure sensitive firgt gahesivelayerhavi ng
aord foll |ayer FouaRefledtilclicicics Savink 3 tps S pdPLAR BT, 4d T O
heat si nk at sai d akéqondt adhes$ivé ovaterigngementing said lower surface of said integrated
circuit device to the upper surface of said metal foil layer, whereby said integrated circuit
device may be removed from said carrier element by peeling said metal foil layer from
h said carrier element to remove said integrated circuit device, said second adhesive
material and said foil portion underlying said second adhesive material from said carrier

element.

2. The reworkable direct chip attach assembly of claim 1 wherein said second

adhesive material is a pressure sensitive adhesive.

3. The reworkable direct chip attach assembly of claim 1 wherein said carrier

element is a metal heatsink.

4, The reworkable direct chip attach assembly of claim 1 wherein said metal foil

layer is aluminum.

5. The reworkable direct chip attach assembly 6f claim 1 wherein said metal foil
layer is formed of a solderable material and said second adhesive material includes a

solder layer.

6. The reworkable direct chip attach assembly of claim 5 wherein said solderable

material is copper.

7. A reworkable direct chip attach (DCA) assembly comprising:
a carrier assembly with upper and lower surfaces, including a carrier element and

having a chip attach location thereon at which an integrated circuit device is to be

attached; _
A, D
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dn integrated circuit device adhered to said foil |ayer uppgr surface by @
second pressure sensitive adhesive film and conngcfi 3"9 R 520
electrically connecting said integrated C{éPUi t device to|sai ?er m na

portions on said carrier elenent.
-20- 109. The reworkabl e direct chip attach assenbly off claim 18 wherein

said foil layer i am&p#ﬁ@kﬁﬂﬁﬁqj& BRI dvr! surfacedOsaid hedi\Enk SPREricabase AdHered

chip attach assenbly of claim wherein said carrier el errent is one of a
flexi bl e ci tesdid caroiar dssamhlyalomgslufaw by aifirstfdlay of adhesive; The reworkabl e

direct chip attach f [ I t
pressure sensiti véa@cfz@?\/%hq %a? oft b?'é%fc‘?g@ &gl% gls@terd eﬁogés%gl %?ve agﬁé%e%lgff
i ncl udes a fahd lseid et einkatxtedding fmnhamdag)pbhsunfwe afosudd chfrier tagsembly to said

lower surface of said heat sink with said carrier assembly including conductor terminals

presented by said carrier assembly adjacent said chip attach location;

a layer of foil material adhered to said heat sink lower surface by a second film
of adhesive and presenting an adhesive coated foil surface at said chip attach location
defined by the said aligned openings in heat sink and carrier assembly; _

an integrated circuit device secured to said foil material at said chip attach
location by said second film of adhesive, whereby said integrated circuit device is

o recessed in said carrier assembly hole at said chip attach location; and
means electrically connecting circuitry carried by said integrated circuit device to

said carrier assembly conductor terminals.

8. The reworkable direct chip attach assembly of claim 7 wherein said foil material

is an aluminum foil and said second film of adhesive is a pressure sensitive adhesive.

9. The reworkable direct chip attach assembly of claim 8 wherein said aluminum
foil has a third adhesive coating on thé foil surface opposite the surface to which said heat
sink is secured, whereby the reworkable DCA assembly formed by said carrier assembly,

said heat sink and said foil layer may be adhered to and supported by an adjacent surface.

10. The reworkable direct chip attach assembly of claim 8 wherein said pressure

sensitive adhesive includes a filler material which enhances thermal conductivity.

11. The reworkable direct chip attach assembly of claim 8 wherein said pressure
sensitive adhesive includes a filler material that makes said adhesive coating electrically

conductive.

12. The reworkable direct chip attach assembly of claim 7 wherein said foil material

is an organic core tape and said second film of adhesive is a pressure sensitive adhesive.

13. The reworkable direct chip attach assembly of claim 12 wherein said organic

core tape has a third adhesive coating on the organic core tape surface opposite the

O O
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22. - The reworkable direct chip attach assenbly of claiimP0 wherein at
| east one of said first pressure sensitive adhesive and spifl 2&MAY 2001
pressure sensitive adhesive includes a filler material thhat] nakes said

adhgsi ve | ayer electrically conductive. -123. A met hod| of—TabrTcati ng an
el ectroni c assenbly i ncl udi ng corrponent chips with a flat{surface at a pad
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conpri si ng: assembly formeth biyisafll carfier dssérnbly) said heatainksaiddsafibrganicador®tipe may
applying a &}llng ofang{e att h adh S|ve tP said foil filmlayer at said
pad locatio réd to ang,suppeyf EHIaCEi b to said adhesive | ayer at
said pad | ocat i on; connecti ng sal d conponent chip to said wiring
means on said carrier assenbl determ ning that said conponent
chi p mount ed4at sZhe rp‘a@rklabl@aiire@h chipsattaple apssmbdy of claim 12 wheredmeaid r;gclmared
eoMponent £l SR AoEh B £ AL ABREIL A Wb B d IRl L
attach adhesive and said conponent chip as a unit; repl aci ng said

Cepl acanmnt EonpoRBtoupable Sl 63 dtab UL ALSIATE 12 whgie bl prostuse
l'ocation; aphsitive adhesieOiehdel AGFiIRR nthtérpd RAGHERE sGATHIABENE c64ing d&t3&ie

W ring means on said carrier assenbly.
conductive.

s 16. The reworkable direct chip attach assembly of claim 7 wherein said integrated

circuit device is attached to carrier assembly conductor terminals by wirebonding.

17. The reworkable direct chip attach assembly of claim 16 wherein said integrated
circuit device installed at said chip attach location is wirebonded to said conductor
terminals and is encapsulated by an encapsulant that encloses said integrated circuit

device and said wirebonds at said chip attach location.

18. A reworkable direct chip attach assembly (DCA) comprising:

a carrier assembly including a carrier element with an upper surface and a lower

surface and a heatsink presenting an upper surface adhered to a lower surface of said
\/ carrier element;

a chip attach location on said carrier assembly;

a hole in said carrier element which exposes the upper surface of said heatsink to
form said chip attach location with conductor terminal portions on said carrier element
positioned adjacent the periphery of said hole;

a foil layer having upper and lower surfaces with a first pressure sensitive
adhesive film on said foil layer lower surface which adheres said foil layer to said
heatsink at said chip attach location;

an integrated circuit device adhered to said foil layer upper surface by a second
pressure sensitive adhesive film; and

connecting means electrically connecting said integrated circuit device to said

terminal portions on said carrier element.
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nmet hod of fabricating an el ectronic assenbly of claim 23

surface of a heatsink nenber to forma | ani nated heatsin
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wherein said
el ectronic assenbly is fornmed by adheri mg&aid foil filmll &yer To the

- 22MAY 200the

assenbly and
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surface of said fol ayer presen a

t hat def i nepeeiabld ajuatinhmdaili on. 25. The nmethod of fabricating an

n Sa

el ectronic assenbly of claim24 where said electronic assenbly is forned by
adhering said foil filmlayer to said heatsink surface over an area that

exceeds theagurf ag8e 36RorkabRSENCE @hip af@hCassanbiyess SlirRUIS GheRin gaidagisiéme

step of renoving the chi die attach adhesive and foil

filmlayer is

] R, , !
preceded byelementisope of adloriblegirabeardand 7 rigihcirgyit PORt hi n sai d cut out
openi ng and about the periphery of said die attach adhesive to separate the
foil filmunderlying said die attach adhesive fromthe remai nder of said
foil filmlayer aThereworkablsaiimchelap sitadh asser@bly of cldime2@rshienain ef least one of

fabri in I roni | y. of ¢l ai,m 25 wherein pr.i.or to . .
abri cat 9sdid ﬁst%%et:ssgre sendifive g:ﬂle\élvg and s&id seco%d preessgre seRLiti%€ alifbsive includes

a filler material which enhances thermal conductivity.

22, The reworkable direct chip attach assembly of claim 20 wherein at least one of

N said first pressure sensitive adhesive and said second pressure sensitive adhesive includes

a filler material that makes said adhesive layer electrically conductive.

23, A method of fabricating an electronic assembly including component chips with

a flat surface at a pad location presented by a carrier assembly which includes wiring

means for connecting such components to other electronic assembly components

comprising:

adhering a foil film layer at said pad location;

applying a coating of die attach adhesive to said foil film layer at said pad

location;

attaching a component chip to said adhesive layer at said pad location;

Y, connecting said component chip to said wiring means on said carrier assembly;

determining that said component chip mounted at said pad location must be

replaced;

removing said component chip from said electronic assembly by peeling said foil

film layer from said pad location to remove said foil film layer, said die attach adhesive

and said component chip as a unit;

replacing said coating of die attach adhesive at said pad location;

attaching a replacement component chip to said die attach adhesive at said pad

location; and

connecting said replacement component chip to said wiring means on said carrier

assembly.
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the step of replacing said coating of die attach adhesiv he net hod

I ncl udes the step of adhering a patterned | ayer of foil |Im29MA\p2§n/1ea o]
sai d heatsink surface fromwhich the foil_ |ayer has beenjr

The_met hod of fabricating an el ectronic 2skenbl y of clai i

el ectronic assenbly is fornmed by adhering a patterned | ayer of foil filmtp

sai d heatsi ok SUr fRESnUNAl dr! At 3 WRbilc ALY U bBRET TRMEE Taet ©

| am.nat ed heat si nk asse to said carri
The net hod electtatic mmbnglsaﬁormécbhy adhering aaiglefioll | filmokyer taithe ﬂ?rfade &f alh&aﬂsfﬂkor

d f die attach adh th t hod
further 1 noTGHLET th ot g aBrnalih BrR cassdiubly o sanerag (il Baninaipd hegiinko |
filmto sai dss&ga%sﬂo%@wﬁacgsémm@am fe supfabe BALHIE mﬁﬁykﬁpﬁ%&er@éd &toal éut&ht' m

was renoved . A nmet hod of fabricating an el ectronic assenb

i ncl udi ng aCRBRHHaId camner thpttdefines said paddoraian. t 0 be secured at a ch| p
attach site on a carrier assenbly which includes wiring nmeans for
connecting such conponent chip to other conponents on said carrier assenbly
conpri sing 2he st'&b@ méthod of fabricdtingriam geleotrompe absembinrafughing &34d wiere isgid

assembl y t h@l%ctg n1<': Qgssém%lf E‘s' Ponanteh%c hacﬁlenng said foil film layer to said heatsink surface

over an area that exceeds the surface area presented at said carrier cutout opening, and the

step of removing the chip, die attach adhesive and foil film layer is preceded by the step
of cutting said foil film layer within said cutout opening and about the periphery of said
~ die attach adhesive to separate the foil film underlying said die attach adhesive from the

remainder of said foil film layer adhered to said heatsink.

26. The method of fabricating an electronic assembly of claim 25 wherein prior to
the step of replacing said coating of die attach adhesive the method includes the step of
adhering a patterned layer of foil film to the area of said heatsink surface from which the

foil layer has been removed.

217. The method of fabricating an electronic assembly of claim 24 wherein said
electronic assembly is formed by adhering a patterned layer of foil film to said heatsink
surface that lies wholly within said cutout opening when said laminated heatsink

U assembly is adhered to said carrier assembly.

28. The method of fabricating an electronic assembly of claim 27 wherein prior to
the step of replacing said coating of die attach adhesive the method further includes the
step of adhering a replacement patterned layer of foil film to said heatsink surface from

which said patterned layer of foil film was removed.

29. A method of fabricating an electronic assembly including a component chip with
- a flat surface to be secured at a chip attach site on a carrier assembly which includes
_ wiring means for connecting such component chip to other components on said carrier
assembly comprising the steps of:

forming an opening through said carrier assembly that defines a chip attach site;
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attachi ng an adhesive coated foil layer to said carrier gaspenbly spannin
sai d opening through said carrier wherein said adhesive fofti cébls
said foil layer to said carrier to creat'e27a'chip attach Fald i.th an

adhesi ve coated surface on said foil layer presented at }he base of said
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30. The rret.hog 0
said carri eFAXES
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Ehens
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heat si nk; spiedetb® B the bhd¥ sTWaid caritgt carrier assenbly conprises aligned
openi ngs through said carrier elenment. and said heatsink; and said base

surface of said cRitirhing achinciysaid cpaty withesgidghip rrecurah dyi spid gdhesivecepated; |
| ayer adher gglriQ a8 flehalSaf Shid vi%gﬂd The nmethod of fabricating an
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el ectroni c assenb

of clarm erein the step of electrically connecting

sai d chip conpri sekctricellycoretsoting saj diip $asaid cirripr sssermbiydvirmgmiemnsassenbl y
and said nmethod further conprises applying encapsulant to enclose said chip
and said wi rebonds.

30. The method of fabricating an electronic assembly of claim 29 wherein said
carrier assembly is formed by laminating a carrier element to a heatsink; said opening
through said carrier assembly comprises aligned openings through said carrier element
and said heatsink; and said base surface of said chip attach cavity is formed by the

adhesively coated foil layer adhered to said heatsink.

31. The method of fabricating an electronic assembly of claim 30 wherein the step of
electrically connecting said chip comprises the wirebonding of said chip to said carrier
assembly and said method further comprises applying encapsulant to enclose said chip

and said wirebonds.

32. The method of fabricating an electronic assembly of claim 31 wherein said step
of adhering an adhesive coated foil layer comprises adhering a foil layer with adhesive
coatings on both sides and said method further comprises the step of adhering said

electronic assembly to a mounting surface using the adhesive coating on the foil surface

not adhered to said heatsink.
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ABSTRACT
T PACKA TRUCT
F B RE N LACEME

A direct chip attach to heatsink structure is shown and described which implements

rework when the chip (10) must be removed and replaced. A laminated heatsink (20)

includes a metal heatsink (22) with a foil layer (24) adhered to the chip attachment

N surface with the assembly secured to a carrier at a cutout opening therein that defines the
chip attach site. The adhesive (26), either a dry film adhesive or a pressure sensitive

adhesive, secures foil layer to heatsink and provides the interface of separation when a

chip must be removed and replaced. By peeling the foil away from the heatsink, the

foil, chip and non-reworkable die attach adhesive are removed as a unit, leaving no chip

attach adhesive residue at the attachment site to be scraped or abraded away.

Fig. 1
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