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HEATSINK AND PACKAGE STRUCTURE

FdR‘.WIREBOND CHIP REWORK AND REPLACEMENT

FIELD OF THE INVENTION

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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solution for both heat dissipation enhancement and rudimentary electrical isolation, the adhesives

used to affix chips to heatsinks or carrier surfaces are not readily reworkable. Therefore the vast
majority of electrical, manufacturing assembly, and test losses associated with the chip assembly
are non-recoverable. These yield detractors encompass known good die (KGD) issues and most
common DCA assembly and manufacturing process flow defects including adhesive overflow
onto bond pads, misoriented die, mechanically damaged die, wirebond pattern recognition errors,
and wirebond sweeps, as well as other bond and post-bond test introduced defects. For single
chip packages these yield losses can usually range t.o 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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required to effect the separation. The temperature must be great enough to soften the fusible

material sufficiently to release the chip from the carrier while not being high enough to damage
the electronics on either the chip or the carrier. Although the procedure can be practiced within
manageable temperature ranges, the reworking would be expedited if the process of separation

could be effected directly without the imposition of an elevated temperature.

When the carrier used is a heatsink, the heat dissipation characteristics make the
application of heat more critical and the margin for error more limited. In this environment, an
alternative to the process of heating the assembly would be of even greater benefit. A more direct
means for separating the chip from the remainder of the.assembly would not only simplify the
process, but also reduce the incidence of heat or mechanical damage that reduce the yield of
reworked assemblies. . ' |

Further cost benefits could be achieved if the cured adhesive attachment of the direct
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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telecommunications equipment, portable computers, computer peripherals, and a host of

consumer electronics generally require high density packaging of components and compact
efficient electronic carrier integration in form factor packages. The physical constraints within the
various form factor designs in many of these packaging applications restricts both area and height
available for electrical carrier wiring component placements, device interconnections, and carrier
attach within form factor housings. The limited three dimensional space available for the
electronics usually drives one or morc;'forms of packaging minimization including the use of thin,
flexible carrier materials with fine line/space/via wiring, small passive discrete components and
various 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 methods must also
support high volumé, low prqﬁt margin manufacturing, since the bulk of high density form 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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structures that allow for fast, simple and simultaneous removal of both chips and non-reworkable

chip attach adhesives. The complete heatsink laminate structure consists of a base metal heatsink
and a thin metal foil layer that are bonded together with an adhesive layer. The adhesive layer
defines the separable heatsink laminate bond interface and can be made using dry film adhesives
and lamination processes, or with the use of pressure sensitive adhesives (PSA's). To fabricate
the heatsink structure using PSA's, the adhesive may be used in free standing sheet form or the
adhesive can be present on the metal foil. In the latter application of the PSA, a metal tape
consisting of the PSA bonded to metal foil is attached to the base metal heatsink to create the
heatsink laminate structure. In addition, the adhesive layer may also be impregnated with
thermally and/or electrically conductive particlés to enhance heat dissipation and/or electrical
characteristics of the heatsink laminate interface if required. Chips are attached to the heatsink
using a conventional (ie non-reworkable) die attach adhesive. After the chip attach adhe.sive 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
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and a heatsink formed of another metal to impart varying characteristics in the laminated

structure. Typical is the use of copper foil to make the top surface of the laminated assembly
solderable. This configuration is also usable on a board with internal ground planes which

function as a heatsink.

In another embodiment of the invention, the direct attach integrated circuit device is
secured to the carrier or heatsink at the chip aftach location using a foil layer with an adhesive
coating on each side to afford both a simplified assembly and attachment structure while providing
for ease of rework, when required, by having the peelable foil layer at the attachment interface.
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 tﬁe 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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filler material increases adhesive layer rigidity which enhances high yield wirebonding. As the

support for terminal pads is made more rigid, the ultrasonic energy transferred to the interface
where bonding occurs effectively functions to create the wirebond. To the extent that the
bonding surface is subject to flexible or resilient support, the ultrasonic energy can be partially
dissipated imparting micromotion to the terminal pad which impairs alignment and also the

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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is mounted within aligned openings in a carrier/heatsink assembly and secured to a foil layer

adhered to the heatsink lower surface to reduce wirebond wire lengths and heights, simplify

encapsulation, and reduce the profile of the completed assembly.

DETAILED DESCRIPTION

Fig. 1 illustrates a direct chip attach (DCA) assembly wherein a chip 10 is effectively
attached to a base circuit carrier 12 and electrically connected to the circuitry of such carrier by
wirebonds 14 that extend from chip external electrical contacts 16 to wire traces or terminal pads
18 on the carrier. Base carrier 12 may be formed of any of a variety of materials such as
polyimide, epoxy/glass board or ceramic; may be rigid or flexible and include one or more layers -
supporting conductors with cpnductor terminal portions presented adjacent the chip location that
extend from the electrically insulating coating 19. A's shown, the carrier 12 hasa cutout opening
32 at the location where direqt attachment of a chip to the heatsink is required. Chip 10 is
mé)unted on a heatsink laminate assembly 20 which includes the metal heatsink 22 and a thin foil
layer 24 which are laminated together by an adﬁqgjve layef 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
adhesive film 26 that bonds the foil to the heatsink. The adhesive film layer 26 may be formed of
dry ﬁlm. édhesive 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 coatiné 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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Commonly the heatsink is formed of aluminum and the foil is an aluminum foil. However,

dissimilar metals can also be used in the heatsink laminate structure to impart other special
properties for assembly applications. For example, by using an aluminum base metal heatsink
with a laminate foil layer of copper, the heatsink laminate assembly surface can be made to be

solderable or made to readily accept noble metal platings.

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 th'g interface of
separatién if rework should require that chip 10 be removed. Chip 10 is adhered 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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and die attach adhesive from the remainder of a continuous foil layer laminated to the heatsink.

The modified structure of Fig.2 is particularly useful when metal foils are bonded to base
metal heatsinks using PSA materials. Many PSA materials may not possess adequate rigidity to
allow for efficient transfer of ultrasonic energy during the wirebonding process when present
under certain carrier materials such as polyimides. As a consequence, low wirebonding yields can
result from bonding to "soft" carrier structures having PSA beneath the carrier bond pads.
However, by using a patterned metal foil on the heatsink beneath only the rigid chips,
wirebonding problems are essentially eliminated. Again, further rigidity of adhesives can be
attained through addition of fillers. When free staﬁding adhesive bond films (non-PSA) are used
along with lamination processes to built the heatsink structure, foil or base metal heatsink surface
textures can also be 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
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configuration, there is the option to remove ard replace the chip 10 without removing the copper

foil layer at the top surface of the heatsink laminate assembly.

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
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restricted to niche package assemblies that possess relaxed carrier bond pad geometries and -

negligible z-height form factor packaging constraints. In contrast, the current invention 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
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using a conventional auto-placement tool, followed by electrical interconnection of chip 56
input/output terminals 62 to carrier circuitry pads 61 via wirebonds 63. If defects are present on
the chip or chip assembly area, the chips can be easily reworked or replaced by peeling the
adhesive foil/tape and the attached defective chip from the base carrier surface. After wirebond
and chip removal, chip replacement is provided through application of a new adhesive foil/tape
layer(s) piece to the carrier chip site. New wirebonds are then added to the chip and previously

unbonded regions of the carrier interconnect pads.

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,
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rivets, pegs or other attachment means or media. Althouglrthe use of conventional COF/COB

DCA structure is common, several design, materials and process disadvantages exist that add
cost, reduce performance, add complexity, and prompt potential for manufacturing yield loss.
Examples include the following conditions and structure. The technique requires use of chip
attach adhesive, dispense and batch cure operations. If electrically conductive chip attach
adhesive is required, adhesive squeeze out and shorting of bond pads causes assembly yield loss.
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
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carrier sub-assembly can be adhesively affixed to a housing or primary surface of a given form

factor package by removing the backside tape adhesive release sheet 90. Conversely, in-situ
assembly of the COF/COB carrier on a given housing or form factor package surface is also
possible by first removing the backside adhesive release sheet 90 and affixing the
tape/heatsink/carﬁer assembly to a housing or form factor package surface prior to chip

‘placement, wirebonding, and encapsulation.

Several structural and assembly process advantages are obtained with the use of the TCP
structure , as shown and described, which overcome prior art problems previously identified.
TCP eliminates chip dispense and cure operations and is reworkable. Defective chips can be
removed from the tape adhesive and replaced, or the tape and chip can be removed '
+ simultaneously from the heatsink, 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 example: 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
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would be present at chip attach locations. Since the circuit board is rigid in this case, a metal

heatsink/stiffener is not necessarily required.

While the invention has been shown and described with reference to preferred
embodiments, it will be understood by those skilled in the art that various changes in form and

details may be made without departing from the spirit and scope of the invention.
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What is claimed is:

1. A reworkable direct chip attach (DCA) assembly comprising

a carrier element having a pad location thereon, said pad presenting a surface for
integrated circuit device attachment;

a thin metal foil layer having an upper surface and a lower surface, with sgid lower surface
adhered to said pad location surface by an adhesive layer; |

an integrated circuit device having an upper surface é,nd a lower surface; and

‘. an adhesive material cementing 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 said carrier element to remove saici
integrated circuit device, said adhesive material and said foil portion underlying said adhésive

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 ——

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

formed of a solderable material and said assembly further includes a solder layer overlying said
thin metal foil layer upper surface and said adhesive material cements said integrated circuit device

to said solder layer.

7. The reworkable direct chip attach assembly of claim 6 wherein said thin metal foil layer is

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.
" T
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9. The method of fabricating an electronic assembly of claim 8 wherein said electronic

assembly is formed by adhering said foil film layer to the surface of a heatsink member to form a
laminated heatsink assembly and adhering said laminated heatsink assembly to said carrier
assembly with the surface of said foil layer presented at a cutout opening in said carrier that

defines said pad location.

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 heatsink surface from which said patterned layer of

T

—_—

foil film was removed.
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14. 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 chip attach location formed as-a hole in said carrier assembly extending from said uppér
surface to said lower surface with said carrier assembly including conductor terminals presented
by said carrier assembly adjacent said chip attach location;

an adhesive coated foil material adhered to said carrier assembly lower surface and
presenting an adhesive coated foil surface at said chip attach location;

an integrated circuit device secured to said foil material at said chip attach location by said

adhesive coated foil surface, whereby said integrated circuit device is recessed in said carrier

~ assembly hole at said chip attach location; and

means electrically connecting circuitry carried by said integrated circuit device to said
cartier assembly conductor terminals.
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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19. The reworkable direct chip attach assembly of claim 17 wherein said organic core tape 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.

20.  The reworkable 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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26. 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 an adhesive coating on said 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 coating; and

connecting means electrically connecting said integrated circuit device to said terminal

portions on said carrier element.
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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31. The reworkable direct chip attach assembly of claim 29 wherein an adhesive layer at a

surface of said foil includes a filler material that makes said adhesive layer electrically conductive.

32. 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;

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.
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