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This invention relates generally to molded packages such as those used in
integrated circuit packaging and, more particularly, to a packaging technique which
reduces the likelihood of delamination and package cracking by enhancing the adhe:ion
between the molding compound and the heat spreader within such packages.

BACKGROUND OF THE INVENTION

Integrated circuit chips are being fabricated with ever smaller geometries and
higher circuit densities. The power consumption associated with these increased circuit
densities has also increased, thereby increasing the thermal transport requirements of the
package. In some conventional thermal transport arrangements, the integrated circuit chip
is supported on a metal or ceramic heat spreader. The chip and heat spreader are
overmolded by a plastic molding compound which serves as a casing for the package. The
thermal impedance of such conventional arrangements has become marginal in view of the
increased thermal transport requirements of the higher circuit density packages. This is
true even for CMOS technology.

One problem with the conventional arrangement is poor adhesion of the molding
compound to the heat spreader surface, particularly with a metal heat spreader. This
problem arises because the molding compounds include a mold release agent which
permits removal of the molded part from the mold without using an external mold release
material. The mold release agent in the molding compound reduces the adhesion between
the molding compound and the mold, but also disadvantagéously reduces the adhesion
between the molding compound and the surface of the metal heat spreader. This poor
adhesion often contributes to package cracking due to delamination between the molding
compound and the heat spreader.
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higher circuit densities. The power consunption associated with these
increased circuit densities has also increased, thereby increasing the
thermal fransport requirenments of the package. In sone conventional thernal
transpOrt arrangenments, the integrated circuit chip is supported on a netal
or ceram c heat_spreader. The chip and heat spreader are overnolded by a
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aggravated 1f moisture is present in the molding compound, because the moisture is
converted to steam at reflow soldering temperatures. The steam pressure causes more
severe delamination and package cracking.

In addition, delamination and cracking as described above can even be caused by
temperature excursions within the normal operating temperature of the package.

In view of the foregoing discussion, it is desirable to improve the adhesion
between the molding compound and the heat spreader in order to provide increased
resistance to delamination and package cracking, while also providing adequate thermal
transport capability.

According to the present invention, adhesion between a heat spreader and a
substance to be adhered to the heat spreader can be enhanced by using thermal spray
deposition to apply a coating to the heat spreader. The substance to be adhered is applied
to the coated heat spreader. Such coatings can also be applied to other metal elements
within the package to enhance their adhesion capability.
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iOne problemw th the conventional arrangenment is poor adhesion of the
mol di ng conpound te the heat spreader surface, particularly with a netal
heat spreader. This problem arises because the nol ding conpounds include a
mol d” release agent which permts renoval of the nolded part fromthe nold
Wit hout using an external nold release material. The nold rel ease agent in
t he 1ol di ng conpound reduces the adhesi on between the nol di ng conpound and
the mold, g nlﬁbi?‘s(qi AL o “ilﬁbﬁw gs t he adhesi on between the

nol di ng cdmpoung ana tHe surtace of the netal heat spreader. This poor
adhesion often contributes to package cracking due to del am nati on between

the nolding  Exemplary embodiments of the present invention are described below in
conjunction with the appended drawings, in which:

Figure 1 is a cross-sectional view of an integrated circuit device package according
to one embodiment of the present invention;

Figure 2 is a cross-sectional view of an integrated circuit device package according
to another embodiment of the present invention;

Figure 2A is a diagrammatic illustration of detail A in Figure 2;

Figure 3 is a fragmentary plan view of a coated heat spreader according to the
present invention;

Figure 3A is a fragmentary sectional view taken along line 3A-3A in Figure 3, and
showing the semiconductor die and molding compound in place on the heat spreader;

Figure 4 is a fragmentary side view of an integrated circuit device package
according to another embodiment of the present invention;

Figure 4A is a diagraomatic illustration of detail A ir Figure 4;
Figure 4B is a diagrammatic illustration of detail B in Figure 4;
Figure 4C is a diagrammatic illustration of detail C in Figure 4;

Figure 5 is a fragmentary side view of another integrated circuit device package
according to the invention;

Figure 6 is a view similar to Figure 5, but depicting another integrated circuit
device package according to the invention; and
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‘compeund and t he heat spreader. 2 For exanple, during conventional
surface nounti:ng using reflow soldering, the tenperatures (215C to 260C)
produced, can enhance the state of thermal m smatch between the nol ding
conmpaund and the heat spreader. The problemis nuch further

Figures 7A and 7B illustrate a metal component of a molded package coated with
a combination of selectively applied coating materials.

DETAILED DESCRIPTION

Figure 1 illustrates an electrical circuit assembly according to one embodiment of
the present invention. In this embodiment, the electrical circuit assembly is an integrated
circuit package 10 including an electrical circuit as embodied by integrated circuit chip 11.
The integrated circuit chip 11 is mounted on a chip support pad 13, and the chip support
pad 13 is mounted on a heat spreader or heat sink 15. The pad 13 is adhered to the heat
spreader 15 by an adhesive material 17. The heat spreader is preferably a metal heat
spreader, for example, copper. The adhesive material 17 is preferably a thermally
enhanced epoxy adhesive. Leads 21 are wire bonded to the chip 11, and a molding
compound 19 is molded onto the chip 11, pad 13, heat spreader 15, leads 21 and wire
bonds 22. The molding compound is typically a plastic material, for example, epoxy
Novolac. The leads 21 are partially encapsulated by the molding compound 19 and
project externally therefrom, thereby providing external electrical access to the chip 11.

Because of thermal mismatch between the heat spreader 15 and the molding
compound 19, undesirable delamination between the heat spreader 15 and the molding
compound 19 can occur, resulting in the package cracking problems described above. The
present invention attempts to eliminate this problem by providing the heat spreader 15
with a relatively thin film coating 23 applied by a thermal spray ceating process, for
example, a coating of nickel aluminide applied by a flame plasma deposition process and
having a thickness in the range of about 0.001 to 0.005 inches and having an adhesion
strength of approximately 1000 psi, measured in shear. The coating 23 significantly
enhances the adhesion between the molding compound 19 and the heat spreader 15,
thereby reducing the likelihood of delamination therebetween. This technique can enhance
the adhesion by ten-fold or more, depending on factors such as the intrinsic adhesion
capability of the heat spreader surface to which the coating 23 is applied.

Because of the very good adhesion obtained, thermal transport is enhanced by
elimination of gaps or voids between the molding compound 19 and the heat spreader 15.
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‘aggravated if noisture is present in the nolding conpound, because the
norsture i s converted to steam at reflow soldering tenperatures. The steam
pressure causes nore severe del am nati on and package cracking. In addition,
del anmi nation and cracking as described above can even be caused by
tenperature excursions wthin the nornmal operating tenperature of the
package. |Thevioatingf23t previfies edheisiog stiesgthsafi abont 1900 psi deshorabdtethe dnterfageov e
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al so providaf e B Afy and w1thm the coating 23 1tse1f These interfacial adhesion
strengths can be retamed over the temperature range required for assembling the
integrated circuit package 10 into a system, for example by reflow soldering, and over the
required operational temperature range of the package 10. These strengths are retained
through reflow soldering even when moisture is present in the molding compound 19.

This greatly reduces the incidence of delamination and package cracking.

The film coating 23 should be thin enough to avoid cohesive failure in the coating
itself, and should also be thin enough to avoid substantial sacrifices in thermal
conductivity. The above-described example of coating 23 meets these requirements.

The flame plasma deposition process, also known as plasma arc deposition and
plasma spray, is a’ well known thermal spray coating process, and a coating having the
characteristics of the above-described exemplary coating 23 can be readily obtained using
this process. In the flame plasma deposition process, a plasma-forming gas (e.g. argon or
nitrogen) is used both as a heat source and a propelling agent for the coatirig material.
The gas is ionized by a high-voltage arc struck between an anode and a cathode of a spray
gun and is then forced through a nozzle. As the gas leaves the nozzle, it reverts to its
natural state and liberates a large amount of heat. The coating material, such as nickel
alutninide, is provided in powdered form and is injected into the hot gas stream where it is
melted and .projectéd at high velocity onto the heat spreader 15. The resultant nickel
aluminid> coating 23 is dense and strongly bonded to the heat spreader 15. Nickel
alominide is often referred to as a bond coat material because it will actually make a
metallurgical weld to the surface of the heat spreader 15 during the flame plasma
deposition process, and no pre-treating of the heat spreader is necessary.

Although flame plasma deposition is the preferred method of applying the coating
material, other known thermal spray processes can be used to apply the coating material.

Referring again to Figure 1, the leads 21 are electrically isolated from the heat

spreader 15 by the molding compound 19. Therefore, the coating 23 may be either
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transport capability. According to the present invention, adhesion between
a heat spreader and a substance to be adhered to the heat spreader can be

enhanced, by using thermal spray deposition to apply a coating to the heat

spreader. The substance to be adhered is applied to the coated heat

spreader. Such coati ngs can al so_be applied to other netal elenments within
t he packagiectisally, vandustive qrringdativei oRhe apesrdeseribed nicke!l aluminide coating is

electrically conductive.

The embodiment of Figure 2 is generally similar to the Figure 1 embodiment (and
‘the same reference numerals have been used in Figure 2 to designate analogous parts)
except that the chip 11 and the leads 21 are attached directly to the heat spreader 15. The
chip 11 is attached to the heat spreader 15 using the aforementioned adhesive 17. The
leads 21 are attached to heat spreader 15 using adhesive 18. In this embodiment, the
coating 23A could be electrically insulative to prevent the leads 21 from being shorted
together by the metal heat spreader 15. Thus, in the Figure 2 embodiment, the coating
23A could be, for example, any of a variety of well known insulating oxide materials. One
specific example of an acceptable insulating oxide coating material is alumina. In order to
obtain the desired adhesion between the heat spreader 15 and the alumina coating,
however, it may be necessary to pre-treat the heat spreader 15 before depositing the
alumina. One pre-treatment possibility is to mechanically abrade the heat spreader surface
and then use flame plasma deposition to apply the desired coating of alumina onto the
abraded heat spreader surface. Pre-treatment of a substrate by mechanical abrasion is a
well known procedure in flame plasma deposition technology. As another pre-treatment
possibility, the heat spreader 15 can be provided with a precoat layer of flame plasma
deposited nickel aluminide. Thereafter, an overcoat layer of flame plasma deposited
- alumina can be applied to the precoated heat spreader to obtain the desired insulative
coating.

As an alternative in the Figure 2 embodiment, adhesive 18 can be an electrically
insulating tape with adhesive on both sides. The insulating tape would prevent the leads
21 from shorting together, and the heat spreader 15 could be coated with an electrically
conductive material if desired.

As mentioned above, the coatings 23 and 23A can be either insulative or
conductive. Therefore, either of the aforementioned exemplary materials, nickel aluminide
or alumina, may be used for the coatings 23 and 23A. However, bond coat type materials
are generally preferable in terms of cost and thermal transport. Therefore, among the
disclosed exemplary coating materials, nickel aluminide would be the generally
recommended choice unless an insulating material is required.
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*3 BRI EF DESCRI PTI ON OF THE DRAW NGS Exenpl ary enbodi nents of the present

I nvention are-:described below in conjunction with the appended draw ngs,
in which: Figure 1 is a cross-sectional view of an integrated circuit
device package according to one enbodi nent of the present invention; Figure
2'is a cross-sectional view of an integrated circuit device package
accordi ng

Referring to Figure 2A, the leads 21 may also be coated with a flame plasma
deposited film 23B to enhance adhesion of the leads 21 to the molding compound 19 and
to the adhesive 18. The flame plasma deposited film 23A on the heat spreader 15 also
enhances the adhesion between heat spreader 15 and adhesives 17 and 18.

Figures 3 and 3A illustrate the use of the present invention with the heat spreader
of a conventional TO-220 power transistor package. The heat spreader 25, copper in this
embodiment, is provided with a flame plasma deposited alumina coating 29 which has
been selectively positioned on the upper surface 26 of the heat spreader 25 by line of sight
masking outside of the die attach area 27. The coating 29 can have the same thickness
and adhesion strength as disclosed above with respect to the coating 23 of Figure 1. The
placement of the semiconductor die 31 and molding compound 33 is shown in Figure 3A.
In this embodiment, the molding compound 33 contacts only a limited portion of the upper
surface 26 of the heat spreader 25, and the coating 29 is therefore limited to that particular
portion of the upper surface 26. As indicated previously, the coating 29 may include a
precoat layer of nickel aluminide and an overcoat layer of alumina.

On the other hand, the molding compound 19 in Figures 1 and 2 contacts all of the
heat spreader 15 except the bottom surface and the chip attach area. The coatings 23 and
23A must therefore be applied to a significantly larger portion of the heat spreader surface
area than in Figures 3 and 3A. For example, surfaces such as side surfaces 35 and 37 in
Figures 1 and 2 must be coated in addition to the upper surface 39. In fact, the heat
spreader 15 can be entirely encapsulated by the molding compound 19, as shown in
broken lines in Figure 1. In this case, even the bottom surface of the heat spreader 15
would be coated to promote adhesion of the molding compound 19.

Referring again to the arrangement illustrated in Figures 3 and 3A, scanning
acoustical microscopy has been used to compare this structure to the conventional
arrangement, which has no coating 29. The comparison was made both before and after
temperature cycling, and the adhesion provided by the structure of Figures 3 and 3A was
much improved over the conventional arrangement, even though the alumina coating 29
was not optimized and the heat spreader 25 was not precoated with a bond coat material.
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to anot her enbodi nent of the present invention; Figure 2A is a diagranmatic
il1lustration of detail Ain Figure 2; Figure 3 is a fragnentary plan view
of a coated heat spreader according to the present invention;, Figure 3Ais
a fragmentary sectional viewtaken along line 3A-3A in Figure 3, and

showi ng the sem conductor die and nol di ng conpound in place on the heat
spreader; Fi gurkhemolding compgumhsdof/ Figunc3A cavbeinokdad ontoghe heas gpreadar 25t
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molding compound 19 covers heat spreader 15 in Figures 1 and 2. The coverage of
coating 29 in Figures 3 and 3A would be extended in correspondence to the extended
coverage of the molding compound 33.

The coating 29 of Figures 3 and 3A may also be extended to cover the entire upper
surface 26 of heat spreader 25, includihg the die attach area 27. This would provide
isolation for the semiconductor die 33 and enhance the adhesion between the die attach
adhesive (preferably a thermally enhanced epoxy adhesive) and the coated heat spreader
25. Such enhanced adhesion can reduce the amount of die attach adhesive needed,
resulting in improved heat transfer from the die 33 to the heat spreader 25.

Referring to Figures 1 and 2, by coating the entire upper surface 39 of the heat
spreader 15, the aforementioned advantages associated with coating the die attach area
can be realized in the embodiments of Figures 1 and 2 also.

Another embodiment of the present invention is illustrated in Figures 4, 4A, 4B
and 4C. Figure 4 illustrates a semiconductor packaged device 41 including a package
assembly 43 in which a semiconductor die or chip 59 is housed. The package assembly 43
includes a generally annular package ring 45 formed from a molding compound such as
epoxy Novolac. Opposite axial ends of the package ring 45 are closed by metal (copper in
the disclosed example) lids 47 and 49 which also function as heat spreaders. Referring to
Figures 4A and 4C. the outer peripheral portions of the lids 47 and 49 are adhered to the
package ring 45 by layers of adhesive material 51. Flarne plasma deposited film coatings
53 and 55 are respectively provided on lids 47 and 49 to enhance the adhesion of the
adhesive layers 51 to the lids 47 and 49. Thus, the adhesion of the lids 47 and 49 to the
molded package ring 45 is also enhanced.

Referring to Figure 4B, a metal (in this embodiment aluminum) die pad 57 is
provided to support the chip or die 59 within the package assembly 43. Using layers of a
thermally enhanced epoxy adhesive material 52, the die pad 57 is adhered on one side
thereof to the lid 47 (or alternatively the lid 49), and on the opposite side thereof to the die
59. A flame plasma deposited film coating 61 covers both of the aforementioned sides of
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.Figure 4A is a diagrammatic illustration of detail Ain Figure 4; Figure 4B
Is.a diagrammatic i-llustration of detail Bin Figure 4; Figure 4Cis a
diagrammatic illustration of detail Cin Figure 4, Figure 5 is a
fragpentary side view of another int egrated circuit device package
according to the invention; Figure 6 is'a viewsimlar to Figure 5, but
depi-cti ng thediepad Smﬁoe&ynhatoedhc:a(ﬂeuon ofitheiadbespadiypeS2atoctbe dierppdt . t Fags,

I nventi on; w@nfhesion of the die 59 and the Iid 47 to the die pad 57 is enhanced. In addition, the
adhesion between the die pad 57 and the lid 47 is further enhanced by the flame plasma
deposited film coating 53 on the lid 47, which coating 53 enhances the adhesion of the
adhesive material 52 to the lid 47.

The package ring 45 and the lids 47 and 49 are cooperable to define a cavity 67
within the package ring 45 and between the lids 47 and 49. Alternatively, the package
ring 45 and the adhered lid 49 can be considered to define a die carrier body having an
outwardly opening cavity 67 which is closed by the lid 47. As indicated above, the die 59-
may be mounted on either of the lids 47 or 49. The package ring 45 is molded onto leads
such as lead 63. The lead 63 has an inner end which is disposed within the cavity 67 and
wire bonded at 65 to the die 59. The lead 63 extends outwardly through the package ring
45 to provide external electrical access to the die.

In the embodiment of Figure 4, the flame plasma deposited coatings 53, 55 and 61
may be either electrically conductive or insulative (if the coating 55 is insulative, it will
prevent the bond wires from shorting to the lid 49), and may have the same thickness and
adhesion strength as disclosed above with respect to the coating 23 of Figure 1. Because
the coatings of Figures 4A-4C are provided to enhance the adhesion of the adhesives to
the die pad 57 and to the lids 47 and 49, the desired adhesion strength must be provided at
the interfaces between the die pad 57 and the coating 61, at the interfaces between the
coatings 53, 55 and the lids 47, 49, at the interfaces between the coatings and the
adhesives, and within the coatings themselves.

Figure 5 illustrates an alternative to the Figure 4 embodiment. Figure 5 is
generally similar to Figure 4 but differs therefrom because it does not include a molded -
package ring as in Figure 4. A metal base or die carrier body 49A defines an outwardly
opening cavity 67A which is closed by a metal lid or cap 47A. The base 49A and the cap
47A may be, for example, aluminum. The opposed outer peripheral portions of the cap
47A and the base 49A are adhered to one another by adhesive material S1A. The lead
63A is captured between the cap 47A and the base 494, and is adhesively secured in place
by the adhesive material 51A. The flame plasma deposited film coatings S3A and 55A are
respectively provided on the opposed outer peripheral portions of the cap 47A and the
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4 Figures 7A and 7B illustrate a nmetal conponent of a nol ded package coated
with a conbination-'of selectively applied coating materials. DETAILED
DESCRIPTION Figure 1 illustrates an electrical circuit assenbly according
to one enbodi nent of the present invention. In this enbodinent, the
electrical circuit assenbl y is an integrated

base 49A to enhance the adhesion of the adhesive material 51A to the cap 47A and the

base 49A. Similarly to the Figure 4 embodiment, a semiconductor die is disposed within
the closed cavity 67A, and may be mounted on either the base 49A or the cap 47A.

Figure 6 illustrates another alternative to the Figure 4 embodiment. Figure 6 is
generally similar to Figure 4 but differs therefrom because the molded package ring 45B is
molded onto the heat spreader 49B as well as the leads 63B. The leads 63B are attached
to the surface of heat spreader 49B by adhesive 51B, and thereafter the package ring 45B
is molded onto the heat spreader 49B and the leads 63B. The surface of heat spreader
49B is provided with a flame plasma deposited coating 55B to enhance the adhesion
between heat spreader 49B and package ring 45B. The adhesion between adhesive 51B
and heat spreader 49B is also enhanced by the flame plasma deposited coating on the heat
spreader. As in Figure 2, the coating on heat spreader 49B can be electrically insulative -
(such as alumina) to prevent the leads 63B from being shorted together by the metal heat
spreader 49B, or the adhesive 51B can be an insulating tape with adhesive on both sides.

After the package ring 45B has been molded onto the heat spreader 49B and leads
63B, the lid 47B is attached to the package ring 45B using adhesive 51B.

Referring now to Figures 1, 4, 5 and 6, the leads illustrated therein may also be
coated with flame plasma deposited material as discussed above with respect to Figures 2
and 2A. Such lead coating enhances the adhesion between: the leads 21 and molding
compound 19 of Figure 1; the leads 63 and the molded package ring 45 of Figure 4; the
leads 63A and adhesive material 51A of Figure 5; the leads 63B and molded package ring
45B of Figure 6; and the leads 63B and adhesive 51B of Figure 6. As is clear from the
drawings, the flame plasma deposited coating need only be applied to those portions of the
leads which contact the molding compound and/or the adhesive. Such selective coating is
readily achieved using conventional masking techniques.

Coatings such as the exemplary coatings described herein can be used together in
selective combination, depending on the requirements of the particular package. As an
example, referencing Figure 7A, nickel aluminide can be applied only on selected areas 73
of a surface of a metal component 71 such as a heat spreader, and alumina can be applied
to the remaining areas 75 which are not already coated with nickel aluminide. This
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circuit package 10 including an electrical circuit as enbodi ed by
Integrated circuit chip 11. The integrated circuit chip 11 is nounted on a
chip_ support pad 13, and the chip support pad 13 is nmounted on a heat
spreader or heat sink 15. The pad 13 is adhered to the heat spreader 15 by
an adhesive material 17. The heat spreader is preferably a netal heat

spreader, P@vides ampiimal dspesition thigknegh candy émprgved |th¢m@lz qogdyntizityr b the o
ther mal | y EIBAALARGnQNSNE ACHIETS. VAs ah@BESexdinph, eetweﬁﬁn Bi3RA7 B%&hﬁnﬁmp 11,

and a nol di ng, ¢ nd 19 is pol ded o the ch| a at eader
I P enas S s MR v R S5 SR ) e el FopoRct 73 Syhicing 15 O gt c
mat eri al , Alamimdeopdted aregsdX3/and the areas 75. The areas 75 havc greater dielectric strength
than the areas 73 while having a deposition thickness approximately equal to the
deposition thickness of the areas 73.

Although exemplary embodiments of the invention are described above in detail,
this description is not to be construed as limiting because the invention can be practiced in
a variety of embodiments. '
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=Nov6|~ac. The leads 21 are partially encapsulated by the nolding conpound_19
and project externally therefrom thereby providing external electrical
access to the chip 11. Because of thermal m snmatch bet weris ShdetHayBadn Replaced

spréader 15 and the nol di ng compound 19, undesirabl e del an' mm “'mwen
the heat spreader 15 and the nol di ng conpound 19 can occu
t he :packagWHAINS GHASMIED 8% descri bed above. The present I nvention

attenpts to elimnate this problem by providing the heat spreader 15 with a

relatively thin filmco 23 appli by a.thermal spray coating process,
for exanpl & a coatify egqctrﬁ%k%@mtégﬁsm%fn’a Y& ed by a flanme plasma

deposi tion process and an electrical circuit;

a heat spreader disposed in thermal contact with said electrical
circuit for carrying heat away from said electrical circuit, said heat spreader
having a coating of deposited material provided thereon for enhancing the
adhesion capability thereof; and

a molded structure adhered to said coated heat spreader.

2. The electrical circuit assembly according to Claim 13, wherein said molded
structure is molded onto said coated heat spreader.

3. The electrical circuit assembly according to Claim 14, wherein said coated
heat spreader has an adhesive material applied thereto for adhering said heat
spreader to said molded structure.

4. The electrical circuit assembly according to any preceding claim, wherein
said coating has a thickness in a range of approximately 0.001 to 0.0035 inches.

5. The electrical circuit assembly according to any preceding claim, wherein
said coating has an adhesion strength of approximately 1000 psi.

6. The elec&ical circuit assembly according to any preceding claim, wherein
said coating comprises nickel aluminide.

7. The electrical circuit assembly according to Claim 3, wherein said coating
is alumina.
8. The electrical circuit assembly according to any preceding claim, wherein

- said electrical circuit is a semiconductor integrated circuit chip, and wherein a chip
support pad is mounted on said heat spreader, said chip being mounted on said
chip support pad, said molded casing being molded onto said chip support pad,
and said molded casing being constructed from a plastic molding compound.
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an adhesi on strrength of approximtely 1000 psi, neasured |

coating 23 significantly enhances the adhesi on between the lmam “‘Iﬂﬁl‘lund
19 and the heat spreader 15, thereby reducing the Iikeliho

del ami nation therebetween. This technique can enhance the adhesion by
ten+fold or nore, depending on factors such as the intrinsic adhesion
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heat spreader 1bf deposited material prov1ded thereon for enhancing the adhesion capability
thereof, said coated leads being adhesively attached to said coated heat spreader,
said molded casing being molded onto said coated leads, said leads projecting
exteriorly of said molded casing to provide external electrical access to said
electrical circuit, and said heat spreader coating being electrically insulative such
that said leads are electrically isolated from one another.

10. The electrical circuit assembly according to, Claim 8, wherein said electrical
circuit is a semiconductor integrated circuit chip and said chip being mounted
directly on said heat spreader.

11. An electrical circuit according to any preceding claim, wherein the
deposited material is flame plasma deposited material.

12. An electrical circuit according to any of claims 1 to 10, wherein the
deposited material is thermal spray deposited.

13. A semiconductor packaged device, comprising:

a semiconductor die;

a package assembly for housing said semiconductor die therein;

support means coacting with said package assembly for supporting
said semiconductor die in said package assembly; and

at Jeast one of said package assembly and said support means
including a metal element having a coating of deposited material provided
thereon for enhancing the adhesion capability thereof, and said metal
element having a layer of adhesive material applied over said coating.

14. The semiconductor packaged device according to Claim 13, wherein said
package assembly includes a die carrier body having a generally annular, molded
package ring portion, said package ring portion having opposite axial ends, one of
said axial ends being closed by said die camrier body, said package assembly
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5 The coating 23 provides adhe5| on strength of about 10805
the interface between the heat spreader 15 and the coatl
interface between the coating 23 and the nol di ng conpou
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the toating 23 itself. These interfacial adhesion strengths can e ret ai ned

over the tenperature range required for assenbling the

including a metal lid secured to and closing the other axial end of said package ring
portion, said metal lid having a coating of deposited material provided thereon for
enhancing the adhesion capability thereof, said metal lid having a layer of adhesive
material applied over said coating for adhering said lid to said package ring
portion, said lid being cooperable with said die carrier body to define an enclosed
cavity within said package ring portion, and said semiconductor die being disposed
within said cavity.

15. The semiconductor packaged device according to Claim 13 or claim 14,
wherein said support means includes a metal die pad to which said semiconductor
die is attached, said metal die pad being mounted on said coated metal lid, said
metal die pad having a coating of deposited material provided thereon for
enhancing the adhesion capability thereof, and said metal die pad having a first
Iayer of adhesive material applied over said coating for adhering said die pad to
said semiconductor die and having a second layer of adhesive material applied over
said coating for adhering said die pad to said coated metal lid.

16. A method of manufacturing a semiconductor packaged device, comprising
the steps of:

providing a metal heat spreader for carrying heat out of said
semiconductor packaged device;

providing a substance to be adhered to the heat spreader;

enhancing the adhesion capability of the heat spreader by using
deposition io apply a coating to a surface of the heat spreader; and

thereafter, applying to the coated surface of the heat spreader the
substance to be adhered.

17. The method according to Claim 16, including the step of mechanically
abrading said surface before applying said coating thereto.

18. The method according to claim 16 or claiml7, further comprising using
flame plasma deposition.

TI-16878EU - 14
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=|ntegrated circuit package 10 into a system for exanple by reflow

soJ dering, and over the required operational tenperature range of the
package 10. These strengths are retained through refl ow sol deri ng even when
noi sturé is present in the nolding conmpound 19. This greatly reduces the

i nci dence of del ani nati on and package cracking. The filmcoating 23 shoul d
be t:hin enbugh to av'(l‘hdrrmdkmerdilmﬂomlmlrﬁ erfrdaimolds fln’glet eeapHsing g doul d
al so be thin en t@ (gpstantlal sacrifices in thernal

conductivity. The e- crl ed exanpl e of coating 23 neets these

requi renents. The flane plasna deposition process, also known as plasna are
deposi tion and

This Sheet Has Been|||eﬂlaced
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pl asrma spray, is a well known thermal spray coating process, and a coating
havi ng the characteristics of the above-descri bed exenplary coating 23 can
be readily obtained using this process. In the flame plasnma deposition
process, a plasma-formng gas (e.g. argon or nitrogen) is used both as a
heat source and a propelling agent for the coating material. The gas is

i oni-zed by a hi QWMN@UH@R%NHMWMHESI@N&Hﬂ’éﬂﬂaﬂ“ﬁ&f‘hode of a

spray gun and is then fgg gchltﬂg{g QR8s | eaves the
nozzle, it reverts to its natur state and erates a | arge anmount of

heat. The coating material, such as nickel al um' nide, is provided in
powdered formand is injected into the hot gas streamwhere it is

ABSTRACT OF THE DISCLOSURE

Adhesion between a heat spreader (15) and a substance (19) to be adhered to the
heat spreader can be enhanced by using thermal spray deposition or flame plasma
deposition to apply a coating (23) to the heat spreader. The substance to be adhered is
applied to the coated heat spreader. The technique can be used in all electrical circuit
assemblies.

TI-16878

Sheet Has Been Re\i laced
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nelfed and projected at high vérbéity pntb t'he heat spreader 15. The

resul tant nickel alum nide coat+ng—=23—+s—dense and strongly bonded to the
heat spreader 15. Nickel al um ni LPESé%E E n referred to as a bond coat

materigl Jpecause it will actually fRlagedyi cal weld to syr f,age,
of theSwelg&preader 15 during th%m mﬁfdeposition proc?hsg, /fo‘ué’n}czfJ
pre-treating of the heat spreader Al t hough flame pl asma _
deposition is the preferred nethod of applying the coating nateria/,&d;h@}

known t hermal spray processes can be used to apply the coating material.
Referring again to Figure 1, the leads 21 are electrically isolated from

t he heat
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the same reference nuneral s have been used in Fi gure 2 to designate
anal ogous parts) except that the chip 11 and the | eads 21 are attached
directly to the heat spreader 15. The chip 11 is attached to the heat

spreader 15 ysing the af or enent iThisEheetldds BsemRepldced The | eads 21 arzéatygyge?d/
to Heat ﬁg 15 usi ng adhesi vﬁmﬂrlmuglllmﬂ embodi ment, the cbating 23A

could b cally insulative | eads 21 from bein ho 'ed‘é,;
toget her by the nmetal heat spreader 15. Thus, 1 n the Figure 2 enbodinent

the coating 23A could be, for exanple, any of a variety of well known

i nsul ating oxide materials. One specific exanple of an acceptable

i nsul ati ng oxide coating material is alumna. In order to

277
W“va/(

VA b —-25
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obtain the desired adhesi on between the heat spreader 15 and the al um na

coating, however, it may be necessary to pre-treat the heat spreader
before depositing the alum na. Ojg BlEtat B&h ossibility is to

15
mechani*c y abrade the heat spre d then use flane gLas /0
depos.irb o apply the desired c M ‘ E na onto the abrad d }{% @
f N '

spreader surface. Pre-treatnent o y nmechani cal abras?b
wel | known procedure in flame plasma deposition technology. As another
pre-treatnent possibility, the heat spreader 15 can be provided with a
precoat |ayer of flanme plasnma deposited nickel alurninide. Thereafter, an

overcoat |ayer of flanme plasm %poc' ed
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~-aluntna can be applied to the precoated heat spreader to obtain the desired
i nsul ative coating- As an alternative in the Figure 2 enbodi ment, adhesive
18 can be an electrically insulating tape with adhesive on both sides. The
i nsyl ating tape would prevent the |eads 21 from shorting together andéjg
heat s gger 5 coul d be coated—wth—an—etectrically conductive ter/( /J/

i f desd menti oned above, lpghe&%gﬁ&g§ i;ée nd 23A can be either

i nsul ati ve or conducti ve. There]I e af orenmenti oned mpljaf y
materi al s, nickel alum nide TIIIII"]"II ﬂlllﬂ \e{' d?é é
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or alumi na, may be used for the coatings 23 and 23A. However, bond coat
type materials are*generally preferable in terns of cost and thernal

transport. Therefore, anong the disciosed—exemplary_coating material s,
ni ckel "al umi ni de woul d be the genewﬁggyee{}faggemgqed choi ce unl ess W’/ék7d/

R ] ¢ ¢

Mold Compound
Adhesive
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Ref erriing REPEAQBMENIASHERES | edds 21} nay al so be coated with a flanme plasm
deposi § esr DidoipadB: pagedniancpagedhiesi pn of the |eads 21 to the nol ding '
cénmpou dtﬁ:ﬂ.@dﬁﬂg)to Ardadhespagedl®. [The flame plasma deposited film 23A on
the he tmsgap%q S) 1 g%ldsﬁ ool @g@aeyvthe adhesi on between heat spreader 15

arfd adiegy xasfﬂ ﬁggﬁ._;;ﬂcggg _____ ahd 3A illustrate the use of the present
| hvEnt ijon t he heat spreade p-conventional TO 220 power transistor
package.

7%5 coppef ik this enbodinent, is provided with
@M«E@@WW ing 29 which has been sel ecti vel y

-posntloned on thelmuewl(awu«fma ENHANCHING U ESPONAAAPABILELY | i ne of si ght

OF HEAT SPREADERS IN MOLDED PACKAGES
. REPLACED SHEETS _ §G

LI Description : paged......... to paged ..........
M Claim(s)  :paged..™.. to paged ...5....
_ : [] Drawing(s) :paged ........ to paged ..........
FIELD OF THE INVENTION 1 Abstract  :paged ..}... to paged .. .....
_ o DATE OF RECEIPT

-----------------------------------

This invention relates generally to molded packages such as those used in
ihtcgratcd circuit packaging and, more particularly, to a packaging technique which
reduces the likelihood of delamination and package cracking by enhancing the adhe:ion

A " between the molding compound and the heat spreader within such packages.

i

ACKGROUND OF THE INVENTION

Integrated circuit chips are being fabricated with ever smaller geometries and
fxighcr circuit densities. The power consumption associated with these increased circuit
densities has also increased, thereby increasing the thermal transport requirements of the
package. In some conventional thermal transport arrangements, the integrated circuit chip
is supported on a metal or ceramic heat spreader. The chip and heat spreader are
overmolded by a plastic molding compound which serves as a casing for the package. The
thermal impedance of such conventional arrangements has become marginal in view of the
increased thermal transport requirements of the higher circuit density packages. This is
true even for CMOS technology. '

-

One problem with the conventional arrangement is poor adhesion of the molding
compound to the heat spreader surface, particularly with a metal heat spreader. This
problem arises because the molding compounds include a mold release agent which
permits removal of the molded part from the mold without using an external mold release
material. The mold release agent in the molding compound reduces the adhesion between

~ the molding compound and the mold, but also disadvantageously reduces the adhesion
between the molding corhpound and the surface of the metal heat spreader. This poor
- adhesion often contributes to package cracking due to delamination between the molding

compound and the heat sprcadcr. S . ) -
R TR | 30 3
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maski ng outside of the die attach area 27. The coating 29 can have the sane
t hi:=ckness. and adhesi on strength as di scl osed above with respect to the
coating 23 of Figure 1. The pl acenent. of the sem conductor die 31 and .
nol,di ng conpound 33 is shown in Figure 3A. In this embodi ment, the nolding’
conpound 33 contacts only a limted portion of the upper surface 26 of the
heat spreader- 25, and the coating 29 .is therefore limted to that
particul ar portion of the-upper surface,26. As indicated previously,-the
coating 29 may include a precoat |ayer of ni ckel al um ni de and an over coat

| ayer of al um néer @rmpie @ringreonwendionalnwriaet aiovgting wiog eflovo spidemmgy thes 1

and 2 Conttéﬁ\béraﬂlrés Qﬁlﬁ@eb 260C) produced can enhance the state of thermal mismatch

' between the molding compound and the heat spreader. The problem is much further
aggravated if moisture is present in the molding compound, because the moisture is
converted to steamn at reflow soldering temperatures. The steam pressure causes more
severe delamination and package cracking. '

In addition, delamination and cracking as described above can even be caused by
temperature excursions within the normal operating temperature of the package.

In view of the foregoing discussﬁgn, it is desirable to improve the adhesion
between the molding compound and the heat spreader in order to provide increased
resistance to delamination and package crackmg, while also providing adequatc thermal
transport capability.

According to the present invention, adhesion between a heat spreader and a
substance to be adhered to the heat spreader can be enhanced by using thermal spray
deposition to apply a coating to the heat spreader. The substance to be adhered is applied

. to the coated heat spreader. Such coatings can also be applied to other metal elements
within the package to enhance their adhesion capability.

- This is the replacement sheet
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heat spreader 15 except the bottom surface and the chi p attach area. The

coati ngs

23 and 23A nust therefore be applied to a significantly |arger

portion of the heat spreader surface area than in Figures 3 and 3A. For

exasmpl e,

surfaces such as side surfaces 35 and 37 in Figures 1 and 2 nust

. becoated in addition to.the upper surface 39. In fact, the heat spreader
15 can be entirely encapsul ated by the nolding compound 19, as shown in
broken .lines in Figure 1. In this case, 3even the bottomsurface of the heat

spreader -15 woul d be coated to pronote adhesion of the noldi ng conpound 19.
Referring again to t he arrangenent illustrated in Figures 3 and 3A
scanning : :

IEE i 0

-

Exemplary embodiments of the present invention are described below in
conjunction with the appended drawings, in which:

Figure 1 is a cross-sectional view of an integrated circuit device package according
to one embodiment of the present invention;

Figure 2 is a cross-sectional view of an integrated circuit device package according
to another embodiment of the present invention;

Figure 2A is a diagrammatic illustration of detail A in Figure 2;

Figure 3 is a fragmentary plan view of a coated heat spreader according to the
present invention;

Figure 3A is a fragmentary sectional view taken along line 3A-3A in Figure 3, and
showing the semiconductor die and molding compound in place on the heat spreader;

Figure 4 is a fragmentary side view of an integrated circuit device package
according to another embodiment of the present invention;

Figure 4A is a diagranmatic illustration of detail A ir Figure 4
Figure 4B is a diagrammatic illustration of detail B in Figure 4;
Figure 4C is a diagrammatic illustration of detail C in Figure 4; )

- Figure Sis a fragmcntary side view of another integrated circuit device package
according to the invention;

Figure 6 is a view similar to Figure 5, but depicting another integrated circuit -
device package according to the invention; and

. Thisis the replacernent shest -
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“acoustical mcroscopy has been used to conpare this structure to the
conventional arrangenent, which has no coating 29. The conpari son was nade
both before and after tenperature cycling, and the adhesion provided by the
structure of Figures 3 and 3A was nuch inproved over the conventi onal
arrangenent, even. though the al-um na coating 29 was not optim zed and the
heat spreader 25 was. not precoated with a bond coat material.

4 -

Fxg,urcs 7A and 7B 1llustrau: a mctal componcnt of a moldcd packat,c coatcd wnh
a combination of selectively applied coating maierials.

STAILED DESCRIPT

Figure 1 illustrates an electrical circuit assembly -according to one embodiment of
the present invention. In this embodiment, the electrical circuit assembly is an integrated
circuit package 10 including an electrical circuit as embodied by integrated circuit chip 11.
The integrated circuit chip 11 is mounted on a chip support pad 13, and the chip support
pad 13 is mounted on a heat spreader or heat sink 15. The pad 13 is adhered to the heat
spreader 15 by an adhesive material 17. The heat spreader is preferably a metal heat
spreader, for example, copper. The adhesive material 17 is preferably a thermally
enhanced epoxy adhesive. Leads 21 are wire bonded to the chip 11, and a molding
compound 19 is molded onto the chip 11, pad 13, heat spreader 15, leads 21 and wire
bonds 22. The molding compound is typically a plastic material, for example, epoxy
Novolac. The leads 21 are partially encapsulated by the molding compound 19 and
project externally therefrom, thereby providing external electrical access to the chip 11.

Because of thermal mismatch between the heat spreader 15 and the molding-
compound 19, undesirable delamination between the heat spreader 15 and the molding
compound 19 can occur, resulting in the package cracking problems described above. The
present invention attempts to eliminate this problem by providing the heat spreader 15
‘with a relatively thin film coating 23 applied by a thermal si)ray coating process, for
example, a coating of nickel aluminide applied by a flame plasma deposition process and
having a thickness in the range of about 0.001 to 0.005 inches and having an adhesion
strength of approximately. 1000 psi, measured in shear. The coating 23 significantly
enhances the adhesion between the molding compound 19 and the heat spreader 15,
thereby reducing the likelihood of delamination therebetween. This technique can enhance
the adhesion by ten-fold or more, depending on factors such as the intrinsic adhesion
capability of the heat spreader surface to which the coating 23 is applied.

- Because of the very good adhesionobtained, thermal transport is enhanced by
elimination of gaps or voids between the molding compound 19 and the heat spreader 15.

Thss is the replacemem shoet
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8 The nol di ng conmpound 33 of Figure 3A can be nolded onto the heat spreader.
25 so that mol ding conpound 33 covers heat spreader 25 in generally the
sanme manner that nol di ng conpound-19 covers heat spreader 15 in Figures 1
and, 2. The coverage of coating 29 -in Figures 3 and 3A would be extended in
corfespondence to the extended coverage of the nolding conpound 33. The
coating 29 of Figures 3 and 3A may al so be extended to cover the entire
upper surface 26 of .heat spreader 25, |nglud|ng the die attach area 27.

This woul d provide ) -

The coating 23 provides adhesion strength of about 1000 psi or more at the interface
between the heat spreader 15 and the coating 23, at the interface between the coating 23
and the molding compound 19, and within the‘coating 23 itself. These interfacial adhesion
strengths can be retained over the temperature range required for assembling the
integrated circuit package 10 into a system, for example by reflow soldering, and over the
required operational temperature range of the package 10. These strengths are retained
through reflow soldering even when moisture is present in the molding compound 19.
This greatly reduces the incidence of delamination and package cracking.

The film coating 23 should be thin criough to avoid cohesive failure in the coating
itself, and should also be thin enough to avoid substantial sacrifices in thermal
conductivity. The above-described example of coating 23 meets these requirements.

The flame plasma deposition process, also known as plasma arc deposition and
plasma spray, is a well known thermal spray coating process, and a coating having the
characteristics of the above-described exemplary coating 23 can be readily obtained using
this process. In the flame plasma deposition process, a plasma-forming gas (e.g. argon or
nitrogen) is used both as a heat source and a propelling agent for the coating material.
The gas is ionized by a hlgh-voltagc arc struck between an anode and a cathode of a spray
gun and is then forced through a nozzle. As the gas leaves the nozzle, it reverts to its
natural state and liberates a large amount of heat. The coating material, such as nickel
aluminide, is provided in powdered form and is injected into the hot gas stream where it is
melted and projected at high velocity onto the heat spreader 15. The resultant nickel
aluminide coating 23 is dense and strongly bonded to the heat spreader 15. Nickel
aluminide is often referred to as a bond coat material because it will actually inake a
metallurgical weld to the surface of the heat spreader 15 during the flame plasma
deposition process, and no pre-treating of the heat spreader is necessary.

Although flame plasma deposition is the preferred method of applying the coating
material, other known thermal spray processes can be used to apply the coating material.

. Referring again to Figure 1, the leads 21 are electrically isolated from the heat
spreader 15 by the molding compound 19." Therefore, the coating 23 fnay be either

, This__ié_ the replacement sheet
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I solation for the sem conductor die 33 and enhance the adhesi on between the
di e attach adhesive (preferably a thermally enhanced epoxy adhesive) and

t he coated heat spreader 25. Such enhanced adhesi on can reduce the anount
of die attach adhesive needed, resulting in inproved heat transfer fromthe
die 33 to the heat .spreader 25. Referring to. Figures 1 and 2, by coating
the entire upper surface 39 of the heat spreader 15, the aforenentioned
advant ages associated with coating the die attach area can be realized in

t he enbodi nents of Figures 1 and 2 al so.” Anot her enbodi nent of the present

i nvent i Oncfcémicgli}’%gﬁ(ﬂfcﬁdc IR iFMVES fhe 46bveWoscribed nickel aluminide coating is
electrically conductive.

The embodiment of Figure 2 is generally similar to the Figure 1 embodiment (and
the same reference numerals have been used in Figure 2 to designate analogous parts)
except that the chip 11 and the leads 21 are attached directly to the heat spreader 15. The
chip 11 is attached to the heat spreader 15 using the aforementioned adhesive 17. The
leads 21 are attached to heat spreader 15 using adhesive 18. In this embodiment, the
coating 23A could be electrically insulative to prevent the leads 21 from being shorted
together by the metal heat spreader 15. Thus, in the Figure 2 embodimens, the coating
23A could be, for example, any of a variety of well known jinsulating oxide materials. One
specific example of an acceptable insulating oxide coating material is alumina. In order to
obtain the desired adhesion between the heat spreader 15 and the alumina coating,
however, it may be necessary to pre-treat the heat spreader 15 before depositing the
alumina. One pre-treatment possibility is to mechanically abrade the heat spreader surface
and then use flame plasma deposition to apply the desired coating of alumina onto the -
abraded heat spreader surface. Pre-treatment of a substrate by mechanical abrasion is a
well known procedure in flame plasma deposition technology. As another pre-treatment
possibility, the heat spreader 15 can be provided with a precoat layer of flame plasma
deposited nickel aluminide. Thereafter, an overcoat layer of flame plasma deposited-
alumina can be applied to the precoated heat spreader to obtain the desired insulative
coating.

As an alternative in the Figure 2 cfnbodiment, adhesive 18 can be an electrically

_ insulating tape with adhesive on both sides. The insulating tape would prevent the leads

21 from shorting together, and the heat spreader 15 could be coated with an elécu"ically
conductive material if desired. |

As mentioned above, the coatings 23 and 23A can be. either insulative or
conductive. Therefore, either of the aforementioned exemplary materials, nickel aluminide
or alumina, may be used for the coatings 23 and 23A. However, bond coat type materials
are generally preferable in terms of cost and thermal transport. Therefore, among the

“disclosed exemplary .coating" materials, nickel aluminide would be - the generally
recommended choice unless an insulating matcrial 1S required.’ '

gy L
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and 4C. Figure 4 illustrates a sem conductor packaged device 41 including a
package assenbly 43 in which a sem conductor die or chip 59 is housed. The
package assenbly 43 includes a generally annul ar package ring 45 forned
froma nol di ng conpound such as epoxy Novol ac. Opposite axial ends of the
package ring 45 are closed by nmetal (copper in the disclosed exanple) lids
47 . and 49 which al so function as heat spreaders. Referring to Figures 4A °
and 4C, the outer peripheral portions of the |lids 47 and 49 are adhered to
the package ring 45 by layers of adhesiVe matérial 51. Flane plasma
deposited film coatings 53 and 55 are respectively provided on |lids 47 and
49 to enhance the adhesion of the

Referring to Figure 2A, the leads 21 may also be coated with a flame plasma

deposited film 23B to enhance adhesion of the leads 21 to the molding compound 19 and
to the adhesive 18. The flame plasma deposited film 23A on the heat spreader 15 also
enhances the adhesion between heat spreader 15 and adhesives 17 and 18.

Figures 3 and 3A illustrate the use of the present invention with the heat spreader
of a conventional TO-220 power transistor péckagc. The heat spreader 25, copper in this
embodiment, is provided with a flame plasma deposited alumina coating 29 which has
been selectively positioned on the upper surface 26 of the heat spreader 25 by line of sight

" masking outside of the die attach area 27. The coatihg 29 can have the same thickness
and adhesion strength as disclosed above with respect to the coating 23 of Figure 1. The
placement of the semiconductor die 31 and molding compound 33 is shown in Figure 3A.
In this embodiment, the molding compound 33 contacts only a limited portion of the upper
surface 26 of the heat spreader 25, and the coating 29 is therefore limited to that particular
portion of the upper surface 26. As indicated previously, the coating 29 may include a

. precoat layer of nickel aluminide and an oygréoat 'layer of alumina.

On the other hand, the molding compound 19 in Figures 1 and 2 contacts all of the
heat spreader 15 except the bottom surface and the chip attach area. The coatings 23 and
23A must therefore be applied to a significantly larger portion of the heat spreader surface
area than in Figures 3 and 3A. For example, surfaces such as sidc surfaces 35 and 37 in
Figures 1 and 2-must be coated in addition to the upper surface 39. In fact, the heat
spreader 15 can be entirely encapsulatcd by the molding compound 19, as shown in
broken lines in Figure 1. In this case, even the bottom surface of the heat spreader 15
would be coated to promote adhesion of the molding compound 19.

Referring again to the arrangement illustrated in Figures 3 and 3A, scanning
acoustical microscopy has been used to compare this structure to the conventional
arrangement, which has no coating 29. The comparison was made both before and after
temperature cycling, and the adhesion provided by the structure of Figures 3 and 3A was
much improved over the conventional arrangement, even though the alumina coating 29
was not optimiicd and thé heat spreader 25 was not precoated ‘with a bond coat material. -

“This is the replacement sheet



adhesive layers 51 to the lids 47 and 49. Thus, the adhesion of the lids 47
and. 49 to the nol ded package ring 45 is al so enhanced. Referring to Figure
4B, a netal (in this enbodi ment alum nun) die pad 57 is provided to support
the chip or die 59 within the package assenbly 43. Using |ayers of a :
thermal | y enhanced epoxy adhesive material 52, the die pad 57 is adhered on
one side thereof to the |id 47 (or alternatlvely the l'id 49), and on the
opposite side thereof to the die 59. A flanme plasnma deposited f|In1coat|ng
61 covers both of thé aforenentioned si@s of

The moldmg compound 33 of Figure 3A can be molded onto the heat spreader 25
so that molding compound 33 covers heat sprcadcr 25 in generally the same manner that
molding compound 19 covers heat spreader 15 in Figures 1 and 2. The coverage of
coating 29 in Figures 3 and 3A would be extended in correspondence to the extended
coverage of the molding compound 33.

The coating 29 of Figures 3 and 3A may also be extended to cover the entire upper
surface 26 of heat spreader 25, includihg the die attach area 27. This would provide
isolation for the semiconductor die 33 and enhance the adhesion between the die attach
adhesive (preferably a thermally enhanced epoxy adhesive) and the coated heat spreader
25. Such enhanced adhesion can reduce the amount of die attach adhesive needed,
resulting in improved heat transfer from the die 33 to the heat spreader 25.

Referring to Figures 1 and 2, by coating the entire upper surface 39 of the heat
spreader 15, the aforementioned advantages associated with coatmg the die attach area
can be realized in the embodiments of Figures 1 and 2 also.

Another embodiment of the present invention is illustrated in Figures 4, 4A, 4B
and 4C. Figure 4 illustrates a semiconductor packaged device 41 including a package
-assembly 43 in which a semiconductor die or chip 59 is housed. The package assembly 43
includes a generally annular package ring 45 formed from a molding compound such as
epoxy Novolac. Opposite axial ends of the package ring 45 are closed by metal (copper in
the disclosed example) lids 47 and 49 which also function as heat spreaders. Rcfcmln.g to
Figures 4A and 4C, the outer peripheral portions of the lids 47 and 49 are adhered to the
package ring 45 by layers of adhesive material 51. Flame plasma deposited film. coait'mgs
53 and 55 are respectively provided on lids 47 and 49 to enhance the adhesion of the
adhesive layers 51 to the lids 47 and 49. Thus, the adhesion of the lids 47 and 49 to the
molded package ring 45 is also enhanced.

Referring to Figure 4B, a metal (in this embodiment aluminum) die pad 57 is
provided to support the chip or die 59 within the package assembly 43. Using layers of a
thermally enhanced epoxy adhesive material 52, the die pad 57 is adhered on one side

~ thereof to the lid 47 (or alternatively the lid 49), and on the opp'ositc- side thereof to the die
59. A flame. plasma dcp_o_sitcd'ﬁlm coating 61 covers both of the aforementioned sides of

-This is the replacement sl:ieet
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9 the die pad 57 to enhance the adhesion of the adhesive layers 52 to the
di € pad 57. Thus, the adhesion of the die 59 and the lid 47 to the die pad
57 is enhanced. In addition, the adhesion between the die pad 57 and the
lid 47 is further enhanced by the flame plasna deposited film coating 53 on

the [id 47, which coating 53 enhances t he adhesi on of the adhesive materl al
52totheI|d47 9

the die pad 57 to enhance the adhesion of the adhesive layers 52 to the dic pad 57. “Thus,
the adhesion of the die 59 and the lid 47 to the die pad 57 is enhanced. In addition, the
adhesion between the die pad 57 and the lid 47 is further enhanced by the flame plasma
deposited film coating 53 on the lid 47, which coating 53 enhances the adhesion of the
adhesive material 52 to the lid 47.

The package ring 45 and the lids 47 and 49 are coopérablc to define a cavity 67
within the package ring 45 and between the lids 47 and 49. Alternatively, the package
ring 45 and the adhered lid 49 can be considered to define a die carrier body having an
outwardly opening cavity 67 which is closed by the lid 47. As indicated above, the die 59
may be mounted on either of the lids 47 or 49. The package ring 45 is molded onto leads
such as lead 63. The lead 63 has an inner end which is disposed within the cavity 67 and
‘wire bonded at 65 to the die 59. The lead 63 extends outwardly through the package ring
45 to provide external electrical access to the die.

In the embodiment of Figure 4, the flame plasma deposited coatings 53, 55 and 61
may be either electrically conductive or insulative (if the coating 55 is insulative, it will
prevent the bond wires from shorting to the lid 49), and may have the same thickness and
adhesion strength as disclosed abbve with respect to the coating 23 of Figure 1. Because
the coatings of Figures 4A-4C are provided to enhance the adhesion of the adhesives teo
the die pad 57 and to the lids 47 and 49, the desired adhesion strength must be provided at
the interfaces between the die pad 57 and the coating 61, at the interfaces between the
coatings 53, 55 and the lids 47, 49, at the interfaces between the coatings and the
adhesives, and within the coatings themselves.

Figure 5 illustrates an alternative to the Figure 4 embodiment Figure 5 is
generally similar to Figure 4.but differs therefrom because it does not include a molded
_package ring as in Figure 4. A metal base or die carrier body 49A defines an outwardly

' opening cavity 67A which is closed by a metal lid or cap 47A. The base 49A and the cap
47A may be, for example, aluminum. The opposed outer peripheral portions of the cap
47A and the base 49A are adhered to one another by adhesive material 51A. The lead’
63A is captured between the cap 47A and the base 49A, and is adhesively secured in place
by the adhesive material S1A. The flame plasma‘deposited film coatings 53A dnd 55A arc
respectively provided on the opposed outer peripheral portions of the cap 47A and the

Thxs is the replacement sheet
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The package ring 45 and the lids 47 -and 49 are cooperable to define a
cavity 67 within the package ring 45 and between the |ids 47 and 49.

Al ternatively,

closéd by the lid 47. As indicated above, the die 59 may be nounted on

either of the lids 47 or 49. The package ring 45 is nol ded onto | eads such

as |l ead 63. The lead 63 has an inner endOwhich i.s disposed w thin the
cavity 67 and wire bonded at 65 to the die 59. The |ead 63 extends

outwardly 6(%9‘@@

to the di

bdsc 49A. Similarly to the Flgurc 4 cmbodlmcnt, a semiconductor die is disposed within
the closed cavity 67A, and may be mounted on either the base 49A or'the cap 47A.

Figure 6 illustrates another alternative to the Figure 4 embodiment. Figure 6 is
géncrally similar to Figure 4 but differs therefrom because the molded package ring 45B is
molded onto the heat spreader 49B as well as the leads 63B. The leads 63B are attached .
to the surface of heat spreader 49B by adhesive 51B, and thereafter the package ring 45B
is molded onto the heat spreader 49B and the leads 63B. The surface of heat spreader
49B is provided with a flame plasma deposited coating 55B to enhance the adhesion
between heat spreader 49B and package ring 45B. The adhesion between adhesive 51B
and heat spreader 49B is also enhanced by the flame plasma deposited coating on the heat
spreader. As in Figure 2, the coating on heat spreader 49B can be electrically insulative
(such as alumina) to prevent the leads 63B from being shorted together by the metal heat
spreader 49B, or the adhesive 51B can be an insulating tape with adhesive on both sides.

After the package ring 45B has been molded onto the heat spreader 49B and leads
63B, the lid 47B is attached to the package ring 45B using adhesive 51B.

Referring now to Figures 1, 4, 5 and 6, the leads illustrated therein may also be
coated with flame plasma deposited material as discussed above with respect to Figures 2
and 2A. Such lead coating enhances the adhesion between: the leads 21 and molding
compound 19 of Figure 1; the leads 63 and the molded package ring 45 of Figure 4; the
leads 63A and adhesive material S1A of Figare 5; the leads 63B and molded package ring
45B of Figure 6; and the leads 63B and adhesive 51B of Figure 6. As is clear from the

drawings, the flame plasma deposited coating need only be applied to those portions of the

leads which contact the molding compound and/or the adhesive. Such selective coating is
readily achieved using conventional masking techniques.

Coatings such as the exemplary coatings described herein can be used together in
selective combination, depending on the requirements of the particular package. As an
example, referencing Figure 7A, nickel aluminide can be applied only on selected areas 73

' of a surface of a metal component 71 sich as a heat spreader, and alumina can be applied

to the remaining areas 75 which are not already coated with nickel aluminide. ‘This

. This is the replacemert skeet
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In the enbodi nent of Figure 4, the flane plasnma deposited coatings 53, 55
and 61 may be either electrically conductive or insulative (if the coating
55 is insulative, it will prevent the bond wires fromshorting to the lid
49),. and may have the sane thickness. and adhesion strength as. di scl osed
above with respect to the coating 23 of Figure 1. Because the coatings of

Fi gures 4A-4C are provided.to enhance the adhesion of the adhesives to the
die.pad 57 and to the |ids 47 and 49, thk desired adhesion strength nust be
provi ded .at the interfaces between the die pad 57 and the coating 61, at

the interfRreAG.PEHMAIRN HERSARAL iNSGeS3 and SidhtEvdd @hdridl cdhductiQity ain the
i nterfaces bet Wﬁen t he. coati ngs Rnd tL"rl]e ' . . L
clectncally insulative arcas 75. As another example, referencing Figure 7B, the alumina
can be applied over the entire surface of the” metal component 71, including the nickel
aluminide-coated areas 73 and the areas 75. The areas 75 have greater dielectric strength

than the areas 73 while having a deposition thickness approximately equal to the
deposition thickness of the areas 73.

Although exemplary embodiments of the invention are described above in detail,
this description is not to be construed as limiting because the invention can be practiced in
a variety of embodiments.
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adhesives, and within the coatings thensel ves. Fi gure 5 illustrates an
al ternative to the Figure 4 enbodinment Figure 5 is generally simlar to
Figure 4 but differs therefrom because it does not include—a nolded package

ring as in Figure 4. A netal base or die carrier-body 4%,5@13;&1:1@5333@‘{1{3 laced -
outwardly opening cavity 67A which is closed by a netal I} The
base 49A and the cap 47A may be, for exanple, alumnum T
peripheral portions of the cap 47A and fjphe base 49A are a
anot her by adhesive material 51 A The | ead 63A is captur ed bet vveen the cap
47A and t hgypase¢epaRip! ], adhesively secured in place
1. An electrical circuit asscmbly,‘comprising:
an electrical circuit; .
a heat spreader disposed in thermal contact with said electrical
circuit for carrying heat away from said electrical circuit, said heat spreader
having a coating of deposited material provided thereon for enhancing the

adhesion capability thereof; and
a molded structure adhered to said coated heat spreader.

2. The electrical circuit assembly according to Claim 13, wherein said molded
structure is molded onto said coated heat spreader.

3. The electrical circuit assembly according to Claim 14, wherein said coated
heat spreader has an adhesive material applied thereto for adhcnng said heat
spreader to said molded structure.

4. The electrical circuit assembly according to any preceding claim, wherein
said coating has a thickness in a range of approximately 0.001 to 0.005 inches.

5.  The electrical circuit assembly according to any preceding claim, wherein
said coating has an adhesion strength of approximately 1000 psi.

6. : The electrica! circuit assembly according to any préceding claim, wherein
said coating comprises nickel aluminide.

7. The electrical circuit assembly according to Claim 3, wherein said coating
is alumina. |
8. The electrical circuit assembly according to any preceding claim, wherein

said electrical circuit is a semiconductor integrated circuit chip, and wherein a chip
~ support pad is mounted on said heat spreader, said chip being mounted on said
- chip support pad, said ' molded casing being molded onto said chip support pad.,

and said molded casing being constructed from a plastic molding compound.
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by the adhesive material 51A. The flane plasma deposited fil mcoatings 53A
and; 55A are respectively provided on the opposed outér peripheral portions
of the cap 47A.and the 10 base 49A to enhance them@b&a;&gg%g(ﬁgm

adhesive material 51A to the cap 47A and the base 49Avaﬂm“ﬂ “I/“ t he .

Figure 4 .enbodi.ment, a sem conductor die-is di sposed

13

9. The electrical circuit assembly according to any preceding claim, including
a plurality of leads connected to said electrical circuit, said leads having a coating
of deposited material provided theréon for enhancing the adhesion capability
thereof, said coated leads being adhesively attached to said coated heat spreader,
said molded casing being molded onto said coated leads, said leads projecting
exteriorly of said molded casing to provide external electrical access to said
electrical circuit, and said heat spreader coating being electrically insulative such
that said leads are electrically isolated from one another.

10. The electrical circuit assembly according to, Claim 8, wherein said electrical
circuit is a semiconductor integrated circuit chip and said chip being mounted
directly on said heat spreader.

11. An electrical circuit according to any preceding claim, wherein the
deposited material is flame plasma deposited material.

12. An electrical circuit according to any of claims 1 to 10, wherein the
deposited material is thermal spray deposited.

13. A semiconductor packaged device, comprising:

a semiconductor die;

a package assembly for housing said semiconductor die therein;

support means coacting with said package assembly for supporting
said semiconductor die in said package assembly; and

at least one of said .package assembly and said support means
including a metal element having a coating of deposited material provided
thereon for enhancing the adhesion capability thereof, and said metal
element having a layer of adhesive material applied over said coating.

14 The semiconductor packaged device according to Claim 13, wherein said
package assembly includes a dié carrier body having a generally annular, molded
package ring portion, said package ring portion having opposite axial ends, one of
sai'd g\xial ends being closed by said die c_:arric; body, said package asscmbly

e s
* [ L [ s * . . ' '
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the closed cavity 67A, and may be nounted on either the base 49A or the cap
47A. Figure 6 illustrates another alternative to the Fi gure—4—enbedirent—

Figure 6 is generally simlar to Figure 4 but differs th ero (?ac£
nmol-ded package-ring 45B is nol ded-onto the heat spreader f
| eads 63B. The | eads 63B are attached tao the surface of h

by adhesi ve 51B,. and ‘thereafter the package ring 45B is

heat spreader 49B and the | eads 63B. Thed surf ace of heat spreader 498 S
provided with a flame plasma deposited coating 55B to enhance the adhesion

bet ween heat spfeRAGE ﬁﬁ&aﬂﬂ@sd&ﬁ&ﬁ@&@n& élGQné’f@n@Ot}fEP Exzé‘lCHhﬂ%f 9did B%ME@ Fing

adhesive 51B -
portion, said metal lid havmg a coatmg of deposited material provided thereon for
enhancing the adhesion capability thereof, said metal lid having a layer of adhesive
matenial applied over said coating for adhering said lid to said package ring
;iortion, said lid being coopefable with said die carrier body to define an enclosed
cavity within said package ring portion, and said semiconductor die being disposed
within said cavity. '

15. The semiconductor packaged device according to Claim 13 or claim 14,
wherein said support means includes a metal die pad to which said semiconductor
die is attached, said metal die pad being mounted on said coated metal lid, said
metal die pad having a coating of deposited material provided thereon for
enhancing the adhesion capability thereof, and said metal die pad having a first
layer of adhesive material applied over said coating for adhering said die pad to
said semiconductor die and having a second layer of adhesive material applied over
said coating for adhering said die pad to said coated metal lid.

16. A method of manufacturing a semiconductor packaged device, comprising
the steps of: '

providing a metal heat spreader for carrying heat out of said
semiconductor packaged device;

providing a substance to be adhered to the heat spreader;

enhancing the adhesion capability of the heat spreader by using
deposition io apply a coating to a surface of the heat spreader; and

thereafter, applying to the coated surface of the heat spreader the
substance to be adhered.

17. The method according to Claim 16, including the step of mechanically -
abrading said surface before applying said coating thereto. '

18. - The method according to claim 16 or claim17, further comprising using
flame plasma deposition.
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and heat spreader 49B is al so enhanced by the flame plasnma deposited

coating on the heat spreader. As in Figure 2, the coati ng on heat spreader
49B can be electrically insulative (such as al um na) to. priscsheetH
63B from bei ng shorted together by the netal heat - spreader l:l! mlﬂl l

adhesi ve 51B can be an insulating tape with adhesive on bot
t he package ring 45B has been nol ded onto the heat spreader and | eads
63B, the Iid 47B is attached to the package ring 45B using adhesive 51B..
Referring nowto Figures 1, 4, 5-and 6,1%he | eads illustrated therein may
al so be coated with f]a asnm t I st asgy vvrth
respect tol%i gur es 2'{'hc mcth%d acCcorn dmﬁqg%\aﬁrﬁqﬁ@ &Iuhaﬂ asrthét G6rH

thermal spray deposition

*
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and 2A. Such |l ead coating enhances the adhesi on between: the |eads 21 -and——
nmol di ng conmpound 19 of Figure 1; the | eads 63 and the nol ded package_ rip
4570f Figure 4; the |eads- 63A and adhesive material 51A of W Bacp Replaced
| eads 63B-and nol ded package ring 45B-of Figure 6; and the Ii l
adhesi ve 51B of Fidgure 6. As is clear fromthe draw ngs, the

deposited coating.need only be applied to those portions of the |eads which
contact the nol ding conpound and/ or the,adhesive. Such selective coating is
readi | y achi eved usi ng conventional nmaskPng techni ques. Cbatlngs such as

the exenpl ar y CORECIENIQER qf@ﬁ%ﬁﬁf\%lﬂ(@ﬁ"l‘)ﬁ’l@&ﬂ?ﬁ@.&l@&ﬁilhﬁ"v o¥
- HEAT SPREADERS IN MOLDED PACKAGES

ABSTRACT OF THE DISCLOSURE

Adhesion between a heat spreader (15) and a substance (19) to be adhered to the
heat spreader can be enhanced by using thermal spray deposition or flame plasma
deposition to apply a coating (23) to the heat spreader. The substance to be adhered is
applied to the coated heat spreader. The technique can be used in all electrical circuit
assemblies.

Figure 1
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sel ective conbi nation, depending on the requirenments of the particul ar
package. As an exanple, referencing Figure 7A, nickel alum nide can be
applied only on selected areas 73 of a surface of a metal conponent 71 such
as:a heat spreader, and alum na can be applied to the renmaining areas 75
-which are not already coated with nickel alumnide. This provi des

m ni mal deposition thickness and i nproved thermal conductivity in the
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electrically insulative areas 75. As another exanple, referencing Figure
7B,:the alum na can be applied over the entire surface of the netal
conponent 71, including the nickel alum nide-coated areas 73 and the areas
75.: The areas 75 have greater dielectric strength than the areas 73 while
havi ng a deposition thickness approximately equal to the deposition

t hi.ckness of the areas 73. Although exenplary enbodi nents of the invention
are described above in detail, this desgsiption is not to be construed as-
limting because the invention can be practiced in a variety of

enbodi nent s. ' :
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REPLACEMENT SHEETS SG 12 1.
conprising: an electrical circuit;
centact with said electrical

&
-

L3

An electrical circuit assenbly,

a heat spreader disposed in thermal
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circuit for carrying heat away fromsaid electrical -circuit, said heat
"spreader having a coating of deposited material provided thereon for
enhanci ng the adhesion capability thereof; and a nol ded structure adhered
t oz said coated heat spreader, wherein the deposited material is flane

-pI:asma deposited material . 2. The electrical circuit assenbly
according to Caim 13, wherein said nolded structure is nolded onto said
coat ed heat spreader. 3. The el ectrical circuit assenbly
according to C aim 14, wherein said cdated
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heat spreader has an adhesive material applied thereto for adhering said
heat spreader to said nolded structure. 4. The electrical circuit
asdenbly according to any preceding claim wherein said coating has a

t higckness in a range of approximately 0.001 to 0.005 inches. 5.

The electrical circuit assenbly according to any preceding claim wherein
sai d coating has an adhesion strength of approximately 1000 psi. 6.

The electrical circuit assenbly accordig97to any preceding claim wherein
said coating conprises nickel alum nide: '

418 3

51A
534 — I,UJI__
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7. The electrical circuit assenbly according to Caim3, wherein
said -coating is alumna. 8. The electrical circuit assenbly
according to any preceding claim wherein said electrical circuit is a
serd conductor integrated circuit chip, and wherein a chip support pad is
mount ed on said heat spreader, said chip being nounted on said chip support
pad, said nol ded casing being nolded onto said chip support pad, and said
mol ded casing being constructed froma plastic nolding conpound.

6/7
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13 9 The electrical circuit assenbly according to any preceding
claim including a plurality of |eads connected to said electrical circuit,
sarFd | eads having a coating of deposited material provided thereon for
entianci ng the adhesion capability thereof, said coated | eads being
adhesively attached to said coated heat spreader, said nolded casing being
nol ded onto said coated | eads, said |eads projecting i
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o205 -7 10>
exteriorly of said nolded casing to provide external electrical access to
said electrical circuit, and said heat spreader coating being electrically
i nsul ative such that said | eads are electrically isolated fromone_another.

10. The electrical circuit ass |y accordi ng to daim8, wherei n
said electrical circuit is a sem conduct’'6r integra d Ci TiitiSheet tlas BeemReplased
chi p bét ng mounted directly on said heat spreader. E”I"l“lmﬂlllll I'
electrical circuit accordin to any of claims | to 10 wh

deposi ted meVEATS CLAMED spray deposited.

1. An electrical circmt assembly, comprising:

an electrical circuit;

a heat spreader disposed in thermal contact with said electrical
circuit for carrying heat away from said electrical circuit, said heat spreader
having a coating of deposited material provided thereon for enhancing the

. adhesion capability thereof; and

a molded structure adhered to said coated heat spreader, wherein
said coating comprises nickel aluminide.

2. The electrical circuit assembly accordingly to Claim 1, wherein said molded
structure is molded onto said coated heat spreader.

3. The electrical circuit- assembly according to Claim 2, wherein said coated
heat spreader has an adhesive material applied thereto for adhering said heat
spreader to said molded structure.

4, The electrical circuit assembly according to any preceding claim, wherein
said coating has a thickness in a range of approximately 0.001 to 0.005 inches.

5. The electrical circuit assembly according to any preceding claim, wherein
said coating has an adhesion strength of approximately 1000 psi. '

6. The electrical circuit assembly according to any preceding claim, wherein
said electrical circuit is a semiconductor integrated circuit chip, and wherein a chip
support pad is mounted on said heat spreader, said chip being mbunted on said
chip support pad, said mounted casing being molded onto said chip support pad,
and said mounted casing being oonstructéd from a plastic molding compound.
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12. A sem conduct or packaged devi ce, conpri si ng—a——senrconduct or -
di e;. a package assenbly for housing said sem conduct or dlihﬁs}n ?ﬁ%idée'nﬁe lg‘g?rt
means coacting with said package assenbly for supporting i ctor
die in said package assenbly; ‘and at |east one of said paﬁ Hmm ﬂ and
sai d support neans including a netal el d®ent having a coa Joi t ed

mat eri al provi ded thereon for enhanci ng the adhesion capability thereof,

and sai d netal . . _ . L )
The electrical circuit assembly according to any preceding claim, including

a plurality of leads connected to said electrical circuit, said leads having a coating
of deposited material provided thereon for enhancing the adhesion capability thereof,
said coated leads being adhesively attached to said coated heat spreader, said
molded casing being molded onto said coated leads, said leads projecting exteriorly
of said molded casing to provide external electrical access to said electrical circuit,
and said heat spreader coating being electrically insulative such that said leads are
electrically isolated from one another. |

8. The electrical circuit assembly according to Claim 6, wherein said electrical
circuit is-a semiconductor integrated circuit chip and said chip being mounted directly
on said heat spreader.

9. An electrical circuit according to any preceding claim, wherein the deposited
material is flame plasma deposited material.

10.  An electrical circuit according to any of claims 1 to 8, wherein the deposited
material is thermal spray deposited.

T
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el ement having a layer of adhesive material applied over said coating 13
The seni conduct or packaged device according to.daim 12, wherein said
package assenbly includes a die carrier body haV|ng a generally annul ar,
nmol ded package ring portion, said package ring portion having opposite

axi al ends, one of said axial ends being closed by said die carrier body,
sai d’ package assenbly '

14

TECHNIQUE FOR E NHANCING ADHESION CAPABILITY OF
HEAT SPREADERS IN MOLDED PACKAGES

ABSTRACT OF THE DISCLOSURE

Adhesion between a heat spreader (15) and a substance (19) to be adhered to the
heat spreader can be enhanced by using thermal spray deposition or flame plasma
deposition to apply a coating (23) to the heat spreader. The substance to be adhered is

applied to the coated heat spreader. The technique can be used in all electrical circuit
assemblies.

Figure 1.
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14 bncludlng a nmetal lid secured to and closing the other axial end of said
package ring portion, said netal l|id havi ng a coatlng of dep05|ted naterlal
provi ded thereon for enhancing the adhesion capabt L4n- ﬁu e H%Cf.
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1. "An electrical circuit assembly, comprising:

an electrical circuit;

a heat spreader disposed in thermal contact with said electrical
circuit for carrying heat away from said electrical circuit, said heat spreader
having a coating of deposited material provided thereon for enhancing the
adhesion capability thereof; and

a molded structure adhered to said coated heat spreader, wherein the
deposited material is flame olasma depos:Lted materidl.

2. The electrical circuit assembly according to Claim 13 wherein said molded
structure is molded onto said coated heat spreader.

3. The electrical circuit assembly according to Claim 14, wherein said coated
heat spreader has an adhesive material applied thereto for adhering said heat
- spreader to said molded structure.

4, " The electrical circuit assembly according to any preceding claim, wherein
said coating has a thickness in a range of approximately 0.001 to 0.005 inches.

5. The clectrical circuit assembly according to any preceding claim, wherein
said coating has an adhesion strength of approximately 1000 psi.

6. The electrica! circuit assembly according to any preceding claim, wherein
said coating comprises nickel aluminide.

7. The electrical circuit assembly according to Claim 3, wherein said coating
is alumina.
8. The electrical circuit assembly according to any preceding claim, wherein

said electrical circuit is a semiconductor integrated circuit chip, and wherein a chip
support pad is mounted on said heat spreader, said chip being mounted on said
chip support pad, said molded casing being molded onto said chip support pad,

and said molded casing being constructed from a plastic molding compound.
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14. - . The sem conduct or packaged device according to Claim 12 or
clai m3. wherein said support neans includes a netal die pad to which said
sem conductor die is attached, said netal die pad being nounted on said
coated nmetal lid, said netal die pad having a coating of deposited nmaterial-
provi ded thereon for enhancing the adhesion capability thereof, and said *
met al ‘di e pad having a first |ayer of adhesive material applied over said
coating for adhering said die pad to said sem conductor die and having a
second | ayer of adhesive material appliegzover said coating for adhering
said die pad to said coated netal |id.
9. The electrical circuit assembly according to any preceding claim, including

a plurality of leads connected to said electrical circuit, said leads having a coating

of deposited material provided thercon for enhancing the adhesion capability

thereof, said coated leads being adhesively attached to said coated heat spreader,

said molded casing being molded onto said coated leads, said leads projecting

exteriorly of said molded casing to provide external electrical access to said

electrical circuit, and said heat spreader coating being electrically insulative such

that said leads are electrically isolated from one another.

10. The electrical circuit assembly according to, Claim 8, wherein said electrical
circuit is a semiconductor integrated circuit chip and said chip being mounted
directly on said heat spreader.

11 An electrical circuit according to any of claims [ to 10, wherein the
deposited material is thermal spray deposited.

12. A semiconductor packaged device, comprising;:
a semiconductor die;
a package assembly for housing said semiconductor die therein;
support means coacting with said package assembly for supporting
said semiconductor die in said package assembly; and
at least one of said package assembly and said support means
including a metal element having a coating of deposited material provided
thereon for enhancing the adhesion capability thereof, and said metal
element having a layer of adhesive material applied over said coating.
13 The semiconductor packaged device according to Claim12, wherein said
package assembly includes a dic carrier body having a generally annular, molded
package ring portion, said package ring portion having oppositc axial ends, onc of

saidd axial cnds being closed by said die carrier body, said package assembly
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15.. . A net hod of manufacturing a seni conductor packaged device,
conprisiing the steps of: providing a netal heat spreader for carrying heat
out of ,said senm conductor packaged device; providing a substance to be
adhered to the heat spreader; enhancing the adhesion capability of-the heat
spreader by using deposition to apply a coating to a surface of the heat
spreader; and thereafter applylng to the coated surface of the heat

spr eader the _ 14

including a metal lid secured to and closing the other axial end of said package ring

portion, said metal lid having a coatirtg of depositcd material provided thereon for

enhancing the adhesion capability thereof, said metal lid having a layer of adhesive

material applied over said coating for adhering said lid to said package ring

portion, said lid being cooperable with said die carrier body to define an enclosed

cavity within said package ring portion, and said semiconductor die being disposed
- within said cavity.

14. The semiconductor packaged device according to Claim 12 or claim13.,
wherein said support means includes a metal die pad to which said semiconductor
die is attached, said metal die pad being mounted on said coated metal lid, said
metal die pad having a coating of deposited material provided thereon for
enhancing the adhesion capability thereof, and said metal die pad having a first
layer of adhesive material applied over said coating for adhering said die pad to
said semiconductor die and having a second layer of adhesive material applied over
said coating for adhering said die pad to said coated metal lid.

15 A method of manufacturing a semiconductor packagcd device, compnsmg
the steps of:

providing a metal heat spreader for camying heat out of said
semiconductor packaged device;

providing a substance to be adhered to the heat spreader;

enhancing the adhesion capability of the heat spreader by using
deposition io apply a coating to a surface of the heat spreader; and

thereafter, applying to the coated surface of the heat spreader the
substance to be adhered.

16. The method according to Claim 15., including the step of mechanically
abrading said surface before applying said coating thereto.

17. The method according to claim 15. or claiml6, further comprising using
flame plasma deposition.
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substance to be adhered. 16. The met hod according to O aim 15,
including the step of mechanically abrading said surface before applying
said coating thereto. 17 The net hod according to cIa|n115 or
claim 6, further conprising using flane plasma deposition. :

15
18. The method according to claim15, or claim 16, further comprising using a

thermal spray deposition
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15 18 .- , The method according to claim15, or claiml16. furt her
conprising using a thermal spray deposition
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TECHNIQUE FOR ENHANCING ADHESION CAPABILITY OF
HEAT SPREADERS IN MOLDED PACKAGES
ABSTRACT OF THE DISCLOSURE
Adhesion between a heat spreader (15) and a substance (19) to be adhered to the
heat spreader can be enhanced by using thermal spray deposition or flame plasma
deposition to apply a coating (23) to the heat spreader. The substance to be adhered is

applied to the coated heat spreader. The technique can be used in all electrical circuit
assemblies.
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