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5 This application is a continuation-in-part of
Application Serial No. 08/143,519, filed October 29,
1993, entitled "Encased Integral Molded Plaétic
Multi-chip Module Substrate and Fabrication Process"
to T. Gorczyca. The application is related to the
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Substrate for Integrated Circuit Modules, *
Application Serial No. 08/087,434, filed July 9,
1992, which is a continuation-in-part of Application

1S Serial No. 08/014,481, filed February 8, 1993; and

' Gorczyca et al., "Contact Areas for Plastic Multi-
chip Module Substrates", Application Serial No.
08/143,092, filed October 29, 1993.

20

BACKGROUND OF THE INVENTION
PR R TB T

This invention relates generally to multi-chip
25 modules and, more particularly, to a technique for
fabricating an embedded chip substrate.

Descriptio ] d

30 Conventional high density interconnect (HDI)
processes often use cavities formed into a substrate
base for the placement of chips so that the top
surfaces of the chips are essentially planar with
the surface of the substrate. The substrate is

35 generally a ceramic or a composite.Strucﬁure.- The

' ‘conventional HDI technique for fabricating cavities
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Field of the Invention ] . _ ,
; diamond tooled bit. This time consuming process

does not always provide the desired chip cavity
S depth and can result in cracks which render the
substrate unusable.

In the conventional HDI process, chips are -
placed into cavities on multiple drops of die attach
adhesive for mechanical, thermal, and electrical

10 mounting. Chips placed with this process can be
displaced during further processing because there.
are non-uniform surface tension forces at the chip-
to~die attach adhesive inter-face. This
dispiacement reduces precision in chip location, and

1S further processing steps are required to adapt each
‘electrical interconnection to the chip misalignment.
Furthermore, a moat (gap)is present between each
chip and the walls of its respective well.

In conventional HDI techniques, an adhesive-

20 coated polymer film overlay covers a plurality of
integrated circuit chips in chip wells on an
underlying substrate. The polymer film provides an
insulated layer upon whichlis deposited a
metallization pattern for interconnection of

25 individual circuit chips. Methods for performing a
HDI process using overlays are described in
Eichelberger et al., U.S. Pat. No. 4,783,695, issued
Nov. 8, 1988, and in Eichelberger et al., U.S. Pat.
No. 4,933,042, issued Jun. 12, 1990, both of which

30 are hereby incorporated by reference. Additionally,
it is desirable to provide via openings or apertures
in the polymer film overlay so as to be able to
provide electrical connection between various parts
of a chip or between several chips..Eichelberger et

35 al., U.S. pPat. No. 4,894,115, issued Jan. 16, 1990,



Thi's invention relates generally to nulti-chip 25 nDduIei
particularly, to a technique for fabricating an enbed

supstrate. Description of the Rel ated 30

Conventional high density interconnect (HD) processes often use
cavities forned into a substrate base for the placenent of chips so
that the top surfaces of the chips are essentially planar with t he

surface of the subbicht és Terebybsncarporatss jexedn by refergmnas.or a
conposite structuyggcifi@es enftORYERNERNFor Brola el Hgd R choadedhirel | Ng

cavities o _
Furthermore, methods for gaining access to and

replacing a defective integrated circuit chip are
5 disclosed in'Eichelberger et al., U.S. Pat. No.
4,878,991, issued Nov. 7, 1989, and Wojnarowski et
al., U.S. pPat. No. 5,154,793, issued Oct. 13, 1992,
which are hereby incorporated by reference.
The presence of moats surrounding the chips in

10 conventional substrates may cause thinning of the
adhesive of the polymer film at the chip perimeters
and sagging of the polymer film over the moats, thus
adding difficulty in placing vias and patterning
interconnects close to the chip wells.

15 Additionally, mismatches between the coefficients of
thermal expansion of ceramic substrates and polymer
overlays sometimes induce stress at the adhesive
layer, thus tending to promote éeparation of the
polymer film from the substrate.

- 20 Eichelberger, U.S. Pat. No. 5,091,769 issued
Feb. 25, 1992, describes an integrated circuit
package formed by placing integrated circuit chips
backside down on a substrate, encapsulating the
faces and sides of the chips, fabricating vias and

25 interconnections through'the'encapsulant to the
contact pads for testing and burn in procedures, and
removing the encapsulant after testing. When chips
of differing thicknesses are used in a single multi-
chip module (MCM), their pads are not situated in a

30 common plane, so this method requires either that
some of the chips be thinned or that the vias be of
varying depths. Additionally, this technique
involves a step of mechanical grinding for
planarizing the surface and the use of an

35 encapsulant material which is removed after testing.
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cracks which render the s

Aforementioned Fillion et al., Application Ser.

No. 08/087,434, discloses a method of fabricating an
HDI substrate by molding plastic around chips placed
on a film, thus eliminating the milling process and

S providing a planar surface without moats between
chips and the substrate. Briefly, the technique
includes applying an insulative base sheet over a
base. At least one chip having contact pads is
pPlaced face down on the base sheet. A mold form is

10 positioned around a desired perimeter and surrounds
at least one chip. Substrate molding material is
added and then hardened within the mold form. Then
the mold form and base are removed, the substrate is
inverted, and the chips are interconnected.

1S5 It would be desirable to have a plastic molding
process in which the mold form becomes an integral
part of the substrate that protects the substrate
from exposure to chemicals. Additionally, it would
be desirable to have a process in which the

20 substrate can be kept in the same orientation
throughout the process of molding and chip

interconnection.
SUMMARY OF THE INVENTION
25 Accordingly, an object of the invention is to

provide a low temperature method for preparing an

'embedded plastic chip substrate encased with a fully

cured, polymeric film which enhances chemical

resistance and forms an integral portion of a ‘chip
30 interconnection layer. .

Another .object of the invention is to provide a
chip embedding technique using a molding pocket for
preparation of an embedded chip substrate which
becomes an integral part of the substrate.

5 : Another object of the invention is to provide a
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5 Briefly, according to a prefgrred embodiment of

the invention, a method for fabricating a multi-chip
module substrate comprises providing a carrier having
a well. Substrate molding material is poured into the
carrier well. A plurality of chips are situated in the
10 substrate molding material. A laminatable dielectric
layer is laminated over the substrate molding material
at a predetermined temperature and a predetermined
pressure so that the substrate molding material flows
and encapsulates the chips.
15
BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be
novel are set forth with particularity in the
appended claims. The invention itself, however,

20 both as to organization and method of operation,
together with further objects and advantages
thereof, may best be understood by reference to the
following description taken in conjunction with the
accompanying drawings, where like numerals represent

25 like components, in which:

FIG. 1 is a sectional side view of a carrier
having a well, a base supporting a base sheet to
which the carrier will be attached, and a protective
dielectric layer which will be applied to the

30 carrier;

FIG. 2 is a view similar to that of FIG. 1,
further showing the base sheet and protective
dielectric layer on the carrier:

FIG. 3 is a view similar to that of FIG. 2,

35 further showing substrate molding material in the

S



unae}lying substrate. The polynmer film provides an insul ated | ayer

upon which is deposited a metal lization pattern for

25: individual circuit chips. Methods for performng a {| THIBRHEETFHASESBEEN
usi ng overlays are described in Ei chel berger et al., }lU S FEELA¢ED
4,783, 695, issued Nov. 8, 1988, and in Eichel berger =S, pPar.
No. 4,933,042, issued Jun. 12, 1990, both of which 30 are hereby

i ncor por at ed by t&E&ﬁe&Ceelﬁddltlonally, it is desirable to provide via

orovi do el ectTical coRMBet fokend: JagK TALIAE 3 cuiae TEEFLI D Po o7 € 1O
bet ween several EhirpberEsbbwlibgr ghipst oB5thal surifage R .th. 4-894 115,
i ssued Jan. 16, L8@Qrrate molding material and a laminatable
S dielectric layer which will be laminated to the
carrier and substrate molding material;

FIG. 5 is a view similar to that of FIG. 4,
further showing chips embedded in the substrate
molding material and the laminatable dielectric

10 layer laminated on the substrate molding material;

FIG. 6 is a view similar to that of FIG. 3,
showing an alternative embodiment without a base
sheet in which the carrier has a back:

FIG. 7 is a view similar to that of FIG. 3,

15 showing an alternative embodiment without a base
sheet; _ )

FIG. 8 is a view similar to that of FIG. 3,
showing an alternative embodiment with a base sheet
which is not attached to the carrier:

20 FIG. 9 is a view similar to that of FIG. 3,
showing an alternative embodiment without a
protective dielectric layer:

FIG. 10 is a view similar to that of FIG. 6,
showing an alternative embodiment without a

25 protective dielectric layer:

FIG. 11 is a view similar to that of FIG. 5,
further showing vias and interconnections through
the laminatable dielectric layer and an outer
dielectric layer:

30 : FIG. 12 is a view similar to that of FIG. 11,
further showing vias and thermal paths for the chip
backsides;

- FIG. 13 is a view of chips embedded in a
laminatable dielectric layer:
35 FIGs. l4(a)-14(d) are views illustrating a
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enbodi nents for providing such apertures. Furt her nor el meissisT 194S BEEN
gai:hkng access to and replacing a defective integrateq circaibpLS&OEP are
5 disclosed in Eichelberger et al., US. .Pat. No. 4, 8F8& S ¥ .
Nov. 7, 1989, and Wj narowski et al., US. Pat. No. 5,154,793, issued

Cct. 13, 1992,
process for applying a laminatable metal pattern on
the substrate molding material:; and
FIGs. 15(a)-15(d) are views illustrating a
process for leaving chips uncovered and applying a
5 laminatable metal pattern.

 DETAILED DESCRIPTION OF
E EMBO OF IO
10 FIG. 1 is a sectional side view of a backless

carrier 10 having a well 12 for usae in the present
invention. Carrier 10 can comprise any suitable
structural material and preferably comprises a
ceramic or a metal such as titanium, for example.

15 Well 12 can be formed by punching holes through
sheet metal, for example. A base 24 supports a base
sheet 14 to which carrier 10 will be attached (thus
forming a bottom surface of well 12) and a
protective dielectric layer 16 which will be applied

20 to the carrier. Base 24 can comprise any suitable
structural material which can withstand temperatures
as high as 200°C, such as, titanium or stainless
steel, for example. Base sheet 14 and protective
dielectric layer 16 each comprises a material which

25 can support the carrier and its contents during
subsequent processing, such as, for example,
thermoplastic and thermoset polymers. The material
of protective dielectric layer 16 must additionally
be capable of being applied to the well of the

J0 carrier and to the surface of base sheet 14.

FIG. 2 is a view further showing base sheet 14
and protective dielectric layer 16 on carrier 10 of
FIG. 1. In one embodiment, carrier 10 is positioned
on a base sheet comprising 5 mils of KAPTON® '

35 polyimide (E.I. du Pont de Nemours and Co.,
Wilmington, DE) covered with a thermoplastic
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substrate, encap:Nextiapdt¥ith protective dielectric layer 16,

S preferably comprising a 2 mil thick layer of KAPTON®
pélyimide covered with a thermoplastic adhesive
coating comprising ULTEM® polyetherimide. The
entire structure is heated to a temperature of about
300°C which is above the softening point of the

10 ULTEM® polyetherimide adhesive layer (which is about
215 °C) while applying pressure to the structure’s
top surface to bond the KAPTON® polyimide film to
the carrier 10 and complete the fabrication of well
12. Other thermoplastic or thermosetting adhesives

15 can be used with KAPTON® polyimide films for forming
well 12, pfoviding they are stable to subsequent
module fabrication steps.

The surface of the protective dielectric layer
is then exposed to an oxygen plasma treatment to

20 promote adhesion. At this point, the carrier can be
lifted away from the base, if desired, because the
base sheet and protective dielectric layer, which
are stiff and form a molding pocket, need no
additional support during subsequent processing.

25 The advantage of using the base sheet in addition to
the protective dielectric layer is that the base
sheet is useful for holding the protective
dielectric layer in place during the subsequent
molding process.

30 FIG. 3 is a view further showing substrate
molding material 18 in the carrier well of FIG. 2.
According to one embodiment of the present
invention, this material may comprise an
epoxy/polyimide'solution. If so, the epoxy and

35 polyimide chosen must be compatible with each other



faces and sides of the chips, fabricating vias and 25 in afa
t hrough the encapsul ant to the contact pads for test IHQH@EHMMAS‘,BEEN
progedures, and renmoving the encapsul ant after testi g VMggpchcaB

of differing thicknesses are used in a single nmulti- ' ;

their pads are not situated in a 30 conmmon plane, so this nethod requires
ei ther that sone of the-chips be thinned or that the vias be of

varyi ng depths. éﬁ’gi tjonal Igg{g thi s d ‘fhe su olve n%y%vggmaoﬁ 5Ps of

mechani cal gri ndi 2|ng ace a e use of an 35
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withstanding any subsequent processan temperatures.
For example, polyimides such as siloxane and

5 polyetherimide are both compatible with epoxy resins
such as cycloaliphatic, bisphenol-A, and novolac

type epoxies. Stress on the package is minimized
when the substrate molding material and protective
dielectric layer 16 are similar materials and

10 hardened simultaneously at low temperatures.

| The carrier is weighed before and after the
molding material is added. The material is then
heated tc partially cure the solution and remove
solvent. The need for repetitions of the solution

15 addition and partial cure steps varies with the
desired thickness of the substrate. Extremely
accurate solvent loss determinations can be made by
weighing carrier 10 after each repetition.

The material can be prepared from epoxies, such

20 as cycloaliphatic, bisphenol-A, and novolac type
resins, alone, thus eliminating the need for a
partial cure, in embodiments which do not include
ablation (or ultraviolet absorption) of molding
‘material 18. Alternatively, an epoxy solution can

25 be prepared with polymers other than polyimides,
such as, for example, polysulfone. Epoxy resins of
widely different viscosities can be obtained,
ranging from a 100 centipoise viscosity liquid at
room temperature for the cycloaliphatic epoxy resin

30 to greater than 50,000 centipoise viscosity semi-
solid at a temperature of 150°C for high molecular
weight bisphenol-A resins. These resins can be
blended together, or combined with high molecular
weight, high viscosity polymers to tailor the

35 viscosity characteristics of the uncured substrate
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08/ 087, 434, discloses a nethod of fabricating an HDI §
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chips and the substrate. Briefly, the technique I ncl udes appl yi ng an

i nsul ative base sheet over a base. At |east one chip having contact
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properties.

According to a preferred embodiment of the

present invention, a the molding material may by

5 processed solventless. By solventless we mean the
molding material is mixed together and heated to
produce a part which is substantially homogeneous.
There is no need to use sol@ents of any of the
materials during processing. For example, finely

10 ground siloxane polyimide powder, (such as D9000
from GE Plastics, MT. Vernon IN) can be mixed with
an epoxy resin powder (such as DER 662 from Dow
Chemical Co., Midland, MI) and a catalyst (such as
Octacat from GE Silicones, Waterford, NY) forming a

15 dry powder blend for use as the molding material for
a HDI substrate. Formation of the substrate is
accomplished by placing the dry powder'blend in the
carrier, followed by heating and applying pressure
by use of a frame press oOor vacuum/pressure

20 laminator. Heating the powder mixture results in
melting and mixing of all its components, completely
blending the materials together and subsequently
curing the epoxy due to the presence of the
catalyst. This process eliminates the need to

2S5 remove solvent making the fabrication process much
less costly}'faster and environmentally friendly.
It also enables the use of polymer and epoxy
materials in any proportion and eliminates problems
of incompatibility between the polymer(s) and epoxy

30 resin(s) and the specific solvents useful for each
component. .

Incorporation of fillers, such as ceramic or
metal oxide powders, into the epoxy resin or epoxy
and polymer blends can further tailor the cured

35 substrate material’s properties such as its thermal

10
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i nverted, and the chips are interconnected. 15 It '
to have a plastic nolding process in which the nold form becones an
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SUMVARY OF THE | NYRNTL,GN fumed or fused silica, silicon nitride,
titanium oxide, magnesium oxide, zinc oxide, and

S aluminum oxide or aluminum nitride powders.

Control over the curing characteristics of the
molding material can be obtained by altering the
amount of catalyst used in the epoxy blend as well
as the cure temperature profile. The curing time

10 can be reduced by increasing the curing temperature
and the curing temperature can be reduced if the
curing time is increased. Alternatively, increasing
the catalyst content will allow reduction in the
curing time or temperature, while reducing the

15 catalyst content will require longer curing times at
higher temperatures. Numerous compatible polymer
and epoxy mixtures can be prepared and their curing
properties controlled to allow custom design of the
uncured and final cured substrate properties.

20 In one embodiment, the thickness of the
substrate molding material is similar to the
thickness of the'chips to be inserted, yielding an
extremely durable, flexible substrate which can be
removed from or remain in the carrier during use in

2S5 a circuit.

FIG. 4 is a view similar to the embodiment of
FIG. 3, further showing a plurality of integrated
circuit chips 20 on the surface of the substrate
molding material and a laminatable dielectric layer )

30 26 which will be laminated to carrier 10 and
substrate molding matérial 18. Chips 20, which need
not all have the same thickness, can have adhesive
on their backsides for chip attachment, or, if the
carrier is warmed, the chips can be directly

35 attached to the tacky molding material surface.

11



-~

25 Accordingly, an object of the inventionis to provide a | ow

tenperature nethod for preparing an enbedded pl astic

encased with a fully cured, - polyneric film which

resi stance and forns an |ntegral portion of a chip 30 i yYoiil

| ayer . Anot her object of the invention is to provide a chlp
enbeddi ng techni que using a nol di ng pocket for preparatlon of an
enbedded Chlp substrate |ch e r fio

substr at . g i e

an ablatable material suitable as a support for a
pattern of electrical interconnections, such as
KAPTON® polyimide film coated with a partially cured

'S polyimide/epoxy adhesive. '

Alignment of the chips attached to the molding
material can be made with respect to the edges of
the surrounding well. Cleaning or surface
preparation of the chips can be performed with an

10 oxygen plasma treatment and solvent rinse, such as
2-propanol, after placement, if desired.

FIG. 5 is a view further showing the chips of
the embodiment of FIG. 4 embedded in substrate
molding material 18, and laminatable dielectric

15 layer 26 attached. In one embodiment, the
laminatable dielectric layer is placed into a
laminator at an ambient temperature of 80°C, with
vacuum applied to the top and bottom sides of

~ laminatable dielectric layer 26 to remove gases.

20 After sufficient evacuation time to obtain a base
vacuum of 100 millitorr (typically about 20
minutes), a'pressure of about 10 to 20 psi (pounds
per square inch) nitrogen is applied to the upper
surface of dielectric layer 26 to press it against

25 the chips, molding material 18, and protective
dielectric layer 16. The lamination temperature is
then ramped up to 180°C while maintaining pressure,
which first softens molding material 18, allowing
flow around the chips and filling in voids, followed

30 by curing of the epoxy to form a rigid substrate.
The temperature is held at 180°C for approximately
one hour to finish curing of the epoxy/polyimide
blend. The substrate is then cooled to a
temperature below 100°C, pressure is released and

35 the substrate is removed from the laminator,

12
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cHip-enbedding and interconnection technique using a

carrier in which varying sized pockets and substrate aHE;$mEﬁ%HHﬂB§ﬁH
pr.ocessed t hrough subsequent interconnection steps. REBLAGEDYy
according to a preferred enbodi nent of t he inventi on, . for -
fabricating a multi-chip nodul e substrate conprises prOV|d|ng a carrier
havi ng a well. Substrate nmol ding material is poured into the

oy et b1 & YRS €1 sEDEERRERe Ak ekt 3o Makhastil 11
J molding material 18, with a laminatable dielectric
layer 26 laminated to their top surfaces, as shown
in FIG. s. _ ,

S Proper selection of the viscosity and rate of
cure for both the molding material and the
laminatable dielectric layer adhesive will result in
completely encapsulated chips with a minimum of
lateral movement and a planar, void free lamination.

10 Slight relaxation of chip placement accuracy can be
used to accommodate potential chip movement during
initial lamination. Eichelberger et al., U.S. Pat.
No. 4,835,704, issued May 30, 1989, describes an
adaptive lithography syétem for fdrming the

15 interconnections and is herein incorporated by

' reference.

The present invention is not limited to
embodiments in which a backless carrier has a base
sheet and protective dielectric layer. For example,

20 FIG. 6 is a view similar to that of FIG. 3, showing
an alternative embodiment without a base sheet 14
(shown in FIG. 3)in which a carrier 10a has a back
on which protective dielectric layer 16 is
supported. FIG. 7 is a view similar to that of FIG.

25 3, showing an alternative embodiment without a base
sheet. FIG. 8 is,a view similar to that of FIG. 3,
showing an alternative embodiment with a base sheet
l4a not joined to carrier 10 and comprising a
ceramic. FIG. 9 is a view similar to that of FIG.

30 3, showing an alternative embodiment without a
protective dielectric layer such as layer 16
employed in the embodiments described previously.
FIG. 10 is a view similar to that of FIG. 6 in which
carrier 10a includes a back, but without a

35 protective dielectric layer. With the embodiment of

13



| dyer is lam nated over the substrate nolding materi al at...a

predeterni ned tenperature and a predetern ned pressurewqﬂ“;éﬁeghaASBEEN
subsirate nolding material flows and encapsul ates the ghips. ﬁH@LAGED

BRI EF DESCRI PTI ON OF THE DRAW NGS The features of the=Fmrvrem
believed to be novel are set forth with particularity in t he
appended claims. The invention itself, however, 20 both as to

or gani zation and npghod, gf T gLhes. 18 is! agethen 1w o fenhe mhiects and

advant ages thereof, e under st ood by referenqe to the
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drawi ngs, where |ik&grpugpraig aesieeqit 2he keltaifdmpoddeicussidmiitn
FIG 1is a sectloggépgégetglgxgoé oggméhgs ‘of FIGs. 11-15(d)is
5 applicable toc each of the embodiments of FIGs. 3 and
6-10.
FIG. 11 is a view showing a plurality of vias
30 and a pattern of electrically conductive
interconnections 32 through laminatable dielectric
10 layer 26 of the embodiment of FIG. 5. Vias 30 can be
formed by using a laser or a mask etch process, with
the preferred technique being that described in
aforementioned U.S. Pat. No. 4,894,115. These vias
are aligned with chip pads 22. The pattern of
15 electrically conductive interconnections 32 can be
formed by sputtering or plating, for example, and-
patterned with a standard photoresist and etch
process. Aforementioned Eichelberger et al., U.S.
Pat. No. 4,835,704, describes an adaptive
20 lithography system useful for forming the
interconnections. The preferred interconnection
material is a composite structure of
titanium:copper:titanium. Multiple layers of
‘dielect?ic material having vias and supporting
25 patterns of eiectrically conductive interconnections
(not shown) can be applied, if desired. 1In a
preferred embodiment, an outer dielectric layer 28
is applied to buffer the interconnections. Outer
dielectric layer 28 can comprise, for example, a
30 polyimide/epoxy coated KAPTON® polyimide film. An
outer interconnection 38 can then be formed in a
similar manner as the pattern of electrically
conductive interconnections.
FIG. 12 is a view similar to that of FIG. 11,
35 further showing back vias 34 and electrically

14



ha&ing a well, a base supporting a base sheet to whi ch

be .attached, and a protective dielectric layer which wll upesappt Hag BEGN
the 30 carrier; FIG 2 is aviewsimlar to that Jpf Fl REPLACED
further showi ng the base sheet and protective di el ectr ite=Fyer—omtne

carrier; FIG 3 is aviewsimlar to that of FIG 2, 35 further
showi ng substrate nolding material in the :

conductive thermal paths 36 for the chip backsides.
The back vias and thermal paths can be formed in the
same manner as discussed with respect to vias 30 and
electrically conductive interconnections 32 in the
5 embodiment of FIG. 11l. Preferably the thermal paths
comprise a material such as a composite structure of
titanium:copper:titanium.
FIG. 13 is a view of chips 20 embedded in
_ lamiratable dielectric layer 26. An alternative
10 process to individually placing chips having
adhesive-coated backsides on substrate molding
material (discussed with respect to the embodiment
shown in FIG. 4)is to place the chips face down in
predetermined locations on a partially cured
15 laminatable dielectric layer 26 to hold them in
place. Then the laminatable dielectric layer is
applied to a carrier such as carrier 10, shown in
FIG. 4, so that the chips contact substrate molding
material 18, shown in FIG. 4, and laminatable
20 dielectric layer 26 is laminated to the carrier.
Alternatively, the chips can be attached face
up on the surface of a flat or partially milled
ceramic substrate to obtain a somewhat equal chip
and device height above the substrate by using a
25 thermoplastic or partially cured thermosetting
adhesive which is heated on a hot plate and then
pressed into the adhesive~coated side of a partially
cured laminatable dielectric layer. Cooling the
chips and laminatable dielectric layer results in
30 excellent adhesion of the chips to the laminatable
dielectric'layer.
Substrates such as shown in the embodiments of
FIGs. 11 and 12, for example, can be removed from
carrier 10, if desired, by cutting or ablating
35 through base sheet 14, as well as laminatable and

15
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6 carrier well; FIG 4 is a viewsimlar tQuuld

further showi ng chips on the surface of the substrate |y

and"a lam natable 5 dielectric |ayer which will be |am nated tmaﬁmaCED
carrier and substrate nolding material; FI G 5 i see=wraw

to that of FIG 4, further show ng chi ps enbedded in the substrate

nmol di ng nateri al

and the lam natable dielectric 10 |ayer |amnated on the’

substrate nol di n@utirrrdidlectric layét& 26 and e, evespect velw, tdwd of

FIG 3, showi

15

20

25

30

35

P ALAIE ALY EPRINE L LAY S PASS ers.
Several substrates can be prepared in a single well
and then cut following final fabrication to obtain
individual circuit assemblies.

FIGs. 1l4(a)-14(d) are views illustrating a
process for applying an initial metal pattern on
substrate molding material 18. It would be
desirable to have a metal pattern blaced on the
molded substrate itself to provide partial
interconnection between the chips and potentially
reduce the number of upper interconnection layers
required. Application of a thin protective coating
40 over the partially cured mold, such as 4u
thickness of SPI (siloxane polyimide) polymer, to
protect it during metal fabrication steps is
possible if necessary, as shown in FIG. l1l4(a). The
protective coating comprises a material which has a
low glass transition point and can have its solution
baked out without curing the molding material.
Substrate metal 42 can then be applied and patterned
directly over protective coating 40. Chips 20 are
placed on the protective coating sufface in openings
which are patterned into substrate metal 42, as
shown in FIG. 14(b). During subsequent lamination of
laminatable dielectric layer 26, the protective’
coating softens and blends with the polyimide/epoxy
molding material, causing immersion of the chips
into the molding material so as to allow
encapsulation of the chips, as shown in FIG. 14(c).
Chip pads 22 are then interconnected with each other
and with substrate metal 42, as shown in FIG. 14(d),
in the same manner as discussed with respect to the
embodiment of FIG. 1l1l.

FIGs. 15(a)-15(d) are views illustrating a

16



sheet in which the carrier has a back: FIG 7 is aviewsinilar t
that of FIG 3, 15 showing an alternative enbodi nent w
sheet ; FIG 8 is aviewsinilar to that of FIG ||3tHe SHEER
alternative enbodinent with a base sheet which is nof{ att JRERK®
carrier; 20 FIG 9is aviewsimlar to that of FI 3, show ng
an alternative enbodi nent wthout a protective dielectric |ayer;

cnbodi ment wi { holE s ons fo LU ilfds 20 upcSparedtad BLELIAL IS, |
view sinmlar to tamtirftidiGmexral pattermer Ahbavey of aEEERAN®
i.nterconnecti ons ddyyaiiiila £1ud 8- ey eabl PEFLGNeCi &1 & tAN@EmAPR 8@ outer
' | E.X. duPont de Nemours and Co.)is used as the
S initial dielectric layér, such as laminatable
dielectric layer 26 shown in FIG. 4, for the first
lamination and substrate cure step. This material
can easily be peeled away after lamination, leaving
the structure shown in FIG. 15(a). If desired, the
10 TEFLON® polytetrafluorcethylene can be removed in a

manner so as to leave the chips covered, or another
material 44, such as KAPTON® polyimide film, can be
applied over the chips, as shown in FIG. 15(b), and
patterned, as shown in FIG. 15(c). As further shown

15 in FIG. 15(c), a sheet of metal 42 can be applied
over the patterned material 44 and substrate molding
material 18. Metal 42 can then be patterned, as
shown in FIG. 15(d). '

20 The following illustrative examples are not
intended to limit the scope of this invention but to
illustrate its application and use:

EXAMPLE 1 '

25 The embodiment shown in FIG. 5 was reduced to
practice in the following manner using a solvented
approach. An approximately 6 inch diameter carrier
was obtained using a 50 mil thick, flat titanium
metal plate into which a 2.1 inch square hole was

30 stamped out. KAPTON® polyimide film coated with
ULTEM® polyetherimide adhesive was laminated to each
side of the carrier simultaneously with a nitrogen
pressure lamination using the following procedure.

' The carrier, adhesive coated KAPTON® polyimide films

35 (base sheet and protective dielectric layer) and the

17



dlelectrlc | ayer; 30 FIG 12 is a viewsimlar to that of FIG 11,

further show ng vias and t her mal paths for the chip ; 1
FI.G-13 is a view of chips enbedded in a | am nat abl ﬁbﬁ'ﬁég §HA BEE'\} ;ﬂ -
35 FI Gs. 14(a)-14(d) are views illustrating a

base, were loaded into a laminator set at a
temperature of 150°C. The laminator was closed and
vacuum was applied to remove gases until a base
vacuum of 100 millitorr was reached. Pressure of 30

5 psi was then applied to the top surface of
protective dielectric layer, pressing it against the
carrier and base sheet to form a well, while ramping
the temperature tc 300°C to melt the ULTEM®
polyetherimide adhesive. The laminator was held at

10 300°C for 30 minutes, cooled under pressure, and
then opened to remove the carrier, resulting in the
embodiment shown in FIG. 2.

A solution of substrate molding material
comprised S50 grams D9000 siloxane polyimide; 10

1S grams CY1l79 epoxy (available from Ciba Geigy Corp.,
Hawthorne, NY); 40 grams DER 662 epoxy:; 1 gram
octyloxyphenyl (phenyl)iodonium hexafluorocantimonate
catalyst ; 100 grams anisole solvent; and 20 grams
cyclopentanone solvent (anisole and cyclopentanone

20 solvents available from Aldrich Chemical Co.,

'~ Milwaukee, WI). This solution was twice poured into
the well, coated with KAPTON® polyimide film, with
an apptoximate 2 hour 100;C hot plate bake between
additions. The final partial cure bake sequence

25 included 15 hours at 100 °C on a hot plate followed
by 24 hours at 100°C in a vacuum oven at a reduced
pressure of 100 Torr, resulting in 2.2 grams of
partially cured polyimide/epoxy in the well for a
thickness of 30 mils. Chips having a thickness of

30 20 mils were added directly to the surface of the
molding material using epoxy adhesive, which was
partially cured at a temperature of 100°C for 30
minutes. The chips and carrier were overlaid with a
1 mil thick KAPTON® polyimide film coated with 15 um

35 thick partial cured polyimide/epoxy adhesive laYer.

18



process for applying a | am natable netal pattern on- the substrate
nmol ding material; and FI Gs. 15(a)-15(d) are vie

pr.ocess for IeaV|ng chi ps uncovered and applying a 5 Ian1n2$§ﬁ§ﬁ%ﬁQMA BeAN ]
pattern. DETAI LED DESCRI PTION OF . . REFERRED:
EMBODI MENTS OF THE | NVENTI ON 10 FIG 1 is a sectional side view of a
backl ess carrier 10 having a well 12 for use in the present

i nventi on. Carr'efrnaogs%escww $22284 SHibaRl QaminatidriGtiral dmisenel and

referably conprises
P y P temperature of 80 °C, with vacuum applied to the top

and bottom sides of the overlay dielectric to remove
gases. After sufficient evacuation time to obtain a

S base vacuum of 100 millitorr (typically about- 20
minutes), nitrogen gas at a pressure of 20 psi was
applied to the upper surface of the overlay
dielectric to press it against the chips, moiding
material, and underlying protective dielectric

10 layer. The lamination temperature was ramped up to
180°C while maintaining pressure, and held at
temperature for approximately 1 hour to finish
curing the epoxy/polyimide blend. The carrier was
then cooled to below 100°C, pressure was released,

15 and the carrier was removed from the laminator,
vielding a substrate with the chips embedded in
molding material which was void free with the
laminatable dielectric layer laminated to the top
surface, as shown in FIG. 5.

20 '

EXAMPLE 2
The embodiment shown in FIG. 5 was reduced to

practice in the following manner using a solventless
approach. Nine grams of DER 662 epoxy resin flake

25 was ground into a powder using a mortar and pestle.
Into this powder was added 9 grams of D9000 siloxane
polyimide polymer and 0.09 grams of octacat
catalyst. The mixture was blended further and a
portion was added into a pocket formed by KAPTON®

30 film laminating over a backless metal carrier. A 1
mil TEFLON® film release layer was applied between
the mirror-imaged mold template (used to form spaces
to place the chips) and the imide/epoxy powder
before loading intc the vacuum/pressure laminator.

35 The assembly was heated under vacuum for 30 minutes

19



ceramic or a netal such as titanium for exanple. 15 Well 12 can be forned
by .punchi ng hol es t hrough sheet netal, for exanple. A basge 24 supports
a base sheet 14 to which carrier 10 will be attached (th t _
a bottom surface of well 12) and a protective dielectric IQVé%szgfﬁhﬁ BEEN
will be applied 20 to the carrier. Base 24 can conprise any it ahfEFLACED

structural material which can withstand tenperatures as highgas
200[err] C., such as,110 teq] UNTpE SESteth &8ss therlipeated otoexaoptewibnse
sheet 14 and protective djelectrigc layer.16 each copprises_a_npteri al
whi ch 25 can supgdtT= 4" c%??ir‘b?fa%?i t&?% %%%?eﬁ%pa]g‘?ﬁ? ng&' fssﬂbgggﬁgnt
processing, such and fhen exeeidd,to rodmerempemstureand t her noset pol ymers.
The material = O DIREeGtivéndVe] Chldh Cch@VPinifatlie! 8f1LLANGREYs PO
capabl e of being applied to the well of the
. 5 ~ were attached to the molded pockets and a

D9000/epoxy partial cured frame overlaid onto the

chips and laminated to the part using standard

multilamination procedures. This completely

embedded the chips with negligible die movement

10 during lamination. Removal of the part from the
carrier_gave an all plastic, KAPTON® encased HDI

module with embedded chips.

While only certain preferred features of the
1S invention have been illustrated and described
herein, many modifications and changes will occur to
those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to
caver all such modifications and changes as fall
20 within the'true spirit of the invention.

20



30 6érrier and'to the surface of base—sheet _14.

further show ng base. sheet rotective dielectri TW&?sHEEBHmSBEEN -
carrier 10 of FIG 1. |m,’ I,#m M carrier 10 i} posi tREFRACED l
on a base sheet conpr|3|ng 5 nt SL err] 35 polyinide (ET-

de Nenours and Co. W | m ngt on, DE) covered with a thernDpIastlc

8

WHAT IS CLAIMED IS:

1. A method for fabricating a multl—chlp
module substrate, comprising the steps of:
providing a carrier having a carrier well therein:
providing substraﬁe molding material in said carrier

5 well; ' |
situating a plurality of circuit chips: and
laminating a laminatable dielectric layer over said
substrate molding material at a predetermined
temperature and a predetermined pressure so that

10 said substrate molding material flows and
encapsulates at least one of said plurality of
chips.

2. The method of claim 1, wherein each one of
said plurality of chips has chip pads facing up in
said substrate molding material.

3. The method of claim 2, wherein said
carrier comprises a backless carrier and the step of
providing said carrier comprises applying a base
sheet on one side of said backless carrier, and

5 wherein the step of applying a base sheet comprises
applying a sheet comprising dieleétrie material.

4. The method of claim 3, further including -
the step of applying a protective dielectric layer
over the interior surface of said carrier well prior
to pouring said substrate molding material.

5. The method of claim 2, wherein the step of
providing said carrier comprises providing a carrier
having a back for defining a bottom surface of said
well. .

21



adhe5|ve coating conprising ULTEN[err] polietherinide CEHiI8rSHEEH] HAS BEEN

CO::;-SFaI rfi)\?le(rjl alC;Ij') . :[Aa;]t S; oE gm‘“u“m1““eu“ “ﬂ posi ti oned off the BERAGERe!

| ayer 16, 5 “preterabty

conprising a 2 m!| thick |ayer* of° KAPTON [err ' pol yimi de covered with a
t her nopl asti ¢ adhesi ve coating conprising ULTEM err] pol yetherim de.
The entire structure is heated to a tenperature of about 300[err]C

which is above the sofeni mp®diekhed ehehpin TEMRFERCRoIJRIPRENF de

adhesive | ayer (WHelsdep ab@Wpplyid [ﬁcs&&itimelmap@d:yrﬂa pagesure to
the structure's top surface to bond the KAP wg\l&err Zif’de filmto

the carrier 10 af REPTIRF (ST T ISRT AE oF2 arrief prior

to pouring said substrate molding material.

7. The method of claim 2, wherein the step of
situating.said plurality of chips in said substrate
molding material comprises placing each of said
chips face down in said laminatable dielectric

5 layer: hardening said laminatable dielectric layer
to hold said plurality of chips in place; and
placing said laminatable dielectric layer, chip side
down, on said carrier such that said chips are
situated within a space -above the bottom surface of

10 said substrate molding material prior to the step of
laminating said laminatable dielectric layer.

8. The method of claim 2, wherein said
substrate molding material comprises one of the
group consisting of epoxy/polyimide, polyimide,
epoxy/polysulfone, and epoxy.

9. The method of claim 8, whefein each
component of said substrate molding material is
dissolved in a common solvent.

10. The method of claim 8, wherein said
substrate molding material is solventless.

11. The method of claim 2, further including
the steps of, prior to situating said plurality of
chips in said substrate molding material:

appl?inq a protective coating over said
S substrate molding material: '
forming a layer of metal over said

22
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12 “Ot her t her nopl astic or errmsettl ng adhesi ves 15 can eTis HRETtHAS BEEN
KAPTON[ err] pol yi nide fil ”’,’ﬂ"ﬂmﬂlm vv::al | 12, provifli ng tAEYLACED .
S eps ll'l\./ \)U[ ] M\lb UI

stabl e to subsequent

the protective dielectric |ayer "i sSthen exposed to an oxygen pl asna
treatnment to 20 pronote adhesion. At this point, the carrier can be
lifted awnay fromthe base, if desired, because the . base sheet and

pr08€ctlve dlggeCpfbﬁfbﬁieé,cbhtEhg patﬁé&n&&l%b mmjﬁanreayenﬂmmég;pocket
need no . addi t1 opa p en The
advant age of usi ng® Fﬁﬂdbﬁg géﬁ@ﬁ?B gééd?Fﬁg% q:%'te"l"nstl'pro %%tlve

dielectric | ayer psothativhecbaséng; apHleet is useful for hol ding the
protective ;gdielectric |gugkeil ghgcgtgbrbgggg@%agggﬁpqgﬁﬁi nol di ng
process. plurality of chips in said substrate molding
material comprises placing at least one of said
plurality of chips in a prédetermined one of said
" holes of said layer of metal in said protective
15 coating:;
wherein the temperature and pressure at
which the step of laminating said laminatable
dielectric layer are sufficiently high to cause said
protective coating to blend with said substrate
20 molding material.

'12. ‘The method of claim 2, further including
the steps of providing vias in said laminatable
dielectric layer aligned with predetermined
respective ones of said chip pads and applying a

S pattern of electrical conductors extending through
said vias to interconnect said selected ones of said
chip pads.

13. The method of claim 12, further including
the final steps of providing a via in said
substrate molding material aligned with one of the
chip backsides and applying an electrical conductor

S extending through said via to said one of the chip
backsides.

14. The method of claim 2, wherein said
laminatable dielectric layer comprises
polytetrafluorcethylene and further including the
step of removing said polytetrafluoroethylene after

5 laminating said polytétrafluoroethylene.
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30 FIG 3 is a viewfurther show ng substrate nol

in.the carrier well of F |ng to one enbodi ReMHISEHERTEHAS BEEN
pr-esent i nventi on, ml"l'g“ !Ilmlmm conpri se an ep@xy/ poRgEFLAGED
solution. If so, the epoxy an olsyl Hi'de chosen nust be et
each ot her

15. The method of claim 14, further including
the final step of forming a patterned mask over said
chip pads.

16. The method of claim 2, whereiﬁ the step of
providing a carrier having a carrier well therein
comprises placing a backless carrier having a well
on a base and placing a ceramic slab in said well on

S said base.
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and the sol vent used to dissolve both conponents. Al
pol yi m de nust be capabl e of w t hst andi ng any subse _
tenmperatures. - For exanpl e, polyimdes such as siloxgpfe an EOD ACEN
pol yet herim de are both conpatlble W th epoxy resins —such-as
cycl oal i phatic, bisphenol-A , and novol ac type epoxies. Stress on the
package is mnim zed mhen the substrate nDIdlng mat eri al and protective
dielectric |ayer 1ENGS B3 iR ' il HIPnMboamEOous| y at
Bd after the

| ow t enper at ur es. s TRATE A ABRT QAEBTON el A

mol ding material is added. The naterlal S then heated to partially
cure the solution and renove solvegpsrggg:peed for repetitions of the
solution 15 addition and partial cure Steps varies with the

A method for fabricating a multi-chip module
substrate comprises providing a carrier having a _
well. Substrate molding material is poured into the
carrier well. A plurality of chips is situated in
the substrate molding material. A laminatable
dielectric layer is laminated over the substrate
molding material at a predetermined temperature and
a predetermined pressure so that the substrate
molding material flows and encapsulates the chips.

Figure 4

25
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desired thickness of the substrate. Extrenely accurate solvent |oss

determ nati ons can be nmade by wei ghing carrier 10 ter each
repetition: ' The material can be prepared fromiened eSeeBHAL sE@N S
oot g 1o hest Tor 2" “"part ol ur i n erbod IoneareeP A
?nl:lmugg ° abl ation (or ult ravPoI et absorption) of noldi ng ”r%ai‘ér i'al
18. Alternatively, an epoxy solution can 25 be prepared with polyners other
t han pol yi m des, such as, for exanple, polysul fone. Epoxy resins of
wi dely different viscosities can be obtained, - ranging froma 100
centipoise viscosity liqyd at oom tenperature for the cyclgaliphatic
epoxy resin 30 to greater‘\t han SOC\(ﬁO centi poi se viscosity semn|- solid
at a tenperature O1?5J[EH\[ C rg hijgh nol ecul ar 2 N\ S
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wei ght bi sphenol - A resins. These resins can be bl endedFETGE gk
conbi ned with high nol ecul ar wei ght, high viscosity poliyfets,
the. 35 viscosity characteristics of the uncured substrate :
REPLACEMENT SHEET o A .10 - nolding nmateri al
as well as its final cured :
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pererties. According to a preferred enbodi nent
invention, a the nolding material nmay by 5 processed so

solvent| ess we nean the - mol ding material is mxed tojy oL e
to produce a part which is substantially honpbgeneous. here is no
need to use solvents of any of the material s during processing. For
exanple, finely 10 ground siloxane polyim de powder, (such as D9000
fromGE Plastics, MI. Vernon IN) can be mxed with an epoxy resin
powder (such as DER 662 from Dow . Chemcal Co., Mdland, M) and a
catal yst (such as Octacat from GE Silicones, Waterford, NY) formng a
15 dry powder blend for use gs*fhe nol ding material for a.?Eq
substrate. Fornat | Qpeftiie bsfrate is accoypﬁﬂﬂﬂﬂrtw—pfacing t he
dry powder blend i he :: ;;_ _
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carrier, followed by heating and applying pressure
press or vacuum pressure 20 lamnator. Heating the po
in. nmelting and mxing of all its conmponents, conpl et

9
the materials together and subsequently curing the epoxy due to the
presence of the catal yst. This process elimnates the need to 25
renove sol vent naking the fabrication process nuch | ess costly, faster
and environnmentally friendly. - It also enables the use of polynmer and
epoxy materials in any proportion and elim nates probl ens of
I nconpatibility between the polyner(s) and epoxy 30 resin(s) and the
specific solvents useful foe~gach conponent . I poration of
fillers, such as ceLgum.c met al oxi de powdef-sp=—i e ¢poxy resin
or epoxy 4
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and pol ymer bl ends can further tailor the cured 35 substrate materl aI S
properties such as its. thernal

conductivity and coefficient of thermal expansion. E;nglzﬁmsmm
can be added into the bl ends i ncl-ude furred or fused s |ca RiEPUACED
nitride, _
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titéniun1oxide, nagnésiun1oxide, zinc oxide, and 5 alug '
T NTHISISHEERTt HAS BEEN:

al um numnitride powders.

of t+he

nol di ng mat eri al

Control over the cur
can be obtained by altering
as the cure Tenpérature

catal yst used in the epoxy blend as well

profile. The curing tinme 10

t enper at ure

the REPEADEDt of |

and the curing tenperature can be reduced if the

time is increased. Alternativ@y, increasing
all ow reduction in the '

15 catalys
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20" I n one enbodi ment, the thickness of the S
material is simlar to the t hi ckness of the chips
yi el di ng an extrenely durable, flexible substrate

renoved fromor remain in the carrier during use in 25 .

FIG 4 is aviewsinilar to the enbodi nent of FIG 3, further showing a
plurality of integrated circuit chips 20 on the surface of the )
substrate nol ding material and a | am natable dielectric |ayer 30 26
which will be lamnated to carrier 10 and substratg nol ding materi al

18. Chips 20, which ne@l not all have the sdffe thiekn can have

dhesi ve on their cksides for chip attachn : #f dhe S carrier

s warned, the chips cafe directly 35 attachqddto thelfacly nol di ng
mat.eri al surface.
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12 7. Lam natabl e dielectric |layer 26 preferably conprises an
abl atable material suitable as a support for a patter CL1 %EEN
i nterconnections, such as KAPTC]\I[ err] pol yinide film G'Htse TEA % J!

partially cured
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5 polyi m de/ epoxy adhesi ve. Al'ignment of the chips attac_h_ed to the

nol di ng material can be made with respect to the edges=ct
surcounding well. Ceaning or surface preparation of
performed with an 10 oxygen pl.asma treatnent and sol vent fyi -
2-propanol., after placenent, if desired. FIG 5 is-a view further
showi ng the chips of t he enbodi nent of FIG 4 enbedded in substrate
nol ding material 18, and |ami natable dielectric 15 I|ayer 26 attached. In
one enbodi nent, the | am natabl e dielectric layer is placed into a
I ami nator at an anbient tepperaturg of 80[err]C with o vacumpplied to
the top and bottom sides o | fm hat abl e dielectrig IE\M‘ te renove
gases. 20 After suffi t evacuptipn tinme to obtai b base
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pressure of

vacuum af 100 mllitorr (typically about 20 m nut es) ,
about 10 to 20 psi  (pounds per square inch) nitrogen is applleﬁ;lH&3 SES HAS B
surface of dielectric |layer 26 to press it against 25 QE 9§ACED
[ 16. The: 'ﬂw'”ﬂ ,

dielectric |ayer

upper
nol ding material 18, and protective
tenperature is then ranped up to 180 C whil e nmaintaining pressure
which first softens nolding material 18, allow ng fl ow around the chips
and filling in voids, followed 30 by curing of the epoxy to forma rigid
substrate. The tenperature’is held at 180[err]C for approximtely -
one hour to finish curing of & he epoxy/ pol yi m de bl end. The substrate
Is then cooled to a t enpdr at ur e bel ow 100[ err] C, pregsure I's rel eased
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13 ° yielding a substrate with chips 20 enbedded in

material 18, with alamnatable dielectric | ayer 26 |
t op-surfaces, as shown in FIG 5. 5 Proper sel €
viscosity and rate of cure for both the nolding materlal
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| am nat abl e dielectric |ayer adhesive will result in R @?MﬁwaHEET

encapsulated chips with a m ni num of | at eral novene

voidxfree lam nation. 10 Slight relaxation of chip pla ntﬂ Eﬁﬁca
be - used to accommpdate potential chip movenent duri

| ami nation. Eichel berger et al., U S. Pat. No. 4, 835, 704, |ssued May
30, 1989, describes an . adaptive I|thography systen1for form ng the 15
I nterconnecti ons. gReagEpherPEBRANCROEDED! RHAE ; The
present i nvention 1S nol BoABTRATEOAND FABRICANT gEsch a backl ess
carrier has a base ' ~sheet and protective dielectric layer. For exanple,

ol alternative
enbodi nent wi t hout a b win ch a carrier

10a has a bazk . This applxcatlon is a continuation~in-part of

Application Serial No. 08/143,519, filed October 29,
1993, entitled "Encased Integral Molded Plastic
Multi-chip Module Substrate and Fabrication Process"
to T. Gorczyca. The application is related to the

10 following co-pending applications which are assigned
to a common assignee: Fillion et al., "Embedded
Substrate for Integrated Circuit Modules,"
Application Serial No. 08/087,434, filed July 9,
1992, which is a continuation-in-part of Application

15 Serial No. 08/014,481, filed February 8, 1993; and
Gorczyca et al., "Contact Areas for Plastic Multi-
chip Module Substrates®, Application Serial No.
08/143,092, filed October 29, 1993.

20
BACKGROUND OF THE INVENTION
Field of the Inv >
This invention relates generally to multi-chip

" 25 modules and, more particularly, to a technique for
fabricating an embedded chip substrate.

e i i e Re A

30 Conventicnal high density interconnect (HDI)
processes often use cavities formed into.a substrate
base for the placement of chips so that the top
surfaces of the chips are essentially planar witﬁ
the surface of the substrate. The substrate is

35 generally a ceramic or a composite structure. The
conventiocnal HDI technique for fabricating cavities



on which protective dielectric |ayer
simlar*to that of FIG 25 3,

base sheet.

and conprising,a ceranmi c.

"3, showing an alternative enbodi nent without a

iﬁ%fifl%%bstrgggl ¥egoiﬂ EHSn@gQ

IS a view sim ar

| ayer such as
previously.

16 is

showi ng an alternative
FIG 8 is aviewsimlar to that of FI
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- electrical interconnection to the chip misalignment.

This tlmg consuming process
does not always provide the desired chip cavity
depth and can result in cracks which render the
substrate unusable. '

In the conventional HDI process, chips are
placed into cavities on multiple drops of die attach
adhesive for mechanical,

thermal, and electrical

mounting. Chips placed with this process can be
displaced during further processing because there
are non-uniform surface tension forces at the chip-
This
displacement reduces precision in chip location, and

further processing steps are required to adapt each

to-die attach adhesive inter-face.

-

Furthermore, a moat (gap)is present between each
chip and the walls of its respéctive well.

In conventional HDI techniques, an adhesive-'
coated polymer film'overlay covers a plurality of
integrated circuit chips in chip wells on an
underlying substrate. The polymer film provide§ an
insulated layer upon which is deposited a
metallization pattern for interconnection of
individual circuit chips. Methods for performing a
HDI process using overlays are described in
Eichelberger et al., U.S. Pat. No. 4,783,695,
Nov. 8, 1988, and in Eichelberger et al., U.S. Pat.
4,933,042, 12, 1990, both of which
are hefeby incorporated by reference. Additionally,
it is desirable to provide via openings or apertures
in the polymer film overlay so as to be able to
provide electrical connection between various parts
of a chip 6r betweeh several chips. Eichelberger et
al., U.S. Pat. No. 4,894,115, 16, 1990,

issued

No. issued Jun.

issued Jan.



14 FIG 10, substrate 18 is difficult to renove T0n1 2] I
the substrate can be kept in the °~ carrier, if desir Fﬁﬁ? 4tﬂ$ﬁﬁé

di scussion with
applicable to each of the enbodinents of jFI Gs. 3 and

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

respect to the enbodinents of FIGBII%%QJdeDEE B85

FIG 11 is a view showing a plurality of "vias 30 and a pattern of
electrlcally conductive
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15
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which is hereby incorporated herein by reference,
discloses embodiments for providing such apertures.
Furthermore, methods for gaining access to and
replaciné a defective integrated circuit chip are
disclosed in Eichelberger et al., U.S. Pat. No.
4,878,991, issued Nov. 7, 1989, and Wojnarowski et
al., U.S. Pat. No. 5,154,793, issued Oct. 13, 1992,
which are héreby incorporated by reference.

The presence of moats surrounding the chips in

conventional substrates may cause thinning of the

adhesive of the polymer film at the chip perimeters
and sagging of the polymer film over the moats, thus
adding difficulty in placing vias and patterning
interconnects close to the chip wells.
Additicnally, mismatches between the coefficients of
thermal expansion of ceramic substrates and polymer
overlays scometimes induce stress at the adhesive
layer, thus tending to promote separation of the
polymer film from the substrate. _
Eichelberger, U.S. Pat. No..5,091,769 issued
Feb, 25, 1992, describes an integrated circuit
package formed by placing integrated circuit chips
backside down on a substrate, encapsulating the
faces and sides of the chips, fabricating vias and
interconnections thrdugh the encapsulant to the
contact pads for testing and burn in procedures, and
removing the encapsulant after testing. When chips
of differing thicknesses are used in a single multi-
chip module (MCM), their pads are not situated in a
common plane, so this method requires either that
some of the chips be thinned or that the vias be of
varying depths. Additionally, this technique
involves a step of mechanical grinding for
planarizing the surface and the use of an
encapsulant material which is removed after testing.



I nterconnections 32 through | am natable dielectric 1 Layer—26—gf—the '
enbodinment of FIG 5. Vias 30 can be formed by u“ngPEAGEMENTSHEiiJ

etch process, with the preferred techni que beingi|it hat Cc
aforenmentioned U S. Pat. No. 4,894, 115. Jhese vias Daequﬁ Qﬁge§§§

chip pads 22. The pattern of 15 el ectri Ca| |y conductisre=rrrercenres
32 can be formed by sputtering or plating, for exanpl e, and

patterned with a St%%@ n@l%@de% ~°1t1 ami @éccﬂ PLesSiof &Nt i Oned
Elchelberger et al g% No* 704" escribes an adaptive 20

i t hogr aphy 5 P-e RBY 97414 dar Q%W-"t h"e ‘metn 9%t 2f EAREEFIIRT ame

preferred int epIORAREHrdte by rmﬂ@mﬁj pfas?cf@ramme Shipestpleced

tltanlun1copper t|t ium,_ Ml tip jelectric nate i al having
vi as and supp dgq thus el mzng@&ng éhe mllfkng process é

5 provxdlng a planar surface without moats between

chips and the substrate. Briefly, the technique
includes applying an insulative base sheet over a
base. At least one chip having contact pads is
placed face down on the base sheet. A mold form is

10 positioned around a desired perimeter and surrounds
at least one chip. Substrate molding material is
added and then hardened within the mold form. Then
the mold form and base are removed, the substrate is
inverted, and the chips are interconnected.

15 It would be desirable to have a plastic molding
process in which the mold form becomes an integral
part of the substrate that protects the substrate
from exposure to chemicais. Ad&itignally, it would
be desirable to have a process in which the

20 substrate can be kept in the same orientation
throughout the process of'molding and chip
interconnection.

. SUMMARY OF THE INVENTION
25 Accordingly, an object of the invention is to
provide a low temperature method for prepari’.ng an
embedded plastic chip substrate encased with a fully
cured, polymeric film which enhances chemical
resistance and forms an integral portion of a chip
.30 interconnection layer.

Another .object of the invention is to provide a
chip embedding technique using a molding pocket for
preparation of an embedded chip substrate which
becomes ‘an integral part of the substrate.

s Another object of the invention is to provide a



25 patterns of electrically conductive interconnectio

can beapplied, if desired. Ina . preferred enbodi ngnREPGACEMENT SHEE
dielectric | ayer 28 . is applied to buffer the inter onneghef q§§§
dielectric layer 28 can conprise, for exanple, a 30 pal Pawi @@&y at jed
KAPTON[err] polyimde film An outer interconnecti

formed in a simlar manner as the pattern of electrically

conducti ve |nterconne ti LS _a I to that of
FIG 11, 35 “gqfo@&‘i?’rfbg b30% éf"é?ﬁ?“&ﬁ%%f’@ct \rélcc l?‘j\}‘@ u¥fing

standard fixed carrier in which varying sized pockets
and substrates are prepared and. processed through
subsequent'interconnection'steps. _

5 Briefly, according to a preferred embodiment of
the inventidn; a method for fabricating a multi-chip
module substrate comprises providing a carrier having
a well. Substrate molding material is poured into the
carrier well. A plurality of chips are situated in the

10 substrate molding material. A laminatable dielectric
layer is laminated over the substrate molding material
at a predetermine& temperature and a predetérmined
pressure so that the substrate molding material flows
and encapsulates the chips.

15 °

'BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be
novel are set forth with particularity in the
appended claims. The invention itself, however,

20 both as to organization and method of operation,
together with further objects and advantages
therecf, may best be understocod by reference to the
following description taken in conjunction with the
accompanying drawings, where like numerals represent

. 25 like components, in which:

| FIG. 1 is a sectional side view of a carrier
having a well, a base supporting a base sheet to
which the carrier will be attached, and a protective
dielectric layer which w111 be applled to the

30 carrier:;

FIG. 2 is a view similar to that of FIG..l,“
further showing the base sheet and protective
dielectric layer on the carrier: _

FIG. 3 is a view similar to that of FIG. 2,

35 further showing substrate molding material in the



REPLACENENT SHEET ' ' 15 cond

paths 36 for the chip backsi des. The back vi as ang'kg Mgﬁfgﬁggﬁn.be
formed in the same manner as discussed with respe o vias 30 and

el ectrically conductive interconnections 32 inthe 5 | t 1.
Preferably the thermal paths conpri & a materi al sl Bg (20 DEC. 895
structure of titani umcopper:titanium FIG 13 i-s a view of
chi ps 20 enbedded in | ami natabl e dielectric |ayer 26. An alternative 10
process to i nffRRTRER WYt 4aci ng chips having - adhesi ve- coated backsi des

on substrate nol di rREG. 4 is a view similar to that of FIG. 3,
further showing chips on the surface of the
substrate molding material and a laminatable

S dielectric 'layer which will be laminated to the
carrier and substrate molding material;

FIG. 5. is a view similar to that of FIG. 4,
further showing chips embedded in the substrate
molding material and the laminatable dielectric

10 layer laminated on the substrate molding material;

FIG. 6 is a view similar to that of FIG. 3,
showing an alternative embodiment without a base
sheet in which the carrier has a back:

FIG. 7 is a view similar tc that of FIG. 3,

15 showing an alternative embodiment without a base
sheet; .

FIG. 8 is a view similar to that of FIG. 3,
showing an alternative embodiment with a base sheet
which is not attached to the carrier: _

20 . FIG. 9 is a view similar to that of FIG. 3,
showing an alternative embodiment without a
protective dielectric layer:; .

FIG. 10 is a view similar to that of FIG. 6,
showing an alternative embodiment without a

25 protective dielectric layer:

' FIG. 11 is a view similar to that of FIG. 5,
further showing vias and interconnections through
the laminatable dielectric layer and an outer
dielectric layer:

" 30 FIG. 12 is a view similar to that of FIG. 11,
further showing vias and thermal paths for the chip
backsides: '

FIG. 13 is a view of chips embedded in a.
laminatable dielectric layer:
35 FIGs. l14(a)-14(d) are views illustrating a



material (discussed with respect to the enbodinent = shown in FIG 4)|s

to place the chips face down in predetermned | o

cured 15 lanminatable dielectric layer 26 to hold th

the | am natable dielectric layer is -7applied to a

carrier 10, shown in FIG 4, so that the chips ¢ 1Y :

nol di ng material 18, shown in FIG. 4, and lam natable 20 dielectric

| ayer 26 is lamnated to the _carri Al ternatively, the chips can

be attached fBEBCess GB‘OHPPHK1§Erﬁaéém&P@§QQ%ﬁ I§tata RILHETR @0 | ed

ceram ¢ subst thkestBsePhikeNmaldgfgWhateddadl; @hdd

and devi ce hei ght

Thormosetting - EBfBsi 98 (WAFAA () AER S1eR 4 WSS ARTEA! {hen
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laminatable metal pattern.

DE _DESC ON OF
PREFERRED EMBO OF THE I NTION

FIG. 1 is a sectional side view of a backless
carrier 10 having a well 12 for use in the present

‘invention. Carrier 10 can comprise any suitable

structural material and preferably. comprises a
ceramic or a metal such as titanium, for example.
Well 12 can be formed by punching holes through
sheet metal, for exampie. A base 24 supports a base
sheet 14 to which carrier 10 will be attached (thus
forming a bottom surface of well 12) and a
protective dielectric layer 16 which will be applied
to the carrier. Base 24 can comprise any suitable
structural material which can withstand temperatures
as high as 200°C, such as, titanium or stainless '
steel, for example. Base sheet 14 and protective
dielectric layer 16 each comprises a material which
can support the carrier and its contents during
subsequent processing, such as, for example,
thermoplastic and thermoset polymers. The material
of protective dielectric layer 16 must additionally
be capable of being applied to the well of the
carrier and to the surface of base sheet 14.

FIG. 2 is a view further showing base sheet 14
and protective dielectric layer 16 on carrier 10 of
FIG. 1. In one eﬁbodiment, carrier 10 is positioned
on a base sheet comprising 5 mils of KAPTON®
polyihide (E.I. du Pont de Nemours and Co.,
Wilmington, DE) covered with a thermoplastic



cured | am natable dielectric |ayer. Cooling the
dieleetric layer results in 30 excellent adhesio
| am nat abl e dielectric |ayer. Substr
enmbodi nent s of FIGs. 11 and 12, fop exanple,
carrier 10, if desired, by cutting or ablating 35
as well as | am natable and

chi ps:

n of 1
ates
can beg

s aadl L5 DEE 0. !

e e tt-an—s=

RIAGEMENT SHEE

270

hRE

thré

Y 1 N o W W o o S 20 '
uyil vaotT oTt =

10

15

20

25

30

35

12,

adhesive coating comprising ULTEM® polyetherimide:
Fairfield, CT). After the
carrier is positioned on the base sheet, it is

(General Electric Co.,

overlaid with protective dielectric layer 16,
éreferably comprising a 2 mil thick layer of KAPTON®
polyimide covered with a thermoplastic adhesive
coating comprising ULTEM® polyetherimide. The
entire structure is heated to a temperature of about
300°C which is above the softening point of the
ULTEM® polyetherimide adhesive layer (which is about

215 °C) while applying pressure to the structure’s

top surface to bond the KAPTON® polyimide film to
the carrier 10 and complete the fabrication of well
Other thermoplastic or thermosetting adhesives
can be used with KAPTON® polyimide films for forming
well 12, providing they are stable to subsequent
module fabrication steps.

The surface of the protective dielectric layer
is then exposed to an oxygen plasma treatment to
promote adhesion. At this point, the carrier can be
lifted away from the base, if desired, because the
base sheet and protective dielectric layer, which
are stiff and form a molding pocket, need no
additional support during subsequent processing.
The advantage of using the base sheet in addition to
the protective dielectric layer is that the base
sheet is useful for holding the protective
dielectric la?er in place during the subsequent
molding process.

FIG. 3 is a view further showing substrate
molding material 18 in the carrier well of FIG. 2.
According to one ‘embodiment of the present
invention, this material may comprise an
epoxy/polyimide solution. If so, the epoxy and
polyimide chosen must be compatible with each other



16 outer dielectric layers 26 and 28, respecti \EFy—arme=

protective layer 16 at the substrate perineters. cREPIACRMENT SHEET |fan
be prepared in a single well and then cut followgg fin fﬁeﬁwgggi

to obtain 5 individual circuit assenbl iges. F|{Cdate 3 -ég. (am.ar
views illustrating a process for applying an initi -

substrate nolding material 18. It would be desirable to have a n¥etal

pattern placed gn the 10 nolded substrate itself to provide partial
i nt er connect | 3AHERGLEALYRBECHFRS SAJIASERAVRaPRFR CompoagaEs:-he number of

upper intercoRbs6}i ERel @y6%x¢ and polyimide must be capable of
withstanding any subsequent processing temperatures.
For example, polyimides such as siloxane and.

5 polyetherimide are both compatible with epoxy resins
such as cycloaliphatic, bisphenol-A, and hovolac
type epoxies. Stress on the package is minimized
when the substrate molding material and protective
dielectric layer 16 are similar materials and

10 hardened simultaneously at low temperatures.

The carrier is weighed before and after the
molding material is added. The material is then
heated to partially cure the solution and remove
solvent. The need for repetitions of the solution

15 addition and partial cure steps varies with the
desired thickness of the substrate. Extremely
accurate solvent loss determinations can be made by
weighing carrier 10 after each repetition.

The material can be prepared from epoxies, such

20 as cycloaliphatic, bisphenol-A, and novolac tYpe
resins, alone, thus eliminating the need for a
partial cure, in embodiments which do not include
ablation (or dltraviolet absorption) of molding
material 18. Alternatively, an epoxy solution can

25 be prepared with polymers other than polyimides,
such as, for example, polysulfone.. Epoxy resins of
widely different viscosities can be obtained,
ranging from a 100 centipoise viscosity liquid at

| room temperature for the cycloaliphatic epoxy resin

" 30 to greater ;han 50,000 centipoise Qiscosity semi-
solid at a temperature of 150°C for high molecular
weight bisﬁnenol-A resins. These resins can be
blended together, or combined with high molecular
‘weight, high viscosity polymers to tailor the
35 viscosity characte:istics of the uncured substrate



required. Application of a thin protective coating 4Q_gver the

partially cured nold, such as 4ferr] 15 thickness of S H@PLAQEEEHTSHEET
pdl yi m de) polyner, to protect it during netal fabrilcation steps is
possible if necessary, as shown in FIGjgsl4(a). The clp[)a{e_eﬁt_l,_\/ﬂi-_&_(ﬂﬂﬁ,mg
conprises a material which has a . |0w glass transiti ob=potpt—and=can——
have its solution 20 baked out w thout curing the nnlding nate{ial.
Substrate nmetal. 42 can then be appljed and patterned irectly over
protective cxﬁﬁ#qkﬂquﬂa%ﬁﬁh%92ﬁsaﬁ%kf aspFﬁgeﬂlﬁﬁltﬁBrﬁFotective coati ng

surface in opmropesties. which are patterned into substrate netal Sﬁ, as 25
di'electric | ayer ACCTHARY B8 3 BLERe--ET PRbudlnBhe 0t KBSl ands vi th ¢ he
pol yi m de/ epdxgesent nizhventgiomt eai the salding materiadnmay bye chips
S processed solventless. By solventless we mean the
moldinq.material-is mixed together and heated to
produce a part which is substantié;ly homogeneous.
There is no need to use solvents of any of the
materials during processing. For example, finely
10 ground siloxane polyimide powder, (such as D9000
- from GE Plastics, MT. Vernon IN) can be mixed with
J an epoxy resin powder (such as DER 662 from Dow
Chemical Co., Midland, MI) and a catalyst (such as
Octacat from GE Silicones, Waterford, NY) forming a
15 .dry powder blend for use as the molding material for
a HDI substrate. Formation of the substrate is
accomplished by placing the dry powder blend in the
carrier, followed by heating and applying pressure
by use of a frahe press or vacuum/pressure
20 laminator. Heating the powder mixture results in
' melting and mixing of all its components, completely
blending the materials together and subsequently
_ curing the epoxy due to the presence of the
catalyst. This process eliminates the need to
~) 25 remove solvent méking the fabrication process much
less costly, faster and environmentally friendly.
It also enables the use of polymer and epoxy
materials in any proportion and eliminates problems
. - of incompatibility between the polymer(s) and epoxy
30 . resin(s) and the specific sdlvents useful for each
component. , ' T
Incorporation of fillers, such as ceramic or
metal oxide powders, into the epoxy resin or epoxy
and polymer blends can further tailor the cured
35 substrate material’s properties such as its thermal



into the nolding material so as to allow 30 encapsul at 'mgmdmeqhspsne

shown i'n FIG 14(c). Chi p pads 22 are then interconflected V\‘I tdt %
ot her and with substrate netal 42, as shown in FIG 1;%51),0, ___________ (;e Wwhe
same nmanner as di scussed with respect tgjthe enbodi .

FI Gs. 15(a)-15(d) are views illustrating a

17

conductivity and coefficient of thermal expansion.

Common fillers which can be added into the blends

include fumed or fused silica, silicon nitride,

titanium oxide, magnesium oxide, zinc oxide, and
5 aluminum oxide or aluminum nitride powders.

Control over the curing characteristics of the
molding material can be obtained by altering the
amount of caﬁalyst used in the epoxy blend as well
as the cure temperature profile. The curing time

10 can be reduced by increasing the curing temperature
and the curing témperature can be reduced if the
curing time is increased. Alternatively, increasing
the catalyst content will allow reduction in the
curing time or temperature, while reducing the

15 catalyst content will require longer curing times at
higher temperatures. Numercus compatible polymer
and epoxy mixtures:can be prepared and their curing
properties controlled to allow custom design of the
uncured and final cured substrate properties.

20 In one embodiment, the thickness of the
substrate molding material is similar to the
thickness of the chips to be inserted, yielding an
extremely durable, flexible substrate which can be
remocved from or remain in the carrier during use in

25 a circuit. _

FIG. 4 is a view similar to the embodiment of
FIG. 3, further showing a plurality of integrated
circuit chips 20 on the surféce of the substrate
molding material and a laminatable dielectric layer

30 26 which will be laminated to carrier 10 and
substrate molding matérial 18. Chips 20, which need
‘not all have the same thickness, can have adhesive
on their backsides for chip attachment, or, if the
carrier is warmed, the chips can be directly

35 attached to the tacky molding material surface.



brocess for | eaving chips 20 uncovered and appl yi ng an initial netal

pattern. A layer of TEFLON err] pol ytetrafl uoro-et iican

i s-a trademark of E.1. duPont de Nenours and Co.)i 5| (-EHAGEMENE SHIEET
initial dielectric layer, such as |am ngtable dielgetric y Aggsho
in FIG 4, for the first Ianinationagnd substrate Pates 'Svﬂggﬂgg?m
mat eri al can easily be peeled away after |am nation; Teaving the

structure shown in FIG 15(a)..If desired, the 10 TEFLONerr]
polytetrafluorbemhthableadibéecswnwedawnra26 prefierablyp canpmidesmve t he

chips covered, 5gr aﬂﬂ? gﬁ.e matEEJ:.er' éhﬂ:%bl%‘“&@ &> é&ﬂém %d’ a dol yi m de

film can be over hi ps, as shown in FI G and
patterned, as EHS&&‘PnOﬁIEQGESFéFalAé“FGFFﬁ@P%ﬂﬁiﬁﬂs' such as

KAPTON® polyimide film coated with a partially cured
5 pquimide/epoxy adhesive. _ :

Alignment of the chips attached to the molding
material can be. made with respect to the edges of
the surrounding well. Cleaning or surface
preparation of the chips can be performed with an

10 oxygen plasma treatment and solvent rinse, such as

2-propanol, after placement, lf desired.

FIG. 5 is a view further showlnq the chips of
the embodiment of FIG. 4 embedded in substrate
molding material 18, and laminatable dielectric

15 layer 26 attached. In one. embodiment, the
laminatable dielectric layer is placed into a
laminator at an ambient temperature of 80°C, with
.vacuum applied to the top and bottom sides of
laminatahle dielectric layer 26 to remove gases.

20 After sufficient evacuation time to obtain a base
vacuum of 100 millitorr .(typically about 20
minutes), a pressure of about 10 tb 20 psi (pounds
per square inch) nitrogen is applied to the upper
surface of dielectric layer 26 to press it against

25 the chips, molding material 18, and protective
dielectric layer 16. The lamination temperature is
then ramped up to 180°C while maintaining pressure, .
which first softens molding material 18, allowing

_ flow around the chips and filling in voids,. followed

30 by curing of the epoxy to form a rigid substrate.
The temperature'is held at 180°C for approximately
one hour to finish curing of the epoiy/polyimide
blend. The substrate is then coocled to a
temperature below 100°C, pressure is released and

35 the substrate is removed from the laminator,



15 in FIG 15(c), a sheet of netal 42 can be applied over._t he

patterned material 44 ‘and substrate nol di ng mat er i Igéﬁa N
then be patterned, as shown in FIG 15(d). 20 héﬁ$ﬁ§*2§§%€ﬁ
il lustrative exanples are not intendegl to limit thi @ﬁ@ﬂkjgﬂgcﬁﬁgﬁm.
I nvention but to illustrate its application and us

EXAMPLE 1 25 The enbodi rent shown in FIG 5 was reduced to
practice in the foll owi ng manner using a solvented apprqach. An

appr oxi mat el y 6YFﬁ&ﬁlﬁgaﬁeﬁgPsEEPFPeﬁlth GRAPSoBCaieRReEE G 50 i |
thick, flat titasldiihg material 18, with a laminatable dielectric

10

15

20

25

35

layer 26 laminated to their top surfaces, as shown
in FIG. 5. _ _

Proper selection of the viscosity and rate of
cure for both the molding material and the
laminatable dielectric layer adhesive will result in
completely encapsulated chips with a ninimum of
lateral movement and a planar, void free lamination.
Slight relaxation of chip placement accuracy can be
used to accommoddte.potential chip movement during
initial lamination. Eichelberger et al., U.S. Pat.
No. 4,835,704, issued May 30, 1989, describes an
adaptive lithography system for forming the
interconnections and is herein incorporated by
reference.

The present invention'is not limited to
embodiments in which a backless carrier has a base
sheet and protective dielectric layer. For example,
FIG. 6 is a view similar to that of FIG. 3, showing
an alternative embodiment without a base sheet 14
(shown in FIG. 3)in which a carrier 10a has a back
on which protective dielectric layer 16 is :
supported. FIG. 7 is a view similar to that of FIG.
3, showing an alternative embodiment without a base
sheet. FIG. 8 is a view similar to that of FIG. 3,
showinq an alternative embodiment with a base sheet
14a not joined to carrier 10 and comprising a
ceramic. FIG. 9 is a.view similar to that of FIG.
3, showing an alternative embodiment without a
protective dieleétric layer such as layer 16
employed in the embodiments described previously. '
FIG. 10 is a view similar to that of FIG. 6 in which
carrier 10a includes a back, but without a
protective dielectric layer. With the embodiment of



"netal plate into which a 2.1 inch square hole was 3
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KAPTON[err] polyimde filmcoated with ULTEM er r{] REOPLKOEMENT ISHEET
adhesi ve was | ami nated to each side of the carri i
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FIG. 10, substrate 18 is difficult to remove from
the carrier; the substrate can be kept in the
carrier, if desired. The remaining discussion with
respect to the embodiments of FIGs. 11-15(d)is
applicable to each of the embodiments of FIGs. 3 and
6-10. ' ,

FIG. 11 is a view showing a plurality of vias
30 and a pattern of electrically conductive
interconnections 32 through laminatable dielectric

layer 26 of the embodiment of FIG. 5. Vias 30 can be

formed by using a laser or a mask etch process, with
the preferred technique being that described in _
aforementioned U.S. Pat. No. 4,894,115. These vias
are aligned with chip pads 22. The pattern of
electrically cqnduétive interconnections 32 can be
formed by sputtering or plating, for example, and
patterned with a standard photoresist and etch
process. Aforementioned Eichelberger et al., U.S.
Pat. No. 4,835,704, describes an adaptive
lithography system useful for forming the
interconnections. The preferred interconnection
material is a composite structure of
titanium:copper:titanium. Multiple layers of
dielectric material havinq vias and supporting

patterns of electrically conductive interconnections

(not shown) can be applied, if desired. 1In a
preferred embodiment, an outer dielectric layer 28
is applied to buffer the interconnections. Outer
dielectric layer 28 can comprise, for example, a
polyimide/epoxy coated KAPTON® polyimide film. An
outer interconnection 38 can then be formed in a
similar manner-as the pattern of electrically
conductive interconnections.

FIG. 12 is a view similar to that of FIG. 11,
further showing back vias 34 and electrically

r sinyht pEEoges Y-

pressure | am nation usig? t he fol | owi{h@aer:ocedure... ...
adhesi ve coated KAPTON err] poly




base, were loaded into a |am nator set at a t enper atipre=of—358Ferr+FES
The | am nator was cl osed and vacuum was applied to r=ﬁﬁ§tA§§M§§T§WEET H
base vacuum of 100 mllitorr was reached. Pressure af 30 ﬁ ]pﬂ t helf
applied to the top surface of protectjve dielectric. Bgters...p -gg\é\@sglt
agai nst the carrier and base sheet to forma well, e ranmpr g
the tenperature to 300[err]C to nelt the ULTEN[err] pol yet heri m de
adhesive. The | am tor was_hel d cool ed

rr] C for
under pressure, lY%eEP%ﬁﬁﬁgdp?ﬁh? g°fhg£8aFPF8rggFg aFan in the
enbodi ment showThel Hdék ®ias and the¥mabl paths oansbbsfoamedmbhdihg

materi al CoNpLh $68h 20 9" 2% PO000s 84 ' 9XeRerBOLYELY €6’ vils 30 ang
| electrically conductive interconnections 32 in the
5 embodiment of FIG. 11l. Preferably the thermal paths

comprise a material such as a composite structure of

titanium:copper:titanium. :
FIG. 13 is a view of chips 20 embedded in
laminatable dielectric.layer 26. An alternative
10 process to individually placing chips having
adhesive-coated backsides on substrate molding
material (discussed with respect to the embodiment
shown in FIG. 4)is to place the chips face down in
predetermined locations on a partially cured
15 laminatable dielectric layer 26 to hold them in
place. Then the laminatable dielectric layer is
applied to a carrier such as carrier 10, shown in
FIG. 4, so that the chips contact substrate molding
material 18, shown in FIG. 4, and laminatable
20 dielectric layer 26 is laminated to the carrier.
Alternatively, the chips can be attached face
up on the surface of a flat or partially milled
" ceramic substrate to obtain a somewhat equal chip
and device height above the substrate by using a
25 thermoplastic or partially cured thermosetting
adhesive which is heated on a hot plate and then
pressed into the adheéive-coated side of a partially
cured laminatable dielectric layer. Cooling the
chips and laminatable dielectric layer results in
30 ‘excellent adhesion of the chips to the laminatable
dielectric laver.
' Substrates such as shown in the embodiments of
FIGs. 11 qn& 12, for example, can be removed from
carrier 10, if desired, by cutting or ablating
35 through base sheet 14, as well as laminatable and



15 grams CY179 epoxy (available from G ba Ceigy Corp., |===Hawthethae —~NN¥

40 grans DER 662 epoxy; 1 gram oct yl oxyphenyl (pheny|RERbACEMEMNT SHEET
hexaf | uor oanti nonat e catal yst : 100 grans ani sole siplvent; and 20 gra
cycl opent anone sol vent (anisole and cychpentanone 20 6h&ﬁnﬂéhdﬂﬂl. l.e
from Al drich Chem cal Co., M | waukee, W). This sol &

poured into the well, coated with KAPTONerr] polyimde film wth

an approximate 2 hour 10Q[err].C hot pl ate bake bhetween ,.additions. The
final partial cOP&eFake ﬁ&eqﬁ'ep‘?&h(ﬁ%(féﬁi 28 hFHFPEEE R e on a

hot plate foll opedtectikye Adyeatrs at MM aubstraten peatimebhensen at a
reduced pre r f 100 s r It | g tially
cured polyim de%%%gg'f‘q‘l r?“?‘r?etl\%e{qs f‘_%?yag% r}g:étl%l C %eigg of lr% Iw"s.. i ps
havi ng a thi cknesd ¢he30 ¥ rfidldawimg HKidwd diabsiidatian thee ahkdiate of the

5 individual circuit assemblies. _
FIGs. 14(a)-14(d) are views illustrating a
‘process for applying an initial metal pattern on
substrate molding material 18. It would be
desirable to have a metal pattern placed on the
10 molded substrate itself to provide partial
- interconnection between. the chips and potentially
reduce the number of upper interconnection layers
required. Application of a thin protective coating
40 over the partially cured mold, such as 4p
15 thickness of SPI (siloxane polyimide) polymer, to
. protect it during metal fabrication steps is
possible if necessary, as shown in FIG. 14(a). The
protective coating comprises a material which has a
low glass transition point and can have its solution
20 baked out without curing the molding material.
Substrate metal 42 can then be'applied_and patterned
directly over protective coating 40. Chips 20 are
placed on the protective coating surface in openings
which are patterned into substrate metal 42, as
25 shown in FIG. 14(b); During subsequent lamination of
laminatable dielectric layer 26, the protective
coating softens and blends with the polyimide/epoxy
molding material, causing immersion of the chips '
into the molding material so as to allow
", 30 encapsulation of the chips, as shown in FIG. 14(c).
Chip pads 22 are then interconnected with each other
and with substrate metal 42, as shown in FIG. 14(d),
in the same manner as discussed with respect to the
embodiment of FIG. 1ll. _
1S FIGs. 15(a)-15(d) are views illustrating a



'nDIdfng mat eri al using epoxy adhesive, which was
tenperature of 100[err]C for 30 m nutes. The chip
overlaid with a 1 ml thick KAPTON err] polyi m de

ég LM ot BECVIB%
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Egrr]n135 thick partial cured polyinng/epoxy adhesi
process for leaving chips 20 uncovered and applying
an initial metal pattern. A layer of TEFLON®
polytetrafluoro-ethylene (TEFLON® is a trademark of
E.I. duPont de Nemours and Co.)is used as. the

5 1initial dielectric layer, .such as laminatable

' dielectric layer 26 shown in FIG. 4, for the first
lamination and substrate cure step. This material
can easily be peeled away after lamination, leaving
the structure shown in FIG. 15(a). If desired, the

10 TEFLON® polytetrafluorocethylene can be removed in a
manner so as to leave the chiﬁs covered, or another
material 44, such as KAPTON® polyimide film, can be
applied over the chips, as shown in FIG. 15(b), and
patterned, as shown in FIG. 15(c). As further shown

15 in FIG. 15(c), a sheet of metal 42 can be applied
over the patterned material 44 and substrate molding
material 18. Metal 42 can ‘then be patterned, as
shown in FIG. 15(d).

20 The following illustrative examples are not
intended to limit the scope of this invention but to
illustrate its application and use:

EXAMPLE 1 |
2S5 The embodiment shown in FIG. 5 was reduced to
practice in the following manner using a solvented
approach. An approximately 6 inch diameter carrier
was obtained using a 50 mil thick, flat titanium
metal plate into which a 2.1 inch square hole was
30 stamped -out. KAPTON® polyimide film coated with
ULTEM® polyetherimide adhesive was laminated to each
side of the carrier simultaneously with a nitrogen
* pressure lamination using the following procedure.
The carrier, adhesive coated KAPTON® polyimide films
3S (base sheet and protective dielectric layer) and the



The parts were placed into a |anminator at an ambient {7 _
[err]C, with vacuum applied to the top and bot t orf) SEGEACEHENRSHEEFE

direl ectric to renove gases. After sufficient eva tlon t
a 5 base vacuumof 100 millitorr (typigglly about 20| ﬂul ;@cw

gas at a pressure of 20 psi was applied to the upper surtface or the
overl ay dielectric to press it against the chips, nolding - material’,
and underlyin rotectlv |eIe 1 tion tenperature
was ranped upg?g rrd]ee \Ci%él qarﬂa"é} tOJr%er‘léng%L% and held at
tenperature fcemappaammnabélySD’Mbuﬂhﬁ)Hamnnator wasir¢mpachand

epoxy/ pol yi ni dschhﬁ,ng Bopfidled Yo Wahove ddidl GRMLM 4 bl Ow 100[err] C

pressure was rel ease e carrier was renoved fromthe | am nator,
yielding a sub3EHame o t1+9°t me At e s kepghed.  Pressure of 30

5 psi was then applied to the top surface of

protective dielectric layer, pressing it against the
carrier and base sheet to form a well, while ramping
the temperature to 300°C to melt the ULTEM®
polyetherimide adhesive. The laminator was held at

10 300°C for 30 minutes, cooled under pressure, and
then opened to remove the carrier, resulting in the
embodiment shown in FIG. 2.

A solution of substrate molding material

comprised 50 grams D9000 siloxane polyimide; 10

15 . grams CY179 epoxy (available from Ciba Geigy COrp.}
Hawthorne, NY); 40 grams DER 662 epoxy: 1 gram
octyloxyphenyl (phenyl)iodonium hexafluorcantimonate
catalyst ; 100 grams anisole solvent:; and 20 grams
cyclopentanone solvent (anisole and cyclopentanone

20 solvents available from Aldrich Chemical Co.,
Milwaukee, WI). This solution was twice poured into
the well, coated with KAPTON® polyimide film, with
an approximate 2 hour 100°C hot plate bake between
additions. 'The final partial cure bake sequence

25 included 15 hours-at 100 °C on a hot plate followed
by 24 hours at 100°C in a vacuum oven at a reduced
pressure of 100 Torr, resulting in 2.2 grams of
‘partially cured polyimide/epoxy in the well for a
thickness of 30 mils. Chips having a thickness of

30 20 mils were added directly to the surface of the

molding material using epoxy adhegive, which was
partially cured at a temperature of 100°C for 30
minutes. The chips and carrier were overlaid with a
1 mil thick KAPTON® polyimide film coated with 15 uﬁ

35 thick partial cured polyimide/epoxy adhesive layer.



nblding mat eri al which was void free with the | am et
| ayer lam nated to the top .surface, as shown in Fl ¢ REPLACEMENT SHEET
EXAMPLE 2 The enbodi ment shown in FIG 5 was rieduce

0
practice in the follow ng manner using ggsol ventless DaﬁpEBEGBEQNBgim
grans of DER 662 epoxy resin flake 25 was ground into a g a

nortar and pestle. Into this powder was added 9 grans of D9000 sil oxane
pol yi m de pol yner and 0.09 grans, of octacat catal yst. The mixture was
bl ended furt her T3 BRXES Y1FS iRIRAGRE R i “bl%%%%k%’f %r%‘gla“%?é

KAPTON[ err] 30 fudupdradtiuiad idi) sverca wignk vasuukt ppliedies . tie ltop il
Tora et L b ¢ el o Y ded 30 B | SV LlY o1 ece e £3T L6V LRI

gases. After sufficient evacuation time to obtain a

S base vacuum of 100 millitorf (typically about 20
minutes), nitrogen gas at a pressure of 20 psi was
applied to the upper surface of the overlay
dielectric to press it against the chips, molding
_material, and underlying protective dielectric

10 layer. The lamination temperature was ramped up to
180°C while maintaining pressure, and held at
temperature for approximately 1 hour to finish
curing the epoxy/polyimide blend. The carrier was
then cooled to below 100°C, bressure was released,

1S and the carrier was removed from the laminator,
vyielding a substrate with the chips embedded in
molding material which was void free with the
laminatable dielectric layer laminated to the top
surface, as shown in FIG. 5.

20 .

_ EXAMPLE 2 .

The embodiment shown in FIG. 5 was reduced to
practice in the following manner using a solventless
approach. Nine grams of DER 662 epoxy resin flake

25 was ground into a-powder using a mortar and pestle.
Into this powder was added 9 grams of D9000 siloxane
polyimide polymer and 0.09 grams of octacat
catalyst. The mixture was blended further and a
portion was added into a pocket formed by KAPTON®

30 film laminating over a backless metal carrier. A 1l
mil TEFLON® film release layer was applied between
the mirror-imaged mold tehp;ate (uéed to form spaces
to place the chips) and the imide/epoxy powder
before loading into the vacuum/pressure laminator.

35 The assembly was heated under vacuum for 30 minutes-



to place the chips) and the im de/ epoxy powder before ) oading into the

vacuunl pressure |am nator. 35 The .assenbly was heat ed

m nut es-
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system was then heated to 150[err]C with, pressur g gggl:_i_&g_mgg_mqo d

tenplate for 10 m nutes

10

15

20

at 110 °*C. The system was then heated to 150°C with
pressure applied to the mold template for 10 minutes
an& then cooled to room temperature.

. After removal from the laminator, silicon chips
were attached to the molded pockets and a |
09000/ epoxy bartial cured frame overlaid onto the
chips and laminated to the part using standard
multilamination procedures. This completely
embedded the chips with negligible die movement
during lamination. Removal of the part from the
carrier gave an all plastic, KAPTON® encased HDI
module with embedded chips. | |

" 'While only certain preferred features of the
invention have been illustrated and described
herein, many modifications and changes will occur to
those skilled in the art. It is, therefore, to be‘
understood that the appended claims are intended to
cover all such modifications and changes as fall
within the true spirit of the invention.



and then cee+ed—%e~#egnlLenperature - After reanaI fromthe

| am nat or, | i con chi 5 were attached to the nDIded gggﬁﬁgnu a
D9000/ epoxyl!m w“ H:Em ame overlaid onto the é MENT SHEET

to the part nultllan1fft|on procedur Thﬂblc ﬁiﬁbly
enbedded t he chlps mnth negllglble di e novenent: 10 duri S0t na o

Renoval of the part fromthe carrier gave an all plastlc KAPTON[erT]—
encased HDI égﬁ%le Wit h enbegded chi ps. While only certain
preferred featur 13 netABMER LR i on have been illustrated and descri bed

herein, many nodificalionsAamétiibanges $abkicatinhgta multihkoRepskilled in
the art. It is, ﬁgﬁﬁfg ubs&?a@g comprising the steps of:
providing a carrier having a carrier well therein;
- 'providing substrate molding material in said carrier
well;
situating a plurality of circuit chips; and
laminating a laminatable dielectric layer over said
substrate molding mateérial at a predetermined
temperature and a predetermined pressure so that
said substrate molding material flows and
encapsulates at least one of said plurality of
chips. '

'2. The method of claim 1, wherein each one of
sa1d plurality of chips has chip pads facing up in
said substrate molding material.

3. The method of claim 2, wherein said
carrier comprises a backless carrier and the step of
providing said carrier comprises applying a base
sheet on one side of said backless carrier, and
wherein the step of applying a base sheet comprises
applying a sheet comprising dielectric material.

4. The method of claim 3, further including
the step of applying a protective dielectric layer
over the interior surface of said carrier well prior
to pouring said substrate molding material.

5. The method of claim 2, wherein the step of
providing said carrier comprises providing a carrier
having a back for defining a bottom surface of said
well. |



under st ood that—theappended clainms are intended to jf'g

—suc
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fabricating a

22

6. The method of claim 5, further including

the Step of applying a protective dielectric layer

on the interior surfaces of said carrier well prior

to pouring said substrate molding material.

7. The method of claim 2, wherein the step of
situating said plurality of chips in said substrate
molding material comprises placing each of said
chips face down in said laminatable dielectric
layer: hardening said laminatable dielectric layer
to hold said plurality of chips in place:; and
placing said laminatable dielectric layer, chip side
down, on said carrier such that said chips are
situated within a space above the bottom surface of
said substrate molding material prior to the step of
laﬁinatinq said laminatable dielectric layer.

8. The method of claim 2, wherein said
substrate molding material comprises one of the
groué consisting of epoxy/polyimide, polyimide,

epoxy/polysulfone, and epoxy.

9. The method of claim 8, wherein each
component of said substrate molding material is

dissolved in a common sclvent.

10. The method of claimr 8, wherein said

substrate molding material is solventless.

l1. The method of claim 2, further including
the steps of, prior to situating said plurality of

chips in said substrate molding material:

applyinq a protective coating over said

substrate molding material:

- forming a lafer of metal over said

or



nmodul e substrate conpr|5|ng t he steps of: providLngl -

carrier vveU!ll muﬂ"ﬂu"mmmdl ng substrate nol di ng matlpri ai bEMEQ?&J’

wel]: situ of circuit chips; and |la D%w@ja[]@ﬂgggtale
di el ectri-c | ayer over $aj 8 substrate | di ng mat eri al'=at—a_pLEdet ey m e
tenperature and a predeternmined pressure so that said- substrate nolding
material flows and encapsul ates at | east one of said plurality of chips.

2. The nmethod of claim 1, wherein each one of sa Iuralhtz of chips has
‘chi p pads feunREPQ&F?#V%a?%aEH%%t?%f%eﬁﬂ?ﬁlﬁ@ ﬁﬁté?'gﬁave es

extending through said layer of metal to said

protective coating; and

wherein the step of situating said
plurality of chips in said substrate molding
material comprises placing at least one of said
plurality of chips in a predetermined one of said
holes of said layer of metal in said protective
coating:; _

wherein the temperature and pressure at
which the step of laminating said laminatable
dielectric layer are sufficiently high to cause said
protective coating to blend with said substrate
molding material.

'12. The method of claim 2, further including
the steps of providing vias in said laminatable
dielectric layer aligned with predetermined
respective ones of said chip pads and applying a
pattern of electrical conductors extending through
said vias to interconnect said selected ones of said
chip pads. ' : '

13. The method of claim 12, further including
the final steps of providing a via in said
substrate molding material aligned with one of the
chip backsides and applying an electrical conductor
extending through said via to said one of the chip

' backsides.

'14. The method of claim 2, wherein said
laminatable dielectric layef comprises
polytetrafluorcethylene and further including the
step of removing said polytetrafluoroethylene after
laminating said polytetrafluorocethylene.



.3. The met hod of claim2,—wheretn said carrier co :
carrier and the step of prOV|d|n said carrier conp |EﬁRLAﬂﬁM§NWﬁHEEm
sheet on one si m s carrier, and wheflein t

applying a basecmmmm %el% ppl yi ng,a sheet cof '@6:3 i@ogéén
mat eri al . . ¢ The od of claim3, further-

appl ying a protectlve dielectric |layer over the interior surface of said
carrier well prior to pouring said substrate nolding materia

15. The method of claim 14, further including
the final stép of forming a patterned mask over said
chip pads.

16. The method of claim 2, wherein the step of
prcvxdlnq a carrler having a carrler well therein
comprlses placing a backless carrier having a well
on a base and placing a ceramic slab in said well on
said base.



5. The nethod of claim2, wherein the step of providing said carrier

conprises providing a carrier having a back -for defl B
of said well. 22 6. The nethod of claln1gpéég$FEUTsﬂﬁ§Tu
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ENCASED INTEGRAL MOLDED PLASTIC MULTI-CHIP MODULE
SUBSTRATE AND FABRICATION PROCESS

ABSTRACT

A method for fabricating a multi-chip module
substrate éomprises providing a carrier having a
well. Substrate molding material is poured into the
carrier well. A plurality of chips is situated in
the substrate molding material. A laminatable
dielectric layer is laminated over the substrate
molding material at a predefermined temperature and
a predetermined pressure so that the substrate
molding material flows and encapsulates the chips.

FIGURE 4



the step of applying a protective dielectric layer on the interior surfns
of said carrier well prior to pouring said substrate ﬁ%ﬂﬁEETJIQNT@HEET
7.. The nmethod of claim2, wherein the step of situati sai

chips in said substrate rml dirng material conprises placjng, eagh UEsH
chips face down in said laninatable dielBXric layer: h n"'"r'z'" S -“'-

| am natabl e dielectric layer to hold said plurality of chips in pI ace; and
pl acing said | am natable dielectric |ayer, chip side down, on said carrier
such that said chips are situated within a space above the bottom surface
of said substrate nol ding rrateriarl\-,prior to the step of Lam naHp.g sai d

| am natabl e dielectric |3ayer. ' - :
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8. The nethod of claim2, wherein said substrate nol ding materi al
o wes = e ¢ ' s

conprises one of the group consisting of epoxy/polyini de,j-Fety e
E REPBACEMENE iSh!EETI

epoxy/ pol ysul fone, and epoxy. 9. The nmethod of c
each conponent of said substrate nolding material is dis Ivedaﬁg.igigégsn

sol vent . 10. The nethod of cl?in18, wherein sai d qubster
material is solventl ess. ' 2/11 _ '
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‘11. The nethod of claim2, further including the steps_of . prior—t6
situating said plurality of chips in said substrate hehDACERMERT SHEET
applying a protective coating over said substrate noliding naterial;
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protective coating patterned so as to | eave hol es extending

t hrough said
| ayer .of netal to said protective coating; .and T T Ste
of .situating said plurality of chips in said substrate np lﬂéc EQ | SHEET
conprises placing at |east one of said plurality of chip

_a
predeternm ned one of said holes of said4¥11er of netal i&;ﬁ%ﬁ.gi‘g§£%$gg
coati ng; wherein the tenperatutre and pressure at which the step
of lam nating said |am natable dielectric |ayer are sufficiently high to
cause said protective coating to blend with said substrate nol ding

mat eri al .
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12. The method of claim2, further including the steps of providing vias in
said |l.am natable dielectric |ayer aligned with predeterjm i

ones of said chip pads and applying a pattern of electr (ﬁﬂPFéSE (THHEET
extendi ng through said vias to interconnect said select

ongp 10fEpaE= chijp
pads. 13. The met hod of claimg¥gl further incl gﬂ 'gﬁgmpﬁgggigte S
of providing a via in said substrate | di ng material aligned wWtTh on

t he chi p backsi des and applying an el ectrical conductor extending through
said via to said one of the chip

"M d
ul
SS .
N\
w
N
N
N w
\ |
N _'
N Q.
N = 2
N NG 2 S
NIE ™ g
N
N
N
N
\
N
§
N
N <
N / T°
— 43 ’
d 3 | g



i ]
backsi des. 14. The nethod of claim 2, wherein saW

dielectric layer conprises polytetrafluoroethylene and fluREREACEMENY &g

the step of. renoving said polytetrafluoroethylene after i | am nat,i sai
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15 The nmethod of claim 14, further incl udi ng the final i,s-tf%’p“:of‘—"f
patterned mask over said chip pads. 16. The met hofil FFPLACEMENT SHEET |
wherein the step of providing a carrier having a carrieff well 4t AR
conprises placing a backless carrier having a well on. %e%ﬂgﬁ@%g a
ceramic slab in said well -on said base.”11 -
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