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(57) ABSTRACT 

One or more integrated circuit chips each containing con 
ductive pads on one surface, are embedded in a substrate 
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such that the conductive pads are exposed and the one 
surface of each chip is substantially coplanar With a top 
surface of the substrate. Electrically conductive material is 
placed over the one surface, including conductive pads, of 
each chip and the top surface of the substrate and patterned, 
using standard semiconductor or printed circuit photolitho 
graphic and processing techniques to form an electrically 
conductive interconnect pattern connecting the one or more 

integrated circuit chips into an electronic system. When a 
single integrated circuit chip is to be embedded in a sub 
strate, the invention makes possible the simultaneous manu 
facture of a plurality of such packaged integrated circuit 
chips in a single large substrate using standard semiconduc 
tor or printed circuit photolithographic and processing tech 
niques and then singulating the large substrate into a plu 
rality of smaller substrates, each containing a single 
integrated circuit chip. Likewise, When more than one 
integrated circuit chip is embedded in a substrate, a plurality 
of such structures can be manufactured in a single large 
substrate and then singulated into a plurality of smaller 
substrates, each containing more than one integrated circuit 
chips. 
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INTEGRATED PACKAGE AND METHODS FOR 
MAKING SAME 

RELATED APPLICATION 

[0001] Patent Application Ser. No. ?led Sep. 13, 
2001 discloses methods for fabricating a monolithic inte 
grated structure incorporating one or more packaged com 
ponents such as integrated circuit chips or discrete elements 
such as resistors, capacitors, inductors, transistors, LEDs, 
optical devices, MEMs, or photocouplers, for eXample. 

FIELD OF THE INVENTION 

[0002] This invention relates to an integrated monolithic 
structure containing one or more electronic systems and, in 
particular, to a substrate containing one or more integrated 
circuit chips placed in the substrate such that the top surface 
of each chip contains electrically conductive lands or elec 
trically conductive pads and is substantially coplanar With 
the top surface of the substrate such that conductive traces 
can be formed over the top surfaces of the integrated circuit 
chips and the substrate to interconnect integrated circuit 
chips into one or more desired electronic systems. 

BACKGROUND OF THE INVENTION 

[0003] For many years, the semiconductor industry has 
been attempting to fabricate a system on a chip. In particular, 
the industry has attempted to combine linear and digital 
circuitry on the same chip and often to include memory on 
the chip to provide an electronic system on a single inte 
grated circuit chip. Unfortunately, the additional processing 
steps create yield loss such that if a single component of the 
chip fails, all components on the chip are useless. As a result, 
multi-chip modules in particular are commonly used to 
create electronic systems. 

[0004] Some companies have combined logic and 
memory on a chip. Microprocessors, programmable logic 
and graphics circuits, in particular, incorporate logic cir 
cuitry together With memory. 

[0005] Accordingly, there eXists a need for a monolithic, 
integrated structure Which can incorporate the functions 
represented by semiconductor chips fabricated using differ 
ent technologies, such as analog and digital, so as to form 
one or more partial or entire electronic systems. 

SUMMARY OF THE INVENTION 

[0006] In accordance With this invention, one or more 
integrated circuit chips is placed or are combined in a 
substrate such that the chip or chips can be electrically 
contacted or interconnected using standard photolitho 
graphic processes to form a single integrated circuit package 
or an electronic system. The chips can be from different 
technologies, even from substrates that are totally incom 
patible. Thus, chips fabricated using silicon and gallium 
arsenide technology can be placed in the monolithic struc 
ture of this invention and interconnected so as to operate 
together as part of an electronic system. 

[0007] In addition, integrated circuit chips fabricated 
using normal 100 silicon can be combined using the meth 
ods of this invention With integrated circuit chips fabricated 
using 111 silicon as Well as With gallium-arsenide chips, for 
eXample, to yield a composite structure. 
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[0008] The process of this invention alloWs semiconductor 
chips using different technologies to be combined in a single 
monolithic, integrated structure of high reliability and to be 
interconnected using standard photolithographic processing 
currently available in the semiconductor industry and/or the 
printed circuit board industry. 

[0009] In accordance With a process of this invention, tWo 
or more integrated circuit chips of the same type or disparate 
types are placed in tWo or more cavities, respectively, in a 
substrate. Adhesive bonding material is placed on the sur 
face of the cavity and in the interconnect spaces betWeen the 
integrated circuit chips and the cavity Walls and alloWed to 
set thereby to adherently hold the integrated circuit chips in 
their respective cavities. The chips are placed in the cavities 
such that conductive pads face outWard from the cavity and 
are visible as Well as being substantially in the same plane 
as the top surface of the substrate. A conductive layer is then 
deposited over the top surface of the substrate and the 
eXposed surfaces and conductive pads of the integrated 
circuit chips contained in the substrate cavities. Standard 
photolithographic techniques are then used to mask and etch 
the conductive layer to form a conductive interconnect 
pattern to interconnect the tWo or more chips into the desired 
electronic system. 

[0010] In accordance With one embodiment of this inven 
tion, the integrated circuit chips can be of different types, 
different materials and carry out different functions, and yet 
When interconnected together, form a unitary monolithic 
electronic system of high quality and great reliability. 

[0011] In accordance With another embodiment of this 
invention, a plastic substrate is made With cavities having 
sides With ?xed angles such that cross-sections of the 
cavities are trapeZoidal. The substrate may be manufactured 
using a mold that is custom created for each type package 
system. Typically, each package contains a single device or 
a multichip module and is substantially smaller than a 
standard 18 inch by 24 inch plastic substrate. Therefore, the 
routing pattern for each package is stepped and repeated 
across the plastic substrate to create a plurality of identical 
packages. 

[0012] Aplastic such as Mylar, MelineX or Delrin may be 
injected into the mold to produce the substrate With the 
desired cavities With the speci?c angled sideWalls, Which 
may vary from vertical to plus or minus 45 degrees or 
greater. Other thermoplastic, thermoset or composite plas 
tics could be used. All cavities are through-hole cavities and 
have their largest dimensions on the same side of the 
substrate. The thickness of the substrate can vary from a feW 
thousandths of an inch to more than one quarter of an inch. 
Typically, the cavities are similar in thickness to the inte 
grated circuits that are to be inserted into them. HoWever, if 
the cavities are made using angled sideWalls, components 
With similar angled sides Will naturally center themselves 
When inserted. 

[0013] AplanariZing layer, such as a planar stainless steel 
or quartZ plate, of the same dimensions as the substrate, is 
temporarily attached to the side of the substrate Where the 
cavity dimensions are smaller. The planariZing layer may be 
coated With a soft, non-sticking ?lm, such as but not limited 
to Te?on. Various methods can be used to attach the sub 
strate to the planariZing layer including clamps or temporary 
adhesives. 
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[0014] Integrated circuits and other active or passive 
devices that have their bonding pads on the topside in either 
an array or peripheral pattern are manufactured With angled 
sidewalls that typically match the angles of the cavities into 
Which they Will be inserted. The topsides of the integrated 
circuits are made to match the smaller dimensions of the 
substrate cavities. The angles on the sideWalls of the inte 
grated circuits in one embodiment are made using a diamond 
saW Whose blade has a speci?c angle Which may match the 
angle created in the cavity. Alternatively, anisotropic etching 
can also be used to create speci?c angles of the sideWalls on 
the integrated circuits that match angles of the sideWalls of 
the cavities in the substrate. 

[0015] The integrated circuits are inserted into their 
matching cavities on the substrate With their topsides on the 
matching bottom of the cavity and their backsides eXposed. 
Aprepreg layer (resin implanted With glass or aramid ?ber) 
is applied to the backside of the integrated structure (i.e. to 
the eXposed backsides of the integrated circuits and the 
adjacent exposed surface of the substrate) and the tempera 
ture and pressure are increased causing the prepreg material 
to soften and How around the integrated circuits and into all 
crevices that may eXist betWeen the integrated circuits and 
the substrate. The temperature is loWered, the pressure is 
released and the cured prepreg permanently holds each 
integrated circuit in its respective cavity, the top side of each 
integrated circuit being forced into coplanarity With the top 
surface of the substrate. The planariZing layer may then be 
removed to eXpose the top sides With conductive pads of the 
integrated circuits and the coplanar top surface of the 
substrate 

[0016] Metal, such as copper, is deposited over the entire 
top surface of the structure, covering the original substrate 
as Well as the topsides and the bonding pads of the integrated 
circuits. The metal may be plated or applied by other 
processes such as sputtering or evaporation. A photosensi 
tive material is then applied to the metal layer and the 
interconnect pattern is de?ned and etched in a Well knoWn 
manner to form the desired electrically conductive intercon 
nect pattern. In some cases it may be desirable to connect the 
integrated circuits using multi-layer metal patterns With or 
Without ground or Vcc planes inserted betWeen the routing 
layers. 

[0017] One of the advantages of this invention is that 
bonding pads on the integrated circuit chips can be posi 
tioned above the circuitry formed in the integrated circuit 
chip rather than maintained solely on the periphery of the 
integrated circuit chip. Prior art bonding pads Were located 
on the periphery of the chip to prevent the pressure gener 
ated during thermal compression bonding of lead Wires to 
the bonding pads from damaging underlying circuitry. This 
invention alloWs such bonding pads or conductive lands to 
be placed on dielectric over the circuitry because the elec 
trical connections betWeen the bonding pads and eXternal 
circuitry are implemented by electrically conductive leads 
deposited on the top surfaces of the integrated circuit chips 
and the top surface of the substrate using a process Which 
creates no pressure on the underlying circuitry. As a result, 
smaller integrated circuit chips can be fabricated thereby 
alloWing manufacturers to place more die on a Wafer and 
thus substantially reduce the cost of the resulting die. 
Consequently, the cost of the resulting packaged integrated 
circuit chip is also reduced. Furthermore, this invention 
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alloWs standard semiconductor or printed circuit board pro 
cessing techniques to be used to fabricate a plurality of 
integrated circuit packages at the same time thereby further 
reducing the cost of each package. When printed circuit 
board fabrication technologies are used in accordance With 
this invention, very large numbers of semiconductor die can 
be electrically interconnected to leads on a substrate using 
the techniques of this invention. The subsequent structure 
can then be further processed in accordance With Well 
knoWn techniques to complete semiconductor packages for 
the die contained on the substrate. The ?nal structure can 
then be singulated to separate each of the packaged die. 

[0018] An additional advantage of this invention is that 
solder bumps used for assembling ?ip chip packages can be 
eliminated. Environmentally, since solder bumps contain 
lead, this is a tremendous advantage over the prior art. 

[0019] The structure of this invention provides the same 
array patterns that can be used in the prior art ?ip chip 
arrangement but avoids the blind contacts required using the 
?ip chip technology, eliminates the lead bumps, eliminates 
under?ll (used to prevent cracking of the die), and distrib 
utes the contact interface betWeen chip and substrate, elimi 
nating thermally induced cracking of the die. The result is to 
increase the reliability and quality of the semiconductor 
systems fabricated in accordance With this invention. 

[0020] In one embodiment, the conductive layer formed 
on the top surfaces of the integrated circuit chips and the 
substrate is copper. Once fabricated, the electrically conduc 
tive interconnect lead pattern is capable of being visually 
inspected. Thus, the quality of the resulting structure is 
signi?cantly improved over the prior art, as is the yield. 

[0021] Should a single cavity only be formed in the 
substrate, then the structure of this invention provides a 
compact, easily and/or economically manufactured, package 
for the integrated circuit chip Which eliminates substantial 
cost from the ?nal integrated circuit chip package. This 
invention results in an integrated circuit chip package having 
electrical connections to the integrated circuit chip Which 
have loWer inductance and capacitance than prior art pack 
ages and Which provides a loWer cost, thinner and higher 
performing package than in the prior art. The integrated 
circuit chip package of this invention can be fabricated using 
a large substrate in Which a plurality (such as thousands) of 
identical cavities are formed to receive a corresponding 
plurality (i.e. thousands) of identical integrated circuit chips. 
Upon completion of the process, the resulting composite 
structure can then be singulated using standard scoring 
processes in the semiconductor and printed circuit arts. If 
desired a plurality of non-identical integrated circuits can be 
placed in a plurality of non-identical cavities (Which dimen 
sionally match the dimensions of the non-identical inte 
grated circuits), in the same substrate Which can then be 
singulated as described above. 

[0022] This invention Will be more clearly understood in 
conjunction With the folloWing detailed description taken 
together With the folloWing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shoWs in cross-section a ball grid array 
substrate 11 together With an integrated circuit chip 12 
mounted thereon along With the Wire bonds and lead con 
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ductive balls associated With the ball grid array package to 
interconnect the integrated circuit chip to external circuitry. 

[0024] FIG. 2 shows in cross-section a ball grid array 
package 21 together With an integrated circuit chip 22 
formed thereon using solder bumps and ?ip chip technology. 

[0025] FIG. 3 shoWs in cross-section a structure in accor 
dance With this invention Wherein a ball grid array substrate 
31 is shoWn possessing a cavity 34 containing an integrated 
circuit 32 With bonding pads 33 on the top side of the 
integrated circuit 32. 

[0026] FIG. 4 shoWs in cross-section a ball grid array 
substrate 41 With a cavity 44 containing an integrated circuit 
chip 42 together With bonding pads 43 on the top surface of 
the integrated circuit chip 42 to alloW the integrated circuit 
chip to be electrically interconnected into a system contain 
ing other integrated circuit chips. 

[0027] FIGS. 5a and 5b shoW a substrate 51 containing 
three integrated circuit chips 52-1 to 52-3 of different siZes 
placed in correspondingly siZed cavities 54-1 to 54-3, 
respectively, on the substrate 51 With bonding pads 53 facing 
outWard from each cavity, thereby to alloW a conductive 
layer to be placed over the bonding pads 53 on the integrated 
circuit chips 52, masked and patterned to form electrically 
conductive leads betWeen the integrated circuit chips 52-1 to 
52-3. 

[0028] FIG. 5c shoWs in cross-section the integrated cir 
cuit chips 52-1 and 52-3 to be inserted into cavities 54-1 and 
54-3, respectively, in substrate 51 shoWn in FIGS. 5a and 
5b. 

[0029] FIGS. 6a through 6c illustrate one method for 
fabricating the structure of this invention. 

[0030] FIGS. 7a through 7d illustrate a second method for 
fabricating the structure of this invention. 

[0031] FIGS. 8a and 8b shoW, respectively, a multi-chip 
module and a substrate shaped like a semiconductor Wafer 
capable of containing tWenty-four multi-chip modules of a 
type shoWn in FIG. 8a but amenable to standard semicon 
ductor photolithographic processing techniques in accor 
dance With this invention. 

[0032] FIG. 9 shoWs a cross section of a substrate 93 
containing a cavity 95 formed therein With an integrated 
circuit 91 (shoWn as a DRAM) placed in the cavity and a 
conductive routing layer 94 placed on top of both the 
integrated circuit 91 and the substrate 93; 

[0033] FIG. 10a shoWs a top plan vieW of substrate 103 
containing a plurality of cavities 105 each capable of con 
taining an integrated circuit chip; 

[0034] FIG. 10b illustrates a side-vieW of the structure 
shoWn in FIG. 10a; 

[0035] FIG. 10c illustrates cross sectional vieWs of inte 
grated circuit chips suitable for placement in the cavities 105 
formed in the substrate 93 of FIG. 10a; 

[0036] FIG. 11a shoWs a plan or top vieW of a substrate 
in accordance With this invention Wherein the cavities 115 
formed in the substrate for receipt of integrated circuit chips 
have tapered side Walls 117; 
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[0037] FIG. 11b shoWs a cross section of a portion of FIG. 
11a illustrating the tapered side-Walls associated With cavi 
ties 115 provided for receiving integrated circuits chips; 

[0038] FIG. 11c shoWs integrated circuit chips With 
tapered sideWalls for insertion into the corresponding cavi 
ties 115 shoWn in FIGS. 11a and 11b; 

[0039] FIGS. 12a-12c illustrate various steps in the manu 
facture of a monolithic substrate containing at least one 
integrated circuit in accordance With this invention; 

[0040] FIGS. 13a-13d illustrate an alternative method of 
fabricating a monolithic substrate containing one or more 
integrated circuit chips in accordance With this invention; 

[0041] FIGS. 14a-14c illustrates a third method of fabri 
cating a monolithic substrate containing at least one inte 
grated circuit chip in accordance With this invention. 

[0042] FIGS. 15a and 15b each shoW an isometric vieW of 
a monolithic substrate containing three integrated circuit 
chips in accordance With the principles of this invention; and 

[0043] FIG. 16 shoWs an embodiment of this invention 
suitable for implementation using pick and place equipment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] The folloWing detailed description is meant to be 
illustrative only and not limiting. Other embodiments of this 
invention Will be apparent to those of ordinary skill in the art 
in vieW of this disclosure. The terms “integrated circuit” and 
“integrated circuits” are used in this speci?cation to mean 
“integrated circuit chip” and “integrated circuit chips” 
respectively. 

[0045] FIG. 1 illustrates in cross section a portion of a ball 
grid array package. Substrate 11 has placed on its top surface 
an integrated circuit chip 12, typically silicon. Electrically 
conductive Wires 13-1, 13-2 are used to electrically connect 
conductive pads 15-1 and 15-2, respectively, on the inte 
grated circuit 12 to conductive pads 16-1 and 16-2, respec 
tively, formed on the top surface of substrate 11. Lead solder 
balls 14-1 through 14-N are formed on the bottom surface of 
the ball grid array substrate 11 to alloW the ball grid array 
package to be electrically connected through conductive 
traces on a substrate such as a printed circuit board, to 
circuitry eXternal to the package. The electrically conductive 
pads 16-1 and 16-2 are electrically connected to correspond 
ing electrically conductive lead balls 14 on the bottom 
surface of ball grid array 11. This package utiliZes Wire 
bonding to adherently connect one end of Wire 13-1, for 
eXample, to bonding pad 15-1 on the periphery of integrated 
circuit chip 12 and the other end of conductive Wire 13-1 to 
conductive pad 16-1 on the inner surface of ball grid array 
substrate 11. Similarly, bonding Wire 13-2 is adherently 
connected to bonding pad 15-2 on chip 12 and conductive 
pad 16-2 on the top surface of substrate 11. The structure 
shoWn in FIG. 1 is Well knoWn in the prior art. To form the 
electrical connection betWeen the bonding pads 15 and 
conductive pads 16, electrically conductive Wires, typically 
of gold, must be attached to bonding pads 15 and conductive 
pads 16 typically by ultrasonic or thermo compression 
bonding. This places pressure on bonding pads 15 and 
requires that bonding pads 15 be placed other than over the 
active circuitry of chip 12 to prevent damage to the circuitry 
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during the bonding operation. This requires chip 12 to be 
larger in lateral dimensions than Would otherWise be 
required to ensure that bonding pads 15 are not formed over 
any of the active circuitry in the chip. 

[0046] FIG. 2 shoWs the package of FIG. 1 Wherein the 
substrate 21 has placed thereon an integrated circuit chip 22 
using ?ip chip technology. Solder bumps 23-1 through 23-N 
are used to electrically connect integrated circuit chip 22 to 
conductive traces (not shoWn) on the top surface 21a of 
substrate 21. Unfortunately, because the solder bumps 23-1 
through 23-N are on the bottom side of chip 22, visual 
inspection of the quality of the connections betWeen these 
solder bumps and the underlying traces on substrate 21 is 
impossible. The technology to place chip 22 correctly on the 
traces on substrate 21 is quite complex and expensive. 
Moreover, the yield can suffer if the chip 22 is misplaced on 
the substrate 21. 

[0047] Lead solder balls 24-1 through 24-N are formed on 
the bottom surface of substrate 21 just as shoWn on the 
bottom surface of substrate 11 in FIG. 1. 

[0048] FIG. 3 shoWs a cross-sectional vieW of a substrate 
31 containing therein in accordance With this invention a 
cavity 34 With substantially vertical sideWalls 36-1 and 36-3 
in Which has been placed an integrated circuit chip 32 such 
that the bonding pads 33-1 through 33-N face outWard from 
the cavity and are visible. Integrated circuit chip 32 may be 
held in cavity 34 by adhesive epoxy of a type Well-knoWn. 
Bonding pads 33-1 through 33-N are on a surface Which is 
substantially coplanar With the top surface 31a of substrate 
31. Electrically conductive layer 37 (of Which sections 37-1 
and 37-2 are shoWn) is deposited over the top surface 31a of 
substrate 31 and over the top surface 32a of semiconductor 
chip 32. Typically, conductive layer 37 is substantially 
copper although other electrically conductive metals and 
materials such as aluminum, an aluminum silicon alloy, or a 
conductive silicide can also be used if desired. 

[0049] Standard photolithographic processing techniques 
Well knoWn in the printed circuit board industry or the 
semiconductor industry are then used to mask and etch the 
conductive layer 37 to form layer 37 into electrically con 
ductive traces Which adhere to the top surface 31 a of 
substrate 31 and to the top surface 32a of chip 32, as Well 
as make electrical contact to selected ones of pads 33-1 
through 33-N. These conductive traces then interconnect 
integrated circuit chip 32 into an electronic system including 
one or more integrated circuit chips similarly placed in 
cavities on either substrate 31 or on other similar substrates. 

[0050] The entire structure can then be covered With a 
passivation layer such as a polymer or other dielectric 
material (such as polyimide) to protect the underlying cir 
cuitry. 

[0051] FIG. 4 illustrates a structure much like FIG. 3 
Which includes a ball grid array substrate 41 of a selected 
material, such as a plastic or ceramic, in Which a cavity 44 
has been formed. The sideWalls 46-1 through 46-4 (of Which 
sideWalls 46-1 and 46-3 are shoWn) are tapered, that is, form 
an angle With the vertical. Placed in cavity 44 is an inte 
grated circuit chip 42 (Which can be of silicon or gallium 
arsenide, for example) With conductive pads 43-1 through 
43-N facing outWard from cavity 44. Upon top surface 41a 
of substrate 41 is formed an electrically conductive metal 
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layer 47 of Which sections 47-1 and 47-2 are shoWn. Metal 
layer 47 also is formed over the top surface 42a of integrated 
circuit chip 42 so as to cover the bonding pads 43-1 through 
43-N. Conductive metal layer 47, typically copper, is then 
masked using a photoresist, the photoresist is patterned and 
the exposed portions of the conductive layer 47 are removed, 
typically by etching. The etching can be either Wet or dry 
depending upon the feature siZes desired. Upon conclusion 
of the etching, the photoresist is typically removed and the 
resulting structure includes an electrically conductive inter 
connect structure formed from material 47 over the top 
surfaces 41a and 42a of the substrate 41 and the integrated 
circuit chip 42, respectively. The conductive interconnect 
structure interconnects chip 42 With other chips similarly 
placed in cavities on substrate 41 so as to form a complete 
electrical circuit or, if no other chips are present on substrate 
41, is connected to other traces and external leads of the 
substrate so as to form an integrated circuit package for chip 
42. 

[0052] If desired, a passivation layer, such as a polymer or 
other dielectric (such as polyimide), can be placed over the 
top surface of the structure to passivate the structure. Elec 
trical contact to the underlying circuitry can be made using 
any one of a number of techniques. One such technique 
involves forming conductive vias through the passivation 
layer as in the formation of multilayer interconnect struc 
tures. 

[0053] The photolithographic techniques used to fabricate 
the monolithic, integrated structures of this invention are all 
Well knoWn in the printed circuit board and semiconductor 
processing arts. 

[0054] FIGS. 5a and 5b illustrate a plan and cross-sec 
tional side vieW of a monolithic, integrated structure of this 
invention, While FIG. 5c shoWs a side vieW of semiconduc 
tor chips to be used in the structure of FIGS. 5a and 5b. 

[0055] Substrate 51 (FIG. 5a) has formed therein three 
cavities 54-1, 54-2 and 54-3 in Which are placed integrated 
circuit chips 52-1, 52-2 and 52-3, respectively. Cavity 54-1 
contains integrated circuit chip 52-1 and cavity 54-2 con 
tains integrated circuit chip 52-2. Cavity 54-3, shoWn along 
With cavity 54-1 in cross-sectional vieW in FIG. 5b, contains 
integrated circuit chip 52-3. 

[0056] As shoWn in the plan vieW of FIG. 5a, integrated 
circuit chip 52-1 has tWenty-?ve bonding pads formed on its 
top surface. Of interest, up to all of these bonding pads are 
formed over the active circuitry of the chip to thereby reduce 
the siZe of the chip compared to a prior art chip With the 
same number of bonding pads all located on the periphery. 

[0057] Chip 52-2 and chip 52-3 are shoWn in cavities 54-2 
(shoWn only in plan vieW in FIG. 5a) and 54-3 (shoWn in 
both FIGS. 5a and 5b), respectively. As a feature of this 
embodiment, the sideWalls 56-1 through 56-4 (of Which only 
sideWalls 56-1 and 56-3 are shoWn) of cavity 54-1 are 
tapered (i.e., form an angle With the vertical to the surface 
51a of substrate 51). Similarly, sideWalls 56-5 through 56-8 
(of Which only sideWalls 56-5 and 56-7 are shoWn) are 
likeWise angled With respect to the vertical to the surface 51a 
of substrate 51 such the dimensions of the tops of the 
cavities 54 are larger than the dimensions of the bottoms of 
the cavities 54. Integrated circuit chips 52-1 and 52-3, as 
Well as integrated circuit chip 52-2, have their sides angled 
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by being scored With a scoring tool Which has an angled 
cutting blade or by anisotropic etching. The Wafers contain 
ing chips 52-1, 52-2 and 52-3 can also be saWed or singu 
lated by anisotropic etching. Thus chips are produced With 
angled sides. The chips With the angled sides ?t snuggly 
Within the cavities 54-1 through 54-3 and are adherently 
held Within these cavities typically by use of either an epoXy 
or an adhesive. 

[0058] FIG. 5c shoWs in cross section the integrated 
circuit chips 52-1 and 52-3 to be placed respectively in 
cavities 54-1 and 54-3 in FIG. 5b. Of particular importance, 
bonding pads 53-16 through 53-20 and 53-46 through 53-49 
are shoWn in FIG. 5b to be in essentially the same plane as 
top surface 51a. This alloWs an electrically conductive layer 
(not shoWn) to be formed over the top surface of substrate 
51 and exposed surfaces, including conductive lands, of 
integrated circuit chips 52-1 through 52-3. The conductive 
layer, typically copper, is then masked With photoresist, the 
photoresist patterned, the eXposed portions of the conductive 
layer removed, and then the remaining photoresist masking 
material is typically removed. The result is an electrically 
conductive pattern (not shoWn) interconnecting the bonding 
pads 53 on top of the integrated circuit chips 52 to form these 
chips into a desired electronic system. 

[0059] As shoWn in an alternative embodiment illustrated 
by FIGS. 6a through 6c, integrated circuit chips 62-1 and 
62-2 can be placed in cavities 64-1 and 64-2 formed in a 
substrate material 65 (of Which cross sections 65-1, 65-2 and 
65-3 are shown) Which in turn is formed on planariZing layer 
61. A layer of soft, non-sticking ?lm, such as but not limited 
to Te?on, can be coated on the surface of planariZing layer 
61 adjacent to substrate 65. In FIG. 6b, the integrated circuit 
chips 62-1 and 62-2 have been placed in cavities 64-1 and 
64-2, respectively, With the bonding pads 63-1 through 63-8 
face doWn on the bottom of the cavities and against the top 
surface of planariZing layer 61. Underlying material 61 or 
the soft coating on layer 61, is in direct contact With these 
bonding pads 63. Prepreg layer 69 is then placed over the 
Whole structure and prepreg layer 69 is laminated under heat 
and pressure to the underlying substrate 65 and chips 621 
and 62-2. The structure is then ?ipped over as shoWn in FIG. 
6c and the planariZing layer 61 is removed. The result is to 
leave a structure With prepreg layer 69 a permanent part 
thereof and With the top surfaces 66-1 and 66-2 of chips 62-1 
and 62-2, respectively, eXposed such that bonding pads 63-1 
through 63-8 are visible. An electrically conductive layer 67 
is then formed over the top surfaces (including bonding pads 
63-1 through 63-8), of both the substrate 65 and the inte 
grated circuit chips 62. The conductive layer, typically 
copper, is then masked, the mask is patterned, and the 
eXposed conductive material resulting from the patterning of 
the mask is removed typically by etching (either Wet or dry). 
The resulting structure includes an electrically conductive 
interconnect structure interconnecting the conductive pads 
63 on the integrated circuit chips 62 to form a desired 
electrical circuit. 

[0060] FIGS. 7a through 7d illustrate an additional 
embodiment of this invention involving a template 75 Which 
holds the integrated circuit die 72-1 and 72-2. Template 75 
is shoWn in FIG. 7a to be held above a substrate 71 into 
Which integrated circuit chips 72-1 and 72-2 are to be 
inserted. 
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[0061] FIG. 7b shoWs semiconductor chips 72-1 and 72-2 
placed on the top surface of substrate 71. 

[0062] In FIG. 7c, a ?at planariZing plate 76 is neXt 
pressed against the top surfaces of integrated circuit chips 
72-1 and 72-2 Which rest on top surface 71a of substrate 71. 
As an alternative embodiment, plastic substrate 71 may have 
cavities located on its top surface that match the location of 
components held in the template, and Whose openings are 
the same siZe as or slightly larger-siZed than the dimensions 
of the bottoms of components 72-1 and 72-2, such that the 
components 72-1 and 72-2 ?t into the cavities. The depth of 
the cavities may equal the thickness of components 72-1 and 
72-2, or the cavities may be of a lesser or greater depth. As 
shoWn in FIG. 7c, planariZing plate 76 presses against the 
tops of integrated circuit chips 72-1 and 72-2. While pla 
nariZing plate 76 is shoWn in FIG. 7c to be solid, an 
alternative embodiment provides openings (shoWn by 
dashed lines as openings 78-1 and 78-2) through planariZing 
plate 76 to alloW a vacuum to be pulled through planariZing 
plate 76 to hold chips 72-1 and 72-2 in place during the 
subsequent process steps to Which the structure is subjected. 
Alternatively, an adhesive can be placed on the bottom 
surface of planariZing plate 76 to hold the integrated circuit 
chips, such as chips 72-1 and 72-2, in place during the 
subsequent process steps. A cleaning step can then be 
employed to remove any portions of the adhesive on the top 
surfaces of the substrate 71 and integrated circuit chips such 
as 72-1 and 72-2 upon completion of the processing steps 
involving planariZing plate 76. Substrate 71 is then heated 
and pressure is applied through planariZing plate 76 (typi 
cally of steel, quartZ or some other appropriate high-tem 
perature ?at material) to press chips 72-1 and 72-2 into the 
material of substrate 71 as this material softens due to the 
increased temperature. Alternatively, heat may be applied 
through planariZing plate 76, instead of, or in addition to, 
applying heat to substrate 71. Temperatures and pressures 
used for this process Will vary depending on the choice of 
plastics used. A vacuum may be draWn on the substrate 71 
during the subsequent processing to remove trapped gasses 
and air, and prevent voids from occurring Within substrate 
71. Those skilled in the arts Will be familiar With vacuum 
presses in the printed circuit industry that are used for this 
purpose. In FIG. 7d, chips 72-1 and 72-2 are shoWn placed 
substantially into the material of substrate 71 such that the 
bonding pads 73-1 through 73-8 are in substantially the 
same plane as the top surface 71a of substrate 71. Conse 
quently, chips 72-1 and 72-2 are ?rmly held in the material 
of substrate 71. Of importance, the temperature to Which 
substrate 71 can be heated must be held beneath the tem 
perature at Which the materials on the integrated circuit 
chips 72-1 and 72-2 deform or beneath the temperature at 
Which the characteristics of the integrated circuits formed in 
chips 72-1 and 72-2 change. 

[0063] FIG. 8a illustrates a multi-chip module of this 
invention created by any of the processes described, for 
eXample, in FIGS. 5, 6 or 7 as part of a structure as shoWn 
in FIG. 8b speci?cally shaped to simulate a silicon Wafer. 
This enables the integrated circuits formed as part of the 
described structure to be interconnected using semiconduc 
tor equipment of a type commonly available in semicon 
ductor Wafer fabrication facilities. 

[0064] FIG. 8b illustrates a composite structure of this 
invention of the type Which can be fabricated using semi 
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conductor equipment available at semiconductor Wafer fab 
rication facilities. As shown in FIG. 8a, a multi-chip module 
of the type commonly used today is about 30 millimeters on 
a side. Obviously, different siZe and shape multi-chip mod 
ules can be fabricated using the processes of this invention, 
but for the purpose of illustrating this invention, the multi 
chip module shoWn in FIG. 8a as a square is particularly 
convenient. The structure and process of this invention alloW 
a plurality of multi-chip modules 82-1 through 82-24 to be 
fabricated in a single “circular substrate” or “Wafer” of 
multi-chip modules. Each module 82-1 through 82-24 can 
contain either an identical circuit or a different circuit. The 
structure shoWn in FIG. 8b can be processed using standard 
semiconductor processing equipment and standard semicon 
ductor photolithographic processes. Each module 82-1 
through 82-24 can represent and hold a plurality of semi 
conductor die such that each module 82-1 through 82-24 can 
implement a selected complex electrical system. Of course, 
structures 82 can be rectangular if desired and can be 
different siZes if desired thereby changing the number of 
such structures Which can be fabricated in a given siZe 
substantially circular substrate or “Wafer.” 

[0065] FolloWing the fabrication of the tWenty-four multi 
chip modules as shoWn in FIG. 8b, this structure can be 
scored or saWed to singulate the multi-chip modules, thereby 
alloWing each module 82 to be used in a separate electronic 
system, if desired. The processing of the “Wafer” containing 
each of the modules can be done as described above in 
conjunction With each of FIGS. 3 through 7. Typically, an 
electrically conductive material such as copper is formed 
over the top surface of the structure. Photoresist is then 
placed over the top surface, patterned in a Well knoWn 
manner, and the resulting eXposed conductive material is 
then removed by Wet or dry etching to leave conductive 
patterns of material on each of the multi-chip modules 82-1 
through 82-24. The resulting structure can then be passi 
vated or additional conductive layers can be placed on 
insulation over the underlying conductive layers to alloW 
multi-level conductive patterns to be implemented on each 
multi-chip module. 

[0066] FIG. 9 shoWs a cross sectional vieW of a substrate 
93 containing therein an integrated circuit 91 (for eXample 
a DRAM, but Which can be any other type of memory, 
analog circuit or integrated circuit such as a micro-control 
ler, micro-processor or logic circuit) placed in cavity 95. 
Cavity 95 is shoWn in cross sectional vieW as having tapered 
sides 97-1 and 97-2. Cavity 95 has four sides all of Which 
Would be tapered as shoWn by the tWo tapered sides 97-1 and 
97-2. Alternatively, cavity 95 can have only tWo or three 
sides tapered as shoWn by the tWo tapered sides 97-1 and 
97-2 With the remaining sides or side being essentially 
vertical or a substantially different angle relative to the top 
surface of the integrated circuit chip and the substrate. The 
advantage of having one side vertical is that the integrated 
circuit chip then can be placed in the cavity in only one Way 
thereby preventing erroneous placement of an integrated 
circuit chip in the cavity. 

[0067] Integrated circuit 91 is held in the cavity using an 
epoXy glue or other suitable adhesive material spread along 
interface 96 betWeen integrated circuit 91 and the substrate 
93 to hold integrated circuit 91 in cavity 95. The integrated 
circuit 91 is shoWn to have straight, vertically-oriented, 
non-tapered sides of Which sides 96-1 and 96-2 are shoWn. 
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The void betWeen slanted side 97-1 and vertical side 96-1, 
for eXample, or betWeen vertical side 96-2 and tapered side 
97-2, for eXample, is ?lled With a deposited epoXy or other 
appropriate ?ller material. Typically this ?ller material is not 
electrically conductive. 

[0068] Electrically conductive layer 94 (also sometimes 
called a routing layer) is then deposited on the top surface of 
the integrated circuit 91 as Well as on the top surface 93-1 
of substrate 93. Routing layer 94 covers electrically con 
ductive pads 92-1 through 92-N (sometimes called “con 
ductive pads” or “pads”) formed on the eXposed surface of 
integrated circuit 91 to alloW electrical connection to be 
made to integrated circuit 91. The electrical connection to 
pad 92-1, for eXample, is made by the deposited layer 94 
forming an electrically conductive adherent connection to 
conductive pad 92-1 folloWing the formation of layer 94 
(Which typically can be formed by loW temperature chemical 
vapor deposition, loW temperature evaporation, sputtering, 
electroless plating or electroplating). Conductive layer 94 is 
masked With an appropriate masking material such as a 
photoresist Which is patterned in a Well knoWn manner, and 
then etched (either a Wet etch or a dry etch) to remove 
unWanted portions of layer 94. The resulting structure forms 
an electrically conductive interconnect to electrically con 
nect each of conductive pads 92-1 through 92-N to other 
appropriate portions of the electrical circuitry Which make 
up part of substrate 93. 

[0069] FIGS. 10a and 10b shoW additional structure in 
accordance With this invention. Substrate 103 contains a 
plurality of cavities 105-1 through 105-10 each With vertical 
sideWalls suitable for receiving an integrated circuit. ShoWn 
in plan vieW in FIG. 10a is an integrated circuit 101-1 Which 
has output pads 102-1 through 102-20 formed on the 
eXposed surface of the integrated circuit. ShoWn in cross 
sectional vieW in FIG. 10b, integrated circuit 101-1 is 
placed Within cavity 105-1 such that What Would normally 
be the top surface of the integrated circuit 101-1, if the 
integrated circuit 101-1 had been mounted conventionally 
on a substrate With conductive pads doWn, is placed on the 
bottom of the cavity 105-1 and the conductive pads 102-1 
through 102-20 face outWard and are readily visible on the 
top surface of the integrated circuit 101-1. Likewise, inte 
grated circuits 101-2 and 101-3 are similarly placed in 
cavities 105-2 and 105-3 respectively. EpoXy glue (not 
shoWn) is used to ?rmly hold each component 101-1, 101-2 
and 101-3 in its respective cavity 105-1, 105-2 and 105-3. 
Alternatively, any other appropriate adhesive may be used. 

[0070] The vertical side Walls 107-1 through 107-10 of the 
cavities 105-1 through 105-3, respectively, are siZed so as to 
alloW integrated circuits 101-1 through 101-3 to ?t snuggly 
Within the cavities 105-1 through 105-3, respectively. To 
ensure that the integrated circuits 101-1 through 101-3 
remain in these cavities 105-1 through 105-3, respectively, 
an adhesive such as epoXy glue is applied not only to the 
bottom of the cavity but also to the side Walls of the cavity. 
The adhesive alloWs each cavity 105-1 through 105-10 to be 
slightly larger than the integrated circuit Which Would be 
placed in the cavity yet at the same time ?rmly hold the 
integrated circuit Within the cavity. 

[0071] FIG. 10c shoWs a cross sectional vieW of the 
integrated circuits 101-1 through 101-3 Which are placed in 
cavities 105-1 through 105-3 as shoWn in FIGS. 10a and 
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10b. The integrated circuits 101 can be memory, logic or 
analog circuits, or any other integrated circuits suitable for 
placement on a substrate to form an operational circuit. In 
addition, other components such as resistors, capacitors, 
LEDs, MEMs, photocouplers or sWitches, for example, can 
also be placed in appropriately siZed cavities, if desired. 

[0072] In FIG. 10a, cavities 105-4 through 105-10 are 
shoWn formed in the substrate 103. HoWever, for simplicity, 
no integrated circuits are shoWn in these cavities although in 
practice each cavity Within a substrate Will receive an 
integrated circuit. 

[0073] FIGS. 11a and 11b shoW an alternative embodi 
ment of this invention Wherein cavities 115-1 through 115 
10 are formed in much the same manner as the cavities 
105-1 through 105-10 in FIG. 10a eXcept the sides 117 
(such as sides 117-1 through 117-4 associated With cavity 
115-1 (only sides 117-1 and 117-3 are shoWn), sides 117-5 
through 117-8 associated With cavity 115-2 (only sides 117-5 
and 117-7 are shoWn), sides 117-9 through 117-12 associ 
ated With cavity 115-3 (only sides 117-9 and 117-11 are 
shoWn) and the corresponding sides associated With each of 
cavities 115-4 through 115-10) are tapered such that the top 
of each cavity 115 in the substrate 113 occupies a Wider area 
than the bottom of each cavity 115 sunk part Way into the 
substrate 113. The integrated circuits 111-1 through 111-3 
likeWise have tapered sides 118-1 through 118-12 Which 
may or may not have a taper Which matches the taper of the 
sides of the cavity. While preferably the tapers on the sides 
118 of each integrated circuit 111 match the tapers on the 
sides 117 of the cavity 115 in Which the integrated circuit is 
placed, this invention alloWs the tapers on the sides 118 of 
the integrated circuits 111 to differ from the tapers on the 
sides 117 of the receiving cavities 115 and still alloW the 
integrated circuits 111 to be properly assembled in the 
underlying substrate or substrate 113. HoWever, if the tapers 
on the sides 118 of the integrated circuits 111 match the 
tapers on the sides of the cavities 115 in Which the integrated 
circuits 111 are to be inserted, then the integrated circuits 111 
can be easily inserted into the corresponding cavities 115 
and the tapered sides of each of the cavities 115-1 through 
115-10 assist in properly aligning the integrated circuits 111 
in their corresponding cavities 115. Conductive pads (of 
Which pads 112-1 through 112-36 are shoWn associated With 
integrated circuit 111-1, pads 112-37 through 112-39 are 
shoWn associated With integrated circuit 111-2 and pads 
112-40 through 112-42 are shoWn associated With integrated 
circuit 111-3) are formed on the exposed surfaces of the 
respective integrated circuits to alloW a conductive layer to 
be deposited over the top surface of the structure including 
the eXposed surfaces and pads of each integrated circuit 111 
and the top surface of the substrate 113, patterned into 
conductive leads and then etched aWay to form electrically 
conductive leads connecting selected ones of pads 112 to 
other pads and/or to conductive traces or pads (not shoWn) 
on the substrate 113. 

[0074] FIGS. 12a through 12c shoW an alternative 
embodiment for fabricating a substrate containing one or 
more integrated circuits 121 in accordance With this inven 
tion. A plastic substrate 123 (of Which sections 123b, 123c 
and 123d are shoWn) is placed on a planariZing layer 123a 
Which typically is sacri?cial and is not part of the plastic 
substrate 123. The term plastic is used here and in the 
speci?cation to include all types of plastic based materials 
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including laminates formed using epoXy, BT, and cyanate 
resins strengthened With Woven glass or aramid cloth, for 
eXample. Such materials are commonly used in the PCB 
industry and any laminate material of the type used in the 
PCB industry is appropriate for use in this invention. Ametal 
layer 124 (typically copper) is formed on the bottom of 
substrate 123 betWeen substrate 123 and planariZing layer 
123a. As part of the fabrication process, cavities 125-1 and 
125-2 must be formed in material 123 Which makes up the 
substrate. This is done by any one of several processes, such 
as routing With a suitably tapered bit or molding, Which 
results in tapered sideWalls 127-1 through 127-4 for cavity 
125-1 and tapered sideWalls 127-5 through 127-8 for cavity 
125-2 (of Which only sideWalls 127-1, 127-3, 127-5 and 
127-7 are shoWn). The resulting structure is shoWn in 
cross-section in FIG. 12a. 

[0075] The integrated circuits 121-1 and 121-2 can then be 
placed in the cavities 125-1 and 125-2, respectively, fol 
loWed by the formation of a laminate layer 129, such as a 
Well knoWn prepreg layer, over the back sides of these 
inserted integrated circuits 121-1 and 121-2. Prepreg lami 
nate layer 129 is applied under heat and pressure to attach to 
the portions 123b through 123d of plastic substrate 123 and 
to ?ll all crevices betWeen the inserted integrated circuits 
121-1 and 121-2 and the Walls 127 of the cavities 125-1 and 
125-2 in Which integrated circuits 121-1 and 121-2, respec 
tively, are placed. Prepreg layer 129 ?rmly holds integrated 
circuit 121-1 and integrated circuit 121-2 in cavities 125-1 
and 125-2, respectively. 

[0076] FolloWing this step, the structure looks someWhat 
as shoWn in FIG. 12b eXcept the planariZing layer 123a still 
remains on the structure. PlanariZing layer 123a can, for 
eXample, be stainless steel, quartZ, or any other planar 
material Which is capable of being removed from the struc 
ture prior to completion of the structure but after insertion of 
the integrated circuits 121 into the cavities 125 associated 
With the plastic substrate 123. Material 123, Which makes up 
the plastic substrate, Will be formed using a mold made of 
stainless steel, aluminum or other appropriate material, to 
create the substrate With cavities of Which cavities 125-1 and 
125-2 are shoWn With tapered side Walls 127-1 through 
127-8. NoW, planariZing layer 123a is physically removed 
(planariZing layer 123a in one embodiment merely supports 
and is not permanently attached to plastic substrate material 
123 and thus can be easily removed). As a result of removing 
planariZing layer 123a, the pads 122 on the bottom surfaces 
of integrated circuits 121-1 and 121-2 are eXposed. Metal 
layer 124 is also eXposed at this time. Conductive pads 122 
(of Which pads 122-1 through 122-9 are shoWn in FIG. 12a) 
have been formed on the bottom surface of integrated circuit 
121-1 and conductive pads 122 (of Which pads 122-10 
through 122-12 are shoWn in FIG. 12a) have been formed 
on the bottom surface of integrated circuit 121-2. These 
electrically conductive pads 122 are at the bottoms of the 
cavities 125 and not yet accessible to conductive leads 
Which are to be formed on the plastic substrate. 

[0077] Metal layer 124 typically is copper although any 
other appropriate electrically conductive metal can also be 
used. The metal 124 can be placed on the bottom of the 
substrate 123 after the formation of the cavities 125 in the 
substrate material 123, or metal 124 can even be placed upon 
the bottom surface of the substrate 123 after placement of 
the integrated circuits 121 in the corresponding cavities 125. 
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This latter alternative may require masking the exposed 
surfaces of each of the integrated circuits 121 to protect the 
conductive pads 122 exposed on the integrated circuits’ 
surfaces from being contacted by metal layer 124 during the 
formation of metal layer 124. Alternatively, hoWever, these 
pads 122 can be alloWed to be contacted by the metal layer 
124 and then a photolithographic process can be used to 
form the interconnects directly betWeen pads 122 on one 
integrated circuit 121 and adjacent pads 122 on other 
integrated circuits 121 or electrically conductive traces on 
the substrate 123 as part of the ?nal processing step to form 
the electrical interconnect structure associated With the 
substrate 123. 

[0078] The substrate, noW made up of those materials of 
Which cross sections 123b, 123c, and 123d are shoWn and 
the laminate layer 129, is ?ipped over (as shoWn in FIG. 
12c) such that pads 122-1 through 122-12 are eXposed. An 
electrically conductive layer of material 120 (typically cop 
per) is then formed over the top surfaces of both metal layer 
124 and pads 122, patterned and etched to form electrically 
conductive leads uniquely linking each of pads 122 to a 
corresponding conductive pad on another integrated circuit 
or to a conductive trace (not shoWn) on the substrate 123. 
The laminate layer 129 noW forms part of the substrate 123 
and integrated circuits 121-1 and 121-2 are ?rmly mounted 
in the plastic substrate 123 and held in place by the prepreg 
laminate layer 129 Which adheres to and forms around parts 
of the integrated circuits 121. The sloping sides 127 of 
cavities 125-1 and 125-2 (of Which sides 127-1 and 127-3 
are shoWn for cavity 125-1 and sides 127-5 and 127-7 are 
shoWn for cavity 125-2) also assist in holding integrated 
circuits 121 in place. 

[0079] The integrated circuits shoWn in FIGS. 11a 
through 11c and 12a through 12c have tapered sides. The 
tapers can form angles With the vertical ranging betWeen 
Zero degrees to plus or minus forty-?ve degrees or even 
greater in the ?nal structure depending on Whether the top of 
the cavity in the ?nished structure is larger or smaller in 
dimensions than the bottom of the cavity. The use of tapered 
sides is not necessarily required and the invention likeWise 
can use integrated circuits With vertical ?at sides such that 
the integrated circuits Will rest in a tapered cavity and be 
automatically aligned by the tapered sides of the cavity to 
properly ?t Within the cavity. The use of laminate layer 129 
to then hold the integrated circuits With vertical sides in the 
appropriate tapered cavity ensures that the integrated circuits 
are properly aligned in each of their respective cavities. Of 
course, integrated circuits With vertical sideWalls can be 
placed in cavities With vertical sideWalls. 

[0080] FIGS. 13a through 13d illustrate another method 
(using heat-softened material), of fabricating the monolithic 
substrate of this invention containing one or more integrated 
circuits. 

[0081] In FIG. 13a, a substrate 133a of thermo-plastic 
material, epoXy or other thermo-setting plastic is shoWn 
beloW integrated circuits 131-1, 131-2 and 131-3 held 
spaced above substrate 133a by a template 133c. Template 
133c holds integrated circuits 131-1, 131-2 and 131-3 in 
place by vacuum, adhesive, or gravity if the structure 
comprising substrate 133a and template 133c is ?ipped 180° 
such that substrate 133a is on top and template 133c is on the 
bottom. 

Mar. 27, 2003 

[0082] The integrated circuits 131-1, 131-2 and 131-3 may 
be held in place on substrate 133a by adhesive or by pressing 
integrated circuits 131-1, 131-2 and 131-3 slightly into the 
top surface 134 of substrate 133a at an elevated temperature 
suf?cient to soften, make tacky and alloW to How the 
material of substrate 133a. 

[0083] The backsides 135-1 through 135-3 of the inte 
grated circuits 131-1 through 131-3, respectively, that are 
held in position by the template 133c are brought into 
contact With plastic substrate 133a. Thermoplastic materials 
such as Mylar, MelineX, KaladeX or Delrin may be used for 
this substrate 133a because they can be heated and cooled 
quickly, enabling rapid processing time. Thermoset materi 
als or combinations of thermoset and thermoplastic materi 
als may also be desirable. Template 133c can remain in 
position during curing, or the template 133c can position the 
integrated circuits 131-1 through 131-3 onto another struc 
ture that securely holds the components by a vacuum or 
adhesive in ?Xed positions during the subsequent processing 
after removal of template 133c. 

[0084] In FIG. 13c, a planar structure 133d (such as a 
stainless steel, aluminum or quartZ plate) is placed on top of 
integrated circuits 131-1, 131-2 and 131-3, the entire struc 
ture is heated, and pressure is applied through the planar 
structure 133d to integrated circuits 131-1, 131-2 and 131-3. 
While planar structure 133d is shoWn in FIG. 13c to be 
solid, an alternative embodiment provides openings (135-1 
through 135-3 shoWn by dashed lines) through planar struc 
ture 133d to alloW a vacuum to be pulled through planar 
structure 133d to hold packages 131-1, 131-2, and 131-3 in 
place relative to planar structure 133a' and substrate 133a 
during the subsequent process steps to Which the structure is 
subjected. Alternatively, an adhesive can be placed on the 
loWer surface of planar structure 133d contacting integrated 
circuits 131-1, 131-2 and 131-3 to hold the integrated 
circuits 131-1, 131-2 and 131-3 in place during the subse 
quent process steps. A cleaning step can then be employed 
to remove any residual adhesive from the top surface of 
substrate 133a and the eXposed surfaces and pads of inte 
grated circuits 131-1, 131-2 and 131-3 upon completion of 
the processing steps involving planar structure 133d. 

[0085] The surface of planar structure 133d in contact With 
the integrated circuits may be coated With a soft te?on ?lm 
to protect the pad-carrying front side of the integrated 
circuits 131-1 through 131-3 and to ensure ease of separa 
tion of the planar structure 133d from the underlying com 
posite structure of integrated circuits 131 and substrate 
133a. If adhesive is used to hold integrated circuits in 
position during subsequent processing, this te?on ?lm can 
be selectively applied, by stencil printing or other processes, 
so as not to coat the areas Where an adhesive Will be applied 
to hold in place the integrated circuits 131. The entire 
structure rests on a ?at surface (not shoWn) during this 
operation. A heated press, such as those used in substrate 
manufacturing, is pressed against the plastic substrate 133a, 
and pressure is applied betWeen the press and the planariZing 
layer 133d. Avacuum may be draWn on the substrate during 
the subsequent processing to remove trapped gasses and air, 
and prevent voids from occurring Within the substrate. Those 
skilled in the arts Will be familiar With vacuum presses in the 
substrate industry that are used for this purpose. The press is 
heated to alloW the plastic to ?oW, and the substrate plastic 
forms around the integrated circuits 131-1 through 131-3 
















