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(57) ABSTRACT 

Microelectronic packages may be fabricated by forming a 
release layer on a process substrate. A thin ?lm decal is 
formed on the release layer. The thin ?lm decal includes ?rst 
and second opposing decal faces, ?rst decal input/output 
pads on the ?rst decal face, second decal input/output pads 
on the second decal face and at least one internal Wiring 
layer that electrically connects at least one of the ?rst and 
second decal input/output pads. The ?rst decal input/output 
pads are adjacent the release layer and the second decal 
input/output pads are remote from the release layer. A 
dielectric adhesive layer is then formed on the second decal 
face. The dielectric adhesive layer includes ?rst and second 
opposing dielectric layer faces and conductive vias therein 
that extend betWeen the ?rst and second opposing dielectric 
adhesive layer faces. The ?rst dielectric adhesive layer face 
is adjacent the second decal face and the second adhesive 
dielectric layer face is remote from the second decal face, 
such that at least one of the conductive vias electrically 
connects to at least one of the second decal input/output 
pads. The dielectric adhesive layer second face is then 
adhesively bonded to a second level substrate, such as a 
printed circuit board, that includes second level substrate 
input/output pads on a face thereof, such that at least one of 
the conductive vias electrically connects to at least one of the 
second level substrate input/output pads. The release layer is 
processed, for example dissolved, to thereby release the 
process substrate from on the ?rst face of the thin ?lm decal. 
A ?rst level substrate, such as an integrated circuit chip, is 
then bonded to the ?rst face of the thin ?lm decal, for 
example by solder bump re?oW. 
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MICROELECTRONIC PACKAGES INCLUDING 
THIN FILM DECAL AND DIELECTRIC ADHESIVE 
LAYER HAVING CONDUCTIVE VIAS THEREIN 

PRIORITY 

[0001] This application is a divisional application of US. 
Patent Application Serial No. 9/306,463 ?led May 5, 1999 
Which in turn claims priority from US. Provisional patent 
application Serial No. 60/084,450 With a ?ling date of May 
6, 1998. 

FIELD OF THE INVENTION 

[0002] This invention relates to microelectronic devices 
and fabrication methods, and more particularly to micro 
electronic packages and fabrication methods. 

BACKGROUND OF THE INVENTION 

[0003] Advances in semiconductor fabrication technology 
have alloWed Very Large Scale Integration (VLSI) and Ultra 
Large Scale Integration (ULSI) integrated circuits, having 
up to several million devices thereon, to be reliably and 
economically produced. As device densities increase and 
device siZes shrink, system performance often becomes 
more limited by the interconnection and packaging of the 
integrated circuits, and not by the internal circuitry of the 
integrated circuits themselves. For example, package limi 
tations such as the maximum alloWed number of input/ 
output pads may result in the inability to utiliZe all of the 
integrated circuit’s capabilities. Multi-chip packaging may 
require Wide spacing of integrated circuits to accommodate 
Wiring channels, Which may result in longer Wiring distances 
for integrated circuit interconnection, and may lead to 
increased parasitic capacitance and a decrease in system 
speed. Moreover, complex packaging structures may be 
expensive and unreliable. 

[0004] Printed circuit board (PCBs) are Widely used sub 
strates for interconnecting Integrated Circuit (IC) chips and 
various other components Which can make up electrical 
systems. Packaged chips and other devices are typically 
picked and placed onto the surface of a PCB and electrical 
connections are then made by re?oWing loW temperature 
(Eutectic) solders betWeen the outer leads of the IC chip 
package and pads on the surface of the PCB. This “Surface 
Mount” PCB technology has been successfully utiliZed for 
many years to build up all but the most exotic electronic 
systems and at the present time may still represent the most 
common PCB technology currently practiced. 

[0005] The PCB itself originally Was developed to elimi 
nate the need to Wire electrical components together With 
individual Wires. Individual Wiring generally is a time con 
suming and thereby expensive process for all but the sim 
plest of electronic systems. The ?rst systems built on PCBs 
used discrete electronic components such as individual 
resistors, capacitors etc. utiliZing through-hole technology. 
With the advent of the IC, the interconnect demand on PCBs 
signi?cantly increased due to the need to connect the mul 
tiple small Input/Output terminals of a packaged IC. 
Through-hole IC carriers (single and dual-in line packages) 
generally replaced the lead Wires of discrete components and 
Were passed through the PCB and soldered from the back 
side of the board, similar to the manner of soldering the 
discrete component Wire leads. Surface mount technology, 
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Wherein the leads of an IC carrier are connected at the front 
surface, eliminated the need for the through-holes and 
conserved internal PCB active interconnect area. 

[0006] Unfortunately, it may be dif?cult to economically 
build additional layers of printed Wiring to support the 
interconnects that are desired for advanced ICs. Moreover, 
shrinking the Wiring patterns and/or increasing the number 
of layers of the board to increase interconnect density may 
be increasingly difficult and costly to accomplish With 
traditional PCB technology. High end and highly miniatur 
iZed systems also have been built utiliZing complex and 
expensive ceramic and composite substrates. Ceramic 
Multi-Chip-Module (MCM) technology is an example of an 
alternative packaging technology. These types of packages 
may not be economically viable for loW cost consumer 
electronic systems. 

[0007] Several other technologies for extending PCB tech 
nology Without completely changing (i.e. to ceramic instead 
of ?berglass/epoxy) the basic material set (organic dielec 
tric/copper conductor) are being investigated. These types of 
approaches include DYCOstrate/Micro Via (see WWW.dy 
conex.com), Surface Laminated Circuit Boards (SLC—See 
US. Pat. No. 5,766,825 to Shirai et al.) and Flex Patches on 
Board (see US. Pat. No. 5,719,749 to Stopperan et al.). 
Adding thin ?lm interconnect by directly processing it on 
the surface a PCB also is being explored. 

[0008] With the exception of Flex Patches on Board, 
Wherein a patch of ?exible interconnect is transferred to the 
surface of the board, radical changes in the Way a substrate 
is processed may be required by the PCB manufacturer to 
achieve these technologies. Radical departure from the basic 
PCB technology may require a long and costly development 
effort on the part of PCB manufacturers to implement. 
Moreover, the increase in interconnect density may be 
incremental. For example, geometries may remain above 
micron range pitches—they may remain in the mil range. 
Furthermore, the cost of producing these substrates may 
remain high. 

[0009] Unfortunately, accomplishing ?ne line lithography 
With the basic PCB material set may be a difficult task for 
several reasons. First, unlike silicon Wafers, the PCB may be 
far from an ideal substrate for the production of ?ne line 
Wiring. Moreover, unlike the IC industry that uses 6“, 8“ and 
12“ or larger standard Wafer formats, standard equipment to 
directly produce ?ne line Wiring on PCBs does not appear to 
be available. 

[0010] The above survey indicates that there continues to 
be a need for packaging technology that can provide high 
density at loW cost and that need not have an appreciable 
effect on the standard processing PCBs, so that the basic 
PCB technology may be extended. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide improved microelectronic packages and methods of 
fabricating the same. 

[0012] It is another object of the present invention to 
provide microelectronic packages that can alloW high den 
sity Wiring to be used With conventional printed circuit 
boards. 
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[0013] It is still another object of the present invention to 
provide microelectronic packaging and fabrication methods 
that can allow conventional printed circuit board technology 
to be eXtended to high performance and/or high density 
microelectronic systems. 

[0014] These and other objects can be provided, according 
to the present invention, by providing a thin ?lm decal and 
a dielectric adhesive layer that includes a plurality of con 
ductive vias therein, betWeen a ?rst level microelectronic 
substrate and a second level microelectronic substrate. The 
combination of the thin ?lm decal and the dielectric adhe 
sive layer including a plurality of conductive vias therein 
can provide an interconnect packaging technology that can 
be loW cost and/or high density, and can be used in con 
junction With printed circuit boards that are produced by 
standard board process technology. The capabilities of 
printed circuit board technology therefore can be extended. 

[0015] More speci?cally, microelectronic packages 
according to the present invention comprise a ?rst level 
substrate including a plurality of microelectronic devices 
and a plurality of ?rst level substrate input/output pads on a 
face thereof. The ?rst level substrate may be an integrated 
circuit. A thin ?lm decal is on the face of the ?rst level 
substrate. The thin ?lm decal includes ?rst and second 
opposing faces. A plurality of ?rst decal input/output pads 
are on the ?rst face, at least one of Which is electrically 
connected to at least one of the ?rst level substrate input/ 
output pads. A plurality of second decal input/output pads 
are on the second face. At least one internal Wiring layer in 
the thin ?lm decal is electrically connected to at least one of 
the ?rst and second decal input/output pads. A second level 
substrate including a plurality of second level substrate 
input/output pads on a face thereof also is provided. The 
second level substrate may be a printed circuit board. 

[0016] According to the invention, a dielectric adhesive 
layer is provided that is adhesively bonded to the thin ?lm 
decal and that also is adhesively bonded to the second level 
substrate. The dielectric adhesive layer includes a plurality 
of conductive vias therein that electrically connect at least 
one of the second level substrate input/output pads to at least 
one of the second decal input/output pads. The conductive 
vias preferably comprise conductive adhesive vias, and 
more preferably are screened conductive adhesive vias com 
prising conductive paste. 

[0017] Microelectronic packages may be fabricated, 
according to the present invention, by forming a release 
layer on a process substrate. The process substrate is pref 
erably a glass substrate, silicon substrate or other sacri?cial 
substrate rather than a relatively high cost microelectronic 
substrate. A thin ?lm decal is formed on the release layer. 
The thin ?lm decal includes ?rst and second opposing decal 
faces, a plurality of ?rst decal input/output pads on the ?rst 
decal face, a plurality of second decal input/output pads on 
the second decal face and at least one internal Wiring layer 
as Was described above. The ?rst decal input/output pads are 
adjacent the release layer and the second decal input/output 
pads are remote from the release layer. 

[0018] A dielectric adhesive layer is then formed on the 
second decal face. The dielectric adhesive layer includes 
?rst and second opposing dielectric layer faces and a plu 
rality of conductive vias therein that eXtend betWeen the ?rst 
and second opposing dielectric adhesive layer faces, as Was 
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described above. The ?rst dielectric adhesive layer face is 
adjacent the second decal face and the second adhesive 
dielectric layer face is remote from the second decal face, 
such that at least one of the conductive vias electrically 
connects to at least one of the second decal input/output 
pads. 
[0019] The dielectric adhesive layer preferably is formed 
on the second decal face by adhesively bonding to the 
second decal face, a dielectric adhesive layer including 
therein a plurality of holes, at least one of Which laterally 
overlaps at least one of the second decal input/output pads. 
Aconductive adhesive layer is then screened into the at least 
one of the holes in the dielectric adhesive layer. The dielec 
tric layer preferably comprises Te?on or glass ?ber impreg 
nated epoXy resin. The conductive adhesive layer preferably 
comprises a Transient Liquid Phase Sintering Conductive 
Adhesive, as described in Us. Pat. No. 5,853,622 to Gal 
lagher et al., assigned to Ormet Corporation, the disclosure 
of Which is hereby incorporated herein by reference in its 
entirety. 
[0020] The dielectric adhesive layer second face is then 
adhesively bonded to a second level substrate, such as a 
printed circuit board, that includes a plurality of second level 
substrate input/output pads on a face thereof, such that at 
least one of the conductive vias electrically connects to at 
least one of the second level substrate input/output pads. 
Adhesive bonding may take place using pressure and/or 
heat, at atmospheric pressure or under vacuum. 

[0021] The release layer is processed, for eXample dis 
solved, to thereby release the process substrate from on the 
?rst face of the thin ?lm decal. The release layer may be 
processed by etching and/or by laser. 
[0022] A ?rst level substrate, such as an integrated circuit 
chip, is then bonded to the ?rst face of the thin ?lm decal. 
The ?rst level substrate is bonded to the ?rst face of the thin 
?lm decal, such that at least one of the conductive vias 
electrically connects to at least one of the ?rst level substrate 
input/output pads. Bonding preferably takes place by solder 
re?oW. 

[0023] It also Will be understood that after forming the 
dielectric adhesive layer on the thin ?lm decal, the substrate, 
the thin ?lm decal and the dielectric adhesive layer may be 
singulated so that conventional pick-and-place techniques 
may be used to pick and place the singulated substrate 
including the thin ?lm decal and the dielectric adhesive layer 
thereon on the second level package, such as a printed circuit 
board. 

[0024] Accordingly, an interconnect packaging technol 
ogy may be provided that can produce loW cost and/or high 
density microelectronic packages. This technology may be 
used in conjunction With printed circuit boards that are 
produced by standard board process technology, to thereby 
alloW extension of the capabilities of printed circuit board 
technology. This eXtendable technology can be a viable 
adjunct to the printed circuit board technology, even as the 
Wiring density in the printed circuit board itself is increased. 
Microelectronic packages and packaging methods according 
to the present invention need not be limited to use With 
printed circuit boards. Other thick ?lm substrates, such as 
ceramic chip carriers, may bene?t from application of the 
present invention as a high density surface layer. The present 
invention also may be used on substrates for purposes other 
than interconnect. 
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[0025] According to the invention, the thin ?lm decal and 
dielectric adhesive layer are “cast” on a substantially smooth 
and planar process substrate surface. Subsequent inversion 
of the thin ?lm decal and dielectric adhesive layer upon 
transferring to the second level packages exposes the ?rst 
face of the thin ?lm decal Which is also substantially smooth 
and planar. Thus, the present invention can reduce and 
preferably eliminate the topography that may inevitably 
result When building up multilayers of interconnection. 

[0026] The present invention may be regarded as a “Planar 
Graft Patch” (PGP) including a thin ?lm decal and a 
dielectric adhesive layer having conductive vias therein, that 
can be used betWeen a ?rst level substrate and a second level 
substrate, to provide an interconnect packaging technology 
that can provide loW cost and/or high density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a cross-sectional vieW of a ?rst embodi 
ment of microelectronic packages according to the present 
invention. 

[0028] FIG. 2 is a detailed cross-sectional vieW of a planar 
graft patch on a process substrate according to the present 
invention. 

[0029] FIGS. 3A-3F are cross-sectional vieWs illustrating 
planar graft patches according to the present invention 
during intermediate fabrication steps. 

[0030] FIG. 4 is a simpli?ed diagram illustrating methods 
of fabricating microelectronic packages according to the 
present invention. 

[0031] FIG. 5 illustrates details of release processes of a 
planar graft patch from a process substrate according to the 
present invention. 

[0032] FIG. 6 compares microelectronic packages accord 
ing to the present invention With a conventional Ball Grid 
Array. 

[0033] FIG. 7 illustrates applications of planar graft 
patches according to the present invention. 

[0034] FIG. 8 illustrates an alternative embodiment of 
microelectronic packages according to the present invention. 

[0035] FIG. 9 illustrates yet another embodiment of 
microelectronic packages according to the present invention. 

[0036] FIG. 10 illustrates still another embodiment of 
microelectronic packages according to the present invention. 

[0037] FIG. 11 is a top plan vieW of microelectronic 
packages of FIG. 8. 

[0038] FIGS. 12A and 12B illustrate an embodiment of 
elastomeric stress buffers of FIG. 10 during intermediate 
fabrication steps. 

[0039] FIG. 13 illustrates yet another embodiment of 
microelectronic packages according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0040] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
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different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. In the draWings, the thickness of 
layers and regions are exaggerated for clarity. Like numbers 
refer to like elements throughout. It Will also be understood 
that When a layer is referred to as being “on” another layer 
or substrate, it can be directly on the other layer or substrate, 
or intervening layers may also be present. 

[0041] Referring noW to FIG. 1, a ?rst embodiment of 
microelectronic packages according to the present invention 
is illustrated. As shoWn in FIG. 1, a microelectronic package 
100 includes a ?rst level substrate 102 including a plurality 
of microelectronic devices and plurality of ?rst level sub 
strate input/output pads on a face thereof. The ?rst level 
substrate may be a ?ip-chip integrated circuit, other inte 
grated circuit and/or other ?rst level microelectronic sub 
strate. It Will be understood that the term “pads” is used 
herein to indicate any input/output site on a substrate, and 
can include pins and/or other exposed conductive surfaces. 

[0042] Still continuing With the description of FIG. 1, a 
thin ?lm decal 110 is included on the face of the ?rst level 
substrate 102. The thin ?lm decal includes at least ?rst and 
second opposing faces 110a and 110b. Face 110a preferably 
is substantially planar and topography-free. A plurality of 
?rst decal input/output pads 112a is included on the ?rst 
face. At least one of the ?rst decal input/output pads 112a is 
electrically connected to at least one of the ?rst level 
substrate input/output pads. In FIG. 1, this connection is 
accomplished by solder bumps 104. HoWever, other inter 
connection technologies may be used. An under?ll layer 106 
also may be provided surrounding the solder bumps 104 in 
a manner Well knoWn to those having skill in the art. 

[0043] The thin ?lm decal 110 also includes a plurality of 
second decal input/output pads 112b on the second face 110b 
thereof. At least one internal Wiring layer 114 is included 
that is electrically connected to at least one of the ?rst and 
second decal input/output pads 112a and 112b, respectively. 
The fabrication of a thin ?lm decal is Well knoWn to those 
having skill in the art. Thin ?lm decals are described, for 
example, in copending application Ser. No. 08/862,059, to 
the present inventor entitled Methods of Fabricating Virtual 
Integration Microelectronic Packages, assigned to the 
assignee of the present application, the disclosure of Which 
is hereby incorporated by reference in its entirety. 
[0044] Still continuing With the description of FIG. 1, a 
second level substrate 120 includes a plurality of second 
level substrate input/output pads 122 on a face 120a thereof. 
A plurality of second level substrate vias 124 also may be 
included to provide signal poWer (P), ground (G) and signal 
and/or other connections. The second level substrate 120 
preferably is a printed circuit board that is Well knoWn to 
those having skill in the art. 

[0045] According to the invention, a dielectric adhesive 
layer 130 is adhesively bonded to the thin ?lm decal 110 and 
also is adhesively bonded to the second level substrate 120. 
The dielectric adhesive layer 130 includes a plurality of 
conductive vias 132 therein that electrically connect at least 
one of the second level substrate input/output pads 122 to at 
least one of the second decal input/output pads 112b. 

[0046] The combination of the thin ?lm decal 110 and the 
dielectric adhesive layer 130 including conductive vias 132 
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therein may be referred to herein as a Planar Graft Patch 
(PGP) structure 140. Thus, FIG. 1 may be considered as 
illustrating an integrated circuit ?rst level substrate 102 that 
is ?ip-chip joined to the surface of the PGP 140. The solder 
bumps 104 are shoWn as circles, and can serve as the 
electrical connections from the ?ip-chip integrated circuit 
102 to the rest of the microelectronic package 100. The 
solder bumps 104 may be surrounded by an under?ll mate 
rial 106, Which can enhance the reliability of the solder 
joints and the thermal conduction betWeen the ?rst level 
substrate 102 and the remainder of the package. It also Will 
be understood that the ?rst decal input/output pads, and any 
other pads described herein, may be a simple thin ?lm metal 
that is suitable for loW temperature solder bumps. Alterna 
tively, Eutectic solder also may be included over a thin ?lm 
structure that is suitable for joining non-melting high-lead 
solder bumps or other leads of a component that have no 
solder themselves. 

[0047] The thin ?lm decal 110 is a conductor/dielectric 
structure that can fan out the tight geometry of the ?rst level 
substrate solder bumps 104 to the larger geometry of the 
second level substrate 120, such as a printed circuit board. 
The dielectric adhesive layer 130 glues the thin ?lm dielec 
tric to the surface of the second level package 120. Con 
ductive vias 132 in the dielectric adhesive layer 130 carry 
electrical signals, poWer and/or ground to the thin ?lm. 

[0048] Referring noW to FIG. 2, a more detailed cross 
sectional vieW of a PGP 140 that is formed on a process 
substrate 210 Will be described. As already described, the 
PGP 140 includes a dielectric adhesive layer 130 and a thin 
?lm decal 110. 

[0049] Starting from the bottom of FIG. 2, the process 
substrate 210 may be a loW cost sacri?cial substrate, such as 
a glass substrate or a silicon substrate, that is subsequently 
released from the PGP 140, as Will be described beloW. A 
release layer 212 is provided on the process substrate 210. 
The thin ?lm decal 110 is provided on the release layer. As 
shoWn, the thin ?lm decal 110 may include a plurality of ?rst 
decal input/output pads 112a. The pads may be as simple as 
clean copper, as shoWn at 112a‘. Alternatively, the pads may 
comprise complex metallurgy, as shoWn at 112a“, including 
solder and a pad structure. Simple and complex pads may be 
mixed on one substrate as illustrated. It Will be understood 
that pads need not be a discrete layer of metal, but rather can 
be sections of the internal Wiring layer that are exposed by 
selective openings in the decal. 

[0050] As Was shoWn in FIG. 1, the pads 112a serve as 
islands to Which a ?rst level package 102 is eventually 
connected after the PGP 140 is transferred to the second 
level package 120. The ?rst decal input/output pads 112 may 
be used for soldering any type of connection to an electronic 
component, and are not limited to ?ip-chip pads. For 
example, Surface Mount Technology (SMT) components 
that utiliZe solder connections may be used. If a loW tem 
perature dielectric is utiliZed to build up the thin ?lm decal, 
a Eutectic solder layer may be fabricated in the PGP itself, 
thus reducing and preferably eliminating the need to screen 
solder onto the PGP pads after transferring the PGP to the 
printed circuit board. 

[0051] Continuing With the description of FIG. 2, the thin 
?lm decal 110 includes a plurality of dielectric layers. In 
FIG. 2, a ?rst dielectric layer 214 and a second dielectric 
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layer 216 are shoWn. The ?rst dielectric layer 214 can act as 
a solder dam to prevent solder from Wetting along conduc 
tive copper interconnect lines in the dielectric. A preferred 
dielectric may comprise a high performance organic dielec 
tric, such as BenZoCycloButene (BCB) or a polyimide. An 
advanced loW temperature epoxy dielectric can alloW for 
Eutectic solder to be included in the PGP. 

[0052] An internal Wiring layer 114 is shoWn betWeen the 
?rst and second dielectric layers 214 and 216. The internal 
Wiring layer may be fabricated from copper With thin layers 
of an adhesion material such as titanium on the opposing 
surfaces of the copper. Internal vias may be made in layers 
of the dielectric that separate the interconnect and poWer 
supply metal layers. Although only one internal Wiring layer 
is shoWn in FIG. 2, a plurality of internal Wiring layers may 
be used, separated by one or more dielectric layers. 

[0053] At the top surface of the decal 110 in FIG. 2, a 
plurality of second decal input/output pads 112b are shoWn. 
As Was already described, these second input/output pads 
112b may be separate pads, pins or exposed surfaces of the 
internal Wiring layer Without requiring pad de?nition or 
solder dams. 

[0054] Finally, the dielectric adhesive layer 130 including 
a plurality of conductive vias 132 is shoWn on decal 110. The 
dielectric adhesive layer 130 may be a glass- or Te?on 
impregnated epoxy bond ply, a pure screened dielectric 
epoxy and/or other dielectric adhesive layer. The dielectric 
adhesive layer preferably should not shrink substantially 
during the lamination and curing thereof, as shrinkage may 
result in voids in the dielectric adhesive layer following 
cure. Accordingly, non-shrinking materials such as Bolger 
Research, Inc. D-18 screenable dielectric paste may be 
preferred. The conductive vias 132 preferably are adhesive 
conductive vias, such as a conductive epoxy including 
Ormet conductive epoxy as described in the above-refer 
enced US. Pat. No. 5,853,622. The dielectric adhesive layer 
130 may adhere the thin ?lm decal 110 to the second level 
package 130, prevent contaminants from getting under the 
decal by sealing the surface, and/or prevent short circuits 
betWeen conductive vias 132 and exposed metal in the decal. 

[0055] Referring noW to FIGS. 3A-3F, a process for fab 
ricating a PGP of FIG. 2 Will be described. As shoWn in 
FIG. 3A, a release layer 212 is spun on a process substrate 
210. The process substrate 210 may be glass (SiOZ), silicon 
or other conventional substrates that may be utiliZed With 
microelectronic processing equipment. The release layer 
may comprise Polyimide Release Layer (PIRL), a pre 
imidiZed polyimide that is marketed by BreWer Scienti?c. 

[0056] Then, referring to FIG. 3B, the ?rst dielectric layer 
214 is formed, for example by spin-on-coating. The ?rst 
dielectric layer preferably comprises BenZoCycloButene 
(BCB). HoWever, other dielectrics such as polyimide may be 
used. As shoWn in FIG. 3C, vias are etched in the ?rst 
dielectric layer. As shoWn in FIG. 3D, the internal Wiring 
layer 114 is formed, for example by depositing and pattern 
ing thin ?lm metal using conventional techniques. 
[0057] Then, in FIG. 3E, the second dielectric layer 216 
is spun-on and vias are etched, as Was already described in 
connection With FIGS. 3B and 3C. The second decal 
input/output pads 112b may then be formed, for example by 
depositing and patterning thin ?lm metal. It Will be under 
stood that tWo or more internal Wiring layers also may be 
provided. 
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[0058] Finally, in FIG. 3F, an adhesive layer including a 
plurality of holes therein, is formed on the second decal 
input/output pads 112b, for example by placing a preformed 
bond ply of ?ber-impregnated dielectric adhesive. The holes 
preferably at least partially overlap the second decal input/ 
output pads 112b. A conductive adhesive may then be 
screened in the holes in the dielectric adhesive layer to form 
the conductive vias 132. It also Will be understood that the 
dielectric adhesive also may be a screened dielectric adhe 
sive such as Bolger Research D-18. 

[0059] FIG. 4 is a simpli?ed diagram illustrating methods 
of fabricating microelectronic packages according to the 
present invention. As shoWn by arroW 410, a PGP 140 is 
fabricated on a process substrate 210, in the manner illus 
trated in FIGS. 2 and 3A-3F. The screened materials may be 
dried, for example using a loW temperature bake. As shoWn 
by arroW 420, the process substrate 210 and PGP 140 are 
diced by conventional saWing, scribing and breaking, and/or 
other suitable singulation techniques. Then, as shoWn by 
arroW 430, the singulated PGPs 140‘ may then be picked, 
aligned and placed on a second level substrate 120, prefer 
ably by using automatic pick and place equipment. 
[0060] The singulated PGP 140‘ is then laminated to the 
second level substrate 120, for example by applying heat 
(e.g. 200° C.) and/or pressure (eg 10 psi), preferably under 
vacuum. Finally, as shoWn by arroW 450, the singulated 
process substrate 210‘ is then removed, for example by 
dissolving the release layer 212 and/or destroying the adhe 
sion to the thin ?lm With a UV laser When a quartZ process 
substrate 210 is used. APIRL release layer may be dissolved 
in Tetra Methyl Ammonium Hydroxide (TMAH) based 
developer, assisted by ultrasonics. A laser may be utiliZed to 
destroy bonds or an underlayer material may be etched out 
in an appropriate etchant in a batch process. The batch 
process may be preferred since multiple substrates may be 
processed in a tank, to thereby alloW cost reduction com 
pared to a laser process. The PGP 140‘ on the second level 
substrate 120 may add a height of betWeen about 25 pm and 
about 75 pm to the second level substrate 120. 

[0061] At the conclusion of processing of FIG. 4, the PGP 
is integrated onto the second level package 120 and is ready 
to receive a ?rst level package. A ?rst level package, such as 
a ?ip-chip IC is ?ip-chip soldered to the thin ?lm decal 110 
using conventional solder re?oW. 

[0062] Referring noW to FIG. 5, details of the release 
process that Was described in connection With arroW 450 of 
FIG. 4 are shoWn. The process substrate 210‘ may be a 20 
mil thick glass substrate. The thin ?lm release layer 212 may 
be 5 pm thick, the thin ?lm decal 110 may be betWeen 10 pm 
and 15 pm thick, and the dielectric adhesive layer 130 may 
be 2 mils in thickness. 

[0063] As shoWn in FIG. 5, a laser may be used in the 
direction of arroWs 510 and 520 to dissolve the thin ?lm 
release layer 212. Alternatively, a batch soak may be used in 
the direction of arroWs 530 to dissolve the release layer. At 
the right side of FIG. 5, the singulated process substrate is 
shoWn removed by arroWs 540. Preferred materials for a 
laser release layer 212 are high temperature polyimides. 
Water soaks into polyimides and the combination of UV 
induced polyimide-to-substrate bond breaking and vapor 
iZation of Water may release the thin ?lm decal from the 
substrate. It should be understood that a transparent process 
substrate such as quartZ may be needed for laser release. 
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[0064] FIG. 6 illustrates a comparison betWeen microelec 
tronic packages according to the present invention and a 
conventional Ball Grid Array (BGA). The BGA 610 shoWn 
at the left of FIG. 6, may be seen to be much more 
complicated than a ?ip-chip integrated circuit 102 or a 
?ip-chip circuit 102 including a thin ?lm decal 612 and 
using a PGP 140 according to the present invention. 

[0065] FIG. 7 illustrates applications of a PGP 140 
according to the present invention. On the left a single chip 
fan-out site is shoWn. The PGP 140‘ provides thin ?lm lines 
that can spread the high-density area array pads on the chip 
102 out to a larger grid more suitable for fabrication With 
PCB technology. On the right side, multiple chips 102 are 
illustrated being placed over a larger PGP 140“. This PGP 
140“ can provide both fan-out as on the left side and also can 
alloW ?ne line connections to be made betWeen chips. A 
built in Multi-Chip Module (MCM) can be achieved. The 
combination of thin ?lm in the decal for high-density short 
run interconnection and thicker ?lm in the PCB for long run 
interconnection can represent a very ef?cient use of the 
strengths of both the thin ?lm (high-density, loW capacitance 
lines) and the PCB (loW resistance Wires for longer inter 
connects) and can avoid their respective Weaknesses. With 
PGP this advantage may be realiZed Without the need to 
utiliZe costly, complex direct lithography processes on the 
PCB. 

[0066] Additional discussion of potential advantages of 
the present invention noW Will be provided. Transformation 
of the ?ne geometries of IC chips to the coarser geometries 
of thicker ?lm substrates may be dif?cult for microelectronic 
packages. It may be a problem for both large and small 
integrated circuit die. Small ICs, in many cases, may be 
made much larger than needed merely to accommodate the 
output pads of the devices. This Waste of semiconductor 
territory on a Wafer can be quite costly to the manufacturer. 
Smaller pads could be made in order to shrink the devices 
but they may not be matched to the coarse pads of the PCB. 
Large devices may suffer from the need to fan-out a large 
number of I/O pads to the coarse PCB pads. The Wiring in 
a PCB and the surface density of pads may not accommodate 
this need. 

[0067] MCMs Were proposed as an heir-apparent to the 
PCB in order to solve these and/or other problems. One 
potential ?aW in MCMs is that for long signal lines, thicker 
?lm may still be needed to reduce the resistance of the long 
run interconnection. The MCM presently has not been 
adopted Widely for electronic systems for this and/or other 
reasons. 

[0068] Composite substrates have been proposed as a 
solution to the resistivity problem of pure MCMs. These 
have been used, for example in mainframe technology—thin 
?lm on thick ?lm ceramic. Unfortunately, these exotic thick 
?lm substrates may place the cost of these solutions beyond 
the reach of many electronic systems. 

[0069] Direct lithography of ?ne line geometry on a PCB 
has been proposed as one solution to these problems. Unfor 
tunately, there may be many extreme challenges to direct 
lithography on a PCB. First, the PCB is far from an ideal 
substrate on Which to perform lithography. In particular, the 
substrates are Warped. This puts the features out of focus— 
Which may be a major de?ciency for ?ne line photolithog 
raphy. 
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[0070] Moreover, the location of features across the PCB 
may be far off from a perfect grid due to differential 
shrinkage, among other factors. Full ?eld lithography masks 
may be dif?cult, if not impossible, to use. Step and repeat 
lithography may be possible, but unlike on a semiconductor 
Wafer Where the same pattern is being repeated over and 
over, the thin ?lm patterns across the PCB may vary Widely 
and therefore a number of different reticles may be needed 
to step and repeat the different patterns. Changing these 
during the photo process for each board may be inadvisable 
due to the expense of the time involved in doing so. 

[0071] Direct Write lithography may be the only option left 
for direct lithography on a PCB. Unfortunately, mass pro 
duced products Which have relied on direct Write lithography 
for ?ne feature thin ?lm generally have been economically 
infeasible due to a number of factors including time to Write 
a substrate. In photolithography, the lithographic ?eld of the 
substrate should be Written in the most efficient fashion 
possible to minimiZe the “time in tool—Written area of 
substrate” ?gure of merit. Thus, presently there may be no 
satisfactory solutions for direct thin ?lm lithography on a 
PCB. 

[0072] Finally, the surface of a PCB may be extremely 
rough and irregular due to thick surface pads, solder masks, 
?bers, drilling artifacts and a number of other factors. 
Lapping to planariZe the surface may be expensive and the 
results may be questionable at best. 

[0073] There is therefore a need in the industry for sys 
tems and methods that can economically apply ?ne line 
structures to thick ?lm substrates. The present invention can 
ful?ll this need. 

[0074] From a lithographic standpoint, the PGP can take 
advantage of tried and true methods developed over the 
years for IC microlithography. Full ?eld masks With repeti 
tious patterns may be utiliZed. The process substrate may be 
selected to ?t standard tools, and may be selected to provide 
a smooth, lithography grade platform for the PGP fabrica 
tion process. For example, smooth silicon Wafers may be 
used for the process substrate. Silicon Wafers can provide 
industry standard smooth platforms for fabricating the PGP. 
The lithographic ?gure of merit mentioned above may 
therefore be improved and preferably maximiZed. 

[0075] Another potential advantage of a PGP is that the 
?ne line thin ?lms that can solve the various problems 
described above may be placed on a PCB precisely, and only 
Where they are needed. This can ef?ciently solve the region 
by-region problem of locating thin ?lms on a PCB. 

[0076] Simple screening techniques and post processes 
(eg B staging epoxies) Well knoWn to those skilled in the 
art may be utiliZed to apply the adhesives (conductive, 
dielectric) that can be used to mate the thin ?lms to the PCB. 
This preferably may be accomplished prior to singulation of 
the process substrate, thereby alloWing reduced handling of 
parts. 

[0077] After singulating PGPs of varying patterns from a 
number of process substrates, standard high speed pick and 
place tools may be utiliZed to place the PGPs in their 
respective locations on a PCB. Vacuum lamination in stan 
dard PCB process tools can accomplish mechanical and 
electrical contact of the adhesives to the board. One of 
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several liftoff processes described above may then be uti 
liZed to remove the process substrate. 

[0078] Then, the PCB and PGP are integrated into a 
composite interconnect structure that is ready for placement 
of electronic components that require or can signi?cantly 
bene?t from the high-density surface structures. This com 
posite structure can therefore serve as an economically 
feasible solution to a Wide variety of the problems facing the 
industry today With respect to the current limitations of 
electronic system packaging. 

[0079] Referring noW to FIG. 8, an alternative embodi 
ment of microelectronic packages according to the present 
invention Will noW be described. In contrast With the micro 
electronic package 100 of FIG. 1, the microelectronic 
package 800 of FIG. 8 can provide additional stress relief. 
In particular, in FIG. 8, an elastomeric stress buffer 810 is 
provided Within the dielectric adhesive layer 130. A pres 
ently preferred material for the elastomeric stress buffer 810 
is silicone. Also, the thin ?lm decal 110‘ is rippled to provide 
a rippled ?rst surface 110a‘ and a rippled internal Wiring 
layer 114‘ therein. Rippling can provide added ?exibility but 
may require added process steps. 

[0080] Alternatively, as shoWn in FIG. 9, the microelec 
tronic package 900 may include an elastomeric dielectric 
adhesive layer 130‘. A presently preferred elastomeric 
dielectric material is silicone. This may be preferred for 
loWer costs of processing. Alternatively, as described above, 
conductive vias 132 only may be screened. In another 
alternative, after placement of the die block on the board and 
curing the conductors 132, the elastomer may be injected 
into the gap to ?ll the space. 

[0081] FIG. 10 illustrates yet another embodiment of 
microelectronic packages according to the present invention. 
As shoWn in FIG. 10, microelectronic package 1000 
includes an elastomeric interposer 1010 betWeen the thin 
?lm decal 110 and the ?rst level substrate 102. The elasto 
meric interposer includes an elastomeric stress buffer 1012, 
a layer of anisotropic conductive adhesive 1014a and 1014b 
on opposite surfaces of the elastomeric stress buffer 1012 
and a vertical thin ?lm 1016 that electrically connects both 
sides of the interposer. The coating of anisotropic adhesive 
1014a and 1014b may be used to make electrical contact on 
both sides of the interposer 1010. HoWever, it Will be 
understood that many other techniques may be used to 
establish this electrical contact. The interposer 1010 may be 
attached ?rst to the ?rst level package 102, to the second 
level package 120, or both contacts may be made simulta 
neously. Exceptional stress relief may be obtained. 

[0082] FIG. 11 is a top plan vieW of the microelectronic 
package of FIG. 8. As shoWn in FIG. 11, the ripples may be 
arranged in a radial pattern, and the internal Wiring layer 114‘ 
may be arranged generally perpendicular thereto. This can 
alloW the decal 110‘ and internal Wiring layers 114‘ to ?ex in 
the critical radial direction during thermal excursions. It Will 
be understood that the frequency of the ripples may be 
exaggerated. It also Will be understood that the conductive 
vias 132a that carry poWer and ground may be placed at the 
center of the structure of FIG. 11 While the conductive vias 
132b that carry signals may be placed at the periphery of the 
structure of FIG. 11. 

[0083] Referring again to FIGS. 8 and 11, the microelec 
tronic packages 800 include the folloWing aspects: First, the 
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thin ?lm decal 110‘ has been rippled to provide for spring 
action as the substrate and IC differentially expand and 
contract during thermal cycles. The amplitude and fre 
quency of the ripples are not shoWn to scale—both may be 
much smaller. Second, an elastomeric layer 810 beneath the 
?rst level substrate 102, and preferably extending beyond 
the boundaries of the ?rst level substrate 102, alloWs for 
movement of the spring action decal, thereby alloWing 
reduced thermally induced stress on the solder joints and 
alloWing improved reliability. 

[0084] In FIG. 8, a ?ip-chip mounted IC 102 is shoWn in 
cross-section solder joined to a PGP structure 140. Axial 
concentric ripples have been lithographically de?ned in the 
decal 110‘ so that the decal, Which may be stiff and brittle, 
can provide a spring action capability in the radial direction. 
The pitch and amplitude of the ripples are exaggerated in the 
draWing. In a real structure With 5 mil solder bumps on 10 
mil centers, the peaks and valleys may be on a 1 mil pitch. 
The amplitude of the ripples may be in the range of 5 
microns. The ripple pattern may be depleted in the area of 
the actual solder joint pad to provide a planar surface in that 
local region to enhance the solder process. The internal 
Wiring layer 114‘ may folloW the topography of the decal and 
hence also exhibit spring action. It should be understood that 
the thicknesses of the decal and copper layers are greatly 
exaggerated With respect to other features for purposes of 
clarity of vieWing. 

[0085] Beneath the thin ?lm decal 110‘, an elastomeric 
material 810 is illustrated. This acts as a stress buffer 
betWeen the IC and PCB insofar as it is highly deformable 
alloWing the spring of the thin ?lm decal to stretch back and 
forth With temperature cycles. The elastomeric material 810 
preferably extends beyond the boundary of the IC 102 so 
that the outer copper traces can experience spring effect 
stretching inWardly. OutWard stretching is provided by 
ripples under the IC. The thicker and more deformable the 
elastomer, the greater may be the stress relief on the solder 
bump. PoWer and ground feedthroughs are shoWn in the 
central region of the chip. These can provide loW inductance 
poWer and ground to the IC. There may be a point at Which 
a satisfactory distance-to-neutral point exists for these inte 
rior feedthroughs such that their more rigid nature may not 
result in stress induced failure. They may not be placed at all 
points under an IC unless it is a very small die. 

[0086] To the sides and underneath the elastomer an 
adhesive Which serves the purpose of gluing doWn the 
structures described above may be used. Exterior signal 
feedthroughs are illustrated near the edges on either side. 

[0087] Referring noW to FIGS. 12A and 12B, methods of 
fabricating an elastomeric stress buffer 1012 of FIG. 10 
including vertical thin ?lms 1016 therein Will noW be 
described. 

[0088] As shoWn in FIG. 12A, thin ?lm conductor lines 
1210 are lithographically fabricated on a cured elastomer 
sheet 1220. The thin ?lms are placed on a ?ne grid so that 
they Will eventually meet solder bump pads in a random 
fashion such that no shorts occur betWeen solder pads and no 
opens exist for any given solder pad. 

[0089] Next, the elastomer sheet 1220 is coated With 
uncured elastomer and tightly rolled up as shoWn in FIG. 
12B. The coating is then cured. A cylinder With long axial 
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thin ?lms results. Due to rolling up the sheet as described, 
only the Width of the thin ?lms face perpendicular to the 
radii of the cylinder. This can result in near perfect ?exibility 
compared to Wires or other such structures Which may be fed 
through an elastomer sheet to achieve a similar purpose. 

[0090] Slices are then cut out of the cylinder, Which may 
be squared off With a punch if desired as shoWn in FIG. 12B. 
It Will be understood that the geometries are very much ?ner 
than illustrated in the plan vieW shoWn in FIG. 12B. An 
electrically conductive coating then may be applied on the 
top and bottom surfaces, either patterned or anisotropic in 
the Z direction, such as the Well knoWn Sheldahl material. 
The resulting structure may then be used as the stress buffer 
1012 illustrated in FIG. 10. It also may be used in a Wide 
variety of other direct electronic device attachment schemes. 
The vertical structures also may be approximated by plating 
up axially oriented metal. 

[0091] In joining a ?ip chip IC (e.g. silicon) device to a 
substrate With an unmatched thermal coef?cient of expan 
sion an inherent reliability problem may be created due to 
mechanical stress on the joint. A high expansion PCB, for 
instance, may shrink as much as 1 mil or more from the 
freeZing point of typical solder joining temperatures doWn to 
room temperatures over a distance equivalent to that sub 
tended by an IC. This can result in a boWing of both the IC 
and the PCB. The stress is such that the solder bumps 
generally are inWardly tensed. Thus, the potential exists of 
shearing bumps by tendency of the IC to exert force on the 
joint in the outWard direction. 

[0092] Complicating this situation is the fact that elec 
tronic systems generally should survive both much colder 
temperatures and also that fact that thermal cycling betWeen 
these colder temperatures and temperatures higher than the 
normal operating temperature of the system are routinely 
performed. The dynamic motion fatigues even a solder joint 
that Was originally stable. For large ICs directly ?ip-chipped 
to boards, cycling betWeen room and operating temperatures 
themselves may be severe enough conditions to cause the 
failure of solder joints. The outermost solder bumps gener 
ally are the most highly stressed With the stresses generally 
diminishing on each bump as one proceeds to the center of 
the IC Where the Zero stress point exists. Distance to Neutral 
Point (DNP) is a term that has been coined to designate the 
furthest distance from the Zero stress region at the center of 
a die (neutral point) that a solder joint Will survive all 
processing, environmental and dynamic cycling require 
ments for a given system. 

[0093] Without changing the substrate to a loWer expan 
sion material closer to that of the IC, several techniques for 
improving the reliability of solder joints have been proposed 
and/or implemented by Tessera, ChipScale and others. See, 
for example US. Pat. No. 5,346,861 to Khandros et al. and 
US. Pat. No. 5,656,547 to Richards et al. Unfortunately, 
these techniques may require special processing of the IC 
die beyond a basic solder bump process on the IC. IC 
manufacturers generally may prefer to utiliZe the simplest 
bumping process Which involves simply fabricating solder 
bumps on the surface of the chip Without the need for 
additional or special processing Which can add cost and can 
reduce yields of the ICs. There is therefore a need in the 
industry to provide for improved reliability of simple solder 
process joints on standard PCB substrates. 






