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(57) ABSTRACT 
A method of making a microelectronic assembly includes 
providing a ?rst microelectronic element and a second 
microelectronic element With confronting, spaced-apart sur 
faces de?ning a space therebetWeen and providing one or 
more masses of a fusible conductive material having a 
melting temperature beloW about 150° C. in said space, 
Whereby the fusible conductive masses connect the ?rst and 
second microelectronic elements to one another. Next, a 
?oWable material is introduced betWeen the confronting 
surfaces of the ?rst and second microelectronic elements and 
around the one or more fusible conductive masses and the 
?oWable material is then cured to provide a compliant layer 
disposed betWeen said confronting surfaces and intimately 
surrounding each fusible conductive mass. The fusible con 
ductive masses are capable of electrically interconnecting 
the contacts on microelectronic elements confronting one 
another and/or conducting heat betWeen confronting micro 
electronic elements. 
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MICROELECTRONIC CONNECTIONS WITH 
LIQUID CONDUCTIVE ELEMENTS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 08/641,698, ?led May 2, 1996, the disclosure 
of Which is hereby incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to mounting and 
connection devices and techniques for use With microelec 
tronic elements such as semiconductor chips. 

BACKGROUND OF THE INVENTION 

[0003] Complex microelectronic devices such as semicon 
ductor chips require numerous connections to other elec 
tronic components. Typically, the microelectronic devices 
are mounted on substrates or external circuit elements, such 
as printed circuit boards, having electrical contacts, and the 
contacts on the chip are electrically connected to the con 
tacts of the external circuit element. The external circuit 
element may have pins or other connectors adapted to 
accommodate other components, including additional semi 
conductor chips. Also, the external circuit element may have 
pins or other connectors adapted to connect the contacts or 
internal circuitry of the external circuit element to a larger 
assembly, thereby connecting the chip to the larger assem 
bly. 
[0004] Connections betWeen microelectronic elements 
and substrates must meet several demanding and often 
con?icting requirements. They must provide reliable, loW 
impedance electrical interconnections. They must also With 
stand stresses caused by thermal effects during manufactur 
ing processes such as soldering. Other thermal effects occur 
during operation of the device. As the system operates, it 
evolves heat and the components of the system, including 
the chip and the substrate expand. When operation ceases, 
the components cool and contract. When the assembly is 
heated and cooled during manufacture or in operation, the 
chip and the substrate expand and contract at different rates, 
so that portions of the chip and substrate move relative to 
one another. Also, the chip and the substrate can Warp as 
they are heated and cooled, causing further movement of the 
chip relative to the substrate. These and other effects cause 
repeated strain on electrical elements connecting the chip 
and the substrate. The interconnection system should With 
stand repeated thermal cycling Without breakage of the 
electrical connections. The interconnection system should 
provide a compact assembly, and should be suitable for use 
With components having closely-spaced contacts. Moreover, 
the interconnection should be economical. 

[0005] Various solutions have been proposed to meet these 
needs. In particular, as disclosed in US. Pat. Nos. 5,148,265; 
5,148,266; 5,455,390 and in International Publication WO 
96/02068, ?exible leads may be provided betWeen the 
contacts on a chip or other microelectronic element and the 
contact pads of a substrate. According to preferred embodi 
ments taught in these documents, a compliant layer, such as 
an elastomer or a gel may be provided betWeen the chip and 
the substrate. Flexible leads connecting the chip and sub 
strate may extend through the compliant layer. In these 
preferred arrangements, the chip is mechanically decoupled 
from the substrate, so that the chip and substrate can expand 
and move independently of one another Without excessive 
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stress on the electrical connections betWeen the chip con 
tacts and the contact pads of the substrate. Moreover, the 
assemblies disclosed in these patents and publications meet 
the other requirements discussed above. In certain preferred 
embodiments according to these documents, the chip and the 
interconnections to the substrate can occupy an area of the 
substrate about the same siZe as the chip itself. 

[0006] Microelectronic elements such as semiconductor 
chips generate considerable amounts of heat during use. For 
example, a complex, high-speed chip only a feW centimeters 
square in area may produce tens of Watts of heat. This heat 
must be dissipated to maintain the chip at a safe operating 
temperature. Improvements in chip mountings and electrical 
connections, and in related assembly methods, have made it 
possible to reduce the distance betWeen chips so as to 
achieve a more compact assembly. Such assemblies, typi 
cally referred to as “multichip modules,” incorporate one or 
more substrates With chips disposed close to one another on 
the substrate. The heat dissipation problems discussed above 
are particularly extreme in such compact multichip modules. 

[0007] Considerable effort has been devoted in the art 
toWards meeting these needs for cooling. A general outline 
of the approaches taken heretofore is set forth in the text 
Multichip Module Technologies and Alternatives—The 
Basics, Doane, D. A. and FranZon, P. D., EDS 1993 Van 
Nostrand Reinhold, NeW York, NY. at chapter 12, pp. 
569-613, entitled “Thermal Design Considerations For Mul 
tichip Module Applications” (AZar, K., chapter author) and 
at pages 109-111 of the same reference. As described 
therein, heat transfer problems in electronic packaging can 
be addressed in terms of “thermal resistance” of the ele 
ments involved. The thermal resistance of any element in the 
heat transfer path refers to the ratio betWeen the temperature 
difference across such element and the rate of heat flow 
through the element. Thermal insulators have high thermal 
resistance Whereas elements Which convey heat effectively 
by conduction or convection have loW thermal resistance. 
The overall thermal resistance of the package is the sum of 
the individual thermal resistances in series in the heat path 
betWeen the chip and the ambient environment. The overall 
thermal resistance in turn provides a ratio betWeen the 
temperature rise of the chips above ambient temperature and 
the amount of heat produced in the chips. 

[0008] As described in the aforementioned reference, the 
heat conduction pathWay may include an element commonly 
referred to as a “heat sink.” There is normally a loW thermal 
resistance connection from the heat sink to the environment. 
For example, the vanes of the heat sink may be bathed in a 
How of forced air or liquid. HoWever, there is generally an 
appreciable thermal resistance betWeen the semiconductor 
chip, or other microelectronic components, and the heat 
sink. Stated another Way, it is difficult to provide a loW 
thermal resistance connection betWeen the chip and the heat 
sink While still meeting all of the other requirements for such 
a connection. This is because the thermal connection must 
accommodate relative movement betWeen the chips or other 
components and the heat sink during use of the device. Such 
relative movement arises in part from movement of the 
components and the substrate bearing the components as the 
assembly undergoes temperature changes during use. When 
the unit is ?rst supplied With poWer, the temperature of the 
chips or other components rises faster than the temperature 
of the substrate, causing differential thermal expansion, 
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Warpage and distortion. Further, the coef?cients of thermal 
expansion of the chips and the substrate normally are not 
matched With the coef?cient of thermal expansion of the heat 
sink, causing further differential thermal expansion and 
contraction. 

[0009] Moreover, the connection betWeen the components 
and the heat sink should accommodate dimensional toler 
ances in the components, the substrate and the heat sink 
itself. For example, the chips themselves may be of different 
thicknesses. Also, the chips can be supported at different 
levels above the face of the substrate by solder balls or other 
mountings. The surfaces of the chips may be tilted from their 
nominal positions, so that the chip surfaces are out of 
alignment With the surface of the heat sink. The heat sink 
itself may not be perfectly ?at or parallel to the nominal 
plane of the chip surfaces. Any elements used to connect the 
heat sink With the chip or the components should be capable 
of accommodating these tolerances and misalignments. 
Considerable efforts have been made in the art heretofore 
toWards satisfying these requirements. 

[0010] Nonetheless, still further improvement Would be 
desirable. For example, it Would be desirable to provide 
additional connection components and methods Which pro 
vide effective mechanical decoupling and high resistance to 
thermally induced stresses, While also providing loW cost 
and high reliability. It Would also be desirable to provide a 
microelectronic package including improved assemblies and 
methods for dissipating heat therefrom to minimiZe ther 
mally induced stresses, While also providing high reliability 
and loW cost. 

SUMMARY OF THE INVENTION 

[0011] One aspect of the present invention provides a 
method of making a microelectronic assembly including the 
steps of providing a ?rst microelectronic element, such as a 
semiconductor chip and a second microelectronic element 
With confronting spaced-apart surfaces de?ning a space 
therebetWeen and providing one or more masses of a fusible 

conductive material having a melting temperature beloW 
about 150° C. in the space. Next, a ?oWable liquid material, 
typically a liquid, is introduced betWeen the confronting 
surfaces of the ?rst and second microelectronic elements and 
around the one or more fusible conductive masses. The 
?oWable material is then cured to form a compliant layer 
disposed betWeen the confronting surfaces of the ?rst and 
second microelectronic elements and surrounding each of 
the fusible conductive masses. The one or more conductive 

masses may be maintained in a substantially solid condition 
or in a substantially liquid condition When the ?oWable 
material is introduced. The fusible conductive masses may 
also be maintained in either a substantially solid condition or 
in a substantially liquid condition during the curing step. 

[0012] The ?rst microelectronic element preferably is a 
circuit element such as a semiconductor chip. The second 
microelectronic element may be a further circuit element 
such as a dielectric element having conductors thereon, or 
else may be a package element such as a casing, heat 
spreader or heat sink. The conductive material is thermally 
conductive, electrically conductive or both. Where the sec 
ond microelectronic element is a circuit element, the method 
desirably includes the step of electrically connecting the ?rst 
and second elements to one another. For example, the step 
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of providing the masses of fusible conductive material may 
be performed so that the masses extend betWeen contacts on 
the confronting surfaces of the ?rst and second microelec 
tronic element, so that the masses electrically interconnect 
the ?rst and second elements. The conductive masses desir 
ably provide a thermal conduction path betWeen the ?rst and 
second microelectronic elements. Preferably, the one or 
more fusible conductive masses are contiguous With both 
elements, and connect the ?rst and second microelectronic 
elements to one another. 

[0013] Preferably, the fusible conductive masses are con 
tiguous With and are contained by the compliant material, so 
that the conductive material remains in place When in a 
liquid state. Thus, the compliant layer keeps the fusible 
conductive masses separate and electrically insulated from 
one another. Alternatively or additionally, a polymer coating 
such as a polyparaxylene coating may be provided over the 
fusible conductive masses. The polyparaxylene coating is a 
conformal coating Which preferably fully encompasses the 
fusible conductive masses and desirably extends to the 
neighboring portions of the confronting surfaces of the ?rst 
and second microelectronic elements. The coating enhances 
the electrical isolation of the fusible conductive masses and 
also protects the masses from contamination, e.g. prevents 
the fusible conductive material and the compliant layer from 
diffusing into one another. The polyparaxylene coating can 
also aid in maintaining the masses in place When the masses 
are in the liquid state. 

[0014] In additional preferred methods according to this 
aspect of the invention, the step of providing said ?rst and 
second elements being performed so that said second micro 
electronic element confronts a front surface of the ?rst 
microelectronic element and these elements de?ne a front 
space therebetWeen, the conductive masses being provided 
in said front space. A third microelectronic element is 
provided so that this element confront a rear surface. Thus, 
the ?rst and third microelectronic elements de?ne a rear 
space betWeen said rear surface and said third microelec 
tronic element. The ?rst microelectronic element is sand 
Wiched betWeen the second and third microelectronic ele 
ments, With front and rear spaces on opposite sides of the 
?rst microelectronic element. Methods according to this 
aspect of the invention desirably include the step of dispos 
ing one or more additional fusible conductive masses in the 
rear space and introducing additional ?oWable material into 
said rear space and around said conductive masses in said 
rear space. Most preferably, this additional ?oWable material 
is cured to form a rear compliant layer betWeen the third 
microelectronic element and said ?rst microelectronic ele 
ment, said rear compliant layer intimately surrounding said 
conductive masses in said rear space. The step of introduc 
ing a ?oWable material into the rear space, and the step of 
introducing a ?oWable material into the front space can be 
preformed by simultaneously using a single ?oWable mate 
rial. 

[0015] A related aspect of the invention provides a micro 
electronic package comprising a ?rst microelectronic ele 
ment such as a semiconductor chip operable in a range of 
operating temperatures. The chip or other microelectronic 
element has a front face including contacts and a rear 
surface. Acompliant layer is disposed betWeen the confront 
ing surfaces of the ?rst microelectronic element and the 
package element. Masses of a fusible, thermally conductive 
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material having a melting temperature Within or below the 
range of operating temperatures of the ?rst microelectronic 
element are also provided betWeen the package element and 
the ?rst microelectronic element. Each such mass extends 
adjacent to the confronting surfaces of the ?rst microelec 
tronic element and the package element for transferring heat 
therebetWeen during operation of the microelectronic pack 
age. The package may also include a second microelectronic 
element such as a circuit element electrically connected to 
the ?rst microelectronic element, most preferably a ?exible 
dielectric sheet With terminals thereon, overlying the front 
face of the ?rst microelectronic element or chip. Acompliant 
layer most preferably is provided betWeen the front face and 
the second microelectronic element. Here again, masses of 
a fusible conductive material, preferably a material capable 
of conducting both electrical signals and heat, are dispersed 
in the second compliant layer so that the fusible conductive 
masses are spaced apart from one another in lateral direc 
tions parallel to the surfaces of the microelectronic elements. 
These masses may be disposed betWeen the opposing con 
tacts on the ?rst microelectronic element and the second 
microelectronic element for electrically interconnecting the 
?rst and second microelectronic elements. In the ?nal pack 
age the ?rst and second compliant layers are preferably 
contiguous With one another. The package mechanically 
isolates the ?rst microelectronic element or chip and effec 
tively decouples it from mechanical stresses and differential 
thermal expansion, While also providing effective heat trans 
fer from the chip and effective interconnection betWeen the 
chip and external circuitry. 

[0016] The masses of the fusible conductive material used 
in various aspects of the invention may comprise one or 
more metals or may comprise a metal alloy and are prefer 
ably capable of conducting electrical signals, heat or both. 
The fusible conductive material preferably has a melting 
temperature beloW about 125° C., and in more preferred 
embodiments the fusible conductive material has a melting 
temperature beloW about 65° C. Most preferably the fusible 
conductive material has a melting temperature betWeen 
about 25° C. and about 65° C. HoWever, loWer melting 
temperatures can be employed if the production process is 
altered to accommodate the loWer melting temperature. The 
conductive masses preferably are liquid at temperatures 
Within the range of temperatures encountered during normal 
operation of microelectronic elements, and may have a 
melting temperature beloW the range of operating tempera 
tures of the microelectronic elements. The fusible conduc 
tive masses may be in a solid state or a liquid state When the 

assembly is inactive; hoWever, during operation, the fusible 
conductive masses may be Wholly or partially liquid so that 
essentially no forces Will be transmitted betWeen the micro 
electronic elements through the conductive masses. Stated 
another Way, the conductive masses in their liquid state have 
spring constants at or close to Zero and do not resist 
movement of the microelectronic elements relative to one 
another. Alternatively, the conductive material may be a 
fusible material Which melts at temperatures slightly above 
the range of temperatures encountered during normal opera 
tion. In this case, the assembly relieves mechanical stress in 
the electrical connections or thermal connections, and 
repairs defects in the connections, When the assembly is 
exposed to high temperatures during abnormal operating 
conditions or during processing operations. 
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[0017] Preferably, the compliant dielectric layer also 
alloWs the microelectronic elements to move relative to one 
another. Thus, the dielectric layer desirably is formed from 
an elastomer, gel, foam or other material having relatively 
loW resistance to deformation. Preferred assemblies accord 
ing to the present invention thus alloW electrical signals to 
pass betWeen microelectronic elements through the fusible 
conductive masses. In addition, preferred assemblies 
according to the present invention also alloW heat generated 
by the microelectronic elements to be effectively dissipated 
through the package and alloW the confronting faces of the 
microelectronic elements to move relative to one another to 
compensate for movement and distortion during thermal 
cycling of the package. The compliant connection betWeen 
the microelectronic elements also helps to compensate for 
tolerances encountered during manufacturing and can be 
provided even Where each conductor has substantial cross 
sectional area. Thus, loW resistance, loW impedance con 
ductors can be utiliZed Without impairing the ?exible con 
nection. Moreover, When the fusible material melts, cracks 
or other defects in the conductive masses are repaired. 

[0018] One or more of the microelectronic elements may 
include a ?exible dielectric sheet having an exterior surface 
facing aWay from the other elements and having conductive 
terminals accessible at the exterior surface. Thus, Where the 
?rst microelectronic element includes a semiconductor chip, 
the second element may include a ?exible dielectric sheet 
overlying a surface of the chip and having terminals facing 
aWay from the surface of the chip. Thus, the front space lies 
betWeen the ?exible sheet and the chip contact bearing face 
of the chip. The method may further include the step of 
forcing the terminals into substantially coplanar disposition 
While maintaining the masses of fusible conductive material 
in an at least partially molten condition. Preferably, this step 
is performed prior to curing the ?oWable material, either 
before or after introduction of the ?oWable material into the 
space. After the conductive masses have been provided 
betWeen the confronting surfaces of the chip and the dielec 
tric sheet, the conductive terminals are forced into substan 
tially coplanar alignment With one another as the ?oWable 
material is introduced therebetWeen and the conductive 
masses are alloWed to freeZe. Alternatively, the ?oWable 
material is introduced betWeen the confronting surfaces 
before the conductive terminals are forced into substantially 
coplanar alignment. In certain preferred methods according 
to this aspect of the invention, the ?exible sheet and the chip 
or other element have contacts on their opposing surfaces. 
Fusible conductive masses are provided betWeen the oppos 
ing contacts to electrically interconnect the chip and the 
dielectric sheet. Additional fusible conductive masses, aside 
from those used for electrical interconnection, may be 
provided betWeen the confronting faces of the chip and the 
dielectric sheet to provide additional conduct heat therebe 
tWeen. In an alternative embodiment, the dielectric sheet 
includes conductive terminals accessible at the exterior 
surface and ?exible leads are used to connect the conductive 
terminals of the dielectric sheet With the contacts of the 
semiconductor chip. Fusible conductive masses are provided 
betWeen the confronting faces of the chip and the dielectric 
sheet for conducting heat therebetWeen during operation. 
[0019] In methods according to further aspects of the 
invention, one or more of the microelectronic elements may 
include a plurality of semiconductor chips. For example, the 
?rst microelectronic element may include a unitary Wafer 
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incorporating a plurality of semiconductor chips, Whereas 
the second microelectronic element may include a ?exible 
dielectric sheet as described above. Each chip is preferably 
aligned With a portion of the sheet and the contacts on each 
chip may be connected by the fusible conductive masses to 
the terminals in the aligned portion of the sheet. The method 
according to this aspect of the invention may include the 
further step of severing individual portions of the sheet and 
Wafer to form individual units, each including one or more 
chips and the portion of the sheet aligned thereWith. The step 
of providing the microelectronic elements and the fusible 
conductive masses may include the step of providing the 
masses attached to contacts on one of the microelectronic 

elements and then juxtaposing the elements With one another 
and at least partially melting the masses to thereby bond the 
masses to the contacts on the other element. For example, 
Where one of the elements is a Wafer, the masses may be 
provided on the Wafer, and the Wafer may be juxtaposed With 
the ?exible dielectric sheet. In methods according to a 
further aspect of the invention, the second microelectronic 
element has electrically conductive traces thereon, and a 
plurality of chips are electrically connected to the second 
element, as by connection through conductive masses as 
discussed above, so that the chips are interconnected to one 
another to form a multichip module. 

[0020] Further methods of making a microelectronic 
assemblies according to the invention include the steps of 
providing a metallic plate, juxtaposing the plate With a 
surface of a microelectronic element and providing one or 
more masses of a fusible conductive material so that the 
masses extend in a space betWeen the plate and the micro 
electronic element, and preferably extend all the Way from 
the plate to the microelectronic element. In a particularly 
preferred arrangement, the plate is provided With the more 
masses of a fusible conductive material disposed at prede 
termined locations on a surface thereof before juxtaposing 
the plate With the microelectronic element. Methods accord 
ing to this aspect of the invention desirably include the step 
of injecting a ?oWable material betWeen the metallic plate 
and the microelectronic element and curing the ?oWable 
material to form a compliant dielectric layer Which inti 
mately surrounds the fusible conductive masses. The pre 
dictable, isotropic thermal expansion properties of the 
metallic plate help to provide precise alignment of the 
fusible conductive masses With the contacts on the micro 
electronic element. The metallic plate is then subdivided to 
form separate portions connected to separate ones of the 
fusible conductive masses. The microelectronic element 
according to this particular embodiment may include an 
array of semiconductor chips or a semiconductor Wafer. The 
metallic plate may be subdivided by etching the plate after 
the ?oWable material is cured. After the metallic sheet has 
been subdivided, the Wafer and the compliant layer may be 
severed to form individual units Whereby each unit includes 
one or more chips. In certain embodiments, the metallic 
plate With the fusible conductive masses may be provided by 
forming a layer on a ?rst side of the metallic plate Whereby 
the layer has apertures therein and includes a material, such 
as a polymer, Which is non-Wettable by the conductive 
masses. The ?rst side of the plate is then exposed to the 
fusible conductive masses While the conductive masses are 
in a molten condition so that drops of the fusible conductive 
masses adhere to the metallic plate at the apertures therein. 
The ?rst side of the plate is preferably exposed to the 
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conductive masses by dipping the metallic plate into a bath 
of the fusible conductive material. A second side of the 
metallic plate opposite from the ?rst side thereof may be 
covered by a protective coating during the exposing step to 
prevent the second side of the metallic plate from coming 
into contact With the fusible conductive material. 

[0021] Barrier layers, such as a layers of polysilicon, may 
be provided on surfaces of the microelectronic elements 
Which are in contact With the fusible masses, such as on 
contacts or on surfaces of package elements. The barrier 
layer prevents the material in the fusible conductive masses 
from diffusing into the microelectronic element, the oppos 
ing contacts and/or the package element. The barrier metal 
layer also prevents contamination of the fusible material by 
the microelectronic element and/or the package element. 

[0022] Yet a further embodiment of the invention provides 
structures Which can be used as components in fabrication of 
microelectronic assemblies. A structure according to this 
aspect of the present invention includes a layer of a matrix 
material having top and bottom surfaces extending in lateral 
directions. One or more masses of a fusible conductive 

material are dispersed in the layer so that the individual 
conductive masses are spaced apart from one another in the 
lateral directions and are separated from one another by the 
matrix material. The fusible conductive masses preferably 
include one or more metals and preferably have a melting 
temperature beloW about 125° C. and more preferably beloW 
about 65° C. In certain embodiments, at least some of the 
fusible conductive masses extend over a major portion of the 
distance betWeen the top and bottom surfaces of the layer. In 
still other embodiments, at least some of the fusible con 
ductive masses extend from the top surface to the bottom 
surface of the layer to provide a continuous conductive path 
from the top surface to the bottom surface of the layer. The 
matrix material is selected from the group consisting of (a) 
compliant materials having a degradation temperature 
higher than the melting temperature of the fusible conduc 
tive masses and (b)?oWable, curable precursor materials. 
This structure may be provided as a prefabricated structure, 
Without microelectronic elements. The prefabricated struc 
ture may be used With one or more microelectronic elements 

to provide a compliant, thermally conductive connection, 
and may also be used to provide a compliant electrically 
conductive connection. The structure may also include one 
or more removable release layers overlying at least one of 
the surfaces of the layer of matrix material. The release layer 
protects the structure from contamination during storage and 
may be removed from the structure shortly before ?nal 
assembly of the structure With a microelectronic package. 
The structure may also include an adhesive overlying at least 
one of the top and/or bottom surfaces of the matrix layer so 
that the structure may be easily assembled to the surface(s) 
of one or more microelectronic elements. Alternatively, the 
matrix material itself may be capable of bonding to a surface 
of a microelectronic element. Related aspects of the inven 
tion provide assembly methods using such components. For 
example, a layer as aforesaid may be assembled to one or 
more semiconductor chips, Whereby each semiconductor 
chip has a surface in engagement With a surface of the layer. 
Thus, the layer may be applied to a surface of a Wafer or to 
an assemblage of individual chips, and the resulting assem 
bly may be severed to provide individual units including one 
or more chips and a portion of the layer. 
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[0023] Other objects and advantages of the present inven 
tion Will be pointed out in the following detailed description 
and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a fragmentary, diagrammatic sectional 
vieW depicting a stage in a manufacturing process according 
to one embodiment of the invention. 

[0025] FIG. 2 is a diagrammatic perspective vieW depict 
ing a Wafer utilized in the process of FIG. 1. 

[0026] FIG. 3 is a diagrammatic perspective vieW depict 
ing a subassembly made by the process of FIG. 1. 

[0027] FIG. 4 is a diagrammatic, fragmentary sectional 
vieW depicting an assembly made using the subassembly of 
FIG. 2. 

[0028] FIG. 5 is a diagrammatic, sectional vieW similar to 
FIG. 4, but depicting a portion of an assembly in accordance 
With a further embodiment of the invention. 

[0029] FIG. 6 is a fragmentary sectional vieW depicting a 
component in accordance With yet another embodiment of 
the invention. 

[0030] FIG. 7 is a diagrammatic elevational vieW of an 
assembly incorporating the subassembly of FIG. 6. 

[0031] FIG. 8 is a diagrammatic perspective vieW depict 
ing a component in accordance With a further embodiment 
of the invention. 

[0032] FIG. 9 is a fragmentary vieW on an enlarged scale 
depicting portions of an assembly in accordance With a 
further embodiment of the invention. 

[0033] FIG. 10 is a diagrammatic sectional vieW of an 
assembly in accordance With a further embodiment of the 
invention. 

[0034] FIGS. 11 through 14 are fragmentary diagram 
matic sectional vieWs of an assembly during successive 
stages in a fabrication process in accordance With another 
embodiment of the invention. 

[0035] FIG. 15 is a vieW similar to FIGS. 11-14 but 
depicting an assembly in accordance With yet another 
embodiment of the invention. 

[0036] FIGS. 16 is a fragmentary diagrammatic sectional 
vieW depicting elements according to further embodiments 
of the invention. 

[0037] FIG. 17 is a fragmentary diagrammatic-sectional 
vieW depicting elements according to yet another embodi 
ment of the invention. 

[0038] FIG. 18 is a further fragmentary diagrammatic 
sectional vieW depicting elements during a process accord 
ing to another embodiment of the invention. 

[0039] FIG. 19 is a fragmentary diagrammatic sectional 
vieW depicting elements according to still another embodi 
ment of the invention. 

[0040] FIG. 20 is a diagrammatic sectional vieW depicting 
an assembly in accordance With yet another embodiment of 
the invention. 
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[0041] FIG. 21 is a diagrammatic, partially cutaWay, per 
spective vieW depicting an assembly in accordance With yet 
another embodiment of the invention. 

[0042] FIG. 22 is a diagrammatic sectional vieW depicting 
an assembly in accordance With yet another embodiment of 
the invention. 

[0043] FIG. 23 is a fragmentary diagrammatic sectional 
vieW depicting an assembly in accordance With a further 
embodiment of the invention. 

[0044] FIG. 24 is a diagrammatic sectional vieW of an 
assembly in accordance With another embodiment of the 
invention. 

[0045] FIG. 25 is a diagrammatic sectional vieW of an 
assembly in accordance With still another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0046] An assembly in accordance With one embodiment 
of the invention includes as a ?rst element a unitary semi 
conductor Wafer 22 incorporating a large number of semi 
conductor chips 28 disposed side by side. The Wafer has 
numerous contacts 24 disposed on its top or front surface 26. 
A rear surface 27 is devoid of contacts. Each contact 
includes a small spot of a metal such as aluminum, gold, 
copper, Zinc or tin. The Wafer is formed in the normal 
fashion, With numerous semiconductor devices Within each 
chip 28 connected to one another and to contacts 24 by 
internal circuitry (not shoWn) formed Within the Wafer. The 
Wafer also has narroW strip-like regions 30, commonly 
referred to as “saW lanes” or “scribe streets” extending 
betWeen adjacent chips 28. 

[0047] The second element of the assembly includes a 
?exible, but substantially inextensible dielectric sheet 10 
having a ?rst surface 12 and a second surface 14. For 
example, sheet 10 may be a sheet of polyimide about 25 
microns or less thick. Vias are formed through sheet 10 and 
?lled With a metallic material to form solid via liners or 
terminal assemblies 15 extending through the sheet at pre 
determined locations. Each via liner de?nes a contact 16 at 
the ?rst surface 12 of sheet 10 and a terminal 17 at the 
second surface of the sheet. The terminal assemblies 15 may 
be formed from any suitable metal Which can be conve 
niently deposited in the vias as, for example, copper and 
copper alloys. Each contact 16 is provided With a layer 18 
of a barrier material, such as a polycrystalline silicon, on the 
exposed face of the contact. The barrier material is selected 
to resist dissolution in the loW-melting fusible conductive 
metal discussed beloW, and to prevent dif?usion of the 
underlying material of the contact in the fusible metal. The 
composition of the barrier layer Will depend in part upon the 
composition of the fusible metal. Metals such as nickel, 
tungsten, titanium and their alloys normally can be used as 
barrier layers With typical fusible metals such as ultra-loW 
melting solders of the types discussed beloW. The barrier 
layer 18 may also include a polycrystalline silicon or poly 
silicon. Barrier layer 18 need only be thick enough to inhibit 
dissolution of the underlying metal in the contact 16. Alayer 
of barrier material about 1 micron thick typically is suf? 
cient. The barrier layer material desirably is Wettable by the 
fusible conductive metal When the fusible conductive metal 
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is in its liquid state. The barrier layer may also include a 
plurality of layers of different compositions. Terminals 17 
have bonding material layers or masses 20 thereon. Essen 
tially any conventional bonding material can be employed, 
including conventional solders, conductive polymers, and 
eutectic bonding materials, also referred to as diffusion 
bonding alloys. The bonding material is selected to provide 
satisfactory connection to the contact pads engaged With the 
terminals in service, as further discussed beloW. 

[0048] In a ?rst step of a process according to one embodi 
ment of the invention, masses 42 of a fusible conductive 
material such as an ultra-loW melting point solder are 
deposited on the contacts 24 of Wafer 22. This step of the 
process may be performed by conventional equipment and 
techniques commonly used to deposit solder masses on 
microelectronic elements. Thus, the masses may be applied 
individually or, by screening the fusible conductive material 
onto the surface of the Wafer using a mask or screen With 
perforations corresponding to the contacts, and then remov 
ing the mask. The mask may be formed separately from the 
Wafer or may be formed in place on the top surface of the 
Wafer by photolithographic techniques. The mask may be 
removed from the Wafer by mechanically separating the 
mask and Wafer or by dissolving the mask after deposition 
of the fusible metal. Suitable ?uxes may be employed during 
deposition of the fusible metal on the Wafer. The ?ux may be 
removed after deposition of the fusible metal. After the 
fusible metal has been deposited on the contacts of the Wafer 
and the mask has been removed, the fusible metal may be 
brie?y re-melted so as to re?oW the fusible metal and bring 
it into even more intimate contact With the contacts of the 
Wafer. 

[0049] The melting temperature of the fusible conductive 
material desirably is Within or beloW the normal operating 
temperature of the semiconductor elements in the Wafer, or 
only slightly above the normal operating temperature range. 
The normal, expected range of operating temperatures of the 
semiconductor elements Will depend upon the con?guration 
and composition of the element, and upon the operating 
environment encountered in service. Typical silicon-based 
semiconductor elements are designed to operate at about 
40°C. to about 85°C. Where the fusible conductive material 
melts or freeZes over a range of temperatures, the term 
“melting temperature” as used in this disclosure should be 
understood as referring to the solidus temperature, i.e., the 
temperature at Which the metal begins to melt (When heated 
sloWly) or completes freeZing (When cooled sloWly). Pref 
erably, the melting temperature of the fusible conductive 
material is above normal room temperature (20°C.) so that 
the fusible conductive material can be handled conveniently 
in solid form during the steps discussed beloW. Thus, the 
fusible conductive material desirably has a melting tempera 
ture of less than about 150°C., preferably less than about 
125°C. and more preferably less than about 100°C. Melting 
temperatures beloW about 85°C. are more preferred, and 
melting temperatures beloW about 65°C. are even more 
preferred. The range of melting temperatures betWeen about 
25°C. and 65°C. is particularly preferred, and melting tem 
peratures betWeen about 35°C. and about 55°C. are espe 
cially preferred. HoWever, loWer melting temperatures can 
be employed if the production process is altered to accom 
modate the loWer melting temperature. For example, Where 
a conductive material Which melts at a temperature beloW 
room temperature is employed, the conductive material and 
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the adjacent parts can be kept at sub-ambient temperatures 
during those process steps Where the conductive material 
must remain solid. Conversely, Where the operating tem 
perature of the microelectronic elements is higher than the 
typical ranges mentioned above, higher melting fusible 
materials can be employed. 

[0050] Among the suitable loW-melting point solders are 
the folloWing: 

COMPOSITION 1 COMPOSITION 2 
ELEMENT WEIGHT % WEIGHT % 

Sn 18.5 10.5 
Bi 45 4O 
Pb 24 21.5 
In 10 20 
Cd 9.5 8 
Melting 55° C. 50° C. 
Temperature 

[0051] Solders having compositions intermediate betWeen 
the tWo loW-melting point solders illustrated in Table 1 can 
be used. Other suitable loW-melting solders include the 
solder sold under the trademark Indalloy by the Indium 
Corporation of America, in Clinton, NY. For example, 
Indalloy Number 8 has a melting point of about 93°C., 
Whereas Indalloy Number 117 has a melting point of about 
47°C. Still other loW-melting solders include other combi 
nations of metals selected from the group consisting of 
cadmium, bismuth, tin, lead and indium in various propor 
tions, With or Without other metals. Additional fusible metals 
include mercury and mercury containing alloys. 

[0052] In the next stage of the process, the dielectric sheet 
or second element 10 is assembled to the Wafer or ?rst 
element 22 so that the ?rst surface 12 of the sheet faces 
toWard the front surface 26 of the Wafer and these confront 
ing surfaces de?ne a space 46 betWeen them. The contacts 
16 of the dielectric sheet or second element are aligned With 
the contacts 24 of the ?rst element and aligned With masses 
42 of fusible conductive material disposed on the ?rst 
element contacts. The alignment betWeen the contacts 16 of 
the second element and the fusible conductive masses 42 
need not be perfect. The alignment need only be close 
enough that each contact 16 on the second element touches 
the correct fusible conductive mass 42 during the melting 
step discussed beloW, and so that each contact 16 on the 
sheet or second element does not touch any other fusible 
conductive mass 42. 

[0053] Processes for aligning a sheet and a Wafer are 
disclosed in commonly oWned International Patent Publica 
tion WO 96/02068, the disclosure of Which is hereby incor 
porated by reference herein as Well as in copending, com 
monly assigned US. Provisional Patent Application 60/001, 
718, ?led Jul. 31, 1995, and commonly assigned US. 
Provisional Patent Application entitled “Framed Sheet Pro 
cessing,” ?led Oct. 17, 1997, the disclosures of Which are 
also incorporated by reference herein. As disclosed in these 
applications, sheet 10 can be stretched taut by bonding it to 
a ring of a material such as aluminum having a coef?cient of 
thermal expansion higher than the coefficient of thermal 
expansion of the sheet and then heating the assembly. While 
the assembly is in this taut condition at elevated temperature, 
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the sheet is then bonded to a frame formed from a material 
such as molybdenum having a coef?cient of thermal eXpan 
sion close to that of the sheet, and the ring is removed. The 
assembly of the frame and the sheet can then be cooled to 
room temperature and the sheet Will remain taut. The taut 
sheet can be aligned With Wafer using a manually adjustable 
device such as a micrometer-actuated microscope stage by 
an operator While the operator observes the sheet and Wafer 
under magni?cation. The alignment step also can be per 
formed robotically, using generally conventional machine 
vision systems. Preferably, both the dielectric sheet and the 
Wafer are provided With ?ducial marks to be used as a 
reference in alignment. These marks are arranged so that 
When the ?ducial marks are aligned With one another, the 
contacts are also properly aligned. The sheet typically is 
transparent and hence the ?ducial marks on the Wafer can be 
observed through the sheet by a human operator or by a 
machine vision system. 

[0054] While the sheet and the Wafer are aligned With one 
another, the sheet is pressed inWardly, toWard the Wafer so 
that the eXposed surfaces of the contacts on the ?rst or 
inWardly facing surface 12 of sheet 10 engage the fusible 
conductive masses 42. This can be accomplished by placing 
the elements betWeen a pair of plates 48 and 50 so that a ?rst 
plate engages Wafer 22 on its bottom or outWardly facing 
surface Whereas a second plate engages sheet 14 along its 
top or outWardly facing surface 14, and urging plates 50 and 
48 toWards one another. Depending upon the con?guration 
of terminals 17 and the bonding materials thereon, plate 50 
may be provided With pockets or recesses corresponding to 
the terminals. The sheet may be held in engagement With 
plate 50 by application of vacuum through ports 52 in the 
plate. Alternatively, plate 50 can be provided With a resilient 
covering such as a foam on the surface of the plate Which 
engages the sheet surface. In yet another alternative, a rigid 
stiffening plate (not shoWn) may be provided betWeen plate 
50 and the sheet surface. A gas or other ?uid may be 
introduced betWeen plate 50 and the stiffening plate so that 
the ?uid pressure urges the stiffening plate and the sheet 
inWardly, toWards the Wafer until the stiffening plate and 
sheet reach a stop (not shoWn). 

[0055] While the contacts are held in engagement With the 
fusible conductive masses, the conductive masses are 
brought to a temperature above their melting temperature, so 
that the conductive material at least partially lique?es and 
?oWs into intimate engagement With the eXposed surfaces of 
the contacts 16 on the sheet. This may be accomplished by 
heating the assemblage after the second element or sheet 10 
has been engaged With the Wafer and conductive masses. 
Alternatively, the Wafer and the conductive masses may be 
at a temperature above the melting temperature of the fusible 
conductive material prior to engagement of the sheet. The 
sheet and hence the contacts 16 can also be preheated to a 
temperature above the melting temperature of the fusible 
conductive masses before engagement With masses 42. In 
yet another alternative, only the sheet 10 and contacts 16 are 
at a temperature above the melting temperature of the 
masses, Whereas the masses themselves and the Wafer are at 
a temperature slightly beloW the melting temperature. In this 
arrangement, each mass Will be only partially melted in the 
region adjacent the mating contact 16 on the sheet. 

[0056] The molten conductive material Wets the barrier 
metal 18 on the surfaces of contacts 16. A ?uX may be 
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employed in this step as Well. Any ?uX used in the process 
may be removed by ?ushing space 46 With a suitable solvent 
and removing the solvent. While the masses are in at least a 
partially molten condition, plate 50 holds the sheet and 
hence terminals in a substantially planar condition, With the 
eXposed surfaces of the terminals on the second or out 
Wardly facing surface 14 of the sheet in substantially copla 
nar alignment With one another. The plates also maintain the 
alignment of the contacts 16 and masses 42 in horiZontal 
directions, parallel to the opposed surfaces 26 and 12 of the 
?rst and second elements. While the elements are aligned in 
this manner, the conductive masses are cooled to beloW their 
melting temperature, as by cooling the entire assemblage, 
including plates 50 and 48. If the fusible masses 42 Were 
only partially melted, as Where the masses Were originally at 
beloW-melting temperatures and the contact 16 Were at 
temperatures above the melting temperature, the partially 
melted portion of the masses can be cooled by heat transfer 
to the remaining portions of the mass. 

[0057] Optionally, a polymer such as a polyparaXylene 
coating 43 may be provided over the fusible conductive 
masses 42. As shoWn in the draWings, the polyparaXylene 
coating 43 is a conformal coating Which fully encompasses 
the fusible conductive masses 42 and the adjacent regions of 
the contacts 16 and 24. The coating eXtends betWeen the 
confronting surfaces of the dielectric sheet 10 and the Wafer 
22, and may cover portions of these surfaces as Well. The 
coating 43 helps to retain the fusible masses 42 in place 
When they are in a molten condition and helps preserve the 
electrical isolation of the fusible conductive masses 42 from 
one another. The coating also helps to prevent cross-con 
tamination; the coating prevents the fusible conductive 
material and the material of the compliant layer from 
diffusing into one another. The polymeric coating may be 
provided by a vapor-phase coating process of knoWn type. 
[0058] After the masses have been completely froZen and 
after the polymer coating (if used) has been applied, a 
?oWable, preferably liquid material is introduced into space 
46 betWeen confronting surfaces 12 and 26 so that the 
?oWable material ?lls the space and intimately surrounds 
masses 42 and the adjacent surfaces of contacts 16 and 24. 
The ?oWable material also intimately contacts the inWardly 
facing surfaces 12 and 26 of the sheet and Wafer. During 
injection of the ?oWable material, the contact 16 and sheet 
10 are maintained in substantially planar disposition, and the 
contacts are maintained in alignment With masses 42. Align 
ment and planarity can be maintained by adhesion betWeen 
the froZen masses 42 and contacts 16, Without eXternal 
?Xturing at this stage. Preferably, hoWever, plates 48 and 50 
of the ?Xture used during the melting and freeZing steps 
discussed above remain in place. Alternatively, the assem 
blage of the Wafer can be removed from this ?xture after 
freeZing and placed into another, similar ?Xture prior to 
injection of the ?oWable material. In either case, the ?xtures 
Will help to maintain the coplanarity and alignment during 
injection of the ?oWable material. In alternative embodi 
ments, the ?oWable material may be introduced While the 
fusible conductive masses are in their liquid state. In this 
alternative system, the ?oWable material desirably has rela 
tively loW viscosity and is essentially immiscible With the 
molten fusible conductive material. For eXample, many 
organic materials, such as silicone gel components, are 
immiscible With liquid metals. The surface tension of the 
liquid fusible material on the opposing contacts tends to 
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maintain the molten masses in place. The ?oWable material 
may Wet the opposing surfaces of the sheet and Wafer, so that 
How of the material into space 46 is aided by capillary 
action. 

[0059] After space 46 has been completely ?lled by the 
?oWable material, the ?oWable material is cured to form a 
compliant resilient layer 54 occupying space 46 and inti 
mately surrounding the fusible conductive masses 42 and 
contacts. The compliant layer, after curing, should have 
some resistance to deformation. The compliant layer may be 
a solid or a gel. The compliant layer may incorporate voids, 
and indeed may take the form of a solid or gel foam. 
HoWever, the compliant layer should form substantially 
continuous surfaces surrounding the conductive material 
masses 42. Preferably, the compliant material has an elastic 
modulus less than about 100,000 pounds per square inch, 
and still loWer values of elastic modulus are more preferred. 
The compliant layer desirably has relatively loW resistance 
to shear betWeen opposed surfaces 12 and 26. Preferably, the 
compliant layer is betWeen about 50 and 250 microns thick. 
The compliant layer desirably has a loW spring constant per 
unit area When stressed in shear betWeen opposing surfaces 
12 and 26. The compliant layer desirably also has a rela 
tively loW spring constant With respect to displacement of 
surfaces 12 and 26 toWards and aWay from one another. The 
compliant layer 54 desirably remains soft and cohesive over 
a range of temperatures encompassing at least the range 
from the melting temperature of the fusible conductor mate 
rial 42 to above the normal operating temperatures of the 
chips 28 constituting the Wafer. The compliant layer desir 
ably retains these properties from about 20°C. or beloW to 
about 45° C. or higher. Preferably, the compliant layer 
retains properties in the aforesaid ranges from about 0°C. or 
beloW to about 60°C. or above. Most preferably, the com 
pliant layer retains the desired properties from about —65°C. 
or beloW to about 150°C. or above. In an alternative embodi 
ment, the ?oWable material may be introduced around the 
fusible conductive masses 42 When the masses are in a liquid 
state. The fusible masses 42 may then be froZen before the 
?oWable material cures or after the ?oWable material cures. 

[0060] The ?oWable material used to form layer 54 should 
be capable of ?oWing, prior to cure, at temperatures beloW 
the melting temperature of the fusible conductive material in 
masses 42. To assure complete ?lling of space 46 by the 
?oWable material, the ?oWable material may be injected 
under pressure. Also, space 46 may be evacuated prior to 
injection of the ?oWable material. Techniques for evacuation 
of a space betWeen a ?exible sheet and Wafer and for 
injection of ?oWable, curable materials into such a space are 
further disclosed in the aforementioned International Patent 
Publication 96/02068 and United States Provisional Patent 
Application 60/001,718. Suitable ?oWable materials for 
forming the compliant layer include polymer compositions 
Which are initially in the form of liquids but Which cure by 
chemical reaction of their ingredients to form a solid or gel. 
Among the compositions that can be used are silicones, 
epoxies and urethanes. Particularly suitable compositions 
include silicone gels of the type sold under the designation 
Sylgard 577 Curable Silicone Gel by the DoW-Corning 
Corporation of Midland, Mich. Other suitable silicon gels 
are available from the Shin-etsu Corporation and from the 
General Electric Corporation of Schenectady, NY. The 
reaction-curable material may be provided as tWo mutually 
reactive components Which are mixed immediately prior to 
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introduction of the material into space 46 and Which react 
spontaneously With one another at ambient temperature. 
Other reactive polymer compositions can be activated by 
application of ultraviolet light. The curing step can also be 
initiated or accelerated by heating the reactive polymer 
composition. Some or all of the curing step may entail 
temperatures above the melting temperature of the fusible 
material in masses 42. In this case, it is desirable to maintain 
alignment of the elements, and maintain planarity of the 
contacts 16 on the sheet by holding the assemblage in a 
?xture during at least the elevated temperature portions of 
the curing step. 
[0061] After curing to form the compliant layer, Wafer 22, 
sheet 10 and the compliant layer 54 are severed by cutting 
along saW lanes 30, using a saW of the type commonly used 
for dicing Wafers. This subdivides the assemblage into 
individual units 58 (FIG. 3). Each unit includes one chip 28 
as Well as a portion of compliant layer 54 overlying the chip 
and a portion of sheet 10 overlying the chip. Each unit has 
terminals 17 With exposed bonding material 20 on the side 
of sheet 10 facing aWay from the chip, and each unit has its 
contact 16 connected to the corresponding contacts of the 
chip by fusible conductive masses 42. These units can be 
handled and placed like other surface mountable electronic 
devices. As seen in FIG. 4, unit 58 can be placed on a 
substrate 60. Substrate 60 has internal electrical circuitry 62 
and contact pads 64 connected to such circuitry and disposed 
on a surface of the substrate. The outWardly facing second 
surface 14 of ?exible layer or second element 10 is juxta 
posed With the surface of the substrate, so that the exposed 
surfaces of terminal 17 and bonding material 20 are engaged 
With contact pads 64. In this condition, the assembled parts 
are brought to an elevated temperature so as to activate the 
bonding material 20 and bond terminals 17 to contact pads 
64 on the substrate. During this elevated-temperature bond 
ing process, the fusible conductive masses 42 melt. HoW 
ever, the fusible conductive material of each mass is con 
tained by the surrounding compliant layer, as Well as by the 
?rst element or chip 28 and the second element or ?exible 
sheet 10 and the contacts on these elements. In those 
embodiments Where polymer coating 43 is used, the fusible 
conductive masses 42 may also be contained by the polymer 
coating around the masses. Therefore, the fusible conductive 
material remains in position and maintains electrical conti 
nuity betWeen contact 16 and contact 24 on the chip. While 
unit 58 is in this condition, contacts 16 and terminals 17 can 
be displaced readily relative to chip 28. For example, if the 
contact pads on substrate 60 are out of plane, or if substrate 
60 is tilted out of parallelism With chip 28, all terminals 17 
can still be brought into engagement With contact pads 64 
Without applying destructive forces to the unit. After bond 
ing, the assembly can be cooled, Whereupon the ?oWable 
material in masses 42 Will freeZe. 

[0062] Typically, substrate 60 incorporates additional 
electronic components, such as additional semiconductor 
chips and other components electrically interconnected With 
chip 28 through the conductors 62 and contact pads 64 of the 
substrate and through terminals 17, contacts 16 and fusible 
conductive masses 42. Alternatively or additionally, sub 
strate 60 may include further connectors such as contact 
pads 66 or other devices such as sockets, pins for engage 
ment in sockets, Wires or other conventional interconnection 
devices for connecting circuitry 62 of substrate 60 With a 
still larger circuit. The assembly is quite compact; each unit 


























