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(57) ABSTRACT 

A Substrate assembly is disclosed including a Substrate and 
a plurality of Spring-biased electrical contacts formed 
thereon for establishing electrical contact with the lead 
elements of an IC device. The substrate assembly also 
comprises a layer of resilient conductive material formed on 
a Surface of the Substrate, the Spring-biased electrical con 
tacts being formed in the resilient conductive material layer 
in Situ on the Substrate. Each Spring-biased electrical contact 
includes a Surface or Surfaces configured to bias against and 
electrically contact an IC device lead element. The present 
invention also encompasses methods of fabricating Substrate 
assemblies according to the invention, including heat treat 
ing the Substrate assembly after formation to achieve desired 
Spring characteristics. 
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METHODS OF FORMING A CONTACT ARRAY IN 
SITU ON A SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of application Ser. 
No. 10/668,925, filed Sep. 23, 2003, pending, which is a 
divisional of application Ser. No. 09/941,853, filed Aug. 29, 
2001, pending. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to the 
assembly and testing of integrated circuit device compo 
nents, Such as multichip modules. Specifically, the present 
invention relates to a device and method for removably 
Securing an integrated circuit device to a Substrate and, in 
particular, to an array of Spring-biased electrical contacts 
formed in a layer of resilient conductive material on a 
Substrate and configured for establishing nonpermanent 
electrical connections between the lead elements of an 
integrated circuit device and the Substrate. 
0004 2. State of the Art 
0005 Integrated circuit (IC) devices, such as Ball Grid 
Array (BGA) packages, Small Outline J-Lead (SOJ) pack 
ages, and Thin Small Outline Packages (TSOPs) are com 
monly assembled into multichip modules for connection to 
higher-level packaging, Such as a motherboard or a personal 
computer chassis. Generally, a multichip module (MCM) 
includes a carrier Substrate, Such as a printed circuit board, 
having a plurality of IC devices mounted thereto. Other 
electrical components, Such as resistors, capacitors, induc 
tors, or other Suitable devices, may also be mounted on the 
carrier Substrate of the MCM or even on the IC devices. 
Electrical communication among the IC devices, between 
the IC devices and other electrical components on the 
multichip module, and between the devices and external 
components is established by conductors on the MCM 
carrier Substrate. The conductors may be conductive traces 
fabricated on the Surface of, or internal to, a printed circuit 
board. Methods for fabricating printed circuit boards having 
conductive traces, as well as other types of Substrates having 
conductors thereon, are well-known in the art. 
0006 Conventional IC devices, such as BGA packages, 
SOJ packages, and TSOPs, generally comprise a Semicon 
ductor die electrically connected to a plurality of electrical 
leads that are encased within an encapsulant material, a 
portion of each of the electrical leads extending from the 
encapsulant material and configured for establishing elec 
trical connections between the Semiconductor die and exter 
nal components or higher level packaging. By way of 
example, an exemplary embodiment of a conventional BGA 
package is shown in FIGS. 1 and 2. The conventional BGA 
package 10 includes a Semiconductor die 20 Secured to a 
die-attach pad 35 formed on an upper surface 31 of a 
substrate 30, which may also be termed an interposer. The 
BGA package 10 also includes a plurality of electrical leads 
40 adapted to provide electrical communication between the 
Semiconductor die 20 and one or more external components 
(not shown). The semiconductor die 20 and at least a portion 
of each electrical lead 40 may be encased by an encapsulant 
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material 50. The conventional BGA package 10 may be a 
memory device, Such as a DRAM chip, a processor, or any 
other integrated circuit device known in the art. 

0007 Each of the electrical leads 40 includes an external 
conductive ball (or bump, pillar, or other lead element) 41 
configured for electrical connection to an external compo 
nent. The conductive ball 41 may be secured to a conductive 
pad 42 formed on a lower surface 32 of the substrate 30. 
Each electrical lead 40 further comprises a conductive via 43 
extending from the conductive pad 42 and through the 
Substrate 30 to a conductive trace 44. The conductive trace 
44 (only a few of which are shown in FIG. 1 for clarity) is 
formed on the upper surface 31 of the substrate 30 and 
provides an electrical path from the conductive via 43 to a 
bond end 45 located proximate the semiconductor die 20. A 
bond wire 46 attached to the bond end 45 of the conductive 
trace 44 and extending to the Semiconductor die 20, where 
the bond wire 46 is attached to a bond pad thereon, electri 
cally connects the electrical lead 40 to the semiconductor die 
20. At least the bond wire 46 and the conductive trace 44 of 
each electrical lead 40 may be encased by the encapsulant 
material 50. 

0008. The conventional BGA package 10 may include a 
plurality of the conductive balls 41 arranged, for example, in 
an array or arrays of mutually adjacent rows and columns. 
Referring to FIG. 1, the conductive balls 41 may be 
arranged in two arrays 60, 70, each array 60, 70 disposed 
between an edge of the Semiconductor die 20 and a periph 
eral edge of the substrate 30. Each array 60, 70 comprises 
three columns 61, 62, 63, 71, 72, 73, respectively, of 
conductive balls 41. The arrangement of conductive balls 41 
is typically referred to as the “pin-out” or the “footprint” of 
the BGA package 10. Those of ordinary skill in the art will 
understand that the particular pin-out of the BGA package 
10 may vary depending upon the application and that the 
pin-out may be of any Suitable configuration. 

0009. To attach and electrically connect the conductive 
balls 41 of the BGA package 10 to a substrate-such as, for 
example, an MCM carrier substrate or a burn-in board-the 
Substrate is configured with a plurality of contact pads 
arranged in a number of contact pad arrayS. Each contact pad 
array includes a number of contact pads arranged in a pattern 
corresponding to the pinout of the BGA package 10. The 
conductive balls 41 of the BGA package 10 may be formed 
of Solder or a conductive or conductor-filled epoxy. If Solder, 
the conductive balls 41 are reflowed to connect to the contact 
pads of the contact pad array on the Substrate. If epoxy, the 
conductive balls 41 may be first heated to a tacky “B” stage 
to adhere to the contact pads, and then further heated to 
completely cure the epoxy to a “C” Stage. A Substrate may 
include a plurality of IC devices mounted thereto, wherein 
each of the IC devices is permanently attached to a corre 
sponding contact pad array on a Surface of the Substrate. By 
way of example, an MCM may be a memory module 
comprised of a carrier Substrate having opposing Surfaces, 
with one or both of the opposing Surfaces of the carrier 
Substrate including multiple contact pad arrays and a plu 
rality of IC devices, Such as BGA packages, SOJ packages, 
and/or TSOPs, mounted thereto. 

0010. During the fabrication of an IC device, the IC 
device may be Subjected to individual component-level 
testing, Such as burn-in and electrical testing. An IC device 
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that exhibits a desired level of performance during compo 
nent level testing is generally referred to as a "known good 
device' or “known good die” while an IC device failing to 
meet minimum performance characteristics may be referred 
to as a "known bad device.” After component-level testing, 
the IC device may be assembled into higher level packaging, 
Such as an MCM, and again Subjected to testing. Testing of 
higher level packaging Such as an MCM-referred to herein 
as module level testing-may include burn-in, electrical 
characterization and performance evaluation, as well as 
other desired electrical testing. 

0.011) If an MCM fails to exhibit minimum operating 
characteristics during module level testing, an IC device 
causing the failure—which may have previously been iden 
tified as a "known good device' during component level 
testing must be removed from the MCM and replaced. 
Also, it may be desirable to introduce a “known bad” IC 
device into an MCM for module level testing in order to 
observe the electrical characteristics of the MCM with the 
“known bad’ IC device, or to observe the electrical char 
acteristics of the "known bad’ IC device at the module level. 
After module level testing is complete, the “known bad” IC 
device must be removed from the MCM and replaced. Thus, 
although individual IC devices are typically tested at the 
component level, it is desirable to Subject IC devices to 
further testing at the module level, as a “known good 
device' may fail at the module level and, further, because 
incorporation of a “known bad device' into an MCM may be 
useful in module level testing. 
0012 To test IC devices in a higher level environment, 
module level testing is generally performed after the IC 
devices are assembled into and permanently attached to, for 
example, an MCM carrier substrate. Thus, if an IC device 
must be removed from an MCM after module level testing, 
the permanent electrical bonds between the electrical leads 
of the IC device-for example, the conductive balls 41 of 
the conventional BGA package 10-and the contact pads on 
the MCM carrier substrate must be severed. Severing the 
permanent electrical bonds—which typically comprise Sol 
der or conductive epoxy-may cause both heat-induced and 
mechanical damage to the MCM carrier Substrate and con 
ductors, to the electrical leads and electrical bonds of the IC 
devices remaining on the MCM, and to other electrical 
components mounted on the MCM. 

0013 Also, it may be necessary to remove an IC device 
from a Substrate to achieve an upgrade. For example, as 
technological advances are made by IC device manufactur 
ers, it is often desirable to replace an IC device mounted to 
a Substrate with a next-generation IC device exhibiting 
improved performance characteristics. To replace an obso 
lete IC device mounted to a Substrate-Such as the carrier 
Substrate of an MCM comprising part of, for example, a 
personal computer-the permanent electrical bonds between 
the electrical leads of the obsolete IC device and a plurality 
of contact pads on the Substrate must be Severed, which may 
cause both heat-induced and mechanical damage to the 
Substrate and to other IC devices remaining on the Substrate. 
0.014) To prevent heat-induced and mechanical damage 
resulting from Severing of the permanent electrical bonds 
between the electrical leads of an IC device and a plurality 
of contact pads on a Substrate, the IC device may be 
nonpermanently attached to the Substrate for module level 

Feb. 16, 2006 

testing, as well as for final assembly. Use of nonpermanent 
connections between the electrical leads of an IC device and 
a contact pad array of a Substrate allows for easy removal of 
the IC device after module level testing or after final 
assembly without any resulting damage from the Severing of 
permanent electrical bonds. Sockets and fixtures for non 
permanently attaching an IC device to a Substrate are 
well-known in the art; however, Such Sockets can be rela 
tively expensive and their cost often does not justify their 
use. Although the cost of conventional Sockets and fixtures 
may, in Some instances, be acceptable for limited use appli 
cations, Such as testing and Small production runs, their cost 
is generally not acceptable for full Scale production. 
0015 Use of nonpermanent electrical connections 
between the electrical leads of an IC device and a contact 
pad array of a Substrate can, however, itself cause problems 
during module level testing and/or at final assembly. Non 
planarities in the Substrate, in the conductors forming a 
contact pad array, or in the IC device itself, may-in the 
absence of a permanent bonding agent-result in poor 
electrical contact between an electrical lead of the IC device 
and a corresponding contact pad on the Substrate. For 
example, nonplanarities in the substrate 30 of the BGA 
package 10, as well as inconsistency in size of the conduc 
tive balls 41, may result in unreliable electrical contact 
between the conductive balls 41 and the contact pads of a 
Substrate in the absence of a permanent bonding agent. 
Similarly, for other types of IC devices, such as the SOJ 
package or the TSOP, deflection of their electrical leads as 
they come into contact with the contact pads on the Substrate 
may-again, in the absence of a permanent bonding agent 
Such as Solder or conductive epoxy-result in poor electrical 
contact. Poor electrical contact resulting from nonplanarities 
and/or lead deflections may produce unreliable test data 
during module level testing or prohibit the acquisition of any 
meaningful test data and Such poor electrical contact may 
result in nonfunctional, assembled IC device components. 
0016. Therefore, a need exists in the art for a low-cost 
device and method of forming nonpermanent, reliable elec 
trical connections between the electrical leads of an IC 
device and a contact pad array of a Substrate. Such an 
apparatus and method must also provide for robust, com 
pliant and reliable electrical connections between the elec 
trical leads of an IC device and the contact pads on a 
Substrate. 

BRIEF SUMMARY OF THE INVENTION 

0017. The present invention comprises embodiments of a 
Substrate assembly including a plurality of Spring-biased 
electrical contacts for establishing electrical contact with the 
lead elements extending from an IC device. The substrate 
assembly comprises a Substrate having an upper Surface and 
an opposing lower Surface, and the Substrate assembly 
further comprises a layer of resilient conductive material 
disposed proximate at least one of the upper and lower 
surfaces of the substrate. The layer of resilient conductive 
material comprises any Suitable conductive material that 
also exhibits elastic properties suitable for the formation of 
the Spring-biased electrical contacts and, further, the resil 
ient conductive material layer may be formed on the Sub 
Strate using any Suitable deposition proceSS or may be a 
Separately formed laminate bonded to a Surface of the 
Substrate. 
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0.018. A plurality of electrically isolated conductive 
traces are formed in the layer of conductive material. At least 
Some of the conductive traces each terminate at a Spring 
biased electrical contact also formed in the resilient conduc 
tive material layer. Each Spring-biased electrical contact is 
electrically isolated from the layer of resilient conductive 
material layer by an aperture formed in the resilient con 
ductive material layer. 
0.019 A spring-biased electrical contact includes a Sur 
face or Surfaces configured to bias against and establish both 
physical and electrical contact with a lead element of an IC 
device, and the Spring-biased electrical contact may also be 
configured to align the IC device lead element relative 
thereto. The Spring-biased electrical contact may be config 
ured as, for example, a cantilevered Spring, a transversely 
deflecting hoop-shaped spring, a spiral-shaped Spring, or a 
rosette Spring. A via formed in the Substrate and opening 
onto at least one of its Surfaces may underlie a Spring-biased 
electrical contact, providing a receSS into which the Spring 
biased electrical contact can deflect upon engagement with 
an IC device lead element. Also, a Spring-biased electrical 
contact may be preformed with a permanent deflection 
towards or away from the underlying Substrate Surface, in 
which case a Subjacent via may be eliminated. A Spring 
biased electrical contact may further include one or more 
contact elements configured to wipe away or puncture 
through oxides and other contaminants on the exterior 
Surface of an IC device lead element. Further, the Substrate 
assembly may include a layer of dielectric material overly 
ing the layer of resilient conductive material and having 
apertures therethrough Substantially aligned with the Spring 
biased electrical contacts. The overlying dielectric layer may 
be of Sufficient thickness So that the apertures therethrough 
assist with alignment of conductive balls or bumps of an IC 
device to be mounted to the Substrate assembly in a flip chip 
configuration. 
0020. A plurality of IC devices may be mounted to a 
Substrate assembly according to the invention to form a 
multichip module. The IC devices may be mounted to either 
one or both of the Surfaces of a Substrate of the Substrate 
assembly. The Substrate may include a plurality of Spring 
biased electrical contacts arranged in one or more two 
dimensional arrays, each array corresponding to the pinout 
of an IC device to be mounted thereon. A clamping element 
may be used to Secure an IC device to the Substrate and to 
bias the lead elements of the IC device against the Spring 
biased electrical contacts. 

0021. The present invention also encompasses methods 
of manufacturing a Substrate assembly according to the 
invention. One embodiment of Such a method includes the 
acts of providing a Substrate, forming a layer of resilient 
conductive material on a Surface of the Substrate, followed 
by forming conductive traces, Spring-biased electrical con 
tacts, and apertures in the resilient conductive material layer 
and further including heat treating the Substrate assembly. 
Subjecting the Substrate assembly to a heat treatment after 
formation enables the realization of desired mechanical 
properties for the Spring-biased electrical contacts while also 
providing for Suitable mechanical properties in the resilient 
conductive material layer during formation of the conduc 
tive traces, Spring-biased electrical contacts, and apertures. 
0022. In another embodiment of a method of manufac 
turing a SubStrate assembly according to the invention, the 
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method further includes the act of forming vias in the 
Substrate. A further embodiment of a method of manufac 
turing a Substrate assembly according to the invention 
comprises the additional act of preforming one or more of 
the Spring-biased electrical contacts. Yet another embodi 
ment of a method of manufacturing a Substrate assembly 
according to the invention includes the act of forming 
contact elements on one or more of the Spring-biased 
electrical contacts. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0023. While the specification concludes with claims par 
ticularly pointing out and distinctly claiming that which is 
regarded as the present invention, the features and advan 
tages of this invention can be more readily ascertained from 
the following detailed description of the invention when 
read in conjunction with the accompanying drawings, in 
which: 

0024 FIG. 1 shows a plan view of an exemplary embodi 
ment of a conventional BGA package; 
0025 FIG. 2 shows a cross-sectional view of the con 
ventional BGA package as taken along line II-II of FIG. 1; 
0026 FIG. 3 shows a plan view of a substrate assembly 
according to the present invention; 
0027 FIG. 4 shows a cross-sectional view of the Sub 
Strate assembly according to the invention as taken along 
line IV-IV of FIG. 3; 
0028 FIG. 4A shows a typical tool used to form the 
Spring-biased electrical contacts on the Substrate assembly; 
0029 FIG. 5 shows a cross-sectional view of the sub 
Strate assembly according to the invention as taken along 
line IV-IV of FIG. 3 and further including a conventional 
BGA package as shown in FIGS. 1 and 2; 
0030 FIG. 6 shows a cross-sectional view of a portion of 
the substrate assembly of FIGS. 3 through 5, including an 
embodiment of a Spring-biased electrical contact; 
0031 FIG. 7 shows a cross-sectional view of a portion of 
the substrate assembly of FIGS. 3 through 5, including an 
alternative embodiment of a Spring-biased electrical contact; 
0032 FIG. 8 shows a cross-sectional view of a portion of 
the Substrate assembly of FIGS. 3 through 5, including 
another alternative embodiment of a Spring-biased electrical 
COntact, 

0033 FIG. 9 shows a cross-sectional view of a portion of 
the substrate assembly of FIGS. 3 through 5, including a 
further alternative embodiment of a Spring-biased electrical 
COntact, 

0034 FIG. 10 shows a plan view of a substrate and a 
Spring-biased electrical contact according to yet another 
alternative embodiment of the invention; 

0035 FIG. 11 shows a cross-sectional view of the sub 
Strate and Spring-biased electrical contact as taken along line 
XI-XI of FIG. 10; 

0036 FIG. 12 shows a plan view of a substrate and a 
Spring-biased electrical contact according to yet a further 
alternative embodiment of the invention; 
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0037 FIG. 13 shows a cross-sectional view of the sub 
Strate and Spring-biased electrical contact as taken along line 
XIII-XIII of FIG. 12; 
0.038 FIG. 14 shows a plan view of a substrate and a 
Spring-biased electrical contact according to another alter 
native embodiment of the invention; 

0039 FIG. 15 shows a cross-sectional view of the sub 
Strate and Spring-biased electrical contact as taken along line 
XV-XV of FIG. 14; 
0040 FIG. 16 shows a cross-sectional view of a multi 
chip module incorporating a Substrate and a plurality of 
Spring-biased electrical contacts according to the invention; 
and 

0041 FIG. 17 shows a flow chart Summarizing various 
embodiments of methods of fabricating a Substrate assembly 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0042 Shown in FIGS. 3 through 6 is an embodiment of 
a Substrate and a plurality of electrical contacts according to 
the present invention for establishing electrical contact with 
the lead elements of an IC device, Such as the conventional 
BGA package 10 shown in FIGS. 1 and 2. The embodi 
ments of a Substrate and electrical contacts, or Substrate 
assembly, of the present invention are described herein in the 
context of mounting and establishing electrical connections 
with a BGA package 10; however, those of ordinary skill in 
the art will understand that the Substrate assembly of the 
instant invention may be used with other types of IC devices, 
Such as, for example, an SOJ package or a TSOP. AS used 
herein, the term “lead element” refers to and encompasses 
any type conductive ball, pillar, or bump extending from an 
IC device, as well as a lead finger extending from an IC 
device having leadframe construction, Such as, for example, 
a TSOP or SOJ package. 
0.043 Referring to FIGS. 3, 4, and 6, a substrate assem 
bly 100 comprises a substrate 120 including an upper 
Surface 122 and an opposing lower Surface 124. The Sub 
strate 120 may comprise an MCM carrier substrate and, 
further, may be constructed of a printed circuit board (PCB) 
material, Such as FR-4, according to conventional, well 
known PCB fabrication techniques. However, the substrate 
120 may be adapted to other, alternative applications, Such 
as a burn-in board or other test board. Also, the Substrate 120 
may be constructed of any other Suitable dielectric or 
nonconducting materials known in the art, including plas 
tics, resins, composites, glasses, ceramics, and other oxide 
materials. Those of ordinary skill in the art will appreciate 
that the labels “upper Surface 122 and “lower' surface 124 
are arbitrary and that either of the surface 122, 124 of the 
substrate 120 may be referred to as the upper surface. 
Further, the substrate surfaces 122, 124 may alternatively be 
referred to as simply the first and Second Surfaces. 
0044) The Substrate assembly 100 further comprises a 
layer of resilient conductive material 130 formed on at least 
the upper surface 122 of the substrate 120 or a suitable 
portion thereof. The layer of resilient conductive material 
130 comprises any suitable conductive material that also 
exhibits elastic properties suitable for the formation of 
Spring-biased electrical contacts, as will be described in 
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greater detail below. By way of example, the layer of 
resilient conductive material 130 may comprise a copper 
alloy material, Such as beryllium copper. The layer of 
resilient conductive material 130 may be formed on the 
Substrate 120 using any Suitable process. For example, the 
layer of resilient conductive material 130 may be formed on 
the upper Surface 122 of the Substrate 120 using a Sputtering 
process, a chemical vapor deposition (CVD) process, or any 
other Suitable deposition process known in the art. Alterna 
tively, the layer of resilient conductive material 130 may be 
a separately formed laminate that is Subsequently Secured to, 
or laminated on, the upper surface 122 of the Substrate 120 
using, for example, an adhesive and/or a thermocompression 
bonding process. 
0045 Referring to FIGS. 3 and 4, the layer of resilient 
conductive material 130 includes a plurality of conductive 
traces 132 formed therein, at least Some of the conductive 
traces 132 each terminating at a Spring-biased electrical 
contact 160. Each conductive trace 132 is formed by remov 
ing a portion of the layer of resilient conductive material 130 
to form cavities 133, which cavities 133 define the conduc 
tive trace 132 and electrically isolate the conductive trace 
132 from all other conductive traces 132 (as well as from 
other spring-biased electrical contacts 160) formed on the 
substrate 120. The cavities 133 extend through the layer of 
resilient conductive material 130 at least to the upper surface 
122 of the substrate 120, and the cavities 133 may extend a 
depth into the substrate 120. Any suitable process known in 
the art, Such as chemical etching or laser ablation, may be 
used to form the conductive traces 132 and cavities 133. 

0046. As noted above, at least some of the conductive 
traces 132 each terminate at a Spring-biased electrical con 
tact 160. Referring to FIGS. 3 through 6, each spring 
biased electrical contact 160 comprises, for example, a 
cantilevered spring 162 formed in the layer of resilient 
conductive material 130 and configured to bias against and 
form electrical contact with a conductive ball 41 of the BGA 
package 10 or other lead element. The cantilevered Spring 
162 includes an upper Surface 164 for making physical and 
electrical contact with the conductive ball 41 (shown in 
dashed line in FIG. 6). An aperture 136 formed in the layer 
of resilient conductive material 130 around the cantilevered 
Spring 162 Separates and electrically isolates the cantile 
vered spring 162 from the remainder of the layer of resilient 
conductive material 130. The spring-biased electrical con 
tacts 160 and surrounding apertures 136 may also be formed 
using a chemical etching or laser ablation process, and the 
shapes of the Spring-biased electrical contacts 160 and 
apertures 136 may also be cut or formed using a Stamping 
proceSS. 

0047. It should be noted that the layer of resilient con 
ductive material 130 may be sandwiched between a lower 
dielectric layer of substrate 120 and an upper dielectric layer 
thereof which overlies layer of resilient conductive material 
130, the upper dielectric layer defining upper Surface 122. 
Referring to FIGS. 4 and 5 of the drawings, an exemplary 
overlying dielectric or insulative layer 121 having apertures 
123 therein substantially aligned with apertures 136 may be 
disposed over the layer of resilient conductive material 130 
after formation of the conductive traces 132 and Spring 
biased electrical contacts 160. The apertures in overlying 
dielectric layer 121 may be sized and configured to receive 
portions of conductive balls 41 of a BGA package (see FIG. 
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5 and description below) therein, and overlying dielectric 
layer 121 may be of sufficient thickness to assist with 
alignment of conductive balls 41 with Spring-biased electri 
cal contacts 160. If desired, apertures 123 may be of 
frustoconical shape as shown by aperture 123' with a wider 
upper portion to assist in the initial alignment of conductive 
balls 41. 

0048 Referring to FIG. 4A, a cutting tool 160' is illus 
trated that is used to form the Spring-biased electrical 
contacts 160. The cutting tool 160' comprises a generally 
cylindrical body or shaft portion 702 terminating in a 
substantially flat end 708 Substantially located in a plane 710 
which is located with respect to a vertical axis, Such as 712, 
the body or shaft portion 702 having a helical cutting spiral 
704 attached to and/or formed thereon. The helical cutting 
spiral 704 terminates in a cutting face 706 located at the 
bottom end of the spiral 704 in substantially the same plane 
710 as the end 708 of the body or shaft portion 702. The 
helical cutting spiral 704 may be formed at any suitable 
helical angle on the body or shaft portion 702 depending 
upon the amount of desired rotation of the cutting tool 160' 
to be used to form a spring-biased electrical contact 160. If 
desired, the end 708 of the cutting tool 160' may protrude 
beyond plane 710 in any suitable shape (illustrated in a 
dashed line 714) to be used as a pilot when engaged in a via 
126 (FIGS. 3 and 4) of substrate 120 for the forming of the 
spring-biased electrical contact 160. The cutting face 706 of 
the helical cutting spiral 704 may be any suitable shape 
capable of forming the desired shape of the Spring-biased 
electrical contact 160. For example, the cutting face 706 
may be concave shaped, convex shaped, a combination of 
concave and convex shaped, etc. To form the Spring-biased 
electrical contact 160, the cutting tool 160' is placed upon on 
the precursor Structure of the Spring-biased electrical contact 
160, such as illustrated in FIG. 3 when the precursor 
Structure of Spring-biased electrical contact 160 is a layer on 
the Substrate 120, and the cutting tool 160' subsequently 
rotated a desired amount for cutting face 706 to cut through 
a portion or the entirety of the precursor Structure (layer) to 
form a length of resilient material and cause a portion 
thereof to be bent upwardly along the helical cutting spiral 
704. Thereafter, the cutting tool 160' is rotated in the 
opposite direction to remove the cutting tool 160' from the 
formed spring-biased electrical contact 160. 

0049. The substrate 120 may include a via 126 formed 
therethrough substantially concentric with each aperture 136 
formed in the resilient conductive layer 130. A via 126 
extending through the Substrate 120 provides a receSS into 
which a corresponding Spring-biased electrical contact 160, 
Such as cantilevered Spring 162, can deflect upon contact 
with a conductive ball 41 of the BGA package 10. The via 
126 may also provide a port through which a tool may be 
inserted to push outwardly on the cantilevered Spring 162 to 
permanently deflect the cantilevered Spring 162 away from 
the upper surface 122 of the substrate 120 (see FIG. 6). 
Permanently deflecting, or preforming, the cantilevered 
Spring 162, Such that the cantilevered Spring 162 is initially 
deflected away from the substrate 120 in an unbiased state, 
can increase the total deflection of the cantilevered Spring 
162 upon contact with a conductive ball 41, thereby increas 
ing the force exerted by the cantilevered Spring 162 against 
the conductive ball 41 and improving the electrical contact 
therebetween. 
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0050 Referring to FIGS. 3, 4, and 5, the substrate 120 
may include a plurality of Spring-biased electrical contacts 
160 arranged in a two-dimensional array 161 corresponding 
to the pin-out of the BGA package 10, the vias 126 extending 
through the Substrate 120 also being arranged in a two 
dimensional array corresponding to the pin-out of the BGA 
package 10. With reference to FIG. 5, a BGA package 10 
having a plurality of conductive balls 41 may then be 
nonpermanently mounted to the substrate assembly 100, the 
two-dimensional array 161 of Spring-biased electrical con 
tacts 160 on Substrate 120 establishing nonpermanent elec 
trical connections with the conductive balls 41, respectively, 
of the BGA package 10. Thus, each conductive ball 41 of the 
BGA package 10 is engaged with and in electrical contact 
with a corresponding Spring-biased electrical contact 160 
Such as a cantilevered Spring 162-formed on the upper 
Surface 122 of the Substrate 120. 

0051 A clamping element 90 may be used to secure the 
BGA package 10 to the Substrate 120 and to bias the 
conductive balls 41 thereof against the Spring-biased elec 
trical contacts 160 formed in the resilient conductive layer 
130. The clamping element 90 may be any suitable clip or 
clamp known in the art adapted to Secure the BGA package 
10 to the substrate 120. For example, the clamping element 
90 may comprise a stab-in-place clip 95 having one or more 
resilient tabs or prongS 96 configured for insertion into 
corresponding holes 128 in the substrate 120. The resilient 
tab or tabs 96 are retained by the mating hole or holes 128 
to secure the BGA package 10 to the Substrate 120 and to 
bias the conductive balls 41 thereof against the Spring-biased 
electrical contacts 160. Typically, Such Stab-in-place type 
clips are injection molded from plastic materials and are 
relatively inexpensive. In addition to the foregoing, it is also 
contemplated that various apparatus disclosed and claimed 
in copending U.S. patent application Ser. No. 09/478,619, 
filed Jan. 5, 2000 and assigned to the assignee of the present 
invention may be employed to Secure BGA package 10 to 
the substrate 120. The disclosure of U.S. patent application 
Ser. No. 09/478,619 is hereby incorporated herein by refer 
CCC. 

0052. In an alternative embodiment, as shown in FIG. 7, 
a Spring-biased electrical contact 160 comprises a cantile 
Vered Spring 162 that is not permanently deflected outwardly 
away from the upper surface 122 of the substrate 120 but, 
rather, that is preformed with a permanent deflection into its 
mating via 126 in the Substrate 120. Use of such an inwardly 
deflected cantilevered Spring 162 may facilitate alignment 
with a mating conductive ball 41 (shown in dashed line in 
FIG. 7) of the BGA package 10. Specifically, the inwardly 
deflected cantilevered Spring 162 functions to guide the 
conductive ball 41 toward the wall 127 of the via 126, 
thereby essentially pinching the conductive ball 41 between 
the cantilevered spring 162 and the wall 127 of the via 126. 
In a further embodiment, although not shown in the figures, 
a Spring-biased electrical contact 160 may comprise agen 
erally planar cantilevered Spring 162 that has no permanent 
deflection and that is essentially parallel with the upper 
Surface 122 of the Substrate 120. 

0053. In another alternative embodiment, as shown in 
FIG. 8, the cantilevered spring 162 is suspended over a via 
126 that opens only to the upper surface 122 of the substrate 
120. The via 126 extends into the substrate 120 a depth 
sufficient only to provide a relief into which the cantilevered 
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Spring 162-or the Spring-biased electrical contact 160 
generally-can deflect upon contact with a conductive ball 
41 (shown in dashed line in FIG. 8) of the BGA device 10. 
In a further alternative embodiment, as shown in FIG. 9, the 
cantilevered Spring 162-or the Spring-biased electrical con 
tact 160-generally is positioned directly over the upper 
surface 122 of the Substrate 120 and no corresponding via is 
provided Subjacent the cantilevered Spring 162. In the 
embodiment of FIG. 9, the cantilevered spring 162 is 
preformed with a permanent deflection outwardly away 
from the upper surface 122 of the substrate 120, such that the 
cantilevered Spring 162 can deflect downward upon engage 
ment with a conductive ball 41 (shown in dashed line of 
FIG. 9) of the BGA package 10. 
0054. In another embodiment of the present invention, 
the Spring-biased electrical contact 160 includes one or more 
contact elements configured to wipe away and/or puncture 
through a layer of oxide and/or other contaminants formed 
on an exterior Surface of a conductive ball 41. For example, 
referring to FIG. 6, the cantilevered spring 162 includes a 
plurality of grooves 191 formed into the upper surface 164 
thereof and Separated by ridges 192. Impingement of the 
ridges 192 of the cantilevered Spring 162 against the outer 
Surface of a conductive ball 41, in conjunction with relative 
motion therebetween, will cause the ridges to wipe or Scrape 
against the exterior Surface of the conductive ball 41 and to 
remove oxides and other contaminants therefrom. The 
grooves 191 and ridges 192 may be formed on a spring 
biased electrical contact 160 using any Suitable cleaving or 
cutting process, and the grooves 191 and ridges 192 may 
also be formed using a Stamping process. 

0.055 Alternatively, contact elements may comprise one 
or more barbs or protrusions formed on a Spring-biased 
electrical contact 160 and extending therefrom. For 
example, referring to FIG. 8, a cantilevered spring 162 may 
include a plurality of barbs or protrusions 193 formed on an 
upper Surface 164 thereof and extending generally upwards 
away from the upper surface 164. The barbs or protrusions 
193 can impinge against and puncture through layers of 
oxide and other contaminants on the exterior Surface of a 
conductive ball 41 to form electrical contact therewith. The 
barbs or protrusions 193 may be formed using any suitable 
deposition process, as noted above. Alternatively, a barb or 
protrusion 193 may be formed by puncturing a hole through, 
for example, a cantilevered Spring 162 and Subsequently 
pushing (or pulling) a portion of the cantilevered spring 162 
around the periphery of the hole upwardly to form a barb or 
protrusion 193. 

0056 Also, a contact element may simply comprise a 
roughened Surface formed on a Spring-biased electrical 
contact 160. Referring to FIG. 9, a cantilevered spring 162 
has an upper Surface 164 including at least a roughened 
portion 194. The roughened portion 194 of the upper surface 
164 can impinge against and move over the exterior Surface 
of a conductive ball 41 to remove (by a scraping or wiping 
action) oxides and other contaminants therefrom. 
0057. A spring-biased electrical contact 160 may com 
prise alternative shapes or configurations other than the 
cantilevered Spring 162 shown and described with respect to 
FIGS. 3 through 9. For example, with reference to FIGS. 
10 and 11, a spring-biased electrical contact 160 may 
comprise a transversely deflecting, hoop-shaped Spring 262 
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formed in the layer of resilient conductive material 130. The 
hoop-shaped Spring 262 comprises two Semicircular arms 
263a, 263b formed within an aperture 136 in the resilient 
conductive layer 130 and Suspended over a via 126 formed 
in the substrate 120, the respective ends of the semicircular 
arms 263a, 263b being separated by a gap 264. The semi 
circular arms 263a, 263b are configured-upon engagement 
with a conductive ball 41 (shown in dashed line in FIGS. 10 
and 11) of the BGA package 10-to transversely deflect in 
the plane of the layer of resilient conductive material 130 (as 
shown by arrows 265a, 265b). A notch 266 located inter 
mediate of the semicircular arms 263a, 263b may facilitate 
deflection thereof, respectively. Further, the hoop-shaped 
spring 262 may also deflect downwardly into the via 126 in 
a manner Similar to the cantilevered Spring 162. 
0058. Thus, the forces exerted by the semicircular arms 
263a, 263b as each deflects transversely outward (in direc 
tions 265a, 265b, respectively) upon engagement with a 
conductive ball 41-in conjunction with, optionally, deflec 
tion of the semicircular arms 263a, 263b downwardly into 
the via 126-form physical and electrical contact between 
the hoop-shaped spring 262 and the conductive ball 41. In 
addition, the shape of the hoop-shaped spring 262 itself (i.e., 
the hollow center portion 268) may facilitate alignment 
between the hoop-shaped Spring 262 and the conductive ball 
41. Further, impingement of the Semicircular arms 263a, 
263b against the exterior surface of the conductive ball 41 in 
conjunction with relative motion therebetween may result in 
the Scraping of oxides and other contaminants from the 
exterior Surface of the conductive ball 41. To enhance the 
removal of oxides and contaminants from the exterior Sur 
face of the conductive ball 41, the hoop-shaped spring 262 
may include a plurality of grooves 191 and ridges 192 (see 
FIG. 6), a plurality of barbs or protrusions 193 (see FIG. 8), 
and/or a roughened surface portion 194 (see FIG.9) formed 
on its exterior Surface or a portion thereof. 
0059. The hoop-shaped spring 262 may also be used in 
conjunction with a via 126 that opens only to the upper 
surface 122 of the substrate 120 (see FIG. 8). Also, at least 
a portion of the hoop-shaped Spring 262 may be preformed 
with a permanent upward deflection, enabling the hoop 
shaped Spring 262 to be positioned directly over the upper 
surface 122 of the substrate 120 with no via Subjacent 
thereto (see FIG. 9). A preformed, hoop-shaped spring 262 
having a permanent upward deflection may increase the 
deflection (downward toward the upper surface 122 of the 
Substrate 120) of the hoop-shaped spring 262 upon engage 
ment with a conductive ball 41, thereby increasing the 
corresponding biasing forces exerted on the conductive ball 
41 and enhancing electrical contact therewith. 
0060. In another embodiment of the present invention, a 
Spring-biased electrical contact 160 comprises a spiral 
shaped spring 362, as shown in FIGS. 12 and 13. The 
Spiral-shaped Spring 362 is formed in the layer of resilient 
conductive material 130 within an aperture 136, and the 
Spiral-shaped Spring 362 extends from a conductive trace 
132 and over a via 126 formed in the Substrate 120. The 
Spiral-shaped Spring 362 includes an upper Surface 364 for 
making physical and electrical contact with a conductive 
ball 41 (shown in dashed line in FIGS. 12 and 13) of the 
BGA package 10. Upon engagement with a conductive ball 
41 of the BGA package 10, at least a portion of the 
spiral-shaped spring 362 will deflect downwardly into the 
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via 126, thereby exerting a biasing force against the con 
ductive ball 41 and establishing physical and electrical 
contact therewith. Also, as shown in FIG. 13, during 
engagement with the conductive ball 41 and deflection 
downwardly into the via 126, the spiral-shaped spring 362 
may be configured to form a cup or receSS 366 for receiving 
the conductive ball 41 and aligning the conductive ball 41 
relative to the Spiral-shaped Spring 362. 

0061. To facilitate the removal of oxides and contami 
nants from the exterior Surface of the conductive ball 41, the 
Spiral-shaped Spring 362 may include a plurality of grooves 
191 and ridges 192 (see FIG. 6), a plurality of barbs or 
protrusions 193 (see FIG. 8), and/or a roughened surface 
portion 194 (see FIG. 9) formed on its upper surface 364 or 
a portion thereof. Also, the Spiral-shaped Spring 362 may be 
used in conjunction with a via 126 that opens only to the 
upper surface 122 of the substrate 120 (see FIG. 8). Further, 
at least a portion of the Spiral-shaped Spring 362 may be 
permanently deflected upwardly to increase the deflection of 
the Spiral-shaped spring 362 upon engagement with a con 
ductive ball 41, thereby increasing the biasing forces exerted 
against the conductive ball 41 and enhancing electrical 
contact therewith. For a preformed spiral-shaped Spring 362 
having a permanent upward deflection, the Spiral-shaped 
Spring 362 may be positioned directly over the upper Surface 
122 of the substrate 120 with no via Subjacent thereto (see 
FIG. 9). 
0.062. In a further embodiment of the present invention, 
as shown in FIGS. 14 and 15, a spring-biased electrical 
contact 160 may comprise a rosette Spring 462 having a 
plurality of cantilevered pedals. For example, as shown in 
FIG. 14, the rosette spring 462 may include four cantile 
vered pedals 464a, 464b, 464c, 464d or any other suitable 
number of cantilevered pedals. Each of the cantilevered 
pedals 464a-d, respectively, includes a portion overlying and 
adhered to the upper Surface 122 of the substrate 120 and 
another portion extending over a via 126 extending through 
the substrate 120. Each of the cantilevered pedals 464a-d 
also includes an upper Surface 465a-d, respectively, for 
making physical and electrical contact with a conductive 
ball 41 (shown in dashed line in FIGS. 14 and 15) of the 
BGA package 10. Further, the cantilevered pedals 464a-d 
each terminate at a central opening 466, the central opening 
466 serving to facilitate alignment a conductive ball 41 
relative to the rosette Spring 462. 

0.063. The cantilevered pedals 464a-d, or a portion 
thereof, may be permanently upwardly deflected, as shown 
in FIG. 15, to increase the deflection of the cantilevered 
pedals 464a-d, respectively, upon engagement with a con 
ductive ball 41, thereby increasing the biasing force exerted 
against the conductive ball 41 and enhancing electrical 
contact therewith. Such a rosette spring 462 preformed with 
permanently upwardly deflected pedals 464a-d may be 
positioned directly over the upper surface 122 of the Sub 
strate 120 with no underlying via (see FIG. 9). Also, the 
rosette Spring 462 may be used in conjunction with a via 126 
opening onto only the upper surface 122 of the Substrate 120 
(see FIG. 8). In a further alternative embodiment, the pedals 
464a-d of the rosette spring 462 may be permanently 
downwardly deflected into the via 126. In this embodiment, 
the upper surfaces 465a-d of the cantilevered pedals 464a-d, 
respectively, may function to guide a conductive ball 41 
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toward the central opening 466, thereby facilitating align 
ment between the conductive ball 41 and the rosette spring 
462. 

0064) Referring again to FIGS. 14 and 15, a cavity 133 
formed in the layer of resilient conductive material 130 
Separates and electrically isolates the rosette Spring 462 (as 
well as the associated conductive trace 132) from the 
remainder of the layer of resilient conductive material 130. 
Further, to facilitate the removal of oxides and contaminants 
from the exterior Surface of a conductive ball 41, the rosette 
Spring 462 may include cantilevered pedals 464a-d having a 
plurality of grooves 191 and ridges 192 (see FIG. 6), a 
plurality of barbs or protrusions 193 (see FIG. 8), and/or a 
roughened surface portion 194 (see FIG.9) formed on their 
respective upper Surfaces 465a-d, or a portion thereof. 

0065 Referring to FIG. 16, an MCM 500 incorporating 
a carrier substrate 520 and a plurality of spring-biased 
electrical contacts 560 according to the present invention is 
shown. One or more BGA packages 10a are mounted to an 
upper surface 522 of the carrier substrate 520 and one or 
more BGA packages 10b may be mounted to an opposing 
lower surface 524 of the carrier substrate 520 (again, the 
labels “upper” and “lower” being arbitrary). Although IC 
devices are shown mounted to both Surfaces 522,524 of the 
carrier substrate 520, those of ordinary skill in the art will 
understand that the MCM 500 may have IC devices mounted 
to only one of its carrier substrate surfaces 522,524. Further, 
in addition to the BGA packages 10a, 10b mounted on the 
MCM carrier substrate 520, other electrical components 
and/or devices (not shown in FIG. 16) may also be mounted 
to the carrier Substrate 520, as noted above. 

0066 Each of the upper and lower surfaces 522, 524 of 
the carrier substrate 520 includes a layer of resilient con 
ductive material 530a, 530b, respectively, formed thereon. A 
plurality of conductive traces 532a are formed in the layer 
of resilient conductive material 530a on the substrate upper 
surface 522, and a plurality of conductive traces 532b are 
formed in the layer of resilient conductive material 530b on 
the Substrate lower Surface 524. At least Some of the 
conductive traces 532a on the upper surface 522 of the 
Substrate 520 terminate at Spring-biased electrical contacts 
560a. The spring-biased electrical contacts 560a on the 
upper Surface 522 are arranged in one or more two-dimen 
Sional arrays corresponding to the pinout of the BGA 
package or packages 10a to be mounted thereon. Similarly, 
at least Some of the conductive traces 532b on the lower 
surface 524 of the carrier substrate 520 terminate at spring 
biased electrical contacts 560b. The spring-biased electrical 
contacts 560b on the lower surface 524 are arranged in one 
or more two-dimensional arrayS corresponding to the pinout 
of the BGA package or packages 10b to be mounted thereon. 

0067. The spring-biased electrical contacts 560a, 560b 
may comprise cantilevered springs 162 (see FIGS. 3 
through 9), transversely deflecting hoop-shaped springs 262 
(see FIGS. 10 and 11), spiral-shaped springs 362 (see 
FIGS. 12 and 13), or rosette springs 462 (see FIGS. 14 and 
15), or any Suitable configuration or combination thereof. 
Also, the Spring-biased electrical contacts 560a may each be 
preformed with a permanent deflection towards or away 
from the upper surface 522 of the substrate 520, and each 
Spring-biased electrical contact 560a may extend over a via 
526 opening to at least the upper Surface 522 or, alterna 
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tively, be positioned directly over the upper surface 522 with 
no Subjacent Via. Similarly, the Spring-biased electrical 
contacts 560b may each be preformed with a permanent 
deflection towards or away from the lower surface 524 of the 
carrier Substrate 520, and each Spring-biased electrical con 
tact 560b may extend over a via 526 opening to at least the 
lower surface 524 or, alternatively, be positioned directly 
over the lower Surface 524 with no underlying via. 
0068 To electrically connect the BGA packages 10a, 10b 
to the carrier substrate 520 of the MCM 500, each of the 
conductive balls 41a, 41b on the BGA packages 10a, 10b, 
respectively, is engaged with a mating Spring-biased elec 
trical contact 560a, 560b disposed on the MCM carrier 
substrate 520. Clamping elements 90a, 90b which are 
shown in FIG. 16 as stab-in-place clips 95A, 95B-secure 
the BGA packages 10a, 10b, respectively, against the carrier 
substrate 520 to bias the conductive balls 41a, 41b against 
their mating spring-biased electrical contact 560a, 560b. The 
spring-biased electrical contacts 560a, 560b, each of which 
exhibits a deflection as a result of engagement with a 
conductive ball 41a, 41b, exert a biasing force against their 
mating conductive ball 41a, 41b and form physical and 
electrical contact therewith. To facilitate the removal of 
oxides and contaminants from the exterior Surface of a 
conductive ball 41a, 41b and to enhance electrical contact 
therewith, the spring-biased electrical contacts 560a, 560b 
may each include a plurality of grooves 191 and ridges 192 
(see FIG. 6), a plurality of barbs or protrusions 193 (see 
FIG. 8), and/or a roughened surface portion 194 (see FIG. 
9) formed on a surface or a portion of a surface thereof. 
0069. Although the spring-biased electrical contacts or 
springs 160,162,262,362, 462,560a, 560b according to the 
present invention have been described herein in the context 
of establishing electrical connections with the conductive 
balls 41 of a conventional BGA package 10, it should be 
understood by those of ordinary skill in the art that the 
present invention is not So limited. The Spring-biased elec 
trical contacts or springs 160, 162, 262, 362, 462, 560a, 
560b may be used to electrically connect the leads of other 
types of IC packages to a Substrate, Such as the Substrate 120 
of substrate assembly 100 or the carrier substrate 520 of 
MCM 500. For example, any of the spring-biased electrical 
contacts or springs 160, 162, 262, 362, 462, 560a, 560b 
incorporating any of the features described herein may be 
used to electrically connect the lead elements or lead fingers 
of an SOJ package or the lead elements or lead fingers of a 
TSOP to a substrate. Also, those of ordinary skill in the art 
will appreciate that the various features described herein 
i.e., preformed deflections, via 126 extending through Sub 
strate 120, via 126 opening only to one surface of substrate 
120, no subjacent via, and contact elements 191, 192, 193, 
194, Such as grooves, ridges, barbs, or roughened portions 
may be incorporated in any Suitable combination with any of 
the Spring-biased electrical contacts or Springs 160, 162, 
262,362, 462, 560a, 560b described herein. 
0070 The present invention also encompasses methods 
of manufacturing a substrate assembly 100, or MCM 500 
including substrates 120, 520 and spring-biased electrical 
contacts or springs 160, 162, 262,362, 462, 560a, 560b, as 
described above-according to the present invention. Refer 
ring to the flow chart of FIG. 17, from which the methods 
of the invention may be better understood, various embodi 
ments of a Sequence of acts or Steps, generally denoted as 
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600, comprising various methods according to the present 
invention are shown. One embodiment of Such a method 
begins with the act 610 of providing a substrate. The 
substrate may comprise an MCM carrier substrate, a burn-in 
board, or other test board, and the Substrate may comprise 
any Suitable material or combination of materials, including 
PCB materials, plastics, resins, composites, glasses, ceram 
ics, and other oxide materials, as noted above. The Substrate 
generally includes a first Surface and an opposing, Second 
Surface. 

0071. Once a substrate has been provided, the act 620 of 
forming a layer of resilient conductive material on a Surface 
of the Substrate is performed. A layer of resilient conductive 
material may be applied to either one or both of the first and 
Second Surfaces of the Substrate, and the layer of resilient 
conductive material may cover only a portion of the first 
Surface and/or a portion of the Second Surface. The resilient 
conductive material may be any Suitable material exhibiting 
Sufficient electrical conductivity and Suitable mechanical 
properties for the formation of Spring-biased electrical con 
tacts. Aberyllium copper material is believed Suitable for 
this purpose. It should be noted that the desired Spring 
characteristics, as well as other mechanical properties, may 
be achieved by a heat treatment or other Suitable processing, 
as will be described in greater detail below. Any suitable 
deposition proceSS Such as CVD or Sputtering may be used 
to form the layer of resilient conductive material on a Surface 
of the substrate, as noted above. Further, the layer of resilient 
conductive material may be a laminate that is secured or 
laminated onto a Surface of the Substrate using an adhesive 
and/or a thermocompression bonding process, also as noted 
above. 

0072 After the application of a layer of resilient conduc 
tive material to one or more of the Surfaces of the Substrate, 
the act 630 of forming conductive traces, Spring-biased 
electrical contacts, and apertures in the resilient conductive 
material layer is performed. An etching process, laser abla 
tion process, or any other Suitable material removal process, 
as noted above, may be used to form the conductive traces, 
Spring-biased electrical contacts, and apertures in the resil 
ient conductive material layer. Also, a Stamping process may 
be used to form the shapes of the Spring-biased electrical 
contacts. The cavities defining the conductive traces, as well 
as the apertures Surrounding the Spring-biased electrical 
contacts, extend at least to the Surface of the Substrate and, 
optionally, may extend a depth into the Substrate. The 
Spring-biased electrical contacts may be configured in one or 
more two-dimensional arrays, each two-dimensional array 
corresponding to the pinout of an IC device to be mounted 
on the Substrate. Also, the Spring-biased electrical contacts 
may comprise any of the Spring-biased electrical contacts 
described herein or a combination thereof. 

0073 Subsequent to the formation of conductive traces, 
Spring-biased electrical contacts, and apertures in the layer 
of resilient conductive material on one or both of the 
opposing Surfaces of the Substrate, the Substrate assembly is 
then Subjected to a heat treatment process 640. Heat treating 
the Substrate assembly after formation enables the realiza 
tion of desired mechanical properties for the Spring-biased 
electrical contacts while, at the same time, providing for 
Suitable mechanical properties in the resilient conductive 
material layer during formation of the conductive traces, 
Spring-biased electrical contacts, and apertures. For 
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example, it may be desirable for the resilient conductive 
material layer to exhibit good ductility during the formation 
of the conductive traces and Spring-biased electrical con 
tacts; however, high ductility is generally undesirable for a 
Spring, which should retain its shape. In contrast, it may be 
desirable for the Spring-biased electrical contacts to exhibit 
high Strength and Sufficient elasticity, but high Strength and 
elasticity may impede formation of the Spring-biased elec 
trical contacts, as well as the formation of other features in 
the resilient conductive material layer. In addition, a heat 
treatment may effect StreSS relief within the resilient con 
ductive material layer, which may be especially beneficial if 
the Spring-biased electrical contacts include preformed 
deflections. 

0.074. In lieu of heat treatment, other known metallurgical 
treating processes may be employed to provide high Strength 
and Sufficient elasticity to the Spring-biased electrical con 
tacts. For example and not by way of limitation, air hard 
ening, gas hardening or age hardening may be employed. 
Treatment of beryllium copper to enhance and modify 
certain physical characteristics thereof is known in the art, 
and Burch Engineered Materials, Inc. (formerly Brush Well 
man) of Cleveland, Ohio offers technical assistance in this 
area. AS used herein, the term “treatment' encompasses heat 
treating as well as other processes for modifying physical 
characteristics of the resilient conductive material or 
Selected portions thereof. 
0075 Thus, the method of fabricating the substrate 
assembly and Subsequently heat treating the Substrate 
assembly provides for desired mechanical properties of the 
resilient conductive material during formation of the Spring 
biased electrical contacts and other features and also enables 
the realization of desired mechanical properties for the 
completed Substrate assembly, Such as desired Spring char 
acteristics for the Spring-biased electrical contacts, as noted 
above. ESSentially, the resilient conductive material layer or 
laminate applied to a Surface of the Substrate includes all 
necessary circuitry and electrical contacts for establishing 
electrical communication with any IC devices to be Secured 
to the Substrate, which circuitry and electrical contacts are 
formed in situ on the Substrate. The above-described method 
Stands in contrast to known methods of manufacturing 
Spring-biased contacts for Substrates and IC Sockets, 
wherein the Spring contacts are generally formed, Subjected 
to a heat treatment, and then Subsequently Secured or 
inserted into the Substrate or IC Socket. 

0.076. In an alternative embodiment of a method of manu 
facturing a Substrate assembly according to the invention, 
the method proceeds as described above with respect to 
FIG. 17; however, the method further includes the act 624 
of forming Vias in the Substrate. The apertures may open to 
only one Surface or both Surfaces of the Substrate, and each 
of the Vias is generally disposed Subjacent a Spring-biased 
electrical contact and is Substantially concentric with the 
corresponding aperture formed in the layer of resilient 
conductive material, as noted above. The Vias may be 
formed using any Suitable process, including drilling, cut 
ting, etching, laser cutting/ablation, water jet cutting/abla 
tion, punching, or Stamping. Also, it should be noted that it 
may be desirable to form Vias Subjacent a portion of the 
Spring-biased electrical contacts on a Surface of the Sub 
Strate, while another portion of the Spring-biased electrical 
contacts on that Surface have no associated Vias. 
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0077. In another alternative embodiment of a method of 
manufacturing a Substrate assembly according to the inven 
tion, the method proceeds according to either of the embodi 
ments described above; however, the method further 
includes the act 634 of preforming the Spring-biased elec 
trical contacts, or a portion thereof. The Spring-biased elec 
trical contacts may be preformed to include a permanent 
deflection either toward or away from the underlying Surface 
of the substrate, as noted above. Such deflection may be 
imparted to a Spring-biased electrical contact by inserting a 
tool into the associated via and pulling or pushing on the 
Spring-biased electrical contact until the contact exhibits the 
desired deflection. 

0078. In a further alternative embodiment of a method of 
manufacturing a Substrate assembly according to the inven 
tion, the method proceeds according to any of the embodi 
ments described above; however, the method further 
includes the act 636 of forming contact elements on the 
Spring-biased electrical contacts or a portion thereof. The 
contact elements may comprise a plurality of alternating 
grooves or ridges, a plurality of barbs or protrusions, or a 
portion of roughened Surface, as described above, or any 
other Suitable contact elements known in the art. 

0079 If optional overlying dielectric layer 121 is 
employed in the Substrate assembly of the present invention, 
it is desirably formed or applied over the layer of resilient 
conductive material after the formation of all traces, Spring 
biased electrical contacts and contact elements as previously 
described. If applied as a film over the layer of resilient 
conductive material, the overlying dielectric layer 121 may 
have preformed apertures 123 therein aligned with the 
Spring-biased electrical contacts. If formed over the layer of 
resilient conductive material, the Overlying dielectric mate 
rial may be applied, for example, as a liquid, gel or paste and 
patterned and etched as known in the art to form apertures 
123. Depending upon the dielectric material and etchant(s) 
chosen, apertures 123 may be formed either in Substantially 
cylindrical shapes with an aniosotropic etch or in frusto 
conical shapes using a Substantially isotropic etch. 

0080 Substrates and spring-biased electrical contacts 
according to the present invention, as well as Substrate 
assemblies incorporating the Same, having been herein 
described, those of ordinary skill in the art will appreciate 
the many advantages of the present invention. One or more 
arrays of Spring-biased electrical contacts and asSociated 
circuitry may be formed directly in a layer of resilient 
conductive material in Situ on a Surface of a Substrate to form 
a Substrate assembly. The Spring-biased electrical contacts 
provide for the nonpermanent and direct attachment of IC 
devices to the Substrate assembly, the Spring-biased electri 
cal contacts also compensating for nonplanarities in the 
substrate and IC devices. Fabrication of a substrate assembly 
according to the invention is achieved using optimum 
mechanical properties for formation (e.g., ductility), while 
the resulting Substrate assembly exhibits optimum mechani 
cal properties for performance (e.g., Spring characteristics, 
high Strength, elasticity, Stress relief). Further, the methods 
of the present invention and resulting devices enable the 
direct and nonpermanent attachment of IC devices to a 
Substrate on a production Scale without the use of expensive 
IC Sockets. In addition, while the present invention has been 
described in terms of nonpermanent attachment of IC 
devices to a substrate, those of ordinary skill in the art will 
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understand and appreciate that long term attachment, includ 
ing what might be termed “permanent' attachment of IC 
devices to a Substrate may be effected using the present 
invention. Such permanent, yet removable attachment capa 
bility may be particularly desirable when repair or replace 
ment of an IC device in long term Service may be foreseen 
or contemplated. 
0081. The foregoing detailed description and accompa 
nying drawings are only illustrative and not restrictive. They 
have been provided primarily for a clear and comprehensive 
understanding of the present invention and no unnecessary 
limitations are to be understood therefrom. Numerous addi 
tions, deletions, and modifications to the embodiments 
described herein, as well as alternative arrangements, may 
be devised by those skilled in the art without departing from 
the Spirit of the present invention and the Scope of the 
appended claims. 
What is claimed is: 

1. A method of fabricating a Substrate assembly, compris 
ing: 

providing a Substrate having a first Surface and an oppos 
ing Second Surface; 

forming a layer of resilient conductive material on at least 
a portion of at least one of the first and Second Surfaces 
of the Substrate, the resilient conductive material exhib 
iting at least one first physical characteristic, 

forming at least one electrically isolated Spring-biased 
electrical contact in the layer of resilient conductive 
material; 

forming at least one electrically isolated conductive trace 
in the layer of resilient conductive material, the at least 
one electrically isolated conductive trace having an end 
terminating at the at least one electrically isolated 
Spring-biased electrical contact; and 

treating the layer of resilient conductive material to 
achieve at least one Second physical characteristic of 
the resilient conductive material. 
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2. The method of claim 1, wherein the at least one first 
physical characteristic is Selected to optimize properties of 
the layer of resilient conductive material for the act of 
forming at least one electrically isolated Spring-biased elec 
trical contact therein. 

3. The method of claim 1, wherein the at least one second 
physical characteristic is Selected to optimize Spring char 
acteristics of the at least one electrically isolated Spring 
biased electrical contact. 

4. The method of claim 1, wherein at least one of forming 
at least one electrically isolated Spring-biased electrical 
contact in the layer of resilient conductive material and 
forming at least one electrically isolated conductive trace in 
the layer of resilient conductive material is effected by 
etching the layer of resilient conductive material. 

5. The method of claim 1, further including disposing a 
dielectric layer over the layer of resilient conductive mate 
rial, the dielectric layer being formed with at least one 
aperture therethrough Substantially aligned with the at least 
one electrically isolated Spring-biased electrical contact. 

6. The method of claim 5, further comprising forming the 
dielectric layer to be of Sufficient thickness to encompass at 
least a portion of each lead element of an integrated circuit 
device contacting the at least one electrically isolated Spring 
biased electrical contact. 

7. The method of claim 6, further including forming the 
at least one aperture to be of frustoconical configuration. 

8. The method of claim 5, further including preforming 
the dielectric layer with the at least one aperture prior to 
disposing the dielectric layer over the layer of resilient 
conductive material. 

9. The method of claim 5, further including forming the 
dielectric layer in place over the layer of resilient conductive 
material and Subsequently forming the at least one aperture 
therethrough. 


