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(57) ABSTRACT 

Carriers comprising a carrier body having a plurality of 
openings holding a plurality of resilient contact probes are 
disclosed. A number of different embodiments for the resil 
ient contact probes are also disclosed. The carriers of the 
present invention may be Secured to an interface board (i.e., 
a printed circuit board (PCB)) and assembled with a-Sub 
Strate (e.g., a wafer having integrated circuitry thereon, a 
PCB, etc.). The resilient contact probes electrically contact 
the terminal pads of the interface board and the electrical 
contacts of the Substrate to enable electrical testing of the 
Substrate. The configuration of the resilient contact probes, 
in combination with the carrier body, enables preferential, 
high mechanical loading of the terminal pads with con 
trolled, predictable loading of the electrical contacts. Meth 
ods of making and use are also disclosed, as are a plurality 
of embodiments of resilient contact probes. 
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RESILIENT CONTACT PROBEAPPARATUS, 
METHODS OF USING AND MAKING, AND 

RESLIENT CONTACT PROBES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to testing of 
electrical devices Such as, Semiconductor devices and 
printed circuit boards (PCBs). More particularly, the present 
invention relates to a carrier for holding resilient contact 
probes, various resilient contact probes, and related assem 
blies that may be used to perform wafer-level burn-in and 
testing of components on Semiconductor waferS or other 
electrical devices. 

0003 2. State of the Art 
0004. It is advantageous in semiconductor processing to 
detect and Screen out defective integrated circuits (ICs) as 
early as possible in the fabrication process. Many completed 
ICs fail within the first few months or weeks of use due to 
processing defects. Such a defect profile is commonly 
known as “infant mortality” and is clearly very undesirable 
and unacceptable for a customer purchasing an IC for use 
with other components in higher level packaging. To dis 
cover those circuits that are Susceptible to infant mortality, 
IC fabrication processes conventionally include high tem 
perature and cyclical temperature testing of ICs for extended 
periods of time before shipping products to a customer. 
0005. In a typical semiconductor fabrication process, a 
multiplicity of identical integrated circuits is formed as 
individual Semiconductor dice on a Semiconductor wafer or 
other bulk semiconductor substrate. Such a multiplicity of 
integrated circuits may number in the hundreds, or even 
thousands (such as in a 300 mm wafer) of individual 
Semiconductor dice which are generally repeated acroSS the 
wafer in a two-dimensional array. Once the integrated cir 
cuits are fabricated at Semiconductor die locations on a 
Semiconductor wafer, the Semiconductor dice are then tested 
to determine which dice are at least nominally functional 
with Such a determination performed, generally, by probe 
testing each die individually. The probing of individual 
Semiconductor dice may be performed using probe equip 
ment while the dice are still in wafer form. Currently, 
expensive probe equipment contacts each bond pad on an 
individual die with a separate probe. A typical probe test 
requires that each die be probed in order to determine the 
correct and acceptable functionality of each die. 

0006. Upon the identification of functional and nonfunc 
tional Semiconductor dice, the dice are then Separated or 
Singulated from the Semiconductor wafer by way of a 
conventional dicing process, Such as by using a wafer Saw. 
Following Singulation, functional dice may be packaged into 
Separate integrated circuit packages or may undergo further 
processing prior to assembly with other dice and compo 
nents in a higher-level assembly, which itself may be pack 
aged. Once the Semiconductor dice have been packaged or 
prepared for packaging within a higher level assembly, more 
thorough electrical testing is performed to determine 
whether each packaged integrated circuit properly performs 
the functionality for which it was designed. Upon Successful 
package testing, integrated circuits may be Sold or integrated 
into higher assemblies. 
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0007 One system for testing individual dice is disclosed 
in U.S. Pat. No. 5,791.914 to Loranger et al. (hereinafter 
“the 914 Loranger Patent”). The 914 Loranger Patent 
discloses a Socket-based electrical contactor. The Socket 
based electrical contactor employs a two piece System for 
captivating a plurality of compression Springs. A guide plate 
and a Socket body captivates the plurality of compression 
Springs that provide an electrical connection between a PCB 
and a Semiconductor die to be tested. 

0008 While the socket-based electrical contactor of the 
914 Loranger Patent enables the electrical testing of a 
semiconductor die, it suffers from several problems. For 
instance, the compression Springs used to provide the elec 
trical connection between the Semiconductor die and the 
PCB exhibit very little lateral stability, resulting in inaccu 
racy when attempting to contact the terminal pads of the 
PCB and the bond pads of the semiconductor die. Further 
more, the same load is applied to the terminal pads of the 
PCB and the bond pads of the semiconductor die, which may 
result in a poor electrical connection therebetween. This is 
because the PCB, typically an interface test board, often 
has-contaminated terminal pads with films and other con 
taminants thereon preventing a reliable electrical connec 
tion. Also, a two piece System is used to captivate the 
compression Springs, adding additional parts and increasing 
cost and assembly time to the electrical contactor. Addition 
ally, the Socket based contactor is designed to test only 
individual Semiconductor dice. 

0009 Multi-piece plate fixtures have been developed that 
hold Spring contacts for testing circuit boards. For instance 
U.S. Pat. No. 6,127.835 to Kocher et al. discloses such a 
fixture. U.S. Pat. No. 6,127,835 to Kocher et al. also purports 
to disclose employing a retainer sheet made of a rubber 
material Such as latex, or a fine-mesh nylon material, which 
functions to hold the test probes in place in the assembled 
fixture. 

0010. Accordingly, there is a need for a system to test 
electrical devices Such as, integrated circuits and PCBS that 
employs resilient contact probes that have improved lateral 
Stability and accuracy. Additionally, there is a need to enable 
mechanical loading of the terminal pads of the printed 
circuit board of the test apparatus and the electrical contacts 
of the electrical device tested to different levels or degrees 
to provide a reliable electrical connection therebetween. 
Furthermore, there is a need for a System to captivate 
resilient contact probes that is less costly and has fewer 
parts, making fabrication thereof leSS problematic. It is also 
desirable to be able to test an entire wafer in the test system 
as opposed to only individual Semiconductor dice. 

BRIEF SUMMARY OF THE INVENTION 

0011. The present invention, in a number of embodi 
ments, includes carriers holding resilient contact probes, a 
variety of exemplary embodiments of the resilient contact 
probes, associated assemblies of carriers, probes and other 
components, and methods of using and making the resilient 
contact probes, carriers and assemblies. The present inven 
tion is particularly useful for the electrical testing of wafers 
having integrated circuits thereon (e.g., in wafer Scale burn 
in testing) and other electrical devices (e.g., printed circuit 
boards (PCBs)). 
0012. In one aspect of the present invention, an apparatus 
for making a temporary electrical connection with at least 
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one electrical device is disclosed. The apparatus comprises 
a carrier body extending Substantially in a plane and having 
a first Surface, an opposing Second Surface, and a plurality of 
openings extending through the carrier body therebetween. 
The carrier body may comprise a unitary body. Resilient 
contact probes may be disposed within respective openings 
of the carrier body. An end region of each of the resilient 
contact probes may have a lateral dimension greater than a 
lateral dimension of at least an adjacent portion of the 
opening that the resilient contact probe is received within. 
The end region of each of the resilient contact probes 
interferes with the abutting first surface of the carrier body 
upon attempted longitudinal movement of the resilient car 
rier probe in at least one direction So that the resilient contact 
probes are retained by the carrier body. The first surface of 
the carrier body may be covered with a compliant layer of 
a resilient, nonconductive material having apertures there 
through aligned with the openings, the apertures being of 
lesser lateral eXtent than a lateral eXtent of a portion of the 
resilient contact probe body passing therethrough, to Secure 
the resilient contact probes in place on the carrier body 
during handling. 
0013 In accordance with the present invention, the car 
rier body may be Secured to an interface board having a 
contact Surface including a plurality of terminal pads thereon 
So that the contact Surface faces the first Surface of the carrier 
body and the end regions of the resilient contact probes are 
aligned, and in contact with the terminal pads, and are 
clamped between the carrier body and interface board, the 
optional compliant layer Serving in this situation to com 
pensate for nonplanarity of the first Surface of the carrier 
body. A Substrate, Such as a Semiconductor Substrate or a 
PCB to be tested having a surface including a plurality of 
electrical contacts thereon, may then be placed over the 
carrier body So that the active Surface faces the Second 
surface of the carrier body. The design of the resilient 
contact probes, which are carried by the carrier body, and 
ends thereof remote from the Second Surface clamped 
between the first Surface and the interface board, enables the 
substrate to be urged toward the interface board with the 
Substrate and the carrier body bearing the resilient contact 
probes disposed therebetween with the end regions of the 
resilient contact probes highly and preferentially mechani 
cally loading the respective terminal pads of the interface 
board by being clamped thereagainst while the electrical 
contacts of the Substrate are precisely contacted and loaded 
by contact tips at the opposing ends of the resilient contact 
probes in a lesser, controlled manner due to Selected longi 
tudinal resiliency of the contact probe Structure between the 
end regions and contact tips and lateral constraint of the 
contact tips to create a reliable electrical connection ther 
ebetween. Electrical testing of the Substrate, Such as burn-in 
testing, may then be performed as desired by applying 
electrical test Signals from test equipment to the Substrate 
through the interface board. 
0.014. In another aspect of the present invention, various 
exemplary configurations for the resilient contact probes are 
disclosed. In an exemplary embodiment, a resilient contact 
probe includes a first end region, a Second end region, and 
an intermediate region therebetween. The intermediate 
region comprises a compression Spring having an active, 
longitudinally compressible portion. At least a portion of the 
first end region includes a lateral dimension greater than a 
diameter of the active, longitudinally compressible portion. 
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0015. In another exemplary embodiment for the resilient 
contact probes, the first end region includes at least one coil 
having a lateral dimension greater than the diameter of the 
active, longitudinally compressible portion. 

0016. In another exemplary embodiment for the resilient 
contact probes, the compression Spring comprises a dead, 
Substantially incompressible portion within the intermediate 
region and proximate the Second end region. 
0017. In yet another exemplary embodiment for the resil 
ient contact probes, a housing may at least partially enclose 
the compression Spring and may be Secured to a portion 
thereof adjacent the first end region. A plunger body, having 
a stopper portion and a contact tip portion, is displaceable 
inside one end of the hollow interior of the housing. The 
Stopper portion may be received within the housing and 
restrict the extent that the contact tip portion may extend 
longitudinally beyond the housing. The plunger body is 
longitudinally biased by a portion of the compression Spring 
bearing against the Stopper portion. In another exemplary 
embodiment, an end cap may be Secured to an end of the 
housing proximate the first end region. In another exemplary 
embodiment, an annular ring may extend peripherally about 
the housing and be Secured to an outer Surface thereof 
proximate the first end region. In another exemplary 
embodiment, the first end region comprises at least one coil 
having a lateral extent greater than the diameter of the 
housing and located outside thereof. 
0.018 Numerous features, advantages, and alternative 
aspects of the present invention will be apparent to those 
skilled in the art from a consideration of the following 
detailed description taken in combination with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0019. In the drawings, which illustrate what is currently 
considered to be the best mode for carrying out the inven 
tion: 

0020 FIG. 1A is a schematic sectional view of an 
exemplary test assembly including a carrier and resilient 
contact probes of the present invention in a configuration 
preliminary to testing of a Semiconductor wafer disposed 
therein. 

0021 FIG. 1B is a perspective illustration of a partial 
assembly of FIG. 1A. 
0022 FIG. 2A is a plan view of an exemplary carrier for 
carrying a plurality of resilient contact probes according to 
the present invention. 

0023 FIG.2B is a sectional view taken of section A-A of 
FIG. 2A. 

0024 FIG. 2C is a sectional view of a carrier including 
a compliant layer on one side thereof. 
0025 FIGS. 3A through 3C illustrate an exemplary 
resilient contact probe of the present invention that may be 
employed in conjunction with the carrier of FIGS. 2A-2C. 
0026 FIGS. 4A through 4C illustrate another exemplary 
resilient contact probe of the present invention that may be 
employed in conjunction with the carrier of FIGS. 2A-2C. 
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0027 FIGS.5A through 5D illustrate another exemplary 
resilient contact probe of the present invention that may be 
employed in conjunction with the carrier of FIGS. 2A-2C. 
0028 FIGS. 6A through 6D illustrate-another exem 
plary resilient contact probe of the present invention that 
may be employed in conjunction with the carrier of FIGS. 
2A-2C. 

0029 FIGS. 7A through 7D illustrate yet another exem 
plary resilient contact probe of the present invention that 
may be employed in conjunction with the carrier of FIGS. 
2A-2C. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0030 The present invention, in a number of embodi 
ments, includes carriers for holding resilient contact probes, 
a variety of exemplary embodiments of resilient contact 
probes, and associated assemblies thereof. The present 
invention is particularly useful for the electrical testing of 
wafers having integrated circuits thereon (e.g., as wafer 
burn-in testing) and other electrical devices (e.g., printed 
circuit boards (PCBs)). In the detailed description which 
follows, like features and elements in the Several embodi 
ments are identified in the drawings with the same or similar 
reference numerals for the convenience of the reader. 

0.031) A brief description of an exemplary overall assem 
bly of the electrical device test apparatus of the present 
invention will be discussed with reference to FIGS. 1A and 
1B. A more detailed description of selected individual com 
ponents of the assembly will follow with reference to FIGS. 
2A-2C, 3A-3C, 4A-4C, 5A-5D, 6A-6D, and 7A-7D. 
Although the detailed description of the electrical device test 
apparatus of the present invention is described with respect 
to testing Semiconductor wafers, the electrical device test 
apparatus is Suitable and easily configurable for testing any 
electrical device. For example, PCBs may be tested instead 
of Semiconductor wafers employing the electrical device test 
apparatus of the present invention. The electrical device test 
apparatus of the present invention may accommodate a 
variety of different electrical contacts on a Substrate Such as, 
for example, terminal pads or ribbon cables on a Surface of 
a PCB that are each respectively contacted by a resilient 
contact probe to create a temporary electrical connection. 
0032 Referring to FIG. 1A, assembly 134 is formed by 
inserting a plurality of resilient contact probes 112 into a like 
plurality of through holes 106 of a carrier 100 including 
carrier body 102. The carrier body 102 is depicted carrying 
a plurality of Spacers 114 to provide a predetermined Stand 
off distance between the carrier body 102 and a semicon 
ductor wafer 118 to be tested. Spacers 114, which may be 
formed of, for example, a Solder mask material, metal or 
plastic, are placed to coincide with areas of the Semicon 
ductor wafer 118 on which integrated circuits are not 
located, such as about the periphery of the wafer 118 and at 
boundaries or “streets” between Semiconductor die locations 
on wafer 118. The semiconductor wafer 118 may be, without 
limitation, a bulk semiconductor Substrate (e.g., a full or 
partial conventional wafer of Semiconductor material, Such 
as Silicon, gallium arsenide, indium phosphide, or a Silicon 
on-insulator (SOI) type Substrate, Such as Silicon-on-ceramic 
(SOC), Silicon-on-glass (SOG), or Silicon-on-Sapphire 
(SOS), etc.) that includes a plurality of semiconductor dice 
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thereon, and as used herein, the term "wafer encompasses 
any and all of the foregoing Structures. 
0033. With continued reference to FIG. 1A, the resilient 
contact probes 112 are inserted from the interface board side 
110 of carrier body 102 to extend therethrough to a wafer 
side 108 thereof. Interface board contact end regions 113 of 
the resilient contact probes 112 may have portions of a 
lateral dimension, Such as a diameter, larger than the diam 
eters of portions of the through holes 106 adjacent to 
interface board side 110 of carrier body 102 and, thus, may 
be retained on the Surface of the interface board side 110 of 
carrier body 102 when the resilient contact probes 112 are 
placed into through holes 106. Preferably, the resilient 
contact probes 112 are not preloaded to help prevent distor 
tion of the carrier 100. Thus, when the resilient contact 
probes 112 are not preloaded, the carrier 100 and the 
resilient contact probes 112 is termed a “Zero force system” 
in a neutral condition. The interface board 124 may then be 
placed over with the carrier body 102 by aligning the 
assembly holes 104 of the carrier body 102 with the assem 
bly holes 105 in the interface board 124 and the two 
Structures may then be fixed together with fastening ele 
ments 128, Such as bolts, Screws or other Suitable fasteners. 
Some clearance to accommodate the laterally enlarged por 
tions of interface board contact end regions 113 may be 
allowed between carrier body 102 and interface board 124, 
Such as, for example, 100 lim. The clearance may be 
provided with Shims or washers placed about fastening 
elements extending between carrier body 102 and interface 
board 124. Once the carrier body 102 and the interface board 
124 are fixed together, the resilient contact probes 112 are 
thus captured therebetween. In other words, the presence of 
interface board contact end region 113 of each resilient 
contact probe 112 prevents the resilient contact probe 112 
from being able to pass through its associated through hole 
106 from the interface board Side 110 to the wafer side 108 
of carrier body 102 and the presence of the underlying 
interface board 124 prevents the resilient contact probe 112 
from being able to fall out of carrier body 102 from the other 
direction. Thus, the interface board contact end region 113 
of each resilient contact probe is firmly disposed between 
interface board side 110 of carrier body 102 and interface 
board 124. 

0034). With continued reference to FIG. 1A, the semi 
conductor wafer 118 is placed on the wafer side 108 of the 
carrier body 102 such that bond pads 120 thereof are aligned 
with the resilient contact probes 112. Alignment may be 
performed using commercially available machine vision 
systems that have a “look down and up' capability to view 
both the bond pads 120 of the wafer 118 and the individual 
resilient contact probes 112 on the wafer side 108 of the 
carrier body 102. A resilient, annular (in the case of a 
conventional wafer test) Seal element 116, Such as an O-ring, 
is placed around the wafer 118 and the carrier body 102. It 
is noted that if a PCB is to be tested, instead of the 
conventional wafer 118 shown in FIGS. 1A and 1B, the seal 
element 116 may have a different geometry. Instead of 
having an annular shape, the Seal element 116 may have any 
suitable shape that generally surrounds the PCB to be tested 
and the carrier body 102. A chuck 122 may be placed over 
the seal 116 and the wafer 118 to bear against the edge of the 
resilient, annular Seal element 116 and a back Side of the 
wafer 118. A partial vacuum is then applied through Vacuum 
port 132 of the chuck 122, the resilient, annular seal element 
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116 providing a seal between the interface board 124 and the 
chuck 122 to create a sealed chamber in interior region 117 
containing semiconductor wafer 118 and carrier body 102 
bearing resilient contact probes 112. The area of the inter 
face board 124 contacted by the resilient, annular Seal 
element 116 may be coated with a layer of metal (not shown) 
to provide a Smooth contact Surface for the adjacent edge of 
the resilient, annular Seal element 116. The partial vacuum 
pulls the chuck 122 of the assembly 134 toward the interface 
board 124, causing the respective ends of the individual 
resilient contact probes 112 to contact the bond pads 120 of 
the wafer 118, the terminal pads 126 of the interface board 
124 already being in contact with resilient contact probes 
112. A sequence of electrical test Signals may then be applied 
by conventional test equipment to the interface board 124 
and communicated to the wafer 118 by the resilient contact 
probes 112. 

0035) The mechanical load (force) applied to the terminal 
pads 126 of the interface board 124 through the resilient 
contact probe 112 is proportional to the applied vacuum and 
may be of, for example, a magnitude of about 800 psi. When 
the vacuum is applied, the chuck 122, through wafer 118, 
Spacers 114 and carrier body 102, may urge the interface 
board contact end regions 113 of the resilient contact probes 
112 against the terminal pads 126 of the interface board 124 
with additional force. Thus, very high loads (i.e., a high 
energy interface) may be applied to the terminal pads 126 of 
the interface board 124 by the end regions 113 of the 
resilient contact probes 112 through the application of the 
Vacuum, enabling a reliable electrical connection therebe 
tween. Since the interface board 124 is subjected to repeated 
use, the terminal pads 126 are often deformed or covered 
with debris, contamination, or films (e.g., an oxide film). The 
high applied loads imposed on the carrier body cause the end 
regions 113 of resilient contact probes 112 to break through 
any debris, contamination, or films (e.g., an oxide film) 
present on the terminal pads 126 that would ordinarily 
prevent a reliable electrical connection therebetween. In 
contrast, the bond pads 120 of the wafer 118 are isolated 
from this loading due to the presence of Spacers 114 and, 
instead are loaded to a significantly lesser degree by the 
contact tips of their associated resilient contact probes 112. 
It is unnecessary to apply as high a load to the relatively 
pristine surfaces of the bond pads 120 of the recently 
fabricated semiconductor wafer 118 and, in addition, Such 
high loading may damage the relatively fragile bond pads 
120 as well as the underlying circuitry. The load applied to 
the bond pads 120 of the wafer 118 is proportional to the 
internal Spring constant of the resilient contact probe 112 
(i.e., the amount of deflection of the compression spring of 
the resilient contact probe 112 upon application of the partial 
vacuum). 
0036) A perspective illustration of a portion of the assem 
bly 134 is depicted in FIG. 1B. FIG. 1B illustrates the 
carrier 100 disposed on the active surface of the interface 
board 124 having terminal pads 126 (not shown, under 
carrier 100). The resilient, annular seal element 116 Sur 
rounds the carrier 100 and rests on the contact Surface of the 
interface board 124. The chuck 122, dimensioned to cover 
the carrier 100 and Surrounding resilient, annular Seal ele 
ment 116, is shown removed from the assembly 134 and to 
one side thereof. Although not shown in FIG. 1B, in 
operation of assembly 134, the wafer 118 fits within the 
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interior region 117 defined by the resilient, annular seal 
element 116 and is covered by the chuck 122, as more 
clearly depicted in FIG. 1A. 
0037. The structure of carrier 100 for-holding the plural 
ity of resilient contact probes 112 will be discussed in more 
detail with reference to FIGS. 2A-2C. The carrier 100 of the 
present invention may comprise a single piece carrier that 
holds the plurality of resilient contact probes 112, making it 
relatively inexpensive and simple to fabricate. In FIG. 2A, 
the carrier 100 (i.e., a “keeper”) is shown to comprise a one 
piece carrier body 102 including a plurality of through holes 
106 for receiving resilient contact probes 112 therein, and a 
plurality of assembly holes 104 for use in securing carrier 
body 102 to interface board 124. A single piece carrier body 
102 prevents problems with registration, alignment, or con 
centricity of through holes in the carrier body 102 that would 
occur if the carrier body 102 was formed from multiple 
plates. The carrier body 102 may be formed from any 
organic, ceramic, or glass material that may be drilled to 
form through holes 106 and assembly holes 108. Silicon 
may be used for the material of the carrier body 102. 
However, if silicon is used for the material of the carrier 
body 102, the surfaces thereof including the interior of 
through holes 106 would need to be passivated as known in 
the art (Such as by, for example, Silicon nitride) to prevent 
current leakage from the resilient contact probes 112. 
Through holes 106 of the plurality are spaced apart and 
arranged So as to correspond to the locations of the bond 
pads 120 on the wafer 118 and the terminal pads 126 of the 
interface board 124 to be mated to the carrier 100. For 
example, an exemplary number of through holes 106 and 
corresponding resilient contact probes 112 may be about 
11,890 to correspond to the number of bond pads 120 on the 
active surface of an eight inch wafer 118. The plurality of 
assembly holes 104 that may be used to secure the carrier 
100 to the interface board 124 are spaced apart circumfer 
entially along the perimeter of the carrier body 102. 
Although not shown, additional holes may be Spaced apart 
circumferentially along the perimeter of the carrier body 102 
to allow for Strain accommodation due to a mismatch of 
coefficients of thermal expansion (CTE) among the compo 
nents of assembly 134 when the carrier body 102 is fixed to 
an interface board 124 in an assembly and is heated to an 
elevated temperature, Such as during wafer burn-in. Also, 
additional holes (partial or through holes) may be selectively 
located in the interior of the carrier body 102 between some 
of the through holes 106 to enable aligning test fixtures for 
Selectively testing Specific resilient contact probes 112. 
0038. In FIG. 2B, a sectional view taken along line A-A 
of FIG. 2A is shown. FIG. 2B illustrates a sectional view of 
the carrier body 102 having a wafer side 108 that will abut 
the wafer 118. Interface board side 110 is the side of the 
carrier 100 that will abut the interface board 124. FIG. 2B 
depicts an exemplary geometry for the through holes 106 
and the assembly holes 104. The through holes 106 are 
configured to receive the resilient contact probes 112 and 
may each include a countersink portion 106A and an elon 
gated portion 106B. Similarly, the assembly holes 104 are 
configured to receive a fastening element, Such as a bolt, 
Screw or other Suitable fastener therethrough, and may 
include a counterSink portion 104A to accommodate a head 
of the fastening element and an elongated portion 104B to 
accommodate a shaft thereof. The carrier 100 of the present 
invention may carry spacers 114 (shown in FIG. 1A) on the 
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surface of the wafer side 108 to provide a predetermined 
amount of standoff between the wafer 118 and the Surface of 
the wafer side 108 as depicted in FIG.1A while transmitting 
force therethrough from chuck 122 and wafer 118 to carrier 
body 102. The spacers 114 may be formed, as noted above, 
by applying a Solder mask material. The Spacers 114 may 
also be formed by blanket electroplating or electroleSS 
deposition of a metal, Such as copper or a copper alloy, 
followed by masking and etching to define the dimensions of 
the Spacers 114 employing conventional photolithography 
techniques, or by Selective deposition of metal through a 
patterned mask. The spacers 114 may also be formed by 
blanket deposition of a plastic material followed by pattern 
ing, or Selective deposition thereof. 
0039) Referring to FIG. 2C, in another exemplary 
embodiment, the carrier body 102 may include a compliant 
layer 130 coating the interface board side 110 thereof to 
retain the resilient contact probes 112 during fabrication and 
handling. The use of compliant layer 130 may also alleviate 
planarity problems with the surface of the interface board 
side 110 of carrier body 102 when carrier body 102 is 
disposed on the contact Surface of interface board 124. A 
representative thickness for the compliant layer 130 may be 
about 0.010 inch. In FIG. 2C, the carrier body 102 is 
depicted with the spacers 114 on the surface of the wafer 
side 108 to provide a predetermined amount of standoff 
between the wafer 118 and the Surface of the wafer side 108 
of carrier body 102. The compliant layer 130 has apertures 
111 therethrough of Smaller diameter or lateral extent than a 
lateral extent of resilient contact probes 112 and, thus 
Secures the resilient contact probes 112 extending there 
through by a resilient interference fit therewith to retain 
them on the carrier body 102. As shown in FIG. 2C, the 
compliant layer 130 may extend over a portion of the 
countersink portion 106A of a through hole 106. The pres 
ence of compliant layer 130 also alleviates any problem with 
the interface board side 110 being nonplanar by deforming 
when assembled with the other components of assembly 134 
and when the Vacuum is applied to compress all of the 
components of assembly 134 together. Compliant layer 130 
may be formed of any Suitable, nonconductive material 
including, without limitation, Silicone-based elastomers and 
fluorocarbon polymers. It is preferred that the compliant 
layer 130 be stable to temperatures up to 150° C. that may 
occur during wafer testing, and Specifically during burn-in. 
0040. With continued reference to FIG. 2C, the compli 
ant layer 130 may be formed by spraying the compliant layer 
130 on the interface board side 110 of the-carrier body 102, 
followed by drilling the plurality of through holes 106. In 
such an instance, there will be no countersink portions 106A 
of through holes 106. The resilient contact probes 112 are 
then inserted into the through holes 106. The carrier 100 
including the compliant layer 130 and the resilient contact 
probes 112 is heated to an elevated temperature Sufficient to 
cause the compliant layer 130 to laterally expand over and 
toward the centers of the through holes 106 to bear against 
the resilient contact probes 112. Thus, resilient contact 
probes 112 may be retained on the carrier body 102 during 
handling and prior to assembly with interface board 124 by 
the compliant layer 130 laterally bearing against them. The 
compliant layer 130 may also be formed by first drilling the 
through holes 106 in the carrier body 102 (with countersink 
portions 106A, as desired) followed by spraying the com 
pliant layer 130 on the interface board side 110 of the carrier 
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body 102 or, preferably, adhesively bonding a preformed 
film comprising compliant layer 130 over the interface board 
side 110. Holes may then be punched in the compliant layer 
130 that are aligned with, and have an undersized diameter 
with respect to, the countersink portions 106A of through 
holes 106. Thus, the compliant layer 130 may laterally 
extend over portions of through holes 106 and may bear 
against resilient contact probes 112 therein to retain them on 
the carrier body 102. Alternatively, upon heating, the com 
pliant layer 130 may laterally extend toward the center of the 
through holes (shown by the dashed line) to bear against the 
resilient contact probe 112 therein. CounterSink portions 
106A may also provide clearance for longitudinal deflection 
of end regions 113 of resilient contact probes 112 thereinto 
when carrier body 102 is assembled with interface board 
124. 

0041) A number of different configurations may be used 
for the resilient contact probes 112 that are received by the 
plurality of through holes 106 in the carrier body 102. 
Various exemplary configurations for resilient contact 
probes 112 are labeled as resilient contact probes 112A, 
112B, 112C, 112D, and 112E, shown in FIGS. 3A-3C, 
4A-4C, 5A-5D, 6A-6D, and 7A-7D, respectively. 
0042 Referring to FIG. 3A, an exemplary configuration 
for resilient contact probe 112A is shown. Resilient contact 
probe 112A includes four regions: an interface board contact 
end region 113, an active region203, a dead region 202, and 
a wafer contact end region 204, active region 203 and dead 
region 202 being located in an intermediate region of 
resilient contact probe 112Abetween interface board contact 
end region 113 and wafer contact end region 204. The 
interface board contact end region 113 includes a contact tip 
208 formed as a “pigtail” of a plurality of coils of decreasing 
diameter that is configured to bear against the terminal pads 
126 of the interface board 124 upon assembly with the 
interface board 124 and application of the partial vacuum, as 
more fully described with reference to FIG. 1A. A top view 
of the interface board contact end region 113 is shown in 
FIG.3B. Two tightly wound coils 205 of the interface board 
contact end region 113 have an outer diameter (D) sized 
larger than the diameter of the through hole 106 of the carrier 
body 102 so that, upon insertion into the through hole 106, 
the resilient contact probe 112A is retained by the interface 
board side 110 of the carrier body 102. Thus, a surface 203 
of the two tightly wound coils 205 abuts the interface board 
side 110 of carrier body 102 upon assembly therewith. The 
“pigtail” type geometry of the contact tip 208 of interface 
board contact end region 113 not only provides Some 
compliance and concentrates force on the adjacent terminal 
pad 126.with which it is aligned, but also enables accurate 
targeting of the terminal pads 126 and prevents step-offs or 
Shorting due to inadvertently contacting a laterally adjacent 
bond pad 126. The majority of the length of the resilient 
contact probe 112A comprises a compression Spring 212 
having a longitudinally compressible active region 203 
comprising a plurality of coils of a diameter (D) and a pitch 
(P). Preferably, the compression spring 212 is not preloaded 
to help prevent distortion of the carrier 100. The compres 
Sion Spring 212 also includes a Substantially longitudinally 
incompressible dead region 202 comprising a plurality of 
abutting coils that does not significantly contribute to the 
motive force of the compression Spring 212. The dead region 
202 increases the lateral stability of the resilient contact 
probe 112A within through hole 106 receiving same so that 
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the contact tip 210 is not easily displaced during contacting 
of the wafer 118 from a lateral force against the contact tip 
210. The length of the dead region 202 may be at least the 
same as the diameter of the elongated portion 106B of the 
through hole 106, and preferably greater. Thus, the presence 
of dead region 202 improves the positional accuracy of the 
contact tip 210 for contacting the bond pads 120 of the wafer 
118. If a lateral force is applied to the contact tip 210, the 
dead region 202 contacts the Side wall of the elongated 
portion 106B, preventing lateral motion of contact tip 210. 
The wafer contact end region 204 is defined by a length (L) 
and includes the contact tip 210 having a diameter (d) 
suitably sized and configured to contact the bond pads 120 
of the wafer 118 upon assembly with wafer 118 and appli 
cation of the partial vacuum as more fully described with 
reference to FIG. 1A. The contact tip 210 may have a variety 
of different geometries and is shown having a Sharpened tip 
with an end Surface lying at an angle 0 relative to the center 
line of the resilient contact probe 112A. A top view of the 
wafer contact end region 204 is depicted in FIG. 3C. 
0043. By way of example, the compression spring 212 
may be formed from a copper-beryllium alloy wire to have 
a Spring rate of about 1.65 lbs per inch. Copper-beryllium is 
desirable as it exhibits a low bulk resistance. Such wire is 
commercially available from Brush Wellman and NGK. 
Stainless Steel wire or music wire may also be used, but are 
leSS preferable as exhibiting a higher bulk resistance. The 
compression spring 212 may also be coated with 20 to 50 
micro inches of cobalt hardened gold on top of a coating of 
50 micro inches of nickel to increase the electrical conduc 
tivity thereof. Representative dimensions for the resilient 
contact probe 112A illustrated in FIG. 3A are L=133.00 
mils, P=4.62, L=20.00 mils, L=7.0 mils, D=16.00 mils, 
D=21.00 mils, 0=45, and d=3.10 mils. It is notable that a 
wire-only design for resilient contact probes 112 may be 
used to reduce pitch (spacing) between adjacent probes from 
current 0.4 mm pitch to 0.3 mm or even smaller. 
0044) Referring to FIG. 4A, an exemplary configuration 
for resilient contact probe 112B is shown. Resilient contact 
probe 112B is substantially identical to the resilient contact 
probe 112A except that the compression Spring 212 lacks the 
dead region 202 as part of the intermediate region. The 
interface board contact end region 113 includes a contact tip 
208 that is configured to contact the terminal pads 126 of the 
interface board 124 upon assembly with the interface board 
124 and application of the partial vacuum as more fully 
described with reference to FIG. 1A. A top view of the 
interface board contact end region 113 is shown in FIG. 4B. 
The outer diameter (D) of the interface board contact end 
region 113 is sized larger than the diameter of the through 
hole 106 of the carrier body 102 so that upon insertion into 
the through hole 106, the resilient contact probe 112B is 
retained by the interface board side 110 of the carrier body 
102. In FIG. 4A, the interface board contact end region 113 
is shown having two tightly wound coils 205 of a diameter 
(D) and serves to retain the resilient contact probe 112B 
upon insertion into the through hole 106. Thus, a surface 207 
of the two tightly wound coils 205 abuts the interface board 
side 110. The majority of the length of the resilient contact 
probe 112B comprises a compression Spring 212 having a 
diameter (D) and a pitch (P). Preferably, the compression 
Spring 212 is not preloaded to help prevent distortion of the 
carrier 100. The wafer contact end region 204 is defined by 
a length (L) and includes a contact tip 210 having a 
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diameter (d) that is configured to contact the bond pads 120 
of the wafer 118 upon assembly with the wafer 118 and 
application of the partial vacuum as more fully described 
with reference to FIG. 1A. The contact tip 210 may have a 
variety of different geometries and is shown having a 
Sharpened tip with an end Surface lying at an angle 0 relative 
to the center line of the resilient contact probe 112B. A top 
view of the wafer contact end region 204 is depicted in FIG. 
4C. The materials for forming the various components of 
resilient contact probe 112B and representative dimensions 
thereof are the same as with the resilient contact probe 112A 
of FIGS. 3A-3C. 

0045 Referring to FIG. 5A, an exemplary configuration 
for resilient contact probe 112C is shown. Resilient contact 
probe 112C includes substantially tubular body 302, which 
is preferably formed from a drawn or extruded tube having 
a compression Spring 312 dimensioned to fit therein in an 
intermediate region of resilient contact probe 112C. Prefer 
ably, the compression Spring 312 is not preloaded to help 
prevent distortion of the carrier 100; One end 313 of the 
compression spring 312 is retained inside of the body 302 by 
roll crimping the wall of body 302 to form annular, crimped 
portion 304 that restrains the end 313 from being able to be 
longitudinally displaced relative to the body 302 upon 
compression of the compression Spring 312. The geometry 
of the body 302 is defined by a major diameter (D), a minor 
diameter (D), and a length (L1 and L). As more clearly 
shown in FIG. 5B, the body 302 tapers down to an opening 
having a minor diameter (D) at one end thereof that a 
portion of a solid plunger body 308 disposed within body 
302 extends through. As depicted in FIG. 5B, the plunger 
body 308 includes an enlarged stopper portion 309 and an 
elongated portion 310. In FIGS. 5A and 5B, the stopper 
portion 309 is shown received by the hollow interior of body 
302 with the elongated portion 310 extending therefrom a 
maximum length (L). The geometry of the elongated por 
tion 310 is defined in part by a generally conically shaped 
end portion 305 formed at an angle (0,i) relative to a portion 
303. The contact tip 306 having a radius (R) is sized and 
configured to contact the bond pads 120 of the wafer 118 
upon assembly therewith and application of the partial 
vacuum to assembly 134, as more fully described with 
reference to FIG. 1A. The stopper portion 309, having a 
diameter greater than the minor diameter (D), prevents the 
plunger body 308 from being able to extend from the body 
302 more than a length (L) due to the interference of 
tapered end 318 of the body 302 with the stopper portion 
309. The plunger body 308 is also displaceable inside the 
hollow interior of body 302 so that a surface of the stopper 
portion 309 may contact the free end of the compression 
spring 312 upon displacement of plunger body 308 to 
longitudinally compress the compression Spring 312 and to 
create an electrical path from the contact tip 306 to the 
opposing interface board contact end region 113. A top view 
of the plunger body 308 and the contact tip 306 is shown in 
FIG 5C. 

0046) With continued reference to FIGS.5A and 5B, the 
body 302 of the resilient contact probe 112C further includes 
a ring 316 on the interface board contact end region 113 
thereof that is crimped or press fit thereto. The ring 316 
increases the diameter (D) of the body 302 to a diameter 
(D). The diameter (D) is sized greater than the diameter of 
the through hole 106 of the carrier body 102 and serves to 
retain the resilient contact probe 112C on the interface board 
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side 110 of the carrier body 102 upon insertion into the 
through hole 106. Thus, a surface 314 of the ring 316 abuts 
the interface board side 110. The interface board contact end 
region 113 is configured to contact the terminal pad 126 of 
the interface board 124 upon assembly with the interface 
board 124 and application of the partial vacuum, as more 
fully described with reference to FIG. 1A. A top view of the 
interface board contact end region 113 of the body 302 is 
illustrated in FIG. 5D. 

0047. By way of example, the compression spring 312 
may be formed from a copper-beryllium alloy wire to have 
a Spring rate of about 15 grams at 0.25 mm deflection. 
Copper-beryllium is desirable as it exhibits a low bulk 
resistance. Such wire is commercially available from Brush 
Wellman and NGK. Stainless steel wire or music wire may 
also be used, but are leSS preferable as exhibiting a higher 
bulk resistance. The compression Spring 312 may also be 
coated with 20 to 50 micro inches of cobalt hardened gold 
on top of a coating of 50 micro inches of nickel to increase 
the electrical conductivity thereof. The body 302 may be 
formed from brass, the plunger body 308 may be formed 
from copper-beryllium alloys, Steel, or tungsten, and the ring 
312 may be formed from brass or copper-beryllium alloys, 
each of which may be coated with hardened gold or another 
Suitable conductive coating to increase the electrical con 
ductivity thereof. Representative dimensions for the resilient 
contact probe 112C illustrated in FIG. 5A are L=3.03 mm, 
L=0.50 mm, L=0.10 mm, D=0.42 mm, D=0.54 mm, 
Da=0.24 mm, 0–60, and R=0.05 mm. 
0.048 Referring to FIG. 6A, another exemplary configu 
ration for resilient contact probe 112D is shown. Resilient 
contact probe 112D includes substantially tubular body 402 
preferably formed from a drawn or extruded tube having a 
compression Spring 412 dimensioned to fit therein in an 
intermediate region of contact probe 112D. Preferably, the 
compression Spring 412 is not preloaded to help prevent 
distortion of the carrier 100. One end 413 of the compression 
spring 412 is retained inside of the body 402 by roll 
crimping the wall of body 402 to form an annular, crimped 
portion 404 that restrains the end 413 from being able to be 
longitudinally displaced relative to the body 402 upon 
compression of the compression Spring 412. The geometry 
of the body 402 is defined by a major diameter (D), a minor 
diameter (D), and a length (L). AS more clearly shown in 
FIG. 6B, the body 402 tapers down to an opening having a 
minor diameter (D) at one end thereof that a portion of a 
solid plunger body 408 disposed within body 402 extends 
through. As depicted in FIG. 6B, the plunger body 408 
includes an enlarged Stopper portion 409 and an elongated 
portion 410. In FIGS. 6A and 6B, the stopper portion 409 
is shown received by the hollow interior of body 402 with 
the elongated portion 410 extending therefrom a maximum 
length (L). The geometry of the elongated portion 410 is 
defined in part by a generally conically shaped end portion 
405 formed at an angle (0,i) relative to a portion 403. A 
contact tip 406 having a radius (R) of the plunger body 
408 is configured to contact the bond pads 120 of the wafer 
118 upon assembly therewith and application of the partial 
vacuum, as more fully described with reference to FIG. 1A. 
The stopper portion 409, having a diameter greater than the 
minor diameter (D), prevents the plunger body 408 from 
being able to extend from the body 402 more than a length 
(L) due to the interference of tapered end 418 of the body 
402 with the stopper portion 409. The plunger body 408 is 
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also displaceable inside the hollow interior of body 402 So 
that a surface of the stopper portion 409 may contact the free 
end of the compression Spring 412 upon displacement of 
plunger body 408 to longitudinally compress the compres 
Sion Spring 412 and to create an electrical path from the 
contact tip 406 to the opposing interface board contact end 
region 113. A top view of the plunger body 408 and contact 
tip 406 is shown in FIG. 6C. 
0049. With continued reference to FIGS. 6A and 6B, the 
body 402 of the resilient contact probe 112D further includes 
an end cap 416 on the interface board contact end region 113 
thereof that is crimped or press fit thereto. The end cap 416 
has an outer diameter (D) that is greater than the major 
diameter (D) of the body 402. The diameter (D) is sized 
greater than the diameter of the through hole 106 of the 
carrier body 102 and serves to retain the resilient contact 
probe 112D on the interface board side 110 of the carrier 
body 102 upon insertion into the through hole 106 of the 
carrier body 102. Thus, a surface 415 of the end cap 416 
abuts the interface board side 110. The end cap 416 is also 
configured to contact the terminal pads 126 of the interface 
board 124 upon assembly therewith and application of the 
partial vacuum as more fully described with reference to 
FIG. 1A. A top view of the interface board contact end 
region 113 of the body 402 is illustrated in FIG. 6D. 
0050. By way of example, the compression spring 412 
may be formed from copper-beryllium alloy wire to have a 
Spring rate of about 15 grams at 0.25 mm deflection. 
Copper-beryllium is desirable as it exhibits a low bulk 
resistance. Such wire is commercially available from Brush 
Wellman and NGK. Stainless steel wire or music wire may 
also be used, but are leSS preferable as exhibiting a higher 
bulk resistance. The compression Spring 412 may also be 
coated with 20 to 50 micro inches of cobalt hardened gold 
on top of a coating of 50 micro inches of nickel to increase 
the electrical conductivity thereof. The body 402 may be 
formed from brass, the plunger body 408 may be formed 
from copper-beryllium alloys, Steel, or tungsten, and the end 
cap 416 may be formed from brass or copper-beryllium 
alloys, each of which may be coated with hardened gold or 
another Suitable conductive coating to increase the electrical 
conductivity thereof. Representative dimensions for the 
resilient contact probe 112D illustrated in FIG. 6A are 
L=3.03 mm, L=0.50 mm, L=0.38 mm, D=0.42 mm, 
D=0.54 mm, D=0.24 mm, 0=60°, and R=0.05 mm. 
0051 Referring to FIG. 7A, an exemplary configuration 
for resilient contact probe 112E is shown. Resilient contact 
probe 112E includes Substantially tubular body 502 prefer 
ably formed from a drawn or extruded tube having a 
compression Spring 512 dimensioned to fit therein in an 
intermediate region of contact probe 112E. Preferably, the 
compression Spring 512 is not preloaded to help prevent 
distortion of the carrier 100. A portion of the compression 
Spring 512 proximate the interface board contact end region 
113 is retained inside of the body 502 by roll crimping the 
body 502 to form an annular, crimped portion 504 that 
restrains a portion of the compression Spring 512 from being 
able to be longitudinally displaced relative to the body 502 
upon compression of the compression Spring 512. The 
geometry of the body 502 is defined by a major diameter 
(D), a minor diameter (D), and a length (L). As more 
clearly shown in FIG. 7B, the body 502 tapers down to an 
opening having a minor diameter (D) at one end thereof that 
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a portion of a solid plunger body 508 disposed within body 
502 extends through. As depicted in FIG. 7B, the plunger 
body 508 includes an enlarged stopper portion 509 and an 
elongated portion 510. In FIG. 7B, a partial sectional view 
of the resilient contact probe 112E is shown with the stopper 
portion 509 received by the hollow interior of body 502 and 
the elongated portion 510 extending therefrom a maximum 
length (L). The geometry of the elongated portion 510 is 
defined in part by a generally conically shaped end portion 
505 formed at an angle (0,i) relative to a portion 503. A 
contact tip 506 having a radius (R) of plunger body 508 is 
sized and configured to contact the bond pads 120 of the 
wafer 118 upon assembly therewith and application of the 
partial vacuum, as more fully described with reference to 
FIG. 1A. The stopper portion 509, having a diameter greater 
than the minor diameter (D), prevents the plunger body 508 
from being able to extend from the body 502 more than a 
length (L) due to the interference of tapered end 518 of the 
body 502 with the stopper portion 509. The plunger body 
508 is also displaceable inside the hollow interior of body 
502 So that a surface of the stopper portion 509 may contact 
the free end of the compression Spring 512 upon displace 
ment of plunger body 508 to longitudinally compress the 
compression Spring 512 and to create an electrical path from 
the contact tip 506 to the opposing interface board contact 
end region 113. A top view of the plunger body 508 and 
contact tip 506 is shown in FIG. 7C. 

0.052 With continued reference to FIG. 7A, the com 
pression spring 512 further includes at least one coil 514 
located outside of the body 502 that has a diameter (D). The 
diameter (D) is greater than the diameter (D) of the body 
502. The diameter (D) is sized greater than the diameter of 
the through hole 106 of the carrier body 102 and serves to 
retain the resilient contact probe 112E on the interface board 
side 110 of the carrier body 102 upon insertion into the 
through hole 106 of the carrier body 102. Thus, the at least 
one coil 514 abuts the interface board side 110. The at least 
one coil 514 having a diameter (D) is also configured to 
contact the terminal pads 126 of the interface board 124 
upon assembly therewith and application of the partial 
vacuum, as more fully described with reference to FIG. 1A. 
The resilient contact probe 112E may also have a “pig tail” 
type coil at the interface contact end region 113 having a 
contact tip 515 and a length (L) as shown in FIG. 7D. The 
interface contact end region 113 (i.e., the “pigtail’) may be 
identical to that shown and described with respect to the 
resilient contact probe 112A in FIGS. 3A-3C. 
0.053 By way of example, the compression spring 512 
may be formed from copper-beryllium alloy wire to have a 
Spring rate of about 15 grams at 0.25 mm deflection. 
Copper-beryllium is desirable as it exhibits a low bulk 
resistance. Such wire is commercially available from Brush 
Wellman and NGK. Stainless steel wire or music wire may 
also be used, but are leSS preferable as exhibiting a higher 
bulk resistance. The compression Spring 512 may also be 
coated with 20 to 50 micro inches of cobalt hardened gold 
on top of a coating of 50 micro inches of nickel to increase 
the electrical conductivity thereof. The body 502 may be 
formed from brass and the plunger body 508 may be formed 
from copper-beryllium alloys, Steel, or tungsten, each of 
which may be coated with hardened gold or another suitable 
conductive coating to increase the electrical conductivity 
thereof. Representative dimensions for the resilient contact 
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probe 112E illustrated in FIG. 7A are L=3.03 mm, L=0.50 
mm, D=0.42 mm, D=0.54 mm, D=0.24 mm, 0=60, 
and R=0.05 mm. 

tip 
tip 

0054 Although the foregoing description contains many 
Specifics, these are not to be construed as limiting the Scope 
of the present invention, but merely as providing certain 
exemplary embodiments. Similarly, other embodiments of 
the invention may be devised which do not depart from the 
Spirit or Scope of the present invention. The Scope of the 
invention is, therefore, indicated and limited only by the 
appended claims and their legal equivalents, rather than by 
the foregoing description. All additions, deletions, and 
modifications to the invention, as disclosed herein, which 
fall within the meaning and Scope of the claims are encom 
passed by the present invention. 

What is claimed is: 
1. An apparatus for making a temporary electrical con 

nection with at least one electrical device, comprising: 
a carrier body extending Substantially in a plane and 

-having a first Surface, an opposing Second Surface, and 
a plurality of openings extending through the carrier 
body from the first Surface to the Second Surface; and 

a plurality of resilient contact probes, each of the plurality 
of resilient contact probes partially received within an 
opening of the plurality of openings, each of the 
plurality of resilient contact probes comprising: 
a first end region including a first contact end, a second 
end region including a Second contact end, and an 
intermediate region therebetween, wherein the first 
end region of each of the plurality of resilient contact 
probes includes a portion comprising a first lateral 
dimension greater than a Second lateral dimension 
that defines at least a portion of the opening adjacent 
the first end region. 

2. The apparatus of claim 1, wherein the first end region 
of at least one of the plurality of resilient contact probes is 
located outside of the opening and a Surface of the first end 
region abuts the first Surface of the carrier body. 

3. The apparatus of claim 1, further comprising: 
a layer of compliant material Secured over the first Surface 

of the carrier body and having apertures therethrough 
aligned with openings of the plurality of openings, 
wherein the plurality of resilient contact probes each 
extend through the apertures and the layer of compliant 
material bears laterally against a portion of each resil 
ient contact probe extending through an aperture. 

4. The apparatus of claim 3, wherein the first end region 
of at least one of the plurality of resilient contact probes is 
located outside of the opening and a Surface of the first end 
region abuts the layer of compliant material. 

5. The apparatus of claim 3, wherein the openings of the 
plurality of openings include a counterSink portion adjacent 
the first Surface and the layer of compliant material laterally 
extends to the apertures over the countersink portions of the 
openings of the plurality of openings. 

6. The apparatus of claim 3, wherein the layer of com 
pliant material comprises a resilient, nonconductive mate 
rial. 

7. The apparatus of claim 3, wherein the layer of com 
pliant material comprises a Silicone-based elastomer or a 
fluorocarbon polymer. 



US 2005/02536O2A1 

8. The apparatus of claim 1, wherein each of the openings 
of the plurality of openings includes a countersink portion 
adjacent the first Surface. 

9. The apparatus of claim 8, wherein the first end region 
of each of the plurality of resilient contact probes are at least 
partially received in the countersink portions of the open 
ings. 

10. The apparatus of claim 1, wherein the carrier body is 
a unitary carrier body. 

11. The apparatus of claim 7, wherein the carrier body is 
formed of an organic material, a ceramic material, a glass 
material, or a Silicon material. 

12. The apparatus of claim 1, wherein the intermediate 
region of each of the plurality of resilient contact probes 
comprises a compression Spring. 

13. The apparatus of claim 12, wherein the compression 
Spring comprises an active, longitudinally compressible 
portion within the intermediate region and a dead, Substan 
tially incompressible portion within the intermediate region 
and proximate the Second end region. 

14. The apparatus of claim 13, wherein the dead portion 
has a longitudinal extent equal to or greater than a lateral 
dimension of a portion of the opening that encloses at least 
part of the dead portion. 

15. The apparatus of claim 12, wherein the compression 
Spring comprises an active, longitudinally compressible 
portion within the intermediate region. 

16. The apparatus of claim 12, wherein at least one of the 
plurality of resilient contact probes comprises: 

a Substantially tubular housing at least partially enclosing 
the compression Spring and Secured to a portion thereof 
adjacent the first end region; and 

a plunger body comprising a stopper portion received 
within the housing and a contact tip portion extending 
longitudinally beyond the housing, the plunger body in 
contact with a portion of the compression Spring remote 
from the first end region. 

17. The apparatus of claim 1, further comprising: 
a plurality of Spacer elements disposed on and protruding 
from the second surface of the carrier body. 

18. The apparatus of claim 17, wherein the plurality of 
Spacer elements is formed of Solder mask material, metal 
material, or plastic material. 

19. The apparatus of claim 1, further comprising: 

an interface board Secured to the carrier body, the inter 
face board having a contact Surface including a plural 
ity of terminal pads thereon opposing the first Surface 
of the carrier body and the first contact end of at least 
Some of the plurality of resilient contact probes are in 
electrical contact with terminal pads of the interface 
board; and 

the portion of the first end region of each of the plurality 
of resilient contact probes comprising the first lateral 
dimension greater than the Second lateral dimension of 
the at least a portion of the opening adjacent the first 
end region is disposed between the carrier body and the 
interface board. 

20. The apparatus of claim 19, further comprising: 
a Substantially planar chuck member disposed over the 

carrier body and extending laterally therebeyond; and 
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a Seal element extending peripherally about the carrier 
body and disposed between the interface board and the 
chuck member. 

21. The apparatus of claim 20, wherein the chuck member 
comprises a vacuum port extending therethrough. 

22. An apparatus for making a temporary electrical con 
nection with at least one electrical device, comprising: 

a carrier body extending Substantially in a plane and 
having a first Surface, an opposing Second Surface, and 
a plurality of openings extending through the carrier 
body from the first surface to the second surface; 

a layer of compliant material adhered to the first Surface 
and having a plurality of apertures therethrough aligned 
with the plurality of openings, and 

a plurality of resilient contact probes, each of the plurality 
of resilient contact probes partially received within an 
opening of the plurality of openings and extending 
through an aperture of the plurality of apertures, each 
of the plurality of resilient contact probes comprising: 
a first end region including a first contact end, a Second 
end region including a Second contact end, and an 
intermediate region therebetween, wherein the first 
end region of each of the plurality of resilient contact 
probes includes a portion comprising a first lateral 
dimension greater than a Second lateral dimension 
that defines at least a portion of the opening adjacent 
the first end region and wherein the compliant mate 
rial of the layer laterally engages the resilient contact 
probe passing therethrough. 

23. The apparatus of claim 22, wherein the first end region 
of at least one of the plurality of resilient contact probes is 
located outside of the opening and a Surface of the first end 
region abuts the layer of compliant material. 

24. The apparatus of claim 22, wherein the openings of 
the plurality of openings include a countersink portion 
adjacent the first Surface and the layer of compliant material 
laterally extends to the plurality of apertures over the 
countersink portions of the openings of the plurality of 
openings. 

25. The apparatus of claim 22, wherein the layer of 
compliant material comprises a resilient, nonconductive 
material. 

26. The apparatus of claim 22, wherein the layer of 
compliant material comprises a Silicone-based elastomer or 
a fluorocarbon polymer. 

27. The apparatus of claim 22, wherein the carrier body is 
a unitary carrier body. 

28. The apparatus of claim 22, wherein the carrier body is 
formed of an organic material, a ceramic material, a glass 
material, or a Silicon material. 

29. The apparatus of claim 22, wherein the intermediate 
region of each of the plurality of resilient contact probes 
comprises a compression Spring. 

30. The apparatus of claim 29, wherein the compression 
Spring comprises an active, longitudinally compressible 
portion within the intermediate region and a dead, Substan 
tially incompressible portion within the intermediate region 
and proximate the Second end region. 

31. The apparatus of claim 30, wherein the dead portion 
has a longitudinal extent equal to or greater than a lateral 
dimension of a portion of the opening that encloses at least 
part of the dead portion. 
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32. The apparatus of claim 29, wherein the compression 
Spring comprises an active, longitudinally compressible 
portion within the intermediate region. 

33. The apparatus of claim 29, wherein at least one of the 
plurality of resilient contact probes comprises: 

a Substantially tubular housing at least partially enclosing 
the compression Spring and Secured to a portion thereof 
adjacent the first end region; and 

a plunger body comprising a stopper portion received 
within the housing and a contact tip portion extending 
longitudinally therebeyond, the plunger body in contact 
with a portion of the compression Spring remote from 
the first end region. 

34. The apparatus of claim 22, further comprising: 
a plurality of Spacer elements disposed on and protruding 
from the second surface of the carrier body. 

35. The apparatus of claim 34, wherein the plurality of 
Spacer elements is formed of Solder mask material, metal 
material, or plastic material. 

36. The apparatus of claim 22, further comprising: 

an interface board Secured to the carrier body, the inter 
face board having a contact Surface including a plural 
ity of terminal pads thereon opposing the first Surface 
of the carrier body and the first contact end of at least 
Some of the plurality of resilient contact probes are in 
electrical contact with terminal pads of the interface 
board; and 

the portion of the first end region of each of the plurality 
of resilient contact probes comprising the first lateral 
dimension greater than the Second lateral dimension of 
the at least a portion of the opening adjacent the first 
end region is disposed between the carrier body and the 
interface board. 

37. The apparatus of claim 36, further comprising: 
a Substantially planar chuck member disposed over the 

carrier body and extending laterally therebeyond; and 

a Seal element extending peripherally about the carrier 
body and disposed between the interface board and the 
chuck member. 

38. The apparatus of claim 37, wherein the chuck member 
comprises a vacuum port extending therethrough. 

39. A method of forming a resilient contact probe appa 
ratus for making a temporary electrical connection with at 
least one electrical device, comprising: 

providing a carrier body extending Substantially in a plane 
and having a first Surface and an opposing Second 
Surface; 

forming a plurality of openings extending from the first 
Surface to the Second Surface; and 

inserting a resilient contact probe into at least Some of the 
plurality of openings of the carrier body, each of the 
resilient contact probes comprising: 

a first end region including a first contact end, a Second 
end region including a Second contact end, and an 
intermediate region therebetween, wherein the first 
end region of each of the resilient contact probes 
includes a portion comprising a first lateral dimen 
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Sion greater than a Second lateral dimension that 
defines at least a portion of the opening adjacent the 
first end region. 

40. The method of claim 39, further comprising: 
Selecting the carrier body to be a unitary carrier body. 
41. The method of claim 39, further comprising: 
Selecting the carrier body to be formed from an organic 

material, a ceramic material, a glass material, or a 
Silicon material. 

42. The method of claim 39, further comprising: 
Securing an interface board having a contact Surface 

including a plurality of terminal pads thereon to the 
carrier body, the contact Surface opposing the first 
Surface of the carrier body; 

providing a Seal element extending peripherally about the 
carrier body and contacting the contact Surface of the 
interface board; 

providing a Substrate having a Surface including a plural 
ity of electrical contacts thereon to be received within 
at least a portion of an interior region defined by the 
Seal element, the Surface of the Substrate opposing the 
Second Surface of the carrier body; and 

contacting the first contact end and the Second contact end 
of at least Some of the resilient contact probes to 
terminal pads of the interface board and electrical 
contacts of the Substrate. 

43. The method according to claim 42, wherein the 
contacting the first contact end and the Second contact end 
of at least Some of the resilient contact probes to terminal 
pads of the interface board and electrical contacts of the 
Substrate comprises: 

providing a Substantially planar chuck member having a 
Vacuum port to contact a back Surface of the Substrate 
and a portion of the Seal element; and 

applying at least a partial vacuum communicated through 
the Vacuum port to cause the first contact end and the 
Second contact end of at least Some of the resilient 
contact probes to be in electrical communication with 
terminal pads of the interface board and electrical 
contacts of the Substrate. 

44. The method of claim 43, wherein the applying the at 
least a partial vacuum causes the first contact end of at least 
Some of the resilient contact probes to load terminal pads of 
the interface board to a greater degree than the Second 
contact end loads electrical contacts of the Substrate. 

45. The method of claim 43, wherein the applying the at 
least a partial vacuum causes the first Surface of the carrier 
body to urge the first contact end of each of the resilient 
contact probes to contact terminal pads on the contact 
Surface of the interface board and the Second contact end of 
each of the resilient contact probes to contact electrical 
contacts on the Surface of the Substrate. 

46. The method of claim 39, further comprising: 
forming a plurality of Spacer elements disposed and 

located at predetermined locations on the Second Sur 
face of the carrier body. 

47. The method of claim 42, further comprising: 
Selecting the Substrate to be a Semiconductor Substrate or 

a printed circuit board. 
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48. A method of forming a resilient contact probe appa 
ratus for making a temporary electrical connection with at 
least one electrical device, comprising: 

providing a carrier body extending Substantially in a plane 
and having a first Surface, an opposing Second Surface, 
and a layer of compliant material Secured over the first 
Surface of the carrier body; 

forming a plurality of openings extending from the first 
Surface to the Second Surface of the carrier body and a 
plurality of apertures through the layer of compliant 
material, each of the plurality of apertures aligned with 
openings of the plurality of openings, and 

inserting a resilient contact probe into at least Some of the 
plurality of openings of the carrier body and into 
apertures of the layer of compliant material aligned 
there with, each of the resilient contact probes compris 
Ing: 

a first end region including a first contact end, a Second 
end region including a Second contact end, and an 
intermediate region therebetween, wherein the first 
end region of each of the resilient contact probes 
includes a portion comprising a first lateral dimen 
Sion greater than a Second lateral dimension that 
defines at least a portion of the opening adjacent the 
first end region. 

49. The method of claim 48, wherein the forming the 
plurality of openings and the plurality of apertures is effected 
by drilling through the layer of compliant material and the 
carrier body. 

50. The method of claim 48, further comprising: 
heating the carrier body including the layer of compliant 

material and the resilient contact probes to cause the 
compliant material of the layer to laterally expand to 
engage the resilient contact probe passing therethrough. 

51. The method of claim 48, further comprising: 
Selecting the compliant material to comprise a resilient, 

nonconductive material. 
52. The method of claim 48, further comprising: 
Selecting the layer of compliant material to comprise a 

Silicone-based elastomer or a fluorocarbon polymer. 
53. The method of claim 48, further comprising: 
Selecting the carrier body to be a unitary carrier body. 
54. The method of claim 48, further comprising: 
Selecting a material for the carrier body to be formed from 

an organic material, a ceramic material, a glass mate 
rial, or a Silicon material. 

55. The method of claim 48, further comprising: 
Securing an interface board having a contact Surface 

including a plurality of terminal pads thereon to the 
carrier body, the contact Surface opposing the first 
Surface of the carrier body; 

providing a Seal element extending peripherally about the 
carrier body and contacting the contact Surface of the 
interface board; 

providing a Substrate having a Surface including a plural 
ity of electrical contacts thereon to be received within 
at least a portion of an interior region defined by the 
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Seal element, the Surface of the Substrate opposing the 
Second Surface of the carrier body; and 

contacting the first contact end and the Second contact end 
of at least Some of the resilient contact probes to 
terminal pads of the interface board and electrical 
contacts of the Substrate. 

56. The method according to claim 55, wherein the 
contacting the first contact end and the Second contact end 
of at least Some of the resilient contact probes to terminal 
pads of the interface board and electrical contacts of the 
Substrate comprises: 

providing a Substantially planar chuck member having a 
Vacuum port to contact a back Surface of the Substrate 
and a portion of the Seal, and 

applying at least a partial vacuum communicated through 
the Vacuum port to cause the first contact end and the 
Second contact end of at least Some of the resilient 
contact probes to be in electrical communication with 
terminal pads of the interface board and electrical 
contacts of the Substrate. 

57. The method of claim 56, wherein the applying the at 
least the partial vacuum causes the first contact end of at 
least Some of the resilient contact probes to load terminal 
pads of the interface board to a greater degree than the 
Second contact end loads electrical contacts of the Substrate. 

58. The method of claim 56, wherein the applying the at 
least the partial vacuum causes the first Surface of the carrier 
body to urge the first contact end of each of the resilient 
contact probes to contact terminal pads on the contact 
Surface of the interface board and the Second contact end of 
each of the resilient contact probes to contact electrical 
contacts on the Surface of the Substrate. 

59. The method of claim 48, further comprising: 
forming a plurality of Spacer elements disposed and 

located at predetermined locations on the Second Sur 
face of the carrier body. 

60. The method of claim 55, further comprising: 
Selecting the Substrate to be a Semiconductor Substrate or 

a printed circuit board. 
61. A method of forming a resilient contact probe appa 

ratus for making a temporary electrical connection with at 
least one electrical device, comprising: 

providing a carrier body extending Substantially in a plane 
and having a first Surface, an opposing Second Surface, 
and a plurality of openings extending from the first 
Surface to the Second Surface; 

Securing a layer of compliant material Over the first 
Surface of the carrier body; 

forming a plurality of apertures through the layer of 
compliant material, each of the plurality of apertures 
aligned with openings of the plurality of openings, and 

inserting a resilient contact probe into at least Some of the 
plurality of openings of the carrier body and apertures 
of the layer of compliant material aligned therewith, 
each of the resilient contact probes comprising: 
a first end region including a first contact end, a Second 
end region including a Second contact end, and an 
intermediate region therebetween, wherein the first 
end region of each of the resilient contact probes 
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includes a portion comprising a first lateral dimen 
Sion greater than a Second lateral dimension that 
defines at least a portion of the opening adjacent the 
first end region. 

62. The method of claim 61, wherein the forming the 
plurality of apertures is effected by piercing through the 
layer of compliant material. 

63. The method of claim 61, further comprising: 
heating the carrier body including the layer of compliant 

material and the resilient contact probes to cause the 
compliant material of the layer to laterally expand to 
engage the resilient contact probe passing therethrough. 

64. The method of claim 61, further comprising: 
Selecting the compliant material to comprise a resilient, 

nonconductive material. 
65. The method of claim 61, further comprising: 
Selecting the layer of compliant material to comprise a 

Silicone-based elastomer or a fluorocarbon polymer. 
66. The method of claim 61, further comprising: 
Selecting the carrier body to be a unitary carrier body. 
67. The method of claim 61, further comprising: 
Selecting a material for the carrier body to be formed from 

an organic material, a ceramic material, a glass mate 
rial, or a Silicon material. 

68. The method of claim 61, further comprising: 
Securing an interface board having a contact Surface 

including a plurality of terminal pads thereon to the 
carrier body, the contact Surface opposing the first 
Surface of the carrier body; 

providing a Seal element extending peripherally about the 
carrier body and contacting the contact Surface of the 
interface board; 

providing a Substrate having a Surface including a plural 
ity of electrical contacts thereon to be received within 
at least a portion of an interior region defined by the 
Seal element, the Surface of the Substrate opposing the 
Second Surface of the carrier body; and 

contacting the first contact end and the Second contact end 
of at least Some of the resilient contact probes to 
terminal pads of the interface board and electrical 
contacts of the Substrate. 

69. The method according to claim 68, wherein the 
contacting the first contact end and the Second contact end 
of at least Some of the resilient contact probes to terminal 
pads of the interface board and electrical contacts of the 
Substrate comprises: 

providing a Substantially planar chuck member having a 
Vacuum port to contact a back Surface of the Substrate 
and a portion of the Seal element; and 

applying at least a partial vacuum communicated through 
the Vacuum port to cause the first contact end and the 
Second contact end of at least Some of the resilient 
contact probes to be in electrical communication with 
terminal pads of the interface board and electrical 
contacts of the Substrate. 

70. The method of claim 69, wherein the applying the at 
least the partial vacuum causes the first contact end of at 
least Some of the resilient contact probes to load terminal 
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pads of the interface board to a greater degree than the 
Second contact end loads electrical contacts of the Substrate. 

71. The method of claim 69, wherein the applying the at 
least the partial vacuum causes the first Surface of the carrier 
body to urge the first contact end of each of the resilient 
contact probes to contact terminal pads on the contact 
Surface of the interface board and the Second contact end of 
each of the resilient contact probes to contact electrical 
contacts on the Surface of the Substrate. 

72. The method of claim 61, further comprising: 

forming a plurality of Spacer elements disposed and 
located at predetermined locations on the Second Sur 
face of the carrier body. 

73. The method of claim 68, further comprising: 

Selecting the Substrate to be a Semiconductor Substrate or 
a printed circuit board. 

74. A resilient contact probe comprising: 

a first end region, a Second end region, and an interme 
diate region therebetween, the intermediate region 
comprising a compression Spring having an active, 
longitudinally compressible portion, wherein at least a 
portion of the first end region includes a lateral dimen 
Sion greater than a diameter of the active, longitudi 
nally compressible portion. 

75. The resilient contact probe of claim 74, wherein the 
compression Spring comprises a dead, Substantially incom 
pressible portion within the intermediate region and proxi 
mate the Second end region. 

76. The resilient contact probe of claim 74, wherein the 
first end region comprises at least one coil having the lateral 
dimension greater than the diameter of the active, longitu 
dinally compressible portion. 

77. The resilient contact probe of claim 76, wherein the 
first end region further comprises a pigtail eXtending distally 
from the at least one coil. 

78. The resilient contact probe of claim 74, further com 
prising: 

a Substantially tubular housing at least partially enclosing 
the compression Spring and Secured to a portion thereof 
adjacent the first end region, the lateral dimension of 
the first end region greater than a diameter of the 
housing, and 

a plunger body comprising a stopper portion received 
within the housing and a contact tip portion extending 
longitudinally beyond the housing, the plunger body 
longitudinally biased by a portion of the compression 
Spring and adjacent a portion thereof remote from the 
first end region. 

79. The resilient contact probe of claim 78, wherein the 
housing comprises: 

an annular, crimped portion that bears against a portion of 
the compression Spring adjacent the first end region. 

80. The resilient contact probe of claim 78, further com 
prising: 

an end cap Secured to an end of the housing proximate the 
first end region. 
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81. The resilient contact probe of claim 78, further com- the housing, the at least one coil having a lateral extent 
prising: greater than the diameter of the housing. 

an annular ring extending peripherally about the housing 83. The resilient contact probe of claim 82, wherein the 
and Secured to an outer Surface thereof proximate the first end region further comprises a pigtail extending distally 
first end region. from the at least one coil. 

82. The resilient contact probe of claim 78, wherein the 
first end region comprises at least one coil located outside of k . . . . 


