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1. 

STFFENER ASSEMBLY FOR USE WITH 
TESTING DEVICES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Embodiments of the present invention generally relate to 

testing of partially or fully completed semiconductor devices 
and, more particularly, to stiffener assemblies for use in con 
nection with apparatus for testing Such devices. 

2. Description of the Related Art 
When testing partially or fully completed semiconductor 

devices formed on a semiconductor Substrate. Such as inte 
grated circuits and the like, a plurality of contact elements are 
typically brought into contact with the device to be tested— 
sometimes referred to as a device under test (or DUT). The 
contact elements are typically part of a probe card assembly 
or other similar device coupled to a test mechanism that 
provides electrical signals to terminals on the DUT in accor 
dance with a predetermined testing protocol. 

In order to sufficiently and accurately contact all desired 
terminals of the DUT during a particular testing protocol, the 
contact elements disposed on the probe card assembly must 
be brought into contact with the terminals of the DUT and 
must maintain alignment therewith. However, various forces 
applied to the probe card assembly may cause the assembly to 
deflect in a manner that may cause misalignment of the con 
tact elements. Accordingly, the probe card assembly gener 
ally includes stiffening members and/or assemblies designed 
to minimize such deflection of the probe card assembly. 

Generally, Such stiffening members or assemblies have 
relatively large masses to suitably provide the stiffening ben 
efit required during testing. However, Such testing often 
occurs at high temperatures, for example up to about 150 
degrees Celsius, thereby requiring increased time for the 
probe card assembly to reach a steady state Suitable to begin 
testing of the DUT. However, such delays in testing while 
waiting for the probe card assembly to heat up is costly and 
reduces availability of the equipment for testing. Moreover, 
the large mass of the stiffening members or assemblies further 
exacerbates this problem. 

Therefore, there is a need for an improved stiffening ele 
ment for use in the probe card assembly. 

SUMMARY OF THE INVENTION 

A stiffener assembly for use with testing devices is pro 
vided herein. In some embodiments, a stiffener for use with 
testing devices includes an inner member, an outer member 
disposed in a predominantly spaced apart relation to the inner 
member; and a plurality of alignment mechanisms for orient 
ing the inner and outer members with respect to each other, 
wherein the alignment mechanisms transfer forces applied to 
a lower surface of the inner member to the outer member and 
provide the predominant conductive heat transfer passage 
way between the inner and outer members. 

In some embodiments, a stiffener for use with testing 
devices includes an inner member and an outer member dis 
posed in a predominantly spaced apart relation, the inner and 
outer members moveable with respect to each other and 
coupled together via a plurality of alignment mechanisms that 
transfer forces applied to lower surfaces of the inner member 
to the outer member and provide the predominant conductive 
heat transfer passageway between the inner and outer mem 
bers. 

In some embodiments, a probe card assembly includes a 
Substrate having an upper Surface and an opposing lower 
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2 
Surface; and a stiffener, including an inner member, an outer 
member moveably coupled to the substrate and disposed in a 
predominantly spaced apart relation to the inner member, and 
a plurality of alignment mechanisms for orienting the inner 
and outer members with respect to each other, wherein the 
alignment mechanisms transfer forces applied to a lower 
surface of the inner member to the outer member and provide 
the predominant conductive heat transfer passageway 
between the inner and outer members. 

In another aspect of the invention, a method of using a 
probe card assembly is provided. In some embodiments, a 
method of using a probe card assembly includes providing a 
probe card assembly having a stiffener assembly coupled 
thereto, the stiffener assembly comprising an inner member 
and an outer member disposed in a predominantly spaced 
apart relation, the inner and outer members moveable with 
respect to each other and coupled together via a plurality of 
alignment mechanisms that transfer forces applied to lower 
surfaces of the inner member to the outer member and provide 
the predominant conductive heat transfer passageway 
between the inner and outer members; and adjusting a plane 
of the inner member relative to a plane of the outer member 
via the alignment mechanisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features of 
the present invention and others described below can be 
understood in detail, a more particular description of the 
invention, briefly summarized above, may be had by refer 
ence to embodiments, some of which are illustrated in the 
appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of 
this invention and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally 
effective embodiments. 

FIG. 1 depicts a schematic top view of a stiffener assembly 
according to some embodiments of the present invention. 

FIG. 2A depicts a schematic side view of a probe card 
assembly according to Some embodiments of the present 
invention, shown in cutaway corresponding to section lines 
2A of the stiffener assembly shown in FIG. 1. 

FIG. 2B depicts a schematic side view of a probe card 
assembly according to Some embodiments of the present 
invention, shown in cutaway corresponding to section lines 
2B of the stiffener assembly shown in FIG. 1. 

FIG.3 depicts an exploded front and side view of a portion 
of the stiffener assembly of FIG. 1 in accordance with some 
embodiments of the present invention. 

FIG. 4 depicts a probe card assembly having a stiffener 
assembly in accordance with Some embodiments of the 
present invention. 

FIG. 5 depicts a flow chart for testing a substrate in accor 
dance with some embodiments of the present invention. 
Where possible, identical reference numerals are used 

herein to designate identical elements that are common to the 
figures. The images used in the drawings are simplified for 
illustrative purposes and are not necessarily depicted to scale. 

DETAILED DESCRIPTION 

The present invention provides embodiments of stiffener 
assemblies and probe card assemblies incorporating the 
same. Methods of use of the stiffener assembly and the probe 
card assembly are further provided. The stiffener assembly 
can advantageously provide stiffening of a Substrate used 
with a probe card assembly while significantly reducing the 
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heat transfer between stiffener assembly components, 
thereby minimizing the thermal mass of the stiffener assem 
bly that must be heated during testing and reducing heating 
times to bring the stiffener assembly up to temperature. In 
Some embodiments, an inner portion may also be moved 
relative to an outer portion to assist in orienting a probing 
plane with a surface to be probed. 
The Figures and following description provided herein 

illustratively refer to an exemplary Cartesian coordinate sys 
tem where the X and y axes are Substantially parallel to a plane 
defined by a stiffener assembly and/or probe card assembly 
incorporating same, and wherein the Z axis is Substantially 
normal, or perpendicular, to Such a plane. For example, FIG. 
1 illustratively depicts a top view of a stiffener assembly in an 
x-y plane, where the Z axis would extend perpendicularly into 
and out of the page. FIGS. 2A-B illustratively depict side 
views in an X-Z plane. 

FIG. 1 depicts a top view of a stiffener assembly 100 
according to some embodiments of the present invention. The 
stiffener assembly 100 is illustratively shown coupled to a 
substrate 102 to demonstrate an illustrative use of the stiffener 
assembly 100. The stiffener assembly 100 is further explained 
with reference to FIGS. 2A-B, respectively depicting sche 
matic side views of the stiffener assembly 100 as illustratively 
used in a probe card assembly according to Some embodi 
ments of the present invention. FIGS. 2A-B are shown in 
cutaways corresponding to section lines 2A and 2B of the 
stiffener assembly 100 shown in FIG. 1. 
The stiffener assembly 100 generally includes an inner 

member 104 and an outer member 106. The inner member 
104 comprises a body 150 that, in some embodiments, can 
generally have a size and shape corresponding to one or more 
probe substrates (such as probe substrates 202 shown in 
FIGS. 2A–B) disposed beneath the substrate 102. The inner 
member 104 in Some instances may rest directly against the 
substrate 102. Alternatively, additional layers (not shown) 
may be disposed between the inner member 104 and the 
Substrate 102. In some embodiments, one or more locating 
pins (not shown) may be provided to facilitate alignment of 
the inner member 104 and the substrate 102. 

The inner member 104 may comprise any materials Suit 
able to maintain acceptable rigidity of a probe card assembly 
(as discussed further below with respect to FIG. 4) when 
Subjected to forces utilized in testing (Such as forces used to 
pre-load the stiffener assembly and/or probe card assembly, 
applied due to varying energy flows through the stiffener 
assembly and/or probe card assembly, applied to make suffi 
cient electrical contact with the terminals of a DUT or the 
like) and to closely match the thermal strain between the 
stiffener assembly 100 and the substrate 102 to mitigate shear 
coupling therebetween. Non-limiting examples of Suitable 
materials include metals and metal alloys such as Kovar R, 
Invar R, steel, stainless steels, or the like. The materials com 
prising the inner member 104 may further be selected to 
facilitate a desired rate of heat transfer, or a desired heat 
capacity for the inner member 104. 

In some embodiments, as shown in FIG. 2A, a probe sub 
strate alignment mechanism 206 may be provided to locally 
adjust both the lateral and the planar alignment of probe 
substrates 202 disposed beneath the inner member 104. 
Accordingly, a plurality of openings 124 may be formed 
through the body 150 of the inner member 104 to facilitate 
Such planar alignment of probe Substrates 202. In some 
embodiments, the probe substrate alignment mechanism 206 
may comprise one or more adjusterplates 208 disposed above 
the inner member 104. Each adjuster plate 208 may be 
coupled to respective pluralities of planar alignment mecha 
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4 
nisms 204 that interface with the probe substrates 202. In 
Some embodiments, the alignment mechanism 204 may be a 
screw. However, the alignment mechanism 204 may com 
prise other devices Suitable for selectively adjusting planarity 
of the probe substrates 202. Each planar alignment mecha 
nism 204 passes through a respective opening 124 in the inner 
member 104 and a corresponding opening 125 in the sub 
strate 102. The openings 124,125 may have a larger diameter 
than the planar alignment mechanisms 204 to facilitate lateral 
movement thereof with respect to the inner member 104 and 
the substrate 102. 

In operation, the adjuster plates 208 may be laterally posi 
tioned to control the respective lateral positions of contact 
elements formed on respective probe surfaces 210 of the 
probe substrates 202 with respect to the inner member 104 
and the substrate 102. Once in a desired position, the adjuster 
plates 208 may be locked into position, for example, by 
clamping, bolting, or otherwise securing the adjuster plates 
208 to the inner member 104. The planar alignment mecha 
nisms 204 may be individually adjusted to selectively control 
the planarity of the probe substrates 202 before or after lateral 
alignment of the probe substrates 202, or both. 

Returning to FIG. 1, the outer member 106 generally com 
prises a body 107 having a central opening 140. The size and 
shape of the opening 140 can generally correspond to the size 
and shape of the inner member 104, such that the outer mem 
ber 106 substantially circumscribes, or surrounds, the inner 
member 104. 
The outer member 106 may be fixedly coupled to the 

Substrate 102 by any suitable mechanism, such as, Screws, 
bolts, clamps, or the like. Alternatively, the outer member 106 
may be movably coupled to the substrate 102, such that the 
Substrate 102 is free to expand and contract (e.g., laterally) 
with respect to the stiffener assembly 100. In some embodi 
ments, a plurality of arms 126 may extend outwardly from the 
body 107 of the outer member 106 to facilitate stiffening 
regions 128 of the substrate 102 that are disposed radially 
outwards of the body 107. The outwardly extending arms 126 
may beformed integrally with the body 107 or may be affixed 
thereto in any suitable manner able to withstand the forces 
generated during use. In the embodiment depicted in FIG. 1, 
four such outwardly extending arms 126 are depicted. It is 
contemplated that greater or fewer arms 126 may be provided. 
In some embodiments, the outer member 106 can be 
mechanically coupled to a tester (not shown), e.g., via a 
plurality of the arms 126. 
The outwardly extending arms 126 may facilitate stiffen 

ing of the substrate 102 to restrict non-planar deflection 
thereof, while at the same time facilitating lateral movement 
between the stiffener assembly 100 and the substrate 102. For 
example, in some embodiments, each arm 126 may further 
include an extension 130 having a flange 132 extending there 
from (shown through illustrative cutaway 138 in the substrate 
102) designed to interface with a slot 134 and corresponding 
shelf 136 formed in the substrate 102 (revealed via illustrative 
cutaway 142). Interference between the flange 132 and the 
shelf 136 restricts deflection of the substrate 102, thereby 
providing added stability and/or rigidity to the substrate 102 
in the regions 128 disposed radially outwards of the body 107 
of the outer member 106. However, co-planar, lateral (e.g., 
radial) movement of the stiffener assembly 100 with respect 
to the substrate 102 may still occur due to slippage between 
the flange 132 and the shelf 136. 

In some embodiments—for example, to facilitate con 
struction of the stiffener assembly 100 with a substrate as 
used in a probe card assembly—the outwardly extending 
arms 126 and the extensions 130 may be separate components 
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that may be Suitably coupled together. Accordingly, one or 
more mechanisms. Such as a screw, may be utilized to couple 
the outwardly extending arms 126 to the respective exten 
sions 130. For example, in the embodiment depicted in FIG. 
3, two holes 302 are provided in the outwardly extending 5 
arms 126. Corresponding holes 304 are provided in the exten 
sion 130 to facilitate using screws (not shown) to couple the 
outwardly extending arms 126 to the extensions 130. In some 
embodiments, the dimensions of the extension 130 and flange 
132 relative to the slot 134 and shelf 136 formed in the 10 
substrate 102 may be selected to facilitate slideable coupling 
therebetween, thereby allowing lateral movement between 
the outwardly extending arms 126 and the substrate 102. 

Returning to FIG. 1, the outer member 106 may comprise 
any materials Suitable to maintain acceptable rigidity of a 15 
probe card assembly (as discussed further below with respect 
to FIG. 4) when subjected to forces utilized in testing (such as 
forces used to pre-load the stiffener assembly and/or probe 
card assembly, applied due to varying energy flows through 
the stiffener assembly and/or probe card assembly, applied to 20 
make sufficient electrical contact with the terminals of a DUT, 
or the like) and to closely match the thermal strain between 
the stiffener assembly 100 and the substrate 102 to mitigate 
shear coupling therebetween. Non-limiting examples of Suit 
able materials include metals and metal alloys Such as 25 
Kovar R, Invar R, steel, stainless steels, metal matrix compos 
ites, ceramics, cerments, or the like. The materials comprising 
the outer member 106 may further be selected to facilitate a 
desired rate of heat transfer, or a desired heat capacity for the 
outer member 106. 30 
The inner and outer members 104,106 may comprise the 

same or different materials. Moreover, the materials compris 
ing the inner and outer members 104, 106 may advanta 
geously be selected to provide similar or different thermal 
characteristics to the inner and outer members 104,106. For 35 
example, in some embodiments, the inner member 104 may 
have a low heat capacity and/or a high heat transfer rate to 
facilitate rapid heating of the inner member 104 to process 
temperatures during testing. In some embodiments, the outer 
member 106 may have a high heat capacity and/or a low heat 40 
transfer rate to facilitate preventing heat from flowing out of 
the inner member 104 through the outer member 106. It is 
contemplated that the thermal characteristics of the inner and 
outer members 104, 106 may be reversed from the above 
description depending upon the specific application. 45 
A gap 108 may be maintained between the inner and outer 

members 104, 106, such that the members are disposed in a 
predominantly spaced apart relation with respect to each 
other. The gap 108 can restrict conductive heat transfer 
between the inner and outer members 104,106, thereby facili- 50 
tating greater control over the desired thermal characteristics 
of the stiffener assembly 100. 
A plurality of alignment mechanisms 110 may be provided 

for orienting the inner and outer members 104, 106 with 
respect to each other. In the embodiment depicted in FIG. 1, 55 
three Such alignment mechanisms 110 are shown. It is con 
templated that greater or fewer alignment mechanisms may 
be provided. Each alignment mechanism 110 may be addi 
tionally utilized to transfer forces applied to a lower surface of 
the inner member 104 to the outer member 106 (for example, 60 
when contacting a DUT with contact elements of the probe 
substrate 202). Furthermore, the plurality of alignment 
mechanisms 110 may provide the predominant conductive 
heat transfer passageway between the inner and outer mem 
bers 104,106 due to the maintenance of the gap 108 therebe- 65 
tween. By utilizing Such alignment mechanisms 110 to posi 
tion the inner and outer members 104, 106 with respect to 

6 
each other while providing the gap 108 therebetween, the 
stiffener assembly 100 is advantageously strongly mechani 
cally coupled (thereby facilitating stiffening of a substrate or 
probe card assembly in which the stiffener assembly 100 is 
being used), and at the same time loosely thermally coupled 
(thereby facilitating reduced heat ramp-up, or Soak, times 
required to reach steady state prior to testing). 

In some embodiments, the alignment mechanism 110 may 
comprise a protrusion extending from one of the inner or 
outer members 104,106 that interfaces with a recess formed 
in the other of the inner or outer members 104, 106, and an 
actuator for controlling the relative distance between the 
inner and outer members 104, 106 at the location of the 
alignment mechanism 110. For example, in the illustrative 
embodiments shown in FIGS. 1 and 2B, a protrusion 112 
extends from the inner member 104 into a recess 212 pro 
vided in the outer member 106. The protrusion 112 and the 
recess 212 are sized to maintain the gap 108 between the inner 
and outer members 104, 106. An actuator 114 extends 
between the inner and outer members 104, 106 and may be 
used to selectively control the distance therebetween, thereby 
selectively controlling the relative positions of the inner and 
outer members 104, 106. In combination with other align 
ment mechanisms 110 disposed about the stiffener assembly 
110, the alignment mechanisms 110 may control the planar 
alignment between the inner and outer members 104, 106, 
thereby advantageously controlling the planar alignment of 
the probe substrates 202 while maintaining rigid support of 
the substrate 102. In some embodiments, the actuator 114 
may be a screw, such as a set screw. Alternatively, other 
actuatable mechanisms may be utilized. 

In some embodiments, a plurality of lateral alignment 
mechanisms 116 may be provided to facilitate lateral align 
ment of the inner and outer members 104,106 and/or provide 
additional transfer of forces from the inner member 104 to the 
outer member 106. In the embodiment depicted in FIG. 1, six 
Such lateral alignment mechanisms 116 are provided. It is 
contemplated that greater or fewer lateral alignment mecha 
nisms 116 may be provided. In some embodiments, the lateral 
alignment mechanism 116 may comprise a protrusion 118 
extending into a recess similarly described above with respect 
to alignment mechanism 110. Optionally, an actuatable 
mechanism 120, such as a set screw, may further be provided 
to assist in restricting lateral movement and/or deflection of 
the inner member 104 with respect to the outer member 106. 
The actuatable mechanism 120 provides minimal additional 
points of conductive thermal transfer between the inner and 
outer members 104,106, thereby maintaining the low rate of 
conductive thermal transfer therebetween. 

Optionally, one or more flexures 122 may be provided for 
upwardly biasing the inner member 104 with respect to the 
outer member 106. The flexures 122 may additionally pro 
vide additional x-y rigidity to the stiffener assembly 100 as 
well as Z-compliance. The flexures 122 provide low conduc 
tive thermal transfer rates between the inner and outer mem 
bers 104, 106, due to the small cross sectional area of the 
flexure, thereby maintaining the low rate of conductive ther 
mal transfer between the inner and outer members 104,106. 
The heat transfer between the stiffener members may be 
further controlled by selection of the material properties of 
the flexures 122. Although three flexures 122 are shown in 
FIG. 1, greater or fewer flexures may be provided. Further 
more, although the flexures 122 are illustrated generally as 
rectangular (as viewed looking toward FIG. 1), they could be 
other shapes as well. 

FIG. 4 depicts a probe card assembly 400 utilizing a stiff 
ener assembly 100 according to some embodiments of the 
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present invention. The exemplary probe card assembly 400 
illustrated in FIG. 4 can be used to test one or more electronic 
devices (represented by DUT 428). The DUT 428 can be any 
electronic device or devices to be tested. Non-limiting 
examples of a suitable DUT include one or more dies of an 
unsingulated semiconductor wafer, one or more semiconduc 
tor dies singulated from a wafer (packaged or unpackaged), 
an array of singulated semiconductor dies disposed in a car 
rier or other holding device, one or more multi-die electronics 
modules, one or more printed circuitboards, or any other type 
of electronic device or devices. The term DUT, as used herein, 
refers to one or a plurality of such electronic devices. 
The probe card assembly 400 generally acts as an interface 

between a tester (not shown) and the DUT 428. The tester, 
which can be a computer or a computer system, typically 
controls testing of the DUT 428, for example, by generating 
test data to be input into the DUT 428, and receiving and 
evaluating response data generated by the DUT 428 in 
response to the test data. The probe card assembly 400 
includes electrical connectors 404 configured to make elec 
trical connections with a plurality of communications chan 
nels (not shown) from the tester. The probe card assembly 400 
also includes one or more resilient contact elements 426 
configured to be pressed against, and thus make temporary 
electrical connections with, one or more input and/or output 
terminals 420 of DUT 428. The resilient contact elements 426 
are typically configured to correspond to the terminals 420 of 
the DUT 428 and may be arranged in one or more arrays 
having a desired geometry. 

The probe card assembly 400 may include one or more 
Substrates configured to Support the connectors 404 and the 
resilient contact elements 426 and to provide electrical con 
nections therebetween. The exemplary probe card assembly 
400 shown in FIG. 4 has three such substrates, although in 
other implementations, the probe card assembly 400 can have 
more or fewer substrates. In the embodiment depicted in FIG. 
4, the probe card assembly 400 includes a wiring substrate 
402, an interposer substrate 408, and a probe substrate 424. 
The wiring substrate 402, the interposer substrate 408, and 
the probe Substrate 424 can generally be made of any type of 
Suitable material or materials, such as, without limitation, 
printed circuit boards, ceramics, organic or inorganic mate 
rials, and the like, or combinations thereof. As shown in FIG. 
4, the stiffener assembly 100 may be coupled to the wiring 
substrate 402. The stiffener assembly 100 may be utilized, as 
described above, to maintain the respective tips of the resil 
ient contact elements in a configuration, or topography, 
within a pre-defined tolerance of a corresponding topography 
of the respective top surfaces of the terminals 420 of the DUT 
428. In some embodiments the tolerance is within 30 
microns. In some embodiments, the topography is Substan 
tially planar. In some embodiments, the topography may be 
non-planar. 

Electrically conductive paths (not shown) are typically 
provided from the connectors 404 through the various sub 
strates to the resilient contact elements 426 and components 
430. For example, in the embodiment depicted in FIG. 4. 
electrically conductive paths (not shown) may be provided 
from the connectors 404 through the wiring substrate 402 to 
a plurality of electrically conductive spring interconnect 
structures 406. Other electrically conductive paths (not 
shown) may be provided from the spring interconnect struc 
tures 406 through the interposer substrate 408 to a plurality of 
electrically conductive spring interconnect structures 419. 
Still other electrically conductive paths (not shown) may 
further be provided from the spring interconnect structures 
419 through the probe substrate 424 to the resilient contact 
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8 
elements 426. The electrically conductive paths through the 
wiring substrate 402, the interposer substrate 408, and the 
probe Substrate 424 can comprise electrically conductive 
vias, traces, or the like, that may be disposed on, within, 
and/or through the wiring substrate 402, the interposer sub 
strate 408, and the probe substrate 424. 
The wiring substrate 402, the interposer substrate 408, and 

the probe substrate 424 may be held together by one or more 
brackets 422 and/or other suitable means (such as by bolts, 
screws, or other suitable fasteners). The configuration of the 
probe card assembly 400 shown in FIG. 4 is exemplary only 
and is simplified for ease of illustration and discussion and 
many variations, modifications, and additions are contem 
plated. For example, a probe card assembly may have fewer 
or more substrates (e.g., 402, 408, 424) than the probe card 
assembly 400 shown in FIG. 4. As another example, a probe 
card assembly may have more than one probe Substrate (e.g., 
424), and each Such probe Substrate may be independently 
adjustable (as described above with respect to FIGS. 1-2). 
Other non-limiting examples of probe card assemblies with 
multiple probe substrates are disclosed in U.S. patent appli 
cation Ser. No. 1 1/165,833, filed Jun. 24, 2005. Additional 
non-limiting examples of probe card assemblies are illus 
trated in U.S. Pat. No. 5,974,662, issued Nov. 2, 1999 and 
U.S. Pat. No. 6,509,751, issued Jan. 21, 2003, as well as in the 
aforementioned U.S. patent application Ser. No. 1 1/165,833. 
It is contemplated that various features of the probe card 
assemblies described in those patents and application may be 
implemented in the probe card assembly 400 shown in FIG. 4 
and that the probe card assemblies described in the aforemen 
tioned patents and application may benefit from the use of the 
inventive stiffener assembly disclosed herein. 

Typically, the inner and outer members of the stiffener 
assembly 100 may be aligned relative to each other, as 
described above, to provide an initial planar and/or lateral 
orientation of the probe substrates 424 and/or resilient contact 
elements 426 disposed thereon during an initial assembly of 
the probe card assembly 400. In addition, the inner and outer 
members of the stiffener assembly 100 may further be moved 
relative to each other for further planar and/or lateral adjust 
ment, for example, after the probe card assembly 400 is 
installed in a particular testing apparatus to compensate for 
planarity and/or lateral positional variations in particular 
probers/testers being utilized and/or particular DUTs being 
tested. 

In operation, the resilient contact elements 426 are brought 
into contact with the terminals 420 of the DUT 428 by moving 
at least one of the DUT 428 or the probe card assembly 400. 
Typically, the DUT 428 can be disposed on a movable support 
disposed in the test system (not shown) that moves the DUT 
428 into sufficient contact with the resilient contact elements 
426 to provide reliable electrical contact with the terminals 
420. The DUT 428 can then tested per a pre-determined 
protocol as contained in the memory of the tester. For 
example, the tester may generate power and test signals that 
are provided through the probe card assembly 400 to the DUT 
428. Response signals generated by the DUT 428 in response 
to the test signals are similarly carried through the probe card 
assembly 400 to the tester, which may then analyze the 
response signals and determine whether the DUT 428 
responded correctly to the test signals. Typically, the DUT 
428 is tested at an elevated temperature (for example, up to 
250 degrees Celsius for wafer level burn in). Accordingly, the 
probe card assembly 450 is typically preheated to a tempera 
ture equal to or within a given tolerance of the testing tem 
perature. The stiffener assembly 100 of the present invention 
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facilitates rapid heating times due to the reduced thermal 
mass of the stiffener assembly that is required to be heated 
(e.g., the inner member). 
When moving the DUT 428 to contact the resilient contact 

elements 426 of the probe card assembly 400, the DUT 428 
typically continues to move towards the probe card assembly 
400 until all of the resilient contact elements 426 come into 
sufficient contact with the terminals 420. Due to one or both 
of the non-planarity of the respective tips of the resilient 
contact elements 426 disposed on the probe card assembly 
400 and the variations of the heights of the terminals 420, the 
DUT 428 may continue to move towards the probe card 
assembly 400 for an additional non-limiting exemplary range 
of about 1-4 mils (about 25.4-102 um) after the initial contact 
of the first resilient contact element 426 to contact the DUT 
428 (sometimes referred to as overtravel). The actual amount 
of overtravel depends on the characteristics of the non-pla 
narity of the respective tips of the resilient contact elements 
426 and/or the variations in height of the terminals 420. 
Accordingly, some of the resilient contact elements 426 may 
undergo more deflection than others. However, the overtravel 
requirement imparts forces to the probe substrate 424 that are 
transferred to the wiring substrate 402. The stiffener assem 
bly 100 facilitates restricting any bending, or deflection of the 
wiring Substrate 402 that may undesirably cause the positions 
of the tips of the contact elements 426 to move and possibly 
lose contact with the terminals 420 of the DUT 428. 

For example, FIG. 5 depicts a process 500 for testing a 
semiconductor device, or DUT utilizing a probe card assem 
bly 400 as described above with respect to FIG.4 according to 
Some embodiments of the invention. The exemplary process 
500 begins at 502, where a probe card assembly 400 is pro 
vided having a stiffener assembly 100 coupled thereto. Typi 
cally, a plane of the inner member 104 of the stiffener assem 
bly 100 may be adjusted relative to a plane of the outer 
member 106 via alignment mechanisms 110. In addition, the 
inner member 104 may be laterally adjusted relative to the 
outer member 106 and/or the probe substrates 424 may be 
laterally adjusted, as discussed above. Optionally, at 504, the 
probe card assembly 400 may be heated. Next, at 506, a 
device to be tested may be brought into contact with respec 
tive tips of the resilient contact elements 426 of the probe card 
assembly 400. 

Thus, a stiffener assembly and probe card assembly incor 
porating the same have been provided herein. The stiffener 
assembly comprises components that are strongly mechani 
cally and loosely thermally coupled, thereby advantageously 
providing stiffening of a Substrate in use with a probe card 
assembly while minimizing heat transfer between stiffener 
assembly components. The minimized heat transfer between 
stiffener assembly components facilitates minimizing the 
thermal mass of the stiffener assembly that must be heated 
during testing, thereby reducing heating times to bring the 
stiffener assembly up to temperature. 

While the foregoing is directed to embodiments of the 
present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 
The invention claimed is: 
1. A stiffener for use with testing devices, comprising: 
an inner member, 
an outer member having an opening, the inner member 

disposed at least partially within the opening and dis 
posed in a predominantly spaced apart relation to the 
outer member, the inner and outer members configured 
to be disposed above a substrate to be stiffened; and 
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10 
a plurality of alignment mechanisms for orienting the inner 

and outer members with respect to each other, wherein 
the alignment mechanisms transfer forces applied to a 
lower surface of the inner member to the outer member 
and provide the predominant conductive heat transfer 
passageway between the inner and outer members. 

2. The stiffener of claim 1, wherein the alignment mecha 
nisms further comprise: 

a recess formed in one of the inner or outer member and a 
protrusion formed on the other one of the inner or outer 
member and configured to extend into the recess without 
contacting inner Surfaces of the recess; and 

an actuator having an element extending between the pro 
trusion and a wall of the recess for selectively control 
ling a vertical displacement between the protrusion and 
the wall. 

3. The stiffener of claim 2, wherein the actuator comprises 
a SCCW. 

4. The stiffener of claim 1, wherein a rate of conductive 
heat transfer to the outer member is different than a rate of 
conductive heat transfer to the inner member. 

5. The stiffener of claim 1, wherein the outer member 
comprises a material having a different thermal resistivity 
than the inner member. 

6. The stiffener of claim 1, further comprising: 
one or more flexures disposed between the inner and outer 
members for upwardly biasing the inner member with 
respect to the outer member. 

7. The stiffener of claim 1, further comprising: 
one or more flexures disposed between the inner and outer 
members for providing lateral stiffness in a plane com 
mon to the inner member and the outer member. 

8. The stiffener of claim 1, wherein the outer member 
further comprises: 

a body; and 
a plurality of arms extending outwardly from the body and 

configured to interface with a substrate larger than the 
body. 

9. A stiffener for use with testing devices, comprising: 
an inner member and an outer member configured to be 

disposed above a substrate to be stiffened, the inner 
member at least partially disposed in an opening in the 
outer member, the inner and outer members disposed in 
a predominantly spaced apart relation, the inner and 
outer members moveable with respect to each other and 
coupled together via a plurality of alignment mecha 
nisms that transfer forces applied to lower surfaces of the 
inner member to the outer member and provide the pre 
dominant conductive heat transfer passageway between 
the inner and outer members. 

10. A probe card assembly, comprising: 
a Substrate having an upper Surface and an opposing lower 

Surface; and 
a stiffener, comprising: 

an inner member, 
an outer member moveably coupled to the substrate and 

disposed at least partially about the inner member in a 
predominantly spaced apart relation thereto; and 

a plurality of alignment mechanisms for orienting the 
inner and outer members with respect to each other, 
wherein the alignment mechanisms transfer forces 
applied to a lower surface of the inner member to the 
outer member and provide the predominant conduc 
tive heat transfer passageway between the inner and 
outer members. 

11. The probe card assembly of claim 10, wherein the 
alignment mechanisms further comprise: 
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a recess formed in one of the inner or outer member and a 
protrusion formed on the other one of the inner or outer 
member and configured to extend into the recess without 
contacting inner Surfaces of the recess; and 

an actuator having an element extending between the pro 
trusion and a wall of the recess for selectively control 
ling a vertical displacement between the protrusion and 
the wall. 

12. The probe card assembly of claim 11, wherein the 
actuator comprises a screw. 

13. The probe card assembly of claim 10, wherein a rate of 
conductive heat transfer to the outer member is different than 
a rate of conductive heat transfer to the inner member. 

14. The probe card assembly of claim 10, wherein the outer 
member comprises a material having a different thermal 
resistivity than the inner member. 

15. The probe card assembly of claim 10, further compris 
ing: 

one or more flexures disposed between the inner and outer 
members for downwardly biasing the inner member 
with respect to the outer member. 

16. The probe card assembly of claim 10, wherein the outer 
member further comprises: 

a plurality of outwardly extending arms configured to 
restrict bending of the substrate while allowing lateral 
movement between the arms and the substrate. 

17. The probe card assembly of claim 10, wherein at least 
one probe substrate is disposed predominantly beneath the 
inner member. 
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18. A method of using a probe card assembly, comprising: 
providing a probe card assembly having a stiffener assem 

bly coupled thereto, the stiffener assembly comprising 
an inner member and an outer member disposed above a 
substrate to be stiffened, the inner member at least par 
tially disposed in an opening in the outer member, the 
inner and outer members disposed in a predominantly 
spaced apart relation, the inner and outer members 
moveable with respect to each other and coupled 
together via a plurality of alignment mechanisms that 
transfer forces applied to lower surfaces of the inner 
member to the outer member and provide the predomi 
nant conductive heat transfer passageway between the 
inner and outer members; and 

adjusting a plane of the inner member relative to a plane of 
the outer member via the alignment mechanisms. 

19. The method of claim 18, further comprising: 
heating the probe card assembly. 
20. The method of claim 18, further comprising: 
providing one or more electrical signals to at least one 

terminal of the device to be tested through the probe card 
assembly. 

21. The method of claim 18, further comprising: 
contacting a device to be tested with a plurality of contacts 

of the probe card assembly. 


