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HIGH DENSITY INTERCONNECT SYSTEM
FOR IC PACKAGES AND INTERCONNECT ASSEMBLIES

FIELD OF THE INVENTION

The present invention relates generally to the field of high density interconnect
assembly systems, and more specifically to the fields of semiconductor device
testing and packaging. More particularly, the present invention relates to high density
interconnect assembly and test systems incorporating micro-fabricated spring
contacts and improvements thereto, which improve performance, reliability, ease of
use and/or lower the cost of ownership.

BACKGROUND OF THE INVENTION

Advances in semiconductor integrated circuit (IC) design, processing, and packaging
technologies have resulted in increases in the number and density of input/output
(I/0) pads on each die. Nonetheless, the size of portable electronic systems such as
portable computers, cell phones, PDAs, etc. continues to shrink despite the addition
of new features and functions. New features and functionalities, such as digital
cameras and camcorders, global positioning systems, and removable memory cards
are continually being integrated into modern portable and/or high density electronic
systems. It is desirable to decrease the thickness of the components within portable
electronic systems to provide size reduction as well as additional space to add new
components.

Although the length and width of portable electronic systems are constrained by the
need to provide a comfortable user interface typically including an easy to use
keypad and / or an easy to read display, there is a range in the acceptable physical
sizes for each class of system at any point in time. However, over time, the size of

most portable electronics systems tends to decrease.
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As the manufactured sizes of systems and components continue to decrease,
management of energy consumption and heat dissipation become increasingly
important both at the level of the system and at the individual components level.
Less space is available for power sources and heat dissipation structures. At the
level of packaging and interconnect, this means that strategies and solutions are
required to provide adequate thermal management and to accommodate the
stresses generated by mismaiches in thermal coefficient of expansion (TCE)
occurring at the interfaces between components.

Reductions in size and thickness of components are also consistent with
performance improvements due to reductions in signal path lengths between
components. Despite increases in the number and density of input/output (1/O) pads
on each die, the footprint and thickness of electronic systems continues to shrink
since the individual components and /or devices integrated into these systems tend
to decrease with each successive technology generation. Historically, electrical
interconnections were formed as individual components, e.g. contacts, using
conventional fabrication technologies such as metal stamping and bending. Using
conventional assembly methods, individual contacts are assembled into a finished
contactor and/or connector. Conventional fabrication and assembly methods
become increasingly complex and expensive as the number and density of the

contacts increases.

Micro-fabricated spring contacts are capable of overcoming many of the limitations
associated with conventionally fabricated spring contacts. Micro-fabricated spring
contacts can be fabricated using a variety of photolithography based techniques
known to those skilled in the art, e.g. Micro-Electro-Mechanical Systems (MEMS)
fabrication processes and hybrid processes such as using wire bonds to create
spring contact skeletons and MEMs or electroplating processes to form the complete
spring contact structure. Arrays of spring contacts can be either be mounted on a
contactor substrate by pre-fabricating and transferring them (either sequentially or in

mass parallel) to the contactor substrate or by assembling each element of the

spring contact array directly on the contactor substrate using a wire bonder along

with subsequent batch mode processes, e.g. electroplating, as disclosed in U.S.



10

15

20

25

30

WO 2006/086512 PCT/US2006/004502

Patent No. 6,920,689 (Khandros et al.), U.S. Patent No. 6,827,584 (Mathieu et al.),
U.S. Patent No. 6,624,648 (Eldridge et al.); U.S. Patent No. 6,336,269 (Eldridge et
al), U.S. Patent No. 5,974,662 (Eldridge et al.), U.S. Patent No. 5,917,707
(Khandros et al.), U.S. Patent No. 5,772,452 (Dozier et al.), and U.S. Patent No.
5,476,211 (Khandros et al.).

Alternatively, an array of micro-fabricated spring contacts can be fabricated directly
on a contactor substrate utilizing thick or thin film photolithographic batch mode
processing techniques such as those commonly used to fabricate semiconductor
integrated circuits. Numerous embodiments of monolithically micro-fabricated
photolithographic spring contacts have been disclosed such as those by Smith et al
in US Patent No. 6,184,699, Mok et al. in US Patent No. 6,791,171 and US Patent
No. 6,917,525, and Lahari et al in US Patent Pub. No. US-2003-0214045-A1.

Semiconductor wafer probe card assembly systems are used in integrated circuit
(IC) manufacturing and testing to provide an array of spring contact probes for
making contact to the electrical interconnection pads on each of the semiconductor
devices on the wafer. An additional function of probe card assembly systems is to
translate electrical signal paths from the tightly spaced electrical interconnection
pads on [Cs to the coarsely spaced electrical interconnection pads on printed circuit
boards that interface to IC test systems.

Semiconductor wafer probe cards are typically required to accommodate increases
in the density and number of input/output (I/O) pads on each die, as well as
increases in the diameter of the silicon wafers used in IC fabrication processes.
With more die to test per wafer and each die having more /O pads at higher
densities, the cost of testing each die becomes a greater and greater fraction of the
total device cost. This trend can be minimized or even reversed by reducing the test
time required for each die or by testing multiple die simultaneously. [f multiple die
are tested simultaneously, then the requirements for parallelism between the probe
tips and the semiconductor wafer and the co-planarity of the probe tips become
increasingly stringent since all of the probe tips are required to make good electronic

contact at the same time over a large area on the wafer or the entire wafer in the
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case of wafer level test and/or burn-in.

To test more than one die on a semiconductor wafer simultaneously, simultaneous
low-resistance electrical contacts must be established with positionally matching sets
of spring contact probes for each die to be tested and maintained over a broad
temperature range. The more die to be tested simultaneously, the greater the
degree of parallelism that is required between the spring probes and the surface of
the semiconductor wafer, to insure that the probe tip “scrub”, and hence electrical
contact, is uniform across the wafer. However, as higher numbers of die are tested
in parallel, the number of simultaneous interconnects from the IC to the probe card
assembly to the IC tester increases (not assuming pin multiplexing). Since probe tips
for contacting the bonding pads on IC wafers require sufficient mechanical force on
a per connection basis to assure a reliable low resistance connection, the total force
between the probe card assembly and the wafer increases in proportion to the

number of connections.

Similar trends are seen in connector, device packaging, and socketing applications,
although specific requirements may vary for each specific application. For example,
probe scrub damage requirements for probe cards which contact the bonding pads,
e.g. such as comprising aluminum, gold, copper, solder, etc.,, on bare die are
different those for sockets which contact the leads, terminals, bumps, etc., e.g. such
as comprising gold, copper, solder, etc., or solder balls, of packaged die or those for
packaged devices or connectors in which contact is made to contact pads, e.g. such
as comprising gold, copper, solder, etc. on a printed circuit board. Nonetheless,
increases in die size and/ or the density and number of input/output (I/O) pads on
each die, and/or use case temperature extremes tend to drive up the complexity and
cost of the electrical interconnect structures required in all of the above applications.
Compensation for lack of co-planarity is also an important requirement for
connectors, packages and sockets, particularly as connection areas and die size

increases and /or as component thicknesses decrease.

In some types of IC devices such as memory and microprocessors, die sizes

continue to increase whereas for other types of devices such as mixed signal and
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analog, die sizes have decreased as a result of numerous technological advances.
Nonetheless, in many cases, decreases in bond pad sizes, and/or increases in the
density and/or number of (I/O) pads is driving the need for cost effective and high
performance miniaturized interconnects for connector, device packaging, and
socketing applications.

Additionally, there is a need for improved methods for providing temporary electrical
connections in which a connection is made for a short time, for example, in probe
card or system testing applications. There is also a need for improvements in
demountable electrical connections in which it is desirable to maintain a reliable
connection for extended time periods but it may be desired to non-destructively beak
the connections, for example, in system in package or memory module applications
where it is desirable to be able to demount and remount a device or modular
package within a larger system for the purposes including but not limited to product
development, field or depot upgrade, configuration change, or repair. Additionally,
there is a need for improved methods of providing reliable and low cost permanent
electrical connections.

It would be advantageous to provide micro-fabricated spring contacts at a relatively
low cost per contact that maintain low resistance electrical connections for a variety
of contact geometries and metallurgies, at high connection densities, over large or
small areas, over a wide temperature range, and/or at high frequencies. Such micro-

fabricated spring contacts would constitute a major technical advance.

It would be advantageous to provide micro-fabricated spring contacts at a relatively
low cost per contact that maintain low resistance electrical connections for a variety
of contact geometries and metallurgies with relatively low contact forces, at high
connection densities, over large areas, over a wide temperature range, and/or at
high frequencies. Such micro-fabricated spring contacts would constitute a major
technical advance.

It would be advantageous to provide contactors incorporating micro-fabricated spring

contacts at a relatively low cost per contact that maintain low resistance electrical
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connections, at high connection densities, over large areas, over a wide temperature
range, and/or at high frequencies. Such a contactor would constitute a major

technical advance.

It would be advantageous to provide contactors incorporating micro-fabricated spring
contacts at a relatively low cost per contact that accommodate mismatches in the
thermal coefficient of expansion (TCE) between integrated circuit devices and the
next level of interconnect while providing and efficient means for meeting all thermal
management requirements. Such contactors would constitute a further major

technical advance.

It would be further advantageous to provide contactors incorporating micro-
fabricated spring contacts having sufficient mechanical compliance to perform
functions including but not limited to accommodating the planarity requirements of
one or more electronic devices with the same or multiple or varying thicknesses,
multiple devices across a wafer, one or more devices or device types in a single
package or module, meeting planarity compliance requirements for high-density
sockets and connectors, as well providing simultaneous electrical connections and
Z-compliance with spring forces appropriate to meet the requirements of electronic
systems including but not limited to adjustable optical interfaces such as auto focus
mechanisms for cameras and projectors and other applications in electronic systems
including but not limited to computers, portable computers, personal digital
assistants (PDAs), medical devices, cameras, printers, imaging devices, cell phones,

and the like. Such contactors would constitute a further major technical advance.

Furthermore, it would be advantageous to provide means for latching between
assembly structures incorporating micro-fabricated spring contacts in temporary,
demountable, and permanent applications. Such assembly structure latching means
would constitute a further technical advance.
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SUMMARY OF THE INVENTION

An improved interconnection system and method is described, such as for electrical
contactors and connectors, electronic device or module package assemblies, socket
assemblies and/or probe card assembly systems. An exemplary interconnection
system comprises a first connector structure comprising a contactor substrate
having a contactor surface and a bonding surface, and a set of at least one
electrically conductive micro-fabricated spring contact extending from the contact
surface, a second connector structure having a set of at least one electrically
conductive contact pad located on a connector surface and corresponding to the set
of at least one spring contact, and means for movably positioning and aligning the
first connector structure and the second connector structure between at least a first
position and a second position, such that in at least one position, at least one of the
electrically conductive micro-fabricated spring contacts is electrically connected to at
least one electrically conductive contact pad. Some preferred embodiments of the
connector system comprise temporary, demountable, or permanent latiching means

between the first connector structure and the second connector structure,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a detailed schematic diagram of a probe card assembly;

Figure 2 is a detailed schematic view of a contactor assembly comprising an array of
compliant micro-fabricated spring contacts;

Figure 3 is a detailed partial cross sectional view of an interposer structure;

Figure 4 shows a soldered contactor probe card embodiment having a double-sided
upper interposer;

Figure 5 shows a soldered contactor probe card embodiment having a soldered
upper interposer;
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Figure 6 is a first schematic view of solder ball re-flow contactor construction;
Figure 7 is a second schematic view of solder ball re-flow contactor construction;

Figure 8 is a first schematic assembly view of a high-density connector having fan-

out;

Figure 9 is a second schematic assembly view of a high-density connector having
fan-out;

Figure 10 is a detailed schematic view of a first exemplary embodiment of assembly

latch construction;

Figure 11 is a detailed schematic view of a second exemplary embodiment of

assembly latch construction;

Figure 12 is a detailed schematic view of a third exemplary embodiment of assembly

latch construction;

Figure 13 is a detailed schematic view of a fourth exemplary embodiment of
assembly latch construction;

Figure 14 is a first schematic assembly view of a high density BGA socket connector
embodiment;

Figure 15 is a second schematic assembly view of a high density BGA socket"

connector embodiment;

Figure 16 is a detailed partial sectional view of a centered-contact micro-fabricated

spring contact connection for an exemplary high-density connector;

Figure 17 is a detailed partial sectional view of a leading-edge micro-fabricated

spring contact connection for an exemplary high-density connector;
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Figure 18 is a detailed partial sectional view of an over-center micro-fabricated

spring contact connection for an exemplary high-density connector;

Figure 19 is a first schematic assembly view of a BGA lattice-socket connector

embodiment;

Figure 20 is a second schematic assembly view of a high density BGA lattice-socket
connector embodiment;

Figure 21 is a plan view of a first embodiment of a high density BGA lattice-socket
connector embodiment;

Figure 22 is a plan view of a second embodiment of a high density BGA lattice-

socket connector embodiment;

Figure 23 is a first schematic assembly view of a high-density low profile board-to-

board contactor;

Figure 24 is a second schematic assembly view of a high-density low profile board-

to-board contactor;

Figure 25 is a first schematic assembly view of a high-density low profile board-to-

board contactor with fan-out;
Figure 26 is a second schematic assembly view of a high-density low profile board-
to-board contactor with fan-out;

Figure 27 is a first schematic assembly view of a solderless chip mount embodiment;

Figure 28 is a second schematic assembly view of a solderless chip mount

embodiment;

Figure 29 is a first schematic assembly view of a system in package (SIP)
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embodiment;

Figure 30 is a second schematic assembly view of a system in package (SIP)
embodiment;

Figure 31 is a schematic assembly view of Z-compliant connector construction for an
exemplary article of manufacture;

Figure 32 shows a first exemplary embodiment of board to board connector

construction;

Figure 33 shows a second exemplary embodiment of a board to board connector
construction;

Figure 34 is a first schematic plan view of a contactor having asymmetric
connections;

Figure 35 is a second schematic plan view of a contactor having asymmetric

connection arrays;

Figure 36 is a schematic partial cutaway view of a connector having asymmetric
axial connectivity in a first position;

Figure 37 is a schematic partial cutaway view of a connector having asymmetric
axial connectivity in a second position;

Figure 38 is a schematic partial cutaway view of a connector having asymmetric

axial connectivity in a third position; and

Figure 39 is a schematic partial cutaway view of a connector having asymmetric

axial connectivity in a fourth position.

10
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Introductory disclosure regarding structures, processes and systems disclosed
herein is seen in: U.S. Provisional Application No. 60/136,636, entited Wafer
Interface for High Density Probe Card, filed 27 May 1999; U.S. Provisional
Application No. 60/146,241, entitled Method of Massively Parallel Testing of Circuits,
filed 28 July 1999; U.S. Provisional Application No. 60/573,541, entitled Quick-
Change Probe Chip, filed 20 May 2004; U.S. Provisional Application No. 60/592,908,
entitled Probe Card Assembly with Rapid Fabrication Cycle, filed 29 July 2004; U.S.
Provisional Application No. 60/651,294, entitled Nano-Contactor Embodiments for IC
Packages and Interconnect Components, filed 08 February 2005; U.S. Patent
Application Serial No. 10/870,095, entitled Enhanced Compliant Probe Card
Systems Having Improved Planarity, US Filing Date 16 June 2004; U.S. Patent
Application Serial No. 10/178,103, entitled Construction Structures and
Manufacturing Processes for Probe Card Assemblies and Packages Having Wafer
Level Springs, US Filing Date 24 June 2002; U.S. Patent Application Serial No.
09/980,040, entitled Construction Structures and Manufacturing Processes for
Integrated Circuit Wafer Probe Card Assemblies, US Filing Date 27 November 2001,
PCT Patent Application Serial No. PCT/US00/21012, filed 27 July 2000; PCT Patent
Application Serial No. PCT/US00/14164, entitled Construction Structures and
Manufacturing Processes for Integrated Circuit Wafer Probe Card Assemblies, US
Filing Date 23 May 2000; and U.S. Patent Application Serial No. 10/069,902, entitled
Systems for Testing and Packaging Integrated Circuits, filed 28 June 2002, each of
which are incorporated herein in its entirety by this reference thereto.

Micro-fabricated spring contacts, as described previously, may be fabricated with
variety of processes known to those skilled in the art. Exemplary monolithic micro-
fabricated spring contacts may comprise stress metal springs which are
photolithographically patterned and fabricated on a substrate using batch mode
semiconductor manufacturing processes. As a result, the spring contacts are
fabricated en masse, and can be fabricated with spacings equal to or less than that
of semiconductor bonding pads or with spacings equal to or greater than those of

printed circuit boards, i.e. functioning as an electrical signal space transformer.

11
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Monolithic micro-fabricated spring contacts 40, such as seen in Figure 2, comprise a
unitary, i.e. integral construction or initially fabricated using planar semiconductor
processing methods, whereas non-monolithic spring contacts are typically
assembled from separate pieces, elements, or components. Non-monolithic or
monolithic micro-fabricated spring contacts can be fabricated on one or both sides of
rigid or flexible contactor substrates having electrically conductive through-vias and
multiple electrical signal routing layers on each side of the substrate to provide
electrically conductive paths for electrical signals running from spring contacts on
one side of the substrate to spring contacts or other forms of electrical connection
points on the opposite side of the substrate through signal routing layers on each
side of the substrate and one or more electrically conductive vias fabricated through
the substrate.

Additionally, optical signals can be transmitted through the contactor substrate by
fabricating openings of sufficient size through the substrate through which the optical
signals can be transmitted. The holes may be unfilled or filled with optically
conducting materials including but not limited to polymers, glasses, air, vacuum, etc.
Lenses, diffraction gratings and other optical elements can be integrated to improve

the coupling efficiency or provide frequency discrimination when desired.

An exemplary monolithic micro-fabricated spring contact comprising a stress metal
spring is fabricated by sputter depositing a titanium adhesion/release layer having a
thickness of 1,000 to 5,000 angstrom on a ceramic or silicon substrate
(approximately 10-40 mils thick) having 1-10 mil diameter electrically conductive vias
pre-fabricated in the substrate. Electrically conductive traces fabricated with
conventional photolithographic processes connect the spring contacts to the
conductive vias and to the circuits to which they ultimately connect. A common
material used to fabricate stress metal springs is MoCr, however other metals with
similar characteristics, e.g. elements or alloys, may be used. An exemplary stress
metal spring contact is formed by depositing a MoCr film in the range of 1-5 um thick
with a built-in internal stress gradient of about 1-5 GPa/um. An exemplary MoCr film

is fabricated by depositing 2-10 layers of MoCr, each layer about 0.2-1.0 um thick.

12
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Each layer is deposited with varying levels of internal stress ranging from up to 1.5
GPa compressive to up to 2 GPa tensile.

Individual  micro-fabricated stress metal spring contact “fingers” are
photolithographically patterned and released from the substrate, using an etchant to
dissolve the release layer. The sheet resistance of the finger can be reduced by
electroplating with a conductive metal layer (such as copper or gold). The force
generated by the spring contact can be increased by electrodepositing a layer of a
material, such as nickel, on the finger to increase the spring constant of the finger.
In interposer applications (see FIG. 3), the quality of the electrical contact can be
improved by electrodepositing depositing a material, such as Rhodium 104, onto the
tip 86 through a photomask, prior to releasing the finger from the substrate.

The lift height of the spring contacts is a function of the thickness and length of the
spring and the magnitude of the stress gradient within the spring. The lift height is
secondarily a function of the stress anisotropy and the width of the spring and the
crystal structure and stress in the underlying stress metal film release layer. The
spring constant of the spring is a function of the Young's Modulus of the material
used to fabricate the spring and the length, width, and thickness of the spring. The
spring constant of the spring can be increased by enveloping the springs 40 with a
coating of a metal including but not limited to electroplated, or sputtered, or CVD
deposited nickel or a nickel alloy, gold, or a palladium alloy such as palladium cobalt
(see FIG. 1).

Methods for depositing coatings of both insulating and conductive materials are well
known to those with ordinary skill in the art and numerous examples are discussed
in the patent applications cited above. The spring constant can be varied over many
orders of magnitude by controlling the thickness of the deposited coating layer, the
geometrical characteristics of the spring, and the choice of metal and the thickness
and number of coatings. Making the springs thicker both increases the contact force
and the robustness of the physical and electrical contact between the spring and its
contact pad.

13
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The above teachings describe the manufacture of an exemplary monolithic micro-
fabricated stress metal spring, however, those skilled in the art will understand that
spring contacts having the characteristics required to practice the present invention
could be designed with many possible variations in design and/or fabrication
processes. Such variations may include but would not be limited to, for example,
choice of processes, process chemicals, process step sequence, base spring metal,
release layer metal, coating metals, spring geometry, etc. Numerous additional
embodiments of monolithic micro-fabricated spring contacts have been disclosed
such as those by U.S. Patent No. 6,184,699 (Smith et al.); U.S. Patent No.
6,791,171 (Mok et al.); U.S. Patent No. 6,917,525 (Mok et al.); and U.S. Patent Pub.
No. US/2003-0214045 A1 (Lahari et al.), each of which is ailso incorporated herein in
its entirety by this reference thereto.

Figure 1 is a detailed schematic diagram 10 of a probe card assembly 42. As seen
in Figure 1, the probe card assembly 42 comprises a probe card interface assembly
(PCIA) 41 and a contactor assembly 18, wherein the probe card interface assembly
(PCIA) 41 comprises a motherboard 12 having electrical connections 132 (FIG. 4)
extending there through, and an integrated contactor mounting system 14. Electrical
trace paths 32 extend through the motherboard 12, the contactor mounting system
14, and the contactor assembly 18, to spring contacts, i.e. spring probes 40, such as
to establish contacts with pads 28 on one or more ICs 26 on a semiconductor wafer
20. Fan-out 34 may preferably be provided at any point for the electrical trace paths
32 in a probe card assembly 42 (or in other embodiments of the systems disclosed
herein), such as to provide transitions between small pitch components or elements,
e.g. contactors 18, and large pitch components or elements, e.g. tester contact pads
126 (FIG. 4) on the mother board 12. For example, fan-out may typically be
provided by the mother board 12, the contactor 30, by a Z-block 16, by an upper
interface 24 comprising a motherboard Z-Block, or anywhere within the lower
interface 22 and/or the upper interface 24.

As seen in Figure 1, the contactor mounting system 14 typically comprises a Z-block
18, a lower interface 22 between the Z-block 16 and the contactor substrate 30, and

an upper interface 24 between the Z-block 16 and the motherboard 12. In some

14
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quick change probe card assemblies 42, the lower interface 22 comprises a plurality
of solder bonds 112 (FIG. 4). As well, in some quick change probe card assemblies
42, the upper interface 24 comprises a combination of componentry and
connections, such as an interposer 122, e.g. 122a (FIG. 8) or 122b (FIG. 5), solder
bonds and/or a motherboard Z-block.

Figure 2 is a detailed schematic view 80 of a contactor assembly 18, in which the
non-planar portions of compliant spring probes 40 are preferably planarized and/or
plated. As seen in Figure 2, a contactor 18 comprises a contactor substrate 30
having a probing surface 48a and a bonding surface 48b opposite the probing
surface 48a, a plurality of spring probes 40 on the probing surface 48a, typically
arranged to correspond to the bonding pads 28 (FIG. 1) of an integrated circuit 26
on a semiconductor wafer 20, and extending from the probing surface 48a to define
a plurality of probe tips 62, a corresponding second plurality of bonding pads 64
located on the bonding surface 48b and typically arranged in the second standard
configuration, and electrical connections 66, e.g. vias, extending from each of the
spring probes 40 to each of the corresponding second plurality of bonding pads 64.

While the contacts 40 are described herein as spring contacts 40, for purposes of
clarity, the contacts 40 may alternately be described as contact springs, spring
probes or probe springs.

Preferred embodiments of the spring contacts 40 may comprise either non-
monolithic micro-fabricated spring contacts 40 or monolithic micro-fabricated spring
contacts 40, depending on the application. Non-monolithic micro-fabricated spring
contacts utilize one or more mechanical (or micro-mechanical) assembly operations, - -
whereas monolithic micro-fabricated spring contacts exclusively utilize batch mode
processing techniques including but not limited to photolithographic processes such
as those commonly used to fabricate MEMs devices and semiconductor integrated

circuits.

In some embodiments of the spring contacts 40, the electrically conductive

monolithically formed contacts 40 are formed in place on the contactor substrate 30.
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In other embodiments of the spring contacts 40, the electrically conductive
monolithically formed contacts 40 are formed on a sacrificial or temporary substrate
63, and thereafter are removed from the sacrificial or temporary substrate 63, e.g.
such as by etchably removing the sacrificial substrate 63, or by detaching from a
reusable or disposable temporary substrate 63, and thereafter affixing to the

contactor substrate 30.

Both non-monolithic and monolithic micro-fabricated spring contacts can be utilized
in a number of applications including but not limited to semiconductor wafer probe

cards, electrical contactors and connectors, sockets, and IC device packages.

Sacrificial or temporary substrates 63 may be used for spring fabrication, using
either monolithic or non-monolithic processing methods. Spring contacts 40 can be
removed from the sacrificial or temporary substrate 63 after fabrication, and used in
either free standing applications or in combination with other structures, e.g.

contactor substrate 30.

In embodiments of contactor assemblies that are planarized, a plane 72 of optimum
probe tip planarity is determined for a contactor 18 as fabricated. Non-planar
portions of spring contacts 40 located on the substrate 30 are preferably plated 60,
and are then planarized, such as by confining the probes 40 within a plane within a
fixture, and heat treating the assembly. The non-planar portions of the spring probes

40 may also be plated after planarization, to form an outer plating layer 70.

The contactor assembly 18 shown in Figure 2 further comprises fan-out 34, such as
probe surface fan-out 34a on the probe surface 48a of the contactor substrate 18
and/or rear surface fan-out 34b on the bonding surface 48b of the contactor
substrate 18.

Figure 3 is a partial cross sectional view 78 of an interposer structure 80, such as for

a dual-sided interposer 80a, Similar construction details are preferably provided for a
single-sided interposer 80b (FIG. 5).
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Interposer springs 86, such as photolithographically formed probe springs 86, are
generally arranged within an interposer grid array, to provide a plurality of
standardized connections. For example, in the dual-sided interposer 80a shown in
Figure 4, the interposer springs 86 provide connections between a motherboard 12
and a Z-block 16. Similarly, in the single-sided interposer 80b shown in Figure 5, the
interposer springs 86 provide connections between a motherboard 12 and an
interposer 80b.

Interposer vias 84 extend through the interposer substrate 82, from the first surface
102a to the second surface 102b. The interposer vias 84 may preferably be
arranged in redundant via pairs, such as to increase the manufacturing yield of the
interposer 80, and/or to promote electrical conduction, particularly for power traces.

The opposing surfaces 102a,102b are typically comprised of a release layer 90,
such as comprising titanium, and a composite layer 88,92, typically comprising a
plurality of conductive layers 88a-88n, having different inherent levels of stress.
Interposer vias 84, e.g. such as CuW or gold filled, extend through the central
substrate 82, typically ceramic, and provide an electrically conductive connection
between the release layers 90. The composite layers 88,92 typically comprise MoCr
(however other metals with similar characteristics, e.g. elements or alloys, may be
used), in which the interposer probe springs 86 are patterned and subsequently to
be later released within a release region 100.

A seed layer 94, such as a 0.5 to 1 um thick gold layer, is preferably formed over the
composite layers 88,92. In some embodiments, a tip coating 104, such as rhodium
or palladium alloy, is controllably formed at least over the tips of spring fingers 88,
such as to provide wear durability and/or contact reliability. Traces 96, typically
comprising copper, are selectably formed by plating over the structure 78, as shown,
such as to provide reduced resistance. As well polyimide PMID layers 98 are
typically formed over the structure 78, as shown, to define the spring finger lift
regions. A seed layer 94, such as comprising a thick layer of gold, remains on the
lifted fingers 86, so as to reduce sheet resistance of the fingers 86.
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Figure 4 is a detailed partial schematic view 110 of a probe card assembly system
42a comprising a soldered contactor probe card 18 having a double-sided upper
interposer 80a. Figure 5 is a detailed partial schematic view 150 of a probe card
assembly system 42b comprising a soldered contactor probe card embodiment
having a single sided upper interposer 80b. One or more travel stops 152 can
preferably be included on an interface having compliant interposer spring probes
136, e.g. stress metal spring probes 86 (FIG. 3), to prevent the probes 136 from
damage, such as if the upper interposer 80b in Figure 5 is bottomed out against the
probe card motherboard 12. The upper interposer 80b may be plated to increase the
probe force of interposer spring probes 136.

Outer alignment pins 130 typically extend from the top stiffener 38 through the probe
card assembly 42, such as through the probe card interface assembly 41. The outer
alignment pins 130 engage mechanical registration features 134, such as notches,
slots, and/or holes, or any combination thereof, defined in components in the probe
card assembly 42, such as the motherboard 12 and the Z-block flange 144. The use
of registration features 134 preferably allows for differences in thermal expansion
between components in the probe card assembly 42, to allow testing over a wide

temperature range.

Figure 6 is a first schematic view 160 of solder ball re-flow contactor construction
162. Figure 7 is a second schematic view 174 of solder ball re-flow contactor
construction 162. Several components and structures used within probe card
assemblies 42 may also be used within other advanced assemblies and structures.
For example, as seen in Figure 6 and Figure 7, a contactor assembly 18 having
reflowed solder ball connections 112 to a second structure 166, such as substrate
168, e.g. such as comprising any of ceramic, multi-layer ceramic, glass ceramic,
glass, quartz, glass epoxy, FR-4, polyimide, a semiconductor wafer, silicon, a printed
circuit board, one or more flip chip semiconductor devices, one or more packaged
semiconductor devices, a semiconductor integrated circuit, and a hybrid integrated
circuit, preferably provides a structure 162 having a high degree of planarity between
the contactor substrate 30 and the attached substrate 168, and also has planarity

compliance associated with the spring probes 40 located on the probe surface 48a
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of the contactor substrate 30.

As seen in Figure 6, solder balls 164 are located on electrically conductive pads 64
on the rear bonding surface 48b of a probe spring substrate 30, which are
configured to be aligned with electrically conductive contact pads 170, e.g. gold or
solder coated, etc. located on a mating structure 166, such as substrate 168, such
as comprising any of ceramic, multi-layer ceramic, glass ceramic, glass, quartz,
glass epoxy, FR-4, polyimide, a semiconductor wafer, silicon, a printed circuit board,
one or more flip chip semiconductor devices, one or more packaged semiconductor
devices, a semiconductor integrated circuit, and a hybrid integrated circuit.

“The probe spring assembly 18 and the mating structure 166 are then movably

positioned together 172, such as within an appropriate fixture 178. As seen in
Figure 7, heat is then applied to the assembly 162, such that the solder balls 164
reflow 176 to form probe assembly solder joints 112 (FIG. 4, FIG. 5).

As planarity between the contactor substrate 18 and the attached substrate 168 is
highly controllable by the fixture 178, the established planarity of the contactor
assembly 162 by the bonded solder joints 112 provides an assembly which can
advantageously be used throughout a wide variety of advanced interconnection
structures, such as but not limited to:

« advanced probe card assemblies for probing fine pitch devices and/or large
area substrates;

* probe card assemblies for probing wafer level packages, flip chip devices,
chip scale packages, under bump metal, solder, solder balls, displays, display
drivers, area arrays, etc.;

« miniaturized or high density connector assemblies, e.g. such as for
consumer electronic products, cell phones, PDAs, cameras, projectors, imaging
devices, etc,;

« socket assemblies, e.g. high density, low insertion force, solder ball array,
land grid array (LGA), etc.;

+ device, partial wafer, and/or full wafer level burn-in contactors (silicon

substrates can be used to provide TCE match between the contactor and the device
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under test);

* single die packages, e.g. wafer level packages (WLP) and/or singulated die;
and/or

» multi-die packages, e.g. system in a package (SiP) including embodiments
with non-uniform die thicknesses, and/or three dimensional packages, e.g. stacked
die.

Exemplary Latch Assembly Structure having Compliant Spring Interface.
Figure 8 is a first schematic assembly view of a high-density connector 182a having
fan-out 34. Figure 9 is a second schematic assembly view of a high-density
connector 182a having fan-out 34.

As seen in Figure 8 and Figure 9, a contactor assembly 18 provides high-density
connections 214 between a contactor structure 162 and a secondary connector
structure 184. The exemplary connector structure 184 shown in Figure 8 and Figure
9 comprises one or more substrates 186,188 having electrically conductive paths
194 defined therethorugh, typically having a first set of electrically conductive pads
190 which correspond to spring probe contacts 40 on the spring probe assembly 18,
and a second set of electrically conductive pads 196 opposite the connector
structure 184 from the first set of electrically conductive pads 190. In some
embodiments of the connector structure 184, the second set of electrically
conductive pads 196 correspond to connectors or contacts from an external

structure, such as a printed circuit board or a cable connector.

In some embodiments of the high-density connector 182a, the connector structure
184 comprises a connector body 186,188 having multi-layer thin film circuitry and

electrically conductive through-vias 194.

As also seen in Figure 8 and Figure 9, a contactor assembly 18 comprises a top
connector element within a contactor structure 162, such as seen in Figure 6 and
Figure 7. As well, the probe card assembly 18 seen in Figure 8 and Figure 9
preferably comprises fan-out 34, such as 34a,34b (FIG. 2). Conductive bonds 112
are located between the contactor assembly 118 and the second structure 166,
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which preferably comprise solder joints 112.

The high-density connector 182a seen in Figure 8 and Figure 9 comprises means for
connection 214 between the contactor structure 162 and the secondary connector
structure 184, wherein establish connections 214 are established between the spring
probes 40 and the first set of electrically conductive pads 190. The means for
connection 214 preferably comprises one or more latches 212 between the
contactor structure 162 and the secondary connector structure 184, such that the
contactor structure 162 and the secondary connector structure 184 are movable 208
with respect to one another (FIG. 8), and also provide means for fixedly attaching,
i.e. latching, when the contactor structure 162 and the secondary connector
structure 184 are controllably positioned together. In some system applications, the
latches 212 may provide unlatching, such as for service or for replacement of
assemblies. In other applications, the latches 212 may be considered to be single-

use latches, such as for but not limited to consumer electronics products.

As seen in Figure 8 and Figure 9, the connection means 214 may preferably
comprise one or more latches 212 formed by a first latch element 200 located on the
contactor structure 162, which is matably connectable to a second latch structure
202 located on the secondary connector structure 184, The connection means 214
seen in Figure 8 and Figure 9 also preferably comprises means for alignment 198
between the contactor structure 162 and the secondary connector structure 184,
such as one or more mechanical alignment guides 198, which may be affixed at a
variety of locations in various embodiments of the connectors 182, such as to the
contactor structure 162, e.g. directly to the contactor assembly 18, or alternately
directly to the second structure 166 (FIG. 23,24), or to the secondary connector
structure 184 (FIG. 21,FIG. 22).

High-density connectors 182, such as the high-density connector 182a seen in
Figure 8 and Figure 9, may also comprise one or more travel stops 204, 206, such
as to establish and/or protect the spring probes 40 and/or the electrical connections
214 between the spring probes 40 and the first set of electrically conductive pads

190. In some embodiments, a first set of travel stops 204 acts as means to dampen
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the latch connections 212, such as to dampen vibration or movement in the
assembly 182, i.e. to absorb shock. In some embodiments, the second set of travel
stops 206 prevents damage to the spring probes 40 during assembly, use, and/or
service.

Exemplary Latch Structures. A wide variety of connection means 214 can be
provided within various embodiments of high-density connectors 182, for latching
212 and/or alignment between contactor structures 162 and secondary connector
structures 184.

Figure 10 is a detailed schematic view 214 of a first exemplary embodiment of
assembly latch construction 212a. A portion of a contactor structure 162, such as a
contactor assembly substrate 30, may be fixedly connected or otherwise attached to
one or more alignment guides 198, which may typically include a first latch element
218a, e.g. a detent or keep, either integrally or associated with a latch element 2186.
A portion of a secondary structure 184, such as a substrate 186, may typically
include a second latch element 218b, e.g. a keep or detent. The contactor
structures 162 and secondary connector structures 184 are movable 208 in relation
to each other, e.g. linearly movable on Z-axis 27 (FIG. 1), to establish a mating latch

connection 212a between the latch elements 218a and 218b.

Figure 11 is a detailed schematic view 220 of a second exemplary embodiment of
assembly latch construction 212b. A portion of a contactor structure 162, such as a
contactor assembly substrate 30, may be fixedly connected or otherwise attached to
one or more alignment guides 198, which may typically include a detent keep
assembly, such as comprising a detent 226, a spring 222, and attachment means
224. A portion of a secondary structure 184, such as the substrate 186, may typically
include a second latch element 218b, e.g. a detent, keep, hole, or groove, to attach
to the first latch element 218a. As seen in Figure 11, the alignment guides 198 may
preferably include a ledge detail 228 which can act as a travel stop, such as in
combination with a lower surface 187a of the substrate 186, for latching 212 and/or
alignment between contactor structures 162 and secondary connector structures
184.
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Figure 12 is a detailed schematic view 230 of a third exemplary embodiment of
assembly latch construction 212c. One or more alignment guides 198 may
alternately include first latch element 218a comprising one or more spring latches
232, fasteners 234, and one or more travel stops 204. A portion of a secondary
structure 184, such as the rear surface 187b of the substrate 186, acts as a second
latch element 218b. As the secondary structure 184 is moved closer 208 in relation
to the contactor structure 162, as the substrate approaches or compresses the travel
stop 204, the spring latches 232 catch and fixedly retain the rear surface 187b of the
substrate 186.

Figure 13 is a detailed schematic view 240 of a fourth exemplary embodiment of
assembly latch construction 212d. A portion of secondary structure 184, such as
substrate 188,186, may be fixedly connected or otherwise attached to one or more
alignment guides 198, which may typically include a first latch element 218a, e.g. a
detent or keep, either integrally or associated with a latch element 216 (FIG. 10). A
portion of a contactor structure 162, such as the substrate 168 or the contactor
substrate 30, may typically include a second latch element 218b, e.g. a keep or
detent. The contactor structures 162 and secondary connector structures 184 are
movable 208 in relation to each other, e.g. linearly movable on Z-axis 27 (FIG. 1), to
establish a mating latch connection 212d between the latch elements 218a and
218b.

Other Advanced Latch Assembly Structures Having Spring Contact Interfaces.
Figure 14 is a first schematic assembly view 250 of a high-density connector 182b,
in which the secondary connector structure 184 comprises a high density socketed
package 252. Package 252 may be a ball grid array (BGA), a land grid array (LGA)
or other device package having a substrate 186. Electrically conductive pads 190
optionally comprise a surface coating layer (e.g., gold, solder, etc.). Substrate 186
may comprise ceramic, glass ceramic, glass, glass epoxy, FR-4, polyimide, silicon, a
printed circuit board, or a flip chip semiconductor device. Figure 15 is a second
schematic assembly view 264 of a high-density connector 182b, in which the
secondary connector structure 184 comprises a high density socketed package 252.
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An array 254 of solder balls 255 are optionally located on the lower surface of the
electrically conductive pads 190, which are located directly on the lower surface
187a adjacent to electrical connection terminals 191. The high-density connector
182b can be used to serve a wide variety of functions such as an intermediate
connection 259, in conjunction with one or more components 258, e.g. 258a-258j,
within the package 252, and/or in conjunction with one or more heat sinks 256, e.g.
256a-256k, which may preferably include thermal paste junctions 257 to facilitate
heat transfer.

In the high-density connector 182b shown in Figure 14 and Figure 15, the
components 258a-258) may comprise a variety of active and/or passive elements.
In embodiments of the high-density connector 182b that include one or more heat
sinks 256, the heat sinks may be used for heat transfer associated with one or more

of the components 258a-258j and the contactor structure 162.

As discussed above, the connection means 214 may preferably comprise one or
more matably connectable latches 212 established between the contactor structure
162 and the secondary connector structure 184. The connection means 214 seen in
Figure 14 and Figure 15 may also preferably comprise means for alignment 198
between the contactor structure 162 and the secondary connector structure 184,
such as one or more mechanical alignment guides 198, which may be affixed at a
variety of locations in the high-density connector 182b, such as to the contactor.
structure 162, e.g. directly to the contactor assembly 18, or alternately directly to the
second structure 166 (FIG. 23,24), or to the secondary connector structure 184 (FIG.
21,FIG. 22).

Figure 16 is a detailed partial sectional view of a centered-contact spring connection
270a for an exemplary high density connector 182. Figure 17 is a detailed partial
sectional view of a leading-edge contact spring connection 270b for an exemplary
high density connector 182. Figure 18 is a detailed partial sectional view of an over-

center contact 270b spring connection for an exemplary high density connector 182,

As seen in Figure 16, a compliant spring 40 extending from a first connector
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structure 162, such as from a contactor substrate 30, makes an electrical connection
272 with a correspondingly opposing electrically conductive pad 190 extending from
a second connector structure 184, such as from a substrate 186. As seen in Figure
16, an electrically conductive solder ball 255 is located on the electrically conductive
pad 190, and defines a convex surface having a relatively horizontal center 272. In
Figure 16, the first connector structure 162 and the second connector structure 184
are associatively positioned 274 such that the tip 62 of the compliant spring 272 is
aligned with the center 272 of electrically conductive solder ball 255.

As seen in Figure 17, the first connector structure 162 and the second connector
structure 184 are associatively positioned 274 such that the tip 62 of the compliant
spring 40 is offset 276 from the center 272 of electrically conductive solder ball 255,
such that the tip 62 connects to the electrically conductive solder ball 255 on a
leading, i.e. face surface 277.

As seen in Figure 18, the first connector structure 162 and the second connector
structure 184 are associatively positioned 274 such that the tip 62 of the compliant
spring 40 is offset 276 from the center 272 of electrically conductive solder ball 255,
such that the tip 62 connects to the electrically conductive solder ball 255 on a
trailing, i.e. back surface 279.

As seen in Figure 16, Figure 17 and Figure 18, embodiments of the high density
interconnectors can preferably provide a wide variety of electrical connections
between the first connector structure 162 and the second connector structure 184,
such as to prevent damage to solder balls 255 and/or compliant springs 40. For
example, in probe or connection embodiments in which probe tips 62 are centered
on relatively soft solder balls 255, one or more established connections between a
first connector structure 162 and a second connector structure 184 may deform the
center of one or more solder balls 255, whereby solder reflow may be desired to
service the second connector structure 184. As seen in Figure 17 and Figure 18,
some preferred high density interconnectors 182 may alternately provide leading-
edge contact spring connections 270b and/or over-center contact spring connections

270Qb, such as to provide a high quality connection over repeated usage.
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As well, some preferred high density interconnectors 182 provide controlled offset of
an array of springs 40 associated with an array of solder balls 255, e.g. having tips
62 on opposite sides of adjacent solder balls 255, such as to balance connection
forces across a connector, ie. to promote self centering and prevent a skewed
connection between the first connector structure 162 and the second connector
structure 184.

Other preferred embodiments provide alternative arrangements of spring contacts
40 on the contactor substrate 30 that approximately balance the lateral forces on the
solder balls 255 generated by the spring contact tips 62 across the connector 182, In
some preferred embodiments, one spring contact 40 may be provided for each
solder ball 255. Lateral forces across the connector 182 can be minimized and
approximately balanced by providing approximately equal numbers of spring
contacts 40 on opposite sides of the solder balls 255, e.g. the leading and trailing
edges of every other solder ball 255. For example, at least some of the spring
contacts 40 may be located to offset respective lateral forces applied to associated
solder balls 255, and/or the resuilting forces applied to the spring contacts 40.

Figure 19 is a first schematic assembly view 280 of a high-density connector 182c,
in which the secondary connector structure 184 comprises a high density socketed
package 252, and in which the contactor assembly 18 comprises a plurality of spring
contacts 40 corresponding to each solder ball connection 255 in a ball grid array
254. Package 252 may be a ball grid array (BGA), a land grid array (LGA) or other
device package having a substrate 186. In cases where optional solder balls 255
are not present, e.g. package 252 is a LGA, spring contacts 40 will directly contact
the electrically conductive pads 190. The substrate 186 may comprise ceramic,
glass ceramic, glass, glass epoxy, FR-4, polyimide, silicon, a printed circuit board, a
semiconductor device package, or a flip chip semiconductor device. Figure 20 is a
second schematic assembly view 310 of a high-density connector 182¢. The high-
density connector 182¢ may be configured and function in a similar manner to the
high-density connector 182b. The preferable inclusion of a plurality of spring

contacts 40, e.g. 40a-40d can be used for any of reliability, redundancy, applications
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which require increased current or voltage requirements, and mechanical
robustness, i.e. providing robust and force balanced connections to optional
electrically conductive pads 190, solder balls 255, and/or ball grid array 254.

Figure 21 is a partial plan view of a first embodiment 3168a of a high density spring
contact lattice-socket connector 182¢. Figure 22 is a partial plan view of a second

embodiment 316b of a high density spring contact lattice-socket connector 182¢.

As seen in Figure 21, in the first embodiment 316a of the high-density connector
182¢, each probe spring set 322a comprises a plurality of spring probes 40, e.g.
40a-40d, in which the probe spring sets 322a are aligned in an array of one or more
rows 324 and columns 326, to correspond to solder balls 255 located on a lower
surface 187a of a second connector structure 184. Spring probe sets 322 may
comprise any convenient number of spring probes, such as but not limited to 1, 2, 3
and/or 4 springs 40. However, as seen in Figure 21, spring probes 40 are also
axially aligned 321, 323 to the rows 324 and columns 326 respectively, which can
limit the density of the connector 182¢ and/or the length of the compliant springs 40.

As seen in Figure 22, in the second embodiment 316b of the high-density connector
182c¢, each probe spring set 322b also comprises a plurality of spring contacts 40,
e.g. 40a-40d, in which the spring contact sets 322b are aligned in an array of one or
more rows 324 and columns 326, to correspond to solder balls 255 or electrically
conductive pads 190 located on a lower surface 187a of a second connector
structure 184. However, as seen in Figure 22, spring contacts 40 are also diagonally
skewed, e.g. rotated 327 with respect to the rows 324 and/or columns 326, which
provides an increase in connection density for the connector 182c and/or provides

an increased length for the compliant spring contacts 40.

Figure 23 is a first schematic assembly view 330 of a high-density low profile
substrate-to-substrate connector 182d. Figure 24 is a second schematic assembly
view 350 of a high density low profile substrate-to-substrate connector 182d. A
lower substrate 166 and an upper substrate 188, are latchably connected 212, such

as between standoffs 332 extending from the secondary connector structure 184,
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e.g. such as affixed to or through the upper substrate 188, and alignment guides 198
extending from the contactor structure 162, e.g. such as affixed to either the
contactor assembly 18 or to the lower substrate structure166. The lower and upper
substrates 166 and 168 may comprise any of ceramic, multi-layer ceramic, glass
ceramic, glass, quartz, glass epoxy, FR-4, polyimide, a semiconductor wafer, silicon,
a printed circuit board, one or more flip chip ICs, one or more packaged
semiconductor devices, a semiconductor integrated circuit, and a hybrid integrated
circuit. As seen in Figure 24, the standoffs 332 may preferably be configure to

function as travel stops for a latched assembly 182, e.g. 182d.

Figure 25 is a first schematic assembly view 360 of a high density low profile
substrate-to-substrate connector 182e with fan-out 34. Figure 26 is a second
schematic assembly view 380 of a high density low profile substrate-to-substrate
connector 182e with fan-out 34. High-density connectors 182 inherently provide
high-quality high density electrical connections within a latchable assembly, which
can provide fan-out on either or both sides 162,184 of the latch region 212. Lower
and upper substrates 166 and 168 may comprise ceramic, glass ceramic, glass,
glass epoxy, FR-4, polyimide, silicon, a printed circuit board, one or more packaged
ICs, or one or more flip chip ICs. High-density connectors 182 also inherently
provide a high degree of planarity within the latching region 212, and also provide

planarity compliance through the use of compliant, i.e. flexible spring probes 40.

Advanced Semiconductor Device Packages. Key problems associated with
device and wafer level packaging often include:

* Thermal Coefficient of Expansion (TCE) mismatch:

* Lack of Co-Planarity; -

* Thermal management;

+ High frequency performance; and/or

+ Cost

The use of high-density connectors 182 inherently provides means for cost effective
solutions to each of these problems. The X-Y compliance of the spring probes 40,

which preferably comprise micro-fabricated spring contacts, compensates for TCE
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mismatch between a device and a printed circuit board, while the Z-compliance of
the spring probes 40 compensates for lack of co planarity. As well, Z-compliance
and customizable length springs accommodates chips with different substrate
thickness, such as for multiple-die packages, e.g. system in package (SiP).
Furthermore, multilevel metal can be used to provide controlled impedance and
shielded signal paths. In addition, preferred embodiments of high-density
connectors 182 which utilize photolithographic self-assembling springs have an

advantageous cost/performance ratio.

Figure 27 is a first schematic assembly view 400 of a high-density connector 182f for
the solderless mounting of one or more contactor assemblies 18, such as for a
contactor assembly that comprises a chip scale package. Figure 28 is a second
schematic assembly view 420 of a high-density connector 182f for the solderless
mounting of one or more contactor assemblies 18. A lower structure 162b
comprises a contactor scale package 18b located on a structural element 402, such
as a planar heat sink, carrier, or surface mount package substrate 402. A secondary
structure 184 includes a substrate 188 comprising any of ceramic, multi-layer
ceramic, glass ceramic, glass, quartz, glass epoxy, FR-4, polyimide, silicon, and a
printed circuit board. The secondary structure 184 also comprises electrically
conductive pads 190 on the lower surface 187a. Means are provided for positioning
198 the lower structure 162b and secondary structure 184 in relation to each other,
whereby their position may be aligned by one or more travel guides 198. The
secondary structure 184 is also latchably attachable 212 to the lower structure 162b,
such as by corresponding latch elements 218a, 218b.

Figure 29 is a first schematic assembly view 430 of a high-density connector 182f for
a system in package (SIP) embodiment. Figure 30 is a second schematic assembly
view 450 of a high-density connector 182f for a system in package (SIP)
embodiment. A lower structure 162c comprises one ore more contactor scale
packages 18, e.g. 18a-18j, located on a structural element 432, such as a planar
heat sink, carrier, or surface mount package substrate 432. A secondary structure
184, such as comprising ceramic, glass ceramic, glass, glass epoxy, FR-4,

polyimide, silicon, a printed circuit board 188, one or more packaged ICs, or one or
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more flip chip ICs, having electrically conductive contact pads 190, accommodates
relative movement in relation to the lower structure 162c, whereby the movement
208 may be aligned by one or more travel guides 198. The secondary structure 184
is also latchably attachable 212 to the lower structure 162c¢, such as by
corresponding latch elements 218a,218b.

In a preferred embodiment, contactor scale packages 18a-18j comprise integrated
circuit packages which may have the same or differing substrate thicknesses 75a-
75j. In some preferred embodiments, integrated circuit packages 18a-18j may
comprise non-monolithic or monolithic micro-fabricated spring contacts to provide
compliant electrical connections circuit board 188. In some preferred embodiments,
the spring contact tips 62 are positioned at a standard height from the supported
rear surface 48b of the integrated circuit devices 18, i.e. adjusted to compensate for
differences in thicknesses 75 of the integrated circuit device substrates 30. In other
preferred embodiments, the spring contact tips 62 may are positioned at a fixed
height from the contact surface 48a of the integrated circuit device substrates 30, i.e.
the compliance of the spring contacts 40 provide compensation for differences in
thicknesses of the integrated circuit device substrates 30.

Alternate Advanced Assembly Structures. Figure 31 is a schematic assembly
view 460 of Z-compliant connector construction for an exemplary article of
manufacture 462, such as for but not limited to a camera, a video camera, a
personal digital assistant (PDA),a solid state music player, e.g. an MP3 or an

enhanced iPod, or for a multi-function device.

In the exemplary article of manufacture 462, a MEMS Z-Actuator 472, having probe
springs 40, is slidably movable 463 on one or more actuator stators 468. An image
sensor, e.g. CCD, chip 474 is mounted, e.g. surface mounted, to the opposing side
of the MEMS Z-Actuator 472. The actuator stators 468 are affixed with respect to a
printed circuit board 466. The printed circuit board 466 is affixed with respect to at
the case structure 464 of the article 462. For an article of manufacture 462
comprising a camera, a lens 478 is typically located such that light 484 associated

with a captured image 481 is controllably captured, i.e. allowed to enter and sensed
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by the image sensor 474, such as by a shutter 483. An auto focus light source 480
and light detector 482 may also be included, such that emitted light 486 is reflected

and sensed as an input to a control 490.

In the exemplary article of manufacture 462 seen in Figure 31, the MEMS Z-Actuator
472 is slidably movable 463 in the Z-direction 27 (FIG. 1) on the actuator stators
468, such as to any reference plane between and including a first position 465a and
a second position 465b, wherein compliant contactor array 470, comprising spring
contacts 40 can preferably provide compliant electrical contacts to the printed circuit
board 466 throughout the range of motion 465a,465b.

The effective focal plane 467 from the lens 478 to the image sensor 474 is therefore
controllably variable at any point between and including the first position 465a and
the second position 465b. For example, during auto focus operation of the camera
462, emitted light 486 from the auto focus light source 480 is reflected off a subject
SBJ and sensed by the light detector 482, which acts as an input for control 490.
Based upon the auto focus input, the controller 490 moves the MEMS actuator 472
at any point between and including a first position 465a and a second position 465b,
to provide a desired focal length 467. An image 481 is then typically controllably
captured, such as by controlled opening of a shutter 483, and stored to a memory
492, which can then be downloaded or otherwise transferred, e.g. such as by a
removable memory element 494,

Figure 32 is a detailed schematic view 500 of first exemplary board to board high-
density connector 182i, such as to provide any of a releasable or permanent
connection between a high cost printed wiring board 168 and a low cost printed
wiring board 502. Figure 33 is a detailed schematic view 550 of secondary
exemplary board to board high-density connector 182j, such as to provide any of a
releasable connection or permanent connection between a package substrate 552

and a low cost printed wiring board 502.

The exemplary secondary connector assembly 184 seen in Figure 32 and Figure 33

comprises electrical connections 506, such as but not limited to solder ball
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connections 506, e.g. such as provided by reflow 176, between a printed circuit
board 502 and a lower connector substrate 504. The lower connector substrate 504
further comprises contact pads 512 on the upper surface, electrically conductive vias
508 extending through the lower connector substrate 504, and lower contacts 190,
for connection with one or more corresponding probe springs 40 extending from the
contactor assembly 18.

The exemplary latches 212 shown in Figure 32 and Figure 33 comprise one or more
alignment guides 198, which latchably mate 218a,218b, e.g. FIG. 10-FIG. 13, to one
or more corresponding latches 518, which may preferably further function as travel
stops for the assembly. The assembly may also preferably comprise dedicated

travel stops 520, such as extending from the lower connector substrate 504.

Contactors Having Asymmetric Connectivity. Some embodiments of the
connector 182 provide asymmetric connectivity, which is well suited for a large
number of applications, such as but not limited to accessing alternate pathways,
connection to different circuits and/or devices, and/or providing alternate connection
redundancy.

Figure 34 is a first schematic plan view 600a of a connector 182 having asymmetric
connections. Figure 35 is a second schematic plan view 600b of a connector 182
having asymmetric connection arrays.

As seen in Figure 34 and Figure 35, a first exemplary structure 162, such as
described above, comprises a plurality of sides 602a, 602b, 602¢c and 602d.
Similarly, the second exemplary structure 184, such as described above, comprises
a plurality of sides 606a, 606b, 606¢ and 606d. The first structure 162 may also
comprise an orientation detail 604, and the second structure 184 may also comprise

an orientation detail 608.

The first exemplary structure 162 seen in Figure 34 and Figure 35 may comprise an
asymmetric array 811 of first connective paths 612, and/or the second structure 184

may comprise an asymmetric array of second connective paths 610.
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As seen in Figure 34, when the exemplary connector 182 is oriented in a first
position 600a, wherein the first exemplary structure 162 and the second structure
184 are oriented such that side 602a is aligned with 606a, e.g. when details 604,608
are aligned, an array 614a of connections 214 (FIG. 9) is defined for first connective

paths 612 that coincide with second connective paths 610.

As seen in Figure 35, the first exemplary structure 162 and the second structure 184
can be selectably oriented with respect to each other, e.g. by rotating the connectors
162,184 with respect to each other about the Z-axis 27, i.e. in a plane defined by the
X-axis 23 and the Y-axis 25. For example, when the exemplary connector 182 is
oriented in a second position 600b, wherein the first exemplary structure 162 and the
second structure 184 are oriented such that side 602a is aligned with 606¢c, an
alternate array 614b of connections 214 is defined for first connective paths 612 that

coincide with second connective paths 610.

The exemplary square connector 182 seen in Figure 34 and Figure 35 may
preferably include more than one asymmetric position, such as to rotate ninety
degrees in any direction, e.g. wherein side 6802a is aligned second connector sides

606b or 606d, to provide alternate arrays 614 of connections 214,

While the exemplary connector 182 seen in Figure 34 and Figure 35 is shown as a
square connector 182, e.g. comprising square symmetry between a first connector
structure 162 and a second connector structure 184, a wide variety of component
shapes and geometric symmetries may be used, such as to provide asymmetric
connections 214, such as but not limited to symmetries based on rectangles,

alternate polygons, and/or even cylinders with keyed, j.e. grooved mating details.

As well, some embodiments of the connector 182 provide axial asymmetric
connectivity which can also be adapted for a wide variety of applications, such as
but not limited to accessing alternate pathways, connection to different circuits

and/or devices, and/or providing alternate connection redundancy.
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For example, for a high-density interconnection assembly 182 having axial positional
movement 208 in regard to a Z-axis 27, axial movement 208 can define an amount
of insertion between a first connector structure 162 and a second connector
structure 184. Axial movement 208 in relation to an insertion axis may define any
relative movement between a first connector structure 162 and a second connector
structure 184, such as between at least two positions, wherein positions may define
positions of separation between springs 40 and opposing contacts 90, position of
first contact for one or more springs 40, positions of compliant, i.e. compressed
contact, and/or positions of contact limits, such as determined by one or more travel
stops, latches, and/or detents.

Some embodiments of high-density interconnection assemblies 182 provide springs
40 having relatively similar height 702 (FIG. 36), and opposing pads 90 having
relatively similar height 704 (FIG. 36), such as to provide a plurality of connections

between entire arrays of opposing springs 40 and electrically conductive pads 190.

As well, alternate embodiments of high-density interconnection assemblies 182
provide springs 40 having different heights 702, and/or opposing electrically
conductive pads 190 having different heights 704, such as to provide differing arrays
of connections between entire arrays of opposing springs 40 and electrically
conductive pads 190, based upon axial positioning relation to an insertion axis, e.g.
Z-axis 27. Spring height 702 can be varied in a number of ways known to those
skilled in the art, including, for example, by varying the design length of the springs
on the substrate as defined by photolithography. Pad height 704 can varied in a
number of ways known to those skilled in the art, for example, by varying the
thickness of metal plated onto the pad support substrate 186,188.

Figure 36 is a schematic partial cutaway view of a connector 182 having asymmetric
axial connectivity in a first position 700a. Figure 37 is a schematic partial cutaway
view of a connector 182 having asymmetric axial connectivity in a second position
700b. Figure 38 is a schematic partial cutaway view of a connector 182 having
asymmetric axial connectivity in a third position 700c. Figure 39 is a schematic

partial cutaway view of a connector 182 having asymmetric axial connectivity in a
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fourth position 700d.

As seen in Figure 36, the first connector structure 162 typically comprises a
contactor substrate 30 having compliant springs 40, e.g. 40a,40b, extending away
from the substrate 30 toward the second connector structure 184. The compliant
springs 40 shown in Figure 36 define a formed spring height 702, such as relative
either to the substrate 30 or to one of the layers, e.g. release layer 90 (FIG. 3), upon
which they are formed. As seen in Figure 36, the spring height 702a for springs 40a
is less than the spring height 702b for a spring 40b.

As also seen in Figure 36, the second connector structure 184 typically comprises a
board substrate 186,188 having electrically conductive pads 90 extending away from
the substrate 186,188 toward the first connector structure 162. The pads 90 shown
in Figure 36 define a pad height 704, typically relative to the substrate 186,188. As
seen in Figure 36, pad height 704a for pads 92a is more than the pad height 704b
for a spring 92b.

The difference in heights 702 and 704 inherently provides means for asymmetrical
contacts with respect to an insertion axis, e.g. Z-axis 27. As seen in Figure 37, at a
position 700b, wherein a first distance 707a is defined between the contactor
substrate 30 and the substrate 186,188, the spring 40b is electrically connected to
an opposing 90b, while springs 40a are not electrically connected to corresponding
pads 92a,92b. As seen in Figure 38, at a position 700c, the spring 40b is partially
compressed and is electrically connected to an opposing pad 90b, while a second
pad 90b is electrically connected to an opposing spring 40a, and while pad 92b is
not electrically connected to its corresponding pad 40a. As seen in Figure 38, at a
position 700d, the spring 40b is further compressed and is electrically connected to
an opposing pad 90b, the second pad 90b is electrically connected to an opposing
compressed spring 40a, and pad 92b is electrically connected to its corresponding
pad 40a.

The connectors 182 having asymmetric axial connectivity seen in Figures 36-39 can

therefore preferably provide one or more contactor states at different distances 707,
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e.g. 707a-707d, and can be used for a wide variety of applications, such as to
connect one or more connected circuits based upon position 700, and/or to provide

sensing or control, such as to sense a limit for insertion travel 208.

High density connectors 182 utilize arrays of micro-fabricated spring contacts 40,
fabricated on a substrate 18, to provide simultaneous electrical contact between two
objects, such as but not limited to components, devices, systems, sub-systems,
and/or substrates. Some preferred embodiments of the connectors 182 can be
utilized for space confined applications, such as but not limited to cell phones,
personal digital assistants (PDAs), computers, portable computers, medical devices,
cameras, video cameras, printers, imaging devices, digital media players, and/or
other portable electronic systems where it is desired to minimize the space required
inthe X, Y, or Z directions 23,25,27 or any combination thereof.

The force versus displacement characteristics of the springs 40 are controlled by the
design of the spring 40, and multiple types of spring characteristics can be provided
in a single device, e.g. 18, since the springs 40 are batch processed with
photolithographic chip processing technologies. Force can be increased by adding
plated metal layers, e.g. such as one or more layers (68,70 (FIG. 2); 104 (FIG. 3)) or
decreased by making the springs 40 longer, narrower, or thinner. Low force springs
40 can maintain electrical contact, while imparting minimal loading to external
actuation systems.

Some embodiments of high density connectors 182 comprise arrays of micro-
fabricated spring contacts, fabricated on a substrate, to provide simultaneous
electrical contact between two objects (including components, devices, systems,
sub-systems, substrates, etc.) in applications where it is desired to maximize
connection density or minimize the space required in the X, Y, or Z directions or any
combination thereof and where it is desired to interconnect components with IC
bond bad spacings to components with printed circuit board spacings.

As well, some embodiments of high density connectors 182 comprise arrays of

micro-fabricated spring contacts fabricated on multiple integrated circuit devices, to
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provide electrical contact between the integrated circuit devices and a common
support substrate and thermal contact with a common heat sink wherein each device
may have different thicknesses and / or coefficients of thermal expansion.

Furthermore, some embodiments of high density connectors 182 comprise arrays of
micro-fabricated spring contacts 40, fabricated on a substrate, e.g. contactor
substrate 30, at very high density to provide a small area, thin and inexpensive
electrical connector between two objects (including components, devices, systems,

sub-systems, and/or substrates).

In addition, some embodiments of high density connectors 182 comprise arrays of
micro-fabricated spring contacts 40, fabricated on one side of a flexible thin
substrate, e.g. contactor substrate 30, at very high density and the other side of the
substrate 30 at a low density, so as to provide a space transforming function and
thus to provide an inexpensive electrical connector between two objects, e.g. such
as but not limited to components, devices, systems, sub-systems, and/or substrates,
having widely varying electrical connection pitches.

As described above, some embodiments of high density connectors 182 comprise
arrays of micro-fabricated spring contacts 40, fabricated on a substrate 30, to
provide simultaneous electrical contact between two objects, e.g. such as but not
limited to components, devices, systems, sub-systems, and/or substrates, over a
range of distances between the objects and/or during relative motion of the objects
with respect to each other.

In some embodiments of the present invention, the tips 62 of the spring contacts 40
can be soldered or otherwise affixed to the targeted electrical contact pads. Affixing
the probe tips 62 to the electrically conductive pads 190 eliminates tip sliding and
resists X, Y, and Z motion, however with an appropriate applied force, the position or
orientation of one object with respect to the other can be changed and when the
applied force is removed, the objects reposition themselves to the initial position
assuming that all displacements have been small enough to avoid plastic

deformation of the springs. With the tips of the spring contacts affixed to a support
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substrate, the spring contacts are capable of supplying both a pushing and a pulling
force against external actuators.

In an additional aspect of the present invention, more than one spring contact design
may be employed to provide springs with differing characteristics to carry out
differing functions. In an exemplary embodiment, one type spring contacts can be
designed and positioned to provide electrical contacts at specific locations whereas
other types springs can be designed and positioned at other locations to provide
mechanical forces to perform separate functions. This is possible since the
mechanical characteristics of the springs can be changed by changing their length,
width or their position yet since all of the springs are fabricated simultaneously,

multiple types of springs can be provided with the same fabrication steps.

The aspects of the invention described above can be used individually or in
combinations to create alternative embodiments of the present invention. In the
foregoing examples, the term substrate is intended to mean a thin or thick, inflexible
or flexible, hard or soft insulating material that is chosen to be best suited for a
particular application. Substrates are typically fabricated from single or multi-layer
ceramic, glass ceramic, glass, quartz, semiconductors such as silicon, and/or
polymers such as polyimide or printed circuit board materials, e.g. FR-4. Substrates
may also be complete integrated circuits or hybrid integrated circuits. Substrates
may be sacrificial or temporary wherein springs are fabricated, using either
monolithic or non-monolithic processing methods, on a fabrication substrate. Springs
can be removed from the fabrication substrate after fabrication and used in either

free standing applications or in combination with other structures.

System Advantages. The use of high-density connectors 182 inherently provides
improvements for several areas of connector design, such as:

+ Thermal Coefficient of Expansion (TCE) mismatch:

+ Lack of Co-Planarity;

* Thermal management;

+ High frequency performance; and/or

* Cost
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The X-Y compliance provided by spring probes 40 in high-density connectors 182,
which preferably comprise micro-fabricated spring contacts 40, compensates for
TCE mismatch between a first connector assembly 162 and a second connector
assembly 184, such as between a device and a printed circuit board, while the Z-
compliance of the spring probes 40 compensates for lack of co planarity.

As well, Z-compliance and customizable length springs 40 accommodate chip
packages 18 with different contactor scale package substrate thickness 75, such as
for multiple-die packages, e.g. system in package (SiP). Furthermore, multilevel
metal can be used to provide controlled impedance and shielded signal paths. In
addition, preferred embodiments of high-density connectors 182 which utilize
photolithographic self-assembling springs have an advantageous cost/performance
ratio.

In addition, the use of one or more latches 212 between a first connector assembly
162 and a second connector assembly 184 provides both a mechanical connection
between the assemblies 162,184, as well as a controlled connection environment,
such as between the compliant spring probes 40 and opposing electrically
conductive pads 190.

The use of high-density connectors 182 lowers the cost of ownership for many high-
density assemblies, by allowing users to easily change contactor assemblies 18 and
associated connector assemblies 162, such as by disconnecting the latches 212.
The high-density connectors 182 allow a trained user or field service engineer to
quickly change either the first connector assembly, i.e. contactor 162 and/or a

second connector assembly 184, such as at a customer site.

As well, customers can keep an inventory of first connector assemblies 162 and/or
second connector assemblies 184 on hand, and swap first connector assemblies
162 and/or second connector assemblies 184 as needed, instead of an entire high

density electronic assembly. This capability minimizes downtime related to contactor
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issues, such as for regular scheduled cleaning, tip wear, tip failure, and/or
unexpected tip contamination.

The disclosed methods of design and fabrication associated with the manufacture of
high density connectors 182 reduce or eliminate the need for planarity adjustments

at final assembly.

High-density connectors 182 comprise components with mechanical surfaces that
are sufficiently flat and parallel to one another, that enable them to act as reference
surfaces for other components either within the probe card assembly system, or that
interface to the probe card assembly system. As well, the high density connectors
182 and associated processes maintain low resistance electrical connections to a
device under test at either elevated or depressed operating temperatures.

Furthermore, high-density connectors 182 have relatively flat and parallel
component surfaces, which more evenly distributes and vertically transmits the high
forces associated with high 1/0 count connectors, to reduce peak-to peak
mechanical deflections within the connector system, wherein the forces are
generated either by the various spring pre-loading mechanisms or by the

compression of the spring probes during connection.

In addition, the high-density connectors 182 have components with improved
flatness and parallelism that can rest against each other, that enable pre-aligned,
easy to replace components and sub-assemblies. Relatively flat and parallel
surfaces and probe tip arrays having smaller deviations from co-planarity reduce the
need for planarity adjustment. Additionally, the use of relatively flat and parallel
reference surfaces enables the use of very low force interposers if used, e.g. 0.05g
to 5g per contact, to make low resistance high-density electrical connections over
large areas, e.g. 1,000 sq cm for 300 mm wafers. Furthermore, low force
interposers combined with flat and parallel reference and support surfaces enable
simpler methods of clamping and achieving and maintaining planarity. Alternatively,
large area_components such as mother boards, Z-blocks, etc. with flat surfaces

enable the use of vacuum actuated systems to achieve high levels of surface
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parallelism. Additionally, large area solid electrical interface connections fabricated
with materials such as solder, gold wire bond bumps, plated bumps, or adhesives all
have higher manufacturing yields and perform better and more reliably with flatter
and more parallel interconnection support surfaces.

As well, time is often critical factor for users of high-density connector assemblies
182, such as semiconductor manufacturers and testers. For example, conventional
probe card assemblies typically comprise one or more key components that have
long lead times, such as for multilayered ceramic components. As conventional
assembly structures and manufacturing methods include such long lead time
components, the resulting fabrication cycle for one or more assemblies is long.

In contrast, high-density connector assemblies 182 have improved, ie. rapid,
fabrication cycles, for which portions of the probe card assembly can be fabricated,
assembled, and/or pre-planarized, while long-lead lead time components, such as
complex, custom, or semi-custom components, are readily mountable and/or
remountable from the other components and assemblies.

The methods according to the present invention adjust for the planarity differences
during high density connector assembly fabrication, by reducing or eliminating
requirements for applying pressure to flexible connectors and/or adjusting linear
actuators. The methods according the present teachings include creating co-planar
arrays of probe springs using two or more plating steps and planarizing a contactor
assembly by causing variations in solder joint height to compensate for planar
differences between the sub-components. Both manufacturing methods create flat
reference tooling surfaces and use vacuum or other means to hold components -
under assembly flat against the reference tooling surfaces. In the case of probe
springs, the first layer of plating is applied and the tips are made co-planar by heating
while holding the tips against a reference tooling surface prior to completing the
additional plating which is required to provide adequate probing force to insure a
reliable electrical contact over an acceptable cycle life. In the case of the mother

board to probe spring assembly, these components can be pulled flat to a reference
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tooling surface parallel to the WRS and solder can be reflowed to retain the
parallelism.

The invention also utilizes standard components for both reducing manufacturing

cost and manufacturing time,

Although high-density interconnect systems having spring probes with improved co-
planarity and parallelism, and methods for manufacturing are described herein in
connection with integrated circuit test probes, probe cards, electrical assemblies,
articles of manufacture, and/or packages, the system and techniques can be
implemented with a wide variety of devices, such as interconnections between
integrated circuits and substrates within a wide variety of electronic components or

devices, burn-in devices and MEMS devices, or any combination thereof, as desired.

As well, those knowledgeable and skilled in the art will readily appreciate that various
alternative types of probe tips could be substituted for the stress metal spring (SMS)
probe tips described herein and that therefore the teachings relating to the methods
and apparatus of the present invention should not be interpreted as being limited to
the use of the SMS probe tips described herein.

Accordingly, although the invention has been described in detail with reference to a
particular preferred embodiment, persons possessing ordinary skill in the art to
which this invention pertains will appreciate that various modifications and
enhancements may be made without departing from the spirit and scope of the
claims that follow.
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CLAIMS

1. An apparatus, comprising:

a first connector structure comprising at least one contactor substrate having
a contact surface and a bonding surface, the at least one contactor substrate
comprising an array of at least one electrically conductive monolithically formed
micro-fabricated stress metal spring contact located on and extending from the
contact surface; _

a second connector structure comprising a substrate having a first connector
surface and a second surface opposite the connector surface, and comprising an
array of at least one electrically conductive contact pad located on the first connector
surface and corresponding to the array of at least one electrically conductive spring
contact, and an array of at least one electrically conductive path extending from the
first connector surface to the second surface; and

means for any of movably positioning and aligning the first connector
structure and the second connector structure between at least a first position and a
second position with respect to each other.

2. The apparatus of Claim 1, wherein the means for any of movably positioning and
aligning the first connector structure and the second connector structure comprises
means for axially positioning any of the first connector structure and the second
connector structure.

3. The apparatus of Claim 1, further comprising:
means for mechanically affixing the first connector structure and the second

connector structure.

4. The apparatus of Claim 3, wherein the affixing means is any of temporary,

demountable, and permanent.

5. The apparatus of Claim 3, wherein the affixing means comprises at least one
latchable interface between the first connector structure and the second connector
structure.
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6. The apparatus of Claim 5, wherein the latchable interface comprises at least one
latch element associated with any of the first connector structure and the second

connector structure.

7. The apparatus of Claim 6, wherein the at least one latch element comprises any
of a groove, a ridge, a detent, a spring, a fastener, a hole, a catch, and any
combination thereof.

8. The apparatus of Claim 1, further comprising:
a travel stop associated with and extending from any of the first connector
structure and the second connector structure and toward the other of the first

connector structure and the second connector structure.

9. The apparatus of Claim 1, wherein the at least one contactor substrate further
comprises an array of electrically conductive contacts on the bonding surface, and
an array of at electrically conductive paths extending from respective electrically
conductive spring contacts to corresponding electrically conductive contacts.

10. The apparatus of Claim 9, wherein the first connector structure further
comprises

a board substrate having a first side and a second side opposite the first
side, and a plurality of electrical contacts located on the first side; and

at least one electrical connection between the board substrate and at least
one contact located on the bonding surface of the spring contact substrate, the
electrical connection located between at least one of the electrical contacts on the
first side of the board substrate and the at least one contact located on the bonding
surface of the spring contact substrate.

11. The apparatus of Claim 10, wherein the electrical connection between the board

substrate and the at least one contact located on the bonding surface of the spring

contact substrate comprises any of a solder ball and a solder joint connection.
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12. The apparatus of Claim 1, wherein in at least one of any of the first position and
the second position, at least one electrically conductive spring contact is electrically

connected to at least one electrically conductive contact pad.

13. The apparatus of Claim 12, further comprising an article of manufacture
associated with any the first connector structure and the second connector structure,
the article of manufacture having a plurality of operating states, wherein at least one
operating state of the article of manufacture is at least partially associated with the
respective position of the first connector structure and the second connector

structure relative to each other.

14. The apparatus of Claim 1, wherein in at least the first position and the second
position, at least one electrically conductive spring contact is electrically connected
to at least one electrically conductive contact pad.

15. The apparatus of Claim 1, wherein fan-out is provided by any of the first
connector structure and the second connector structure,

such that for the first connector structure, the at least one contactor substrate
further comprises an array of electrically conductive contacts on the bonding
surface, and an array of electrically conductive paths extending from respective
electrically conductive spring contacts to corresponding electrically conductive
contacts, wherein the distance between at least two electrically conductive spring
contacts on the contact surface is less than the distance between any of the
electrically conductive contacts on the bonding surface; and

such that for the second connector structure, the array of at least one
electrically conductive contact pad on the first connector surface of the second
connector structure comprises a plurality of electrically conductive contact pads,
wherein the second connector structure further comprises an array of electrical
contacts on the second surface, wherein that the distance between at least two
electrically conductive contact pads on the first connector surface is less than the

distance between any of the electrical contacts on the second surface.
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16. The apparatus of Claim 1, wherein the second connector structure further
comprises an array comprising a solder ball located on at least one of the electrically

conductive contact pads on the first connector surface.

17. The apparatus of Claim 16, wherein the spring contacts define a leading tip;

such that when the first connector structure and the second connector
structure are in at least one position proximate to each other, the spring contacts are
axially positioned with respect to the solder balls.

18. The apparatus of Claim 17, wherein the solder balls define a convex contact
surface, and wherein the leading tips are aligned with any of an inclined leading

face, horizontal center face and an inclined trailing face of the solder balls.

19. The apparatus of claim 18, wherein at least two of the spring contacts are

located to offset respective lateral forces applied to associated solder balls.

20. The apparatus of Claim 18, wherein at least two spring contacts are associated

with each solder ball.

21. The apparatus of claim 20, wherein at least two of the spring contacts are
located to offset respective lateral forces applied between their respective leading

tips and associated solder balls.

22. The apparatus of Claim 1, wherein the second connector structure further
comprises at least one element located on the back surface of the substrate, the
element comprising any of a second substrate, a component, a heat sink, and a

connector.

23. The apparatus of Claim 1, further comprising:
at least one structural element;
wherein the bonding surface of the at least one contactor substrate is in

contact with the structural element; and
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wherein each of the at least one contactor substrate comprises a package

assembly.

24, The apparatus of Claim 23, wherein the structural element comprises any of a

heat sink, a carrier, and a surface mount package.

25. The apparatus of Claim 1, wherein the spring contacts comprise any of flexible
springs, compliant springs, and elongate resilient probe elements.

26. The apparatus of Claim 1, wherein the contactor substrate comprises any of
ceramic, multi-layer ceramic, glass ceramic, glass, quartz, glass epoxy, FR-4,
polyimide, a semiconductor wafer, silicon, a printed circuit board, one or more flip
chip semiconductor devices, one or more packaged semiconductor devices, a
semiconductor integrated circuit, and a hybrid integrated circuit.

27. The apparatus of Claim 1, wherein the substrate of the second connector
structure comprises any of ceramic, multi-layer ceramic, glass ceramic, glass,
quartz, glass epoxy, FR-4, polyimide, a semiconductor wafer, silicon, a printed circuit
board, one or more flip chip semiconductor devices, one or more packaged
semiconductor devices, a semiconductor integrated circuit, and a hybrid integrated

circuit.

28. The apparatus of Claim 1, wherein the array of electrically conductive
monolithically formed micro-fabricated stress metal spring contacts is either

formed on any of a sacrificial substrate and a temporary substrate and
thereafter removed and affixed to the contactor substrate; or

formed in place on the contactor substrate.

29. A process, comprising the steps of:
providing a first connector structure comprising at least one contactor
substrate having a contact surface and a bonding surface, the at least one contactor

substrate comprising an array of at least one electrically conductive monolithically
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formed stress metal spring contact located on and extending from the contact
surface;

providing a second connector structure comprising a substrate having a first
connector surface and a second surface opposite the connector surface, and
comprising an array of at least one electrically conductive contact pad located on the
first connector surface and corresponding to the array of at least one electrically
conductive spring contact, and an array of at least one electrically conductive path
extending from the first connector surface to an outer surface of the second
connector structure opposite the connector surface; and

alignably positioning the first connector structure and the second connector
structure between at least a first position and a second position with respect to each
other.

30. The process of Claim 29, further comprising the step of:
mechanically affixing the first connector structure and the second connector
structure together.

31. The process of Claim 29, wherein the first connector structure and the second

connector structure are affixed any of temporarily, demountably and permanently.

32, The process of Claim 29, wherein the contact surface of the first connector
structure and the first connector surface of the second connector structure are

planar to each other.

33. The process of Claim 29, wherein the array of electrically conductive
monolithically formed micro-fabricated stress metal spring contacts is either

formed on any of a sacrificial substrate and a temporary substrate and
thereafter removed and affixed to the contactor substrate; or

formed in place on the contactor substrate.
34. An apparatus, comprising:
a first connector structure comprising at least one contactor substrate having

a contact surface and a bonding surface, the at least one contactor substrate
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comprising an array of at least one electrically conductive monolithically formed
micro-fabricated spring contact located on and extending from the contact surface;

a second connector structure comprising a substrate having a first connector
surface and a second surface opposite the connector surface, and comprising an
array of at least one electrically conductive contact pad located on the first connector
surface and corresponding to the array of at least one electrically conductive spring
contact, and an array of at least one electrically conductive path extending from the
first connector surface to the second surface; and

means for any of movably positioning and aligning the first connector
structure and the second connector structure between at least a first position and a

second position with respect to each other.

35. The apparatus of Claim 34, wherein the means for any of movably positioning
and aligning the first connector structure and the second connector structure
comprises means for axially positioning any of the first connector structure and the

second connector structure.

36. The apparatus of Claim 34, further comprising:
means for mechanically affixing the first connector structure and the second
connector structure.

37. The apparatus of Claim 36, wherein the affixing means is any of temporary,

demountable, and permanent.

38. The apparatus of Claim 36, wherein the affixing means comprises at least one
latchable interface between the first connector structure and the second connector

structure.
39. The apparatus of Claim 38, wherein the latchable interface comprises at least

one latch element associated with any of the first connector structure and the

second connector structure.
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40. The apparatus of Claim 39, wherein the at least one latch element comprises
any of a groove, a ridge, a detent, a spring, a fastener, a hole, a catch, and any

combination thereof.

41. The apparatus of Claim 34, further comprising:
a travel stop associated with and extending from any of the first connector
structure and the second connector structure and toward the other of the first

connector structure and the second connector structure.

42. The apparatus of Claim 34, wherein the at least one contactor substrate further
comprises an array of electrically conductive contacts on the bonding surface, and
an array of at electrically conductive paths extending from respective electrically

conductive spring contacts to corresponding electrically conductive contacts.

43. The apparatus of Claim 42, wherein the first connector structure further
comprises

a board substrate having a first side and a second side opposite the first
side, and a plurality of electrical contacts located on the first side; and

at least one electrical connection between the board substrate and at least
one contact located on the bonding surface of the spring contact substrate, the
electrical connection located between at least one of the electrical contacts on the
first side of the board substrate and the at least one contact located on the bonding

surface of the spring contact substrate.

44. The apparatus of Claim 43, wherein the electrical connection between the board
substrate and the at least one contact located on the bonding surface of the spring -

contact substrate comprises any of a solder ball and a solder joint connection.
45. The apparatus of Claim 34, wherein in at least one of any of the first position

and the second position, at least one electrically conductive spring contact is

electrically connected to at least one electrically conductive contact pad.
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46. The apparatus of Claim 45, further comprising an article of manufacture
associated with any the first connector structure and the second connector structure,
the article of manufacture having a plurality of operating states, wherein at least one
operating state of the article of manufacture is at least partially associated with the
respective position of the first connector structure and the second connector
structure relative to each other.

47. The apparatus of Claim 34, wherein in at least the first position and the second
position, at least one electrically conductive spring contact is electrically connected

to at least one electrically conductive contact pad.

48. The apparatus of Claim 34, wherein fan-out is provided by any of the first
connector structure and the second connector structure; |

such that for the first connector structure, the at least one contactor substrate
further comprises an array of electrically conductive contacts on the bonding
surface, and an array of electrically conductive paths extending from respective
electrically conductive spring contacts to corresponding electrically conductive
contacts, wherein the distance between at least two electrically conductive spring
contacts on the contact surface is less than the distance between any of the
electrically conductive contacts on the bonding surface; and

such that for the second connector structure, the array of at least one
electrically conductive contact pad on the first connector surface of the second
connector structure comprises a plurality of electrically conductive contact pads,
wherein the second connector structure further comprises an array of electrical
contacts on the second surface, wherein that the distance between at least two

electrically conductive contact pads on the first connector surface is less than the - -

distance between any of the electrical contacts on the second surface.

49. The apparatus of Claim 34, wherein the second connector structure further
comprises an array comprising a solder ball located on at least one of the electrically
conductive contact pads on the first connector surface.

50. The apparatus of Claim 49, wherein the spring contacts define a leading tip;
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such that when the first connector structure and the second connector
structure are in at least one position proximate to each other, the spring contacts are

axially positioned with respect to the solder balls.

51. The apparatus of Claim 50, wherein the solder balls define a convex contact
surface, and wherein the leading tips are aligned with any of an inclined leading

face, horizontal center face and an inclined trailing face of the solder balls.

52. The apparatus of claim 51, wherein at least two of the spring contacts are
located to offset respective lateral forces applied to associated solder balls.

53. The apparatus of Claim 51, wherein at least two spring contacts are associated
with each solder ball.

54. The apparatus of claim 53, wherein at least two of the spring contacts are
located to offset respective lateral forces applied between their respective leading
tips and associated solder balls.

55. The apparatus of Claim 34, wherein the second connector structure further
comprises at least one element located on the back surface of the substrate, the
element comprising any of a second substrate, a component, a heat sink, and a

connector.

56. The apparatus of Claim 34, further comprising:

at least one structural element;

wherein the bonding surface of the at least one contactor substrate is in
contact with the structural element; and

wherein each of the at least one contactor substrate comprises a package
assembly.

57. The apparatus of Claim 56, wherein the structural element comprises any of a

heat sink, a carrier, and a surface mount package.
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58. The apparatus of Claim 34, wherein the spring contacts comprise any of flexible
springs, compliant springs, and elongate resilient probe elements.

59. The apparatus of Claim 34, wherein the spring contacts comprise stress metal

springs.

60. The apparatus of Claim 34, wherein the contactor substrate comprises any of
ceramic, multi-layer ceramic, glass ceramic, glass, quartz, glass epoxy, FR-4,
polyimide, a semiconductor wafer, silicon, a printed circuit board, one or more flip
chip semiconductor devices, one or more packaged semiconductor devices, a
semiconductor integrated circuit, and a hybrid integrated circuit.

61. The apparatus of Claim 34, wherein the substrate of the second connector
structure comprises any of ceramic, multi-layer ceramic, glass ceramic, glass,
quartz, glass epoxy, FR-4, polyimide, a semiconductor wafer, silicon, a printed circuit
board, one or more flip chip semiconductor devices, one or more packaged
semiconductor devices, a semiconductor integrated circuit, and a hybrid integrated

circuit.

62. The apparatus of Claim 34, wherein the array of electrically conductive
monolithically formed micro-fabricated spring contacts is either

formed on any of a sacrificial substrate and a temporary substrate and
thereafter removed and affixed to the contactor substrate; or

formed in place on the contactor substrate.

63. A process, comprising the steps of:

providing a first connector structure comprising at least one contactor
substrate having a contact surface and a bonding surface, the at least one contactor
substrate comprising an array of at least one electrically conductive monolithically
formed spring contact located on and extending from the contact surface;

providing a second connector structure comprising a substrate having a first
connector surface and a second surface opposite the connector surface, and

comprising an array of at least one electrically conductive contact pad located on the
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first connector surface and corresponding to the array of at least one electrically
conductive spring contact, and an array of at least one electrically conductive path
extending from the first connector surface to an outer surface of the second
connector structure opposite the connector surface; and

alignably positioning the first connector structure and the second connector
structure between at least a first position and a second position with respect to each

other.

64. The process of Claim 63, further comprising the step of:
mechanically affixing the first connector structure and the second connector
structure together.

65. The process of Claim 63, wherein the first connector structure and the second
connector structure are affixed any of temporarily, demountably and permanently.

66. The process of Claim 63, wherein the contact surface of the first connector
structure and the first connector surface of the second connector structure are

planar to each other.

67. The process of Claim 63, wherein the spring contacts comprise stress metal

springs.

68. The process of Claim 63, wherein the array of electrically conductive
monolithically formed micro-fabricated spring contacts is either

formed on any of a sacrificial substrate and a temporary substrate and
thereafter removed and affixed to the contactor substrate;-or

formed in place on the contactor substrate.
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