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PLANAR SLIDER TEST SOCKET

BACKGROUND

joG01} The present application 1s directed 1o a {ly capable clamp assembly for testing
magnetic recording of a substrate, and a method of making and using the same. The present
method permits mechanical fly and magnetic testing of magnetic sliders used in the hard disk
drive industry. This invention relates to a slider supporting apparatus for flying a slider of a

hard disk derve m the manufacturing process to provide electrical performance characteristics.

{0002} A disk drive head gimbal assembly (HGA) with a magnetic head 8 used to
write and read data 1o and from a disk drive. Conventional magnetic heads {also referred to as
shders) are mounted on suspensions as they are tested for read/write performance during the
manufachuring process by enabling the tester to fly the slider, set the head media spacing and
test for magnetic performance of writer and reader elements. A shider tester 1s used to
characterize the performance of the HGA. The sliders which are found {o be non-defective as a
result of the checks are incorporated nto the disk drive manufacturing. The sliders found non-
functional are tejected. The rojected sliders may require either disposing of the non-functional
HGAs or reworking by removing the sliders and recycling the suspensions. The slider
removalreworking operation caunses suspension damage, as well as pitch and roll static
deformation.

{0003} Accordingly, shder testers have been developed that can inspect each individual
slider. In a conventional shider tester described n patent US 6,943,971 B2, depicted in Figure
1, sliders are supported s¢ as 1o mimic the suspension. A recording medium such as a
magnetic disk 18 rotated to-provide an air bearing surface to the shder to provide the proper
head media spacing so as to perform write and read operations. A tester for measuring the
perfornmance of the shider without permanent assembly of the slider to the suspension is
advantageous in cost. The tester is capable of simulating approximate conditions of the shider.

However, with the advent of dynamuc {lv height adjust, a contact detection operation is
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performed o set the proper clearance between the magnetic medium and the write and read
SENZOTS.

{0004} Consequently, slider soppotting apparatuses have been developed that have a
toad beam and flexure constructed in the same manner as those of actual suspensions, which
can be removalbly fitted with a slider. One such slider supporting apparatus is described in US
20060236527 Al and 20070263325 Al. Figures Z and 3 depict a head gimbal assembly for
removably testing sliders. As shown in Figure 2, this conventional slider supporting apparatus

s, a first

p

mehudes a portion mcluding a tongue, a pair of bellows portions functioning as sprin
support portion, and a second portion, etc.,. which constitute a part of the flexure. Each
bellows portion has a top and bottom that are formed by plastic deformation. This formation
miay be achieved by cotrugating a part of the flexure 1 Bs thickness direction hike waves. The
slider is placed on the tongue with the bellows portions stretehed in the direction of arrow T by
means of 4 jig not shows. Thereafter, the bellows are released from the applied tension,
wherenpon the shider is clamped between the bellows springs and the support. To increase the
stroke of the bellows structure, the munber of bellows may be mereased. The length of the
spring structure cannot be increased and is limited by the size of the shider structure. The
bellows apply an undesirable out of plane moment tending to pop the slider out of the tongue
due to manufacturing tolerances doring the plastic forming of the bellows. The moment can
also contribute to generating pitch and roll static torque contributing to load and unload
magneic media damage and slider media contact during the slider testing,

O005] Figare 3, from US Patent Publication No. 2006/0236527 Al shows a portion of
the load beam tormed to provide a rigid tab perpendicular to a support at the leading edge of
the slider. A second forming operation of a flexible tab at the fratting edge on the support is
performed. The flexible tab deforms {o provide an openmg for tnserting the shder into the
tongoe formed into the support. The flexible tab produces a holding force to secare the slider
during the loading snd unloadimg onto the magnetic media. The rigid tab can be configured o
provide an clectrical interconnection between the stider and the electrical interconnect, The

embodiment of Figuwre 3 suffers from the satme problems noted above with regard 1o Figure 2

No66716 1290WO0

1

PATENT APPLICATION



20

[2e]
A

L4y

WO 2013/023074 PCT/US2012/050171

10006} Another proposed solution from US Patent No 6,943 971 B2 shown i Figure 4
provides a shder supporting apparatus provided with a flexwre formed of 3 metal plate having
spring characteristics, the flexure mcludes a portion having a first tongue, a second support
portion including a second tongue for supporting the slider. The spring portion is composed of
a pair of flat springs sach including a plurality of alternate convexes and congaves formed
along the side of the fust tongoe and configured to extend to a length which allows the shder
to be inserted between the first and second support portions when subjecied (o & tensile load.

g offers the benefit of mereasing the stroke of the spring while lmiting

Pt

This zigzag dest
permanent deformations. The alternating concaves and convexes provide a low ont of plane
stiffness and a large exposed real estate area susceptible to windage excitation during the
loading onto a rotating magnetic mediom during shder tester. Windage excitations cause out of
plane excitations imparted o the slider during write read operation leading to off track
motions, This design presents limitations in increasing the frequency response of the system
{eading o a reduction m the number of rgzags which m wras himats the stroke of the design.
{0067} A slider suspension assembly for a slider tester is provided which includes
another mechanism from US 6,459 260 as shown in Figure 5. The assembly includes an
electrical interconnect, such as a flex circuit, The socket is adapted to secure a shider and
electrically couple the mterconnect to the shider. The socket inchudes eloments tightly spaced to
secure the slider in the socket opening. A clamp bar i3 urped against slider with the assistance
of beam springs that extend longitadmally with respect to shider. After the slider is placad
between the clamp bar and interconnects, the shder s firmly supported. Longitudinal springs
attached to the clamp bar urge the slider to be biased against the electrical contacts. A large
number of beamt springs are adapted {o increase the load apphied 1o secure the slider in place.
Mimmizing the stress at the beams bas lead to designing long tapered beams at the leading and
tralding edge of the slider resulting in a substantally large design that adds excessive mass at
the suspension end. This mass increase teduces the freguency response of the head assembly
and induces an increase of load/unload contact probability, which in turn cayses frequency
response detertoration.

{0008} It 13 within this context that the present embodiments arise,
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SUMMARY OF THE INVENTION

{0069} The present application is directed to a slider supporting apparatas for flving a
slrder of a hard disk derve 1o the manufacturing process to provide electnical performance
characteristics. The present invention discloses an mtegrated desipn including the electrical
interconnect, the gimballing mechanisim, the preload nechanism and the shider supporting
mechanism integrated into a single supparting structure,

{0016} A shider socket apparatus is provided with a flexure formed of & metal plate
having spring characteristics. The flexure cowmprises a {irst portion including a clamp formed
with a closed curved beam to secure the slider to the socket, a second portion fucluding a flat
holder plate to support the slider apatnst the socket, a third portion including a guide to bias
the slider agamst an imterconnect flexure, a fourth portion including an mterconnect
arsangement with two fixed points and a series of flexible electrical contacts, a fifth portion
including a gimbal mechanism providing pitch and roll stiffhess 1o the socket, and a sixth
portion fransferring a preload mechanism onto a formed dimple against the sockef vig a
prefoad stem. The closed curved spring provides a biasing foree to secure the shider into the
flat holder plate, and 1s designed to deform elastically to provide a force to secure the shder
into the socket. The closed curve spring surrounds an outer periphery of at least three edges of
the slider in one embodiment. In another embodiment, the closed curve spring has a single
curve in a relaxed position. In vet another embodiment, the closed curve spring may inclunde a
plurakity of closed curve springs in a stacked configuration.

{0011} One embodiment 15 directed to a method of making a slider holding assembly
referred to as shider socket including a series of curved springs arranged in a closed form to
provide a preload apphied onto the leading edge of the slider secured into a cavity fabricated
into the slider socket. The curved spring structurs forms a membrane force applying a holdiap
toree onto the leading edge of the shider. The tratling edge of the slider contacts a series of
iterconnect springs to provide electrical contact. Two rigid interconnects are arranged at the
far ends of the shder to provide a datum. A series of flexible interconnects asranged between

the two rigid interconpects deform under the load applied by the closed curved springs onto
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the shider to provide reliable electrical contact between the shider and the fly capable shider
assembly. The slidertestsocket with the electrical interconnects s mounted onto a gimballing
and preload assembly. The gimbal assembly applies a preload through a formed dimple to the
shder test socket. The gimbal provides both roll and pitch stiffness to pernut the slider test
socket to comply to the media. A preload stem is attached to a curvilinear spring structure
applying a preload to the shider rest socket throngh the formed dimple. The curvilinear spring
arrangenent provides minimum rotation under normal deflections 16 prevent rotation of the
slider test socket during electrical test verification.

{0012} In another embodiment a shider test socket with closed curved springs with
electrical interconnects is attached to a traditional suspension. The test socket s antached to the
gitbal of the suspension. The gimbal aitachment includes an interconnect mating the socket
flexible mtereonnect to establish electrical connections. The suspension provides the gimbal
attaclunent and a preload through a preload bead.

{3013} Apother enthodintent is directed to a method of making an electrical test socket
including the steps of fabricating wafer-like lavers of varions components, aligning the layers,
and attaching the lavers. The layers are nutially patterned and efched o form the varioos
functional layers including the spring structures and the shider pocket laver, and other spacer
tavers. Alignment features are fabricated on each layer to ortent and maintain the reguired
toleranees prior to final assembly,

{0014} Another embodiment is directed to a method of making the flexble electrica
contacts to deform in the same divection as the applied load transferred by the shider onto the
electrical contact to reduce the likelihood of scratching of the shder electrical connections
plated with soft gold inherently sensitive to damage. The Hexible elecivical contacts are plated
with 1-2 microns of hard gold 1o enhance the electnical contact.

{0015} Another embodiment is directed to a method of making the flexible electrical
contacts to deform in a direction different than the applied load 1o promote scratehing of the
shder electrical connections plated with soft gold. The flexible electrical contacts are plated
with 1-2 mucrons of hard gold to enhance the electrical contact. As an alternative to the gold, a

palladua cobalt or palladium nickel coating may be used in another embodiment.
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{0616} Another enthodiment is directed © a method of the Hlexure with a Hexible
hinge connecting two curved beawms. The flexible hinge changes the boundary conditions a the
end of the curved beams by allowing a rotational movement of the flexures which n turn
reduces the maximum stress compared 10 a curved beam with the same radius of curvature,
[0G17} Another embodiment is directed to an assembly for a slider tester having a
socket coupled to a gimbal assembly. The socket is configured to releasably secure a slides
through a closed curved beam extending around a penphery of a side of 8 socket pocket
configured to support the shider. Oue end of the closed curved beam is coupled 1o a first end
of an elastic hinge. A second end of the elastic hinge s coupled to a first end of a secondary
curved beam. A second end of the closed curved beam s affixed to an extension, wherein the
elastic hinge decouples motion of the closed curved beam and the secondary curved beam.
{0018} In another embodiment, an assembly for a slider tester &8 provided.  The
assembly imciudes a socket assembly adapted to releasably secure a slider through a closed
curved spring beam wherein a surface of a dunple of a gimbal assemibly coupled to the socket
assembly transfers a preload from a load stemy to a surface of the socket. An electncal
interconnect adapied to couple to the slider when the slider 15 secured in the socket is
provided. The electrical intercomnect includes flexible slectrical contacts having a contact
surface that is substantially parallel to a comtact surface of solder pads, the solder pads

gh the fHexible electical

pat

operable to transport signals from the shider to remote circuitry throu

contacts.
0019} In another embodiment, a head suspension assembly for a slider tester is

provided. The head suspension includes a load stem having a first end affixed to a preload
spring assembly and a gimbal assembly affixed o a second end of the load stem. A socket 1s
coupled to the gimbal assembly. The socket is adapted to releasably secure a slider through a
closed curved spring beam wherein a surface of a dimple of the gunbal assembly transfers a
prefoad from the load stem to a surface of the socket. An electrical interconnect is adapted to
couple to the shider when the slider is secured 1 the socket, wherein the elecirical interconnect
includes flexible electrical contacts having a contact surface that 1s substantially parsliel to a

contact surface of solder pads, the solder pads operable to transport signals from the shder to
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remote circuitry. In one embodiment, the elecirical interconnect is adapied to couple to the
shider when the slider 1s secured in the socket, wherein the electrical interconnect mchudes
outer rigid electrical contacts and inner flexible electrical contacts, the inner flexible electrical
contacts having a contact surface that is substantially parallel fo a contact surface of solder
pads, the selder pads operable o transport signals from the slider to remote clrcuitry.

[0626] In ene embodiment, a slider tester assembly having multiple layers stacked over
each other is provided. The shider test assembly includes a socket assembly haviog a base
defined by one of the mudtiple lavers, the socket assembly operable to releasably secure a
stider through tension supplied through a closed curved spring beam, The slider test assembly
mcludes an elecirical interconnect assembly construcied from sections of the nwiltiple layers.
The electrical interconnect asserobly is operable to couple to the shder when the shder s
secured in the socket assembly, wherein the elecirical interconnect assembly includes flexible
clectrical contacts defined by ong of the sections. Each of the flexible electrical contacts has a
distal end spaced apart from a corresponding socket trace through an ntermediary laver of the
muitiple layers.

{0021} In another embodiment, a head suspension assembly for a shder tester s
provided. The slider tester includes a suspension load beam assembly meluding a toad beam
and a gimbal. A socket 1s coupled to the gimbal and the socker 1s adapted to releasably secure
a slider with a closed curved spring beam, the socket 1y defined by multiple stacked lavers.
The socket includes an electrical interconnect adapted to couple to the slider when the shider i3
secured i the socket. The electrical interconnect is defined through a subset of the multiple
stacked layers, wherein the electrical interconnect includes outer rigid electrical contacts and
mner flexible electrical contacts. The inner flexible slectrical contacts have a middle flexible
electrical contact having a plurahty of bends and remamnng flexible electrical contacts having
a single bend.

{0022} In one embodiment, an assembly for a slider tester 13 provided. The assembly
includes a socket assembly adapied to releasably secure a slider through a closed curved spring
beam wherein a surface of & dimple of a gimbal assembly coupled 10 the socket assembly

transfers a preload from a load stem to a surface of the socket assembly. The socket assembly
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includes a plurality of flexible electrical contacts defined through at least one of a plurality of
fayers forming the socket assemibly. The plarality of flexible electrical contacts having a first
end rigidly secured 1o a next fower laver of the plurality of lavers and a second end operable to
deflect towards the first end when the shider is secored 1 the socket assembly.

{0023} Other aspects and advantages of the invention will become apparent from the
following detatled description, taken In conjunction with the accompanying drawimngs,

ilustrating by way of example the principles of the mvention.
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BRIEF DESCRIPTION OF THE DRAWINGS

{3024} The invention, together with further advantages thereof, may best be
undersiood by reference 1o the following description taken m conjunction with the

S accompanying drawings.

{0625} Figure | i3 a schematic view of a prior ant shider test apparatuos.
10026} Figure 2 is a schematic view of a prior ant slider test socket.
{0027} Figure 3 is a schematic view of a prior art slider test socket.
{0028} Figure 4 15 a schematic view of a prior art slider test socket.
16 [0029] Figore § is a schematic view of a prior ant shider test socket.
{0030} Figure & is a schematic view of a fiving slider test socket in accordance with an

embodiment of the present invention.
{0031} Figure 7 18 a detatled view of an assombled slider test socket i acecordance with
an embodiment of the present invention,

15 j0032 Figure 8A s an exploded view of the slider test socket with the electrical
interconnect and the gimbal in accordance with an embodiment of the present tnvention.
{0033} Fignre 8B is an exploded view of the slider test socket with the electrical
interconnect m accordance with an embodunent of the present invention.

0034} Figure A 15 a top view of a curved spring providing preload to the slider under

20 zero load asd under maximum deflection i accerdance with an embediment of the present
mvention.

{0035} Figure 9B 18 a top view ol a curved spring providing preload to the shider under

zevo load and under maximum deflection in accordance with an embodiment of the present

invention,
25 [B03e] Figure 9C is a top view of a finite element analysis for a flexible hinge

connecting one end of a curved spring i order to provide a preload to the slider under zero
toad and under maximum deflection in accordance with an embodiment of the present

mvention.
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10037} Figure 9D provides a top view of a finite clement analysis of a curved flexure
with an mtegrated flexible hmge connected to each secondary curved flexure n accordance
with one embodiment of the invention.
0038} Figure 10 iz a schematic view of an etched laver of curved springs in
5 accordance with an embodiment of the present invention.
{0039} Figure 11 18 a schematic view of a simbal in accordance with an embodiment of
the present invention,
{0040} Figure 12 shows a perspective view of the normal deflection of a preload in
accordance with an embodiment of the present invention.
10 {0041} Figure 13 shows a top view of the normal detlection of a preload in accordance
with an embodiment of the present mvention.
0042} Figure 14A s a schematic view of the nterconnect assembly 1y accordance
with an embodiment of the present invention.
0043} Figure 148 is a schematic view of the interconnect assembly in accordance
15 with an embodiment of the present invention.
{0044} Figure 15A is a schematic view of the static and deformed interconnect spring
in accordance with an embodument of the present invention.
{3045] Figure 15B 1 a schematic view of the static and deformed wnterconnect spring
in accordance with an embodiment of the present mvention,
20 (0046} Figure 16 1s a schematic view of the shider test socket with the electrical
mterconnect assembled onto a standard suspension.
{0047} Figure 17 s a schematic view of the slider test socket with displacement
Himiters etched in the top and bottom in accordance with an embodiment of the present
nvention.
25 [DBO4E8] Figure 18 is a schematic closed up view of the slider test socket with the
clectrical interconnect assembled onto a standard suspension,
{0049} Figore 19 1s a schematic closed up view of the slider test socket with the

electrical mterconnect gssembly m gecordance with an embodiment of the present invention.
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10050} Figure 20 is a stmplified schematic diagram iHlustrating a slider test socket

assembly having an inboard elecirical connecter i accordance with one embodunent of the

nvention.
[0051) Figure 21 is a sumplified schematic diagram tlustrating of the interconnect

5 assembly of Figure 20 in accordance with one embodiment of the invention.
[0052] Figure 22 18 a simplified schematic drageam dlustrating a planar test socket in
accordance with one embodiment of the invention.
{0053} Figure 23 is a stiaplified schematic diagram illustrating a series of layers
adhered or affixed together to form the planar test socket assembly in accordance with one
16 embodiment of the invention.
{0054} Figore 24 s a simplified schematic diagram forther tlustrating details of the
interconnect layers in accordance with one embodiment of the invention.
[0G55] Figure 25 is a simplified schematic diagram illustrating a detailed view of the
integrated planar electrical interconnect in accordance with one embodiment of the invention.
15 (o856} Figure 26 is a stuplified schematic diagram iHusirating the integrated planar

electrical intercomnect with the top cover removed in accordance with one pmbodiment of the

invention,
{0057} Figore 27 is a simiplified schematic diagram illustrating a cross-sectional side

view of the integrated electrical connectors from the planar socket in accordance with one

20 embodiment of the invention.
{0038} Figure 28 15 a simplified schematic diagram illustrating a finite olement
analysis of a top view of the integrated electrical interconnect in a relaxed and load scenario in

accordance with one embodiment of the invention.

[
wFs

N66716 1290WO i1 PATENT APPLICATION



WO 2013/023074 PCT/US2012/050171

DETAILED DESCRIPTION

{0059} The embodiments described herein provide a method and apparatas for testing
a slider. 1t will be apparent to one skilled 1 the an, that the present invention may be
practiced without some or all of these specific details. In other instances, well known process

S operations have not been described i detatl i order not to unnecessarily obscure the present

invention.
[0G660} Figure & illustrates a fly capable slider test socket 106 with various components

described ih more detail below. A slider test socket 10 15 attached to a gimbal structure 30, A
center region of the gimbal strocture 30 s i tors attached to a preload stem 50, which infurn

10 s connected to a flexible preload spring 40. Flexible preload spring 40 may also be referred to
as a fexible preload flexure. Flexible preload spring 40 has a plurality of curvihinear springs
extending radially from an nner peripheral surface of an cuter circular region of the prefoad
spring to an cuter peripheral surface of an inner circular region of the preload spring. It should
be appreciated that corvilinear springs deflect in the divection of the lpad and do not twist. In

15 addition, preload spring 40 has a much higher resonant frequency than any of the mentioned
prior art embodiments, as the preload spring is located further from the disk, as compared to
the prior art $o as not to be effected by the vibration and wind genevated from the rotation of
the disk. In addition, stema 50 i3 less susceptible to be excited by wind and vibration doe to
this configuration. Accordingly, the torsion and sway modes for the entbodiments described

20 herein are substantially reduced as compared to the prior art mechanisms. A flexible clectrical
interconnect 20 15 attached to the slider test socker 10 o provide an elecincal connection in
accordance with one embodiment of the present invention. Further details of each of the
components described above are provided below.

[0061} Figure 7 details the comwponents of the shider test socket 10 1 accordance with

[2e]
A

ong embodiment of the invention. A series of closed curved beams 4 are assembled in a
stacked configuration to open and close in unison under a preload applied by constraining the
openings 6 and applyving a load through opening 1. One skilled m the art will appreciate that a

toat may be utidized to perform the placement of the slider into the shider test socket 10 by
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creating an opening to place the slider into the test socket. In one embodiment, multiple
curved beams are stacked over each other as lustrated m Figure 7. In an alternative
embodiment, a single curved beam may be untfized rather than multiple curved beams. The
radws of curvature of beams 4 at the muddle portion of the beams is correlated to the
displacement force relationship. An extension 2 fabricated on one end of the closed curved
beams 4 provides a contacting force with the leading edge of the slider to hold the shider from
falling off the socket pocket 3. During the insertion of the slider into the slider test socket 10,
the curved beams 4 are extended to move the contacting feature 2 to provide enough clearance
for the inseriion of the shider into socket pocket 3. Features fabricated ino guide pocket §
provide a datum 1o guide the slider to ensure contact with the Hexible electrical imerconnects
21, so that the bond pads on a surface of the shider contact the flexible inferconneets 21 1t
should be appreciated that the preload force provided against the leading edge of the shider
throngh extension 2 and the deformed corved beams 4 are larger thaun the forces reguired to
deform the flexible interconnects 21, Upon overcoming the resistance from the flexible
interconnects 21, the shider encounters two fixed rigid interconnects located at cach snd of the
interconnect assembly 20, An opposing sorface of socket pocket 3 of the slider test socket 10
i attached to a gimbal structure 30, A preload force is provided through stem 50, which is
attached to the gimbal structare 30 as Hlustrated with regard 1o Figure 6. It should be
appreciated that the embodiments deseribed herein provide for a very high out of plane
stiffuess as compared to the prior art mechanisios so that vibrations and any play in the spindle
rotating the disk are much more easily acconwuoedated through the present embodiments.
[0062] Figure 8A provides an exploded view of the test socket assembly i accordance
with one embodiment of the invention. A series of closed curved beams 4 stacked over each
other are shown attached to a surface of an intermediary layer & disposed between the curved
beam assembly and the socket pocket 3. A spacer 7 provides the required clearance for the
gimubal 30 and the rigid section 33 of the gimbal structure 30 atiaches to a corresponding
section of spacer 7. A dunple 32 transfers the load from the preload stem to the back surface of
the socket pocket 3 of the test socket assembly. Dimple 32 s detined on a planar surface

extending from gimbal struts 31 that extend from ngid affixed section 33, In one embodiment,
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the extension of dimple 32 from the planar surface of gimbal struts 31 13 equal to a thickness
of'spacer 7. One skilled in the art will appreciate that ghmbal struds 31 couple to the motion of
the disk. A interconnect 20 providing an electrical connection between the bond pads of the
shder and traces leading to & testing unit 1s assembled separately and attached to the test socket
assemubly,

0063} In another embodiment, Figure 8B provides an exploded view of the test socket
assembly with top plate 110 and bottom plate 111 sandwiching the closed curved spring beams
4,47 and a portion the electrical interconnect 20, Shider 15 is contamed 1o the cavity formed
by the curved beams 47 and 47, The sandwiching of the curved beams 47 and 47 prevents the
curved beams from deforming out of plane w this embodiment, i.e., the spting or curved
bearns move freely m only one divection. Thus, the ewabodiment of Figure 8B provides a lint
on the amount of extension or deformation of curved beams 47 and 47 in this embodiment,
Edge 112 defingd on the side surface of top 110 mates with a corresponding edge in bottom
111 to define a gap throngh which the contacting feature fits. In another embodiment, the edge
112 fimits or governs the movement of curved beams- 4" and 47,

{3064} Figure DA provides a finite element analvsis showing the static and deformed
positions of a curved closed beam 4 under fixed boundary conditions provided by openings 0.
The load is applied via a pin to opening 1 of the contact feature fabricated onto the spring
faver. It should be appreciated that the curved beam 4 is designed to substantially flatten nnder
an externally applied load as iflustrated by curved beam 47, The curved confliguration is
suitable for large deflections while producing minimal stress on the structure. The prior ant
embodiments as shown in Figures 2 and 4 required a large number of corrugations or zigzags
to provide g large extension under an external load. Such corrugations or zigzags featares
weaken the structure m the out of plane motion and cause poor dynamic performance and
tendency to release the slider during load and unload. The contimnous curved beams 4 of the
present embodiments provide a vanable stiffiess. The low stiffness is desired during the
opening of the clamp and as the clamp opens, the curvature of the beams is reduced to become

strarght causing & very large resistance in a self limiting case. The tradeoff between the lateral
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compliance of the curved beams 4 and the owt of plane motion is minimal, as contrasted to the
prior art embodiments, leading to superior load and unload performance.

[3D65] Figure 98 provides a finite element analysis showing the static and deformed
positions of a closed curved beam 4 under fixed boundary conditions provided by constraining
openings 0A and 6B. As mentioned above, the foad s applied via a pin to opentng 1 fabricated
onto the spring laver. As depicted, the closed curved beams 4 are designed to substantially
flatten as diustrated by the position of beam 47 vnder an externally applied load. The closed
curved configuration, i.e ., the single continuous curve, such as an are, 18 suitable for large
deflections while producing mimumnal stress on the structure, A slider 15 15 inserted into the
opening achieved by the elongation of closed curved beam 4 under a load applied to opening
1. A clearance 9 is maintaised between the opened configuration Hlustrated by beama 4 and
the inserted shder 15, Clearance 9 provides for shider placement tolerances and slider insertion
margins to assure insertion of the shder 13 without interference. Upon release of the deformed

closed beam 4'a preload 15 applied to the leading edge of the slider 15, The preload biases the

slider 15 agamst the interconnect structure 20 assuring elecirical contact between the shider and
the slider test socket assembly. Sider 135 is mserted in the openmng defined above socket
pocket 3 and the curved beams 4 (see Figure 7). The preload generated from the deflection of
closed curved beams 4 urges the shder towards the flexible electrical yaterconnect 20,

[0866] Figure 9C provides a finite element analysis of a curved flexure 4 with a single
integrated flexible hinge 220 connectad to a secondary curved flexare 218 in accordance with
one embodument of the mvention. The super-imposition of the deformed and non deformed
state flexures vields an opening clearance 9. The strategy of using a flexibie hinge 220 allows
the increase in the opening clearance 8 wathout an increase inthe overall size of the socket.
The flexible hinge 220 changes the boundary conditions at the end of the corved beam{s) 4 by
altowing a rotational movement of the curved beam which in turs reduces the maximuwm stress
compared 1o a curved begm with the same radius of curvature. The embodiment of Figure 9C
provides for main curved beam 4 1o be attached at a fixed point of the slider test socket at one
end and through the hinge and secondary curved beam at another end of the main curved

beam.
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10067} Figure 9D provides a finite element analysis of a curved flexure with an
mtegrated flexible hinge connected o cach secondary curved fexure 1 accordance with one
embodiment of the invention. Main curved beamn 418 Hustrated 1 an open position while the

cos 220a and 220b allow

=

extended position is itlustrated by main curved beam 47, Flexible hin
main curved beam 4 to rotate or pivet sround 3 center that is different than a radial center than
the main curved beam. Thas, through the addition of the flexible hinges 2203 and 220b,
curved beam 4 has more freedom to deflect with less constraints imposed onto the curved
beam. The elastic revolute hinges 220a and 220b join the opposing ends of main curved beam
4 with two secondary curved beam structures 210a and 210b. One end of secondary curved
bearm structure is yliimately coupled to socket pocket 3 either directly or through mtermediate
stractures, The nonlinear modeling demonstrates that additional extension 15 added by the
secondary curved beams of approxamately 50 percens. In addition, the overall deflection is
achleved by the secondary curved beams 210a and 216b, while the main curved beam 4 is
exposed to nuinimal stress during the extension. One skidled in the art will appreciate that the
flexible hinges 220a and 220b balance the stresses between the main curved beam 4 and
secondary curved beams 2103 and 2100 to minimize the overall stress. Flexible hinges 220a
and 220b decouple main curved beam 4 from the fixed ends and enable the mamn corved beam
to deform and rotate analogous to a linkage. Furthermore, flexible hinges 220a and 220b
decouple motion of main curved beam 4 and secondary beams 210a and 210b to enable
movement of the main curved beam in two dimensions. Fiducials 222 provide a reference
poit for a vision system in accordance with one embodiment of the invention. It should be
noled that the hinged structure is mirrored on the other side of the test socket as iltustrated in
Figure 98.

{0068} It should be appreciated that the embodunents of Figores 9C and 91 enable
substantial relaxation of the constrawnt on the mam curved beam by introducing a series of
revolute elastic joiats, Lo, hinges, at the extremities of the curved beams while preserving a
sinple point of contact with the stider. The introduction of the elastic revolute joints, or
hinges, enables introduction of additional curved elastic beams, 1.2, the secondary curved

beams, thereby increasing the effective length of the main curved elastic beam without

N66716 1290WO 1 PATENT APPLICATION



2

L4y

£

Ay

WO 2013/023074 PCT/US2012/050171

increasing its overall dimension. Thus, the embodiments described herein allow a substantial
ingrease in the clamyp opening with minimal stress on the curved beam, while the elastic hinges
experience very fittle stress. One skilled in the art will appreciate that revolate joints refer to
joints that provide a single-aas rotation function for uni-axial rotation devices.

{0069} Figure 10 provides an ciched metallic sheet 60 containing the closed curved
spring layers under no oad. Each component contained in the slider test socket can be
fabricated in a sheet. The sheets are then stacked and adhered 1o form shder test sockets. The
material vtilized for the sheets may be Bervilinm copper; Beryilium nickel, or stainless steel in
one embodiment. However, it shonld be appreciated that other materials mayv be utilized for
the slider test sockes as the exemplary materials are not meant to be Hmiting.

10070} Figure 11 provides a schematic of a gimbal 30 with gimballing strus 31, a
dimple 32 for transferring the preload io the slider test socket, and an attachment feature 33 to
the slider test socket. A maximum extension of the protrusion from the planar surface of
gimbal 30 for dimple 32 matches the spacing established by the thickness of spacer fayer 7
shown in Figure 8A to allow for both prelead tansfer and gimballing. Maidching the protrusion
of dimple 32 to the spacer laver 7 allows for simultaneous preload transfer and gimballing
without transferring the preload to the gimballing struts 31 and causing unwanted pitch and
rolt dynamic agitude. In contrast to the prior art, the dimple structure of the present
embodiments 13 formed onie the gimbal to permit pitch and roll motion while a preload is
apphed without defornying the gimballing strats 31,

0071} The preload stem 50 of Figure 6 is attached to preload spring 40 shown in
Figures 12 and 13 via opening 43, It 1s highly desirable 1o design a preload spring capable of
normal deflection with minimal rotation so 4s not to cause off track motion of the slider during
the electrical testing due o magnetic disk runnout. Figure 12 shows a series of curvilinear
springs 42 attached between a tixed cuter edge 41 and & moving center structure 43 arnanpad
to provide a large out of plane deformation with minimal rotation as shown in Figore 13, The
view from Figure 12 s a perspective side view illustrating displacement in the 2 divection,
while the view from Figure 13 illustrates a top view along the 2 axis showing no other

deflection in the x or v direction, i.e., the deflection is limited to one dimension that is in Hne
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with the load. The normal flexibility of the curvilinear preload spring 40 13 critical to

compensate for the magnetic disk run-out during the electrical fest operation. In addition,

fimiting the displacement to the z direction while having no rotation or displacement if the x or
vy divection, while having the preload spring located further from the disk, as compared to the
prior ait, enables the present embodiments not to be efiected by the vibration and wind
generated from the rotation of the disk. In essence, the preload spring 18 decoupled from the
suspensionarm in the present embodiments.

{06472} Figure 14A shows a series of 6 mterconnects 21A-D and 24A-B spaced with

msulators 23A-F. Two rigid interconnects 244-B are disposed af the outer edges of

interconnect assembly 20 and act as a datum for the shider and as a stop for the deflection of
the flexible wterconnects 2TA-D. The electrical mterconnects 25A-F extend bevond the outer
edges of the shder test socket to form electrical connections with another interconnect {see

Fipures 18 and 19} via ball bonding, ball jetting, ste., or any other suitable technique. The

flexible electrical mterconnects 20A-D are deflected during contact with the shider trailing

edge to provide intimate electrical contact. One skilled in the art will appreciate that any
suitable conductive material may be vsed for interconnects 21A-D, 24A-B, and 25A-F, while
any suitable msulative material may be nsed for insulators 23A-F. The elecirical contacts are
costed with palladivm cobalt {PdCo), palladium nickel (PdN{), or gold {Au) i one
embodiment.

[0673} Figure 148 tHustrates a top view an intarconnect assembly 20 msertad into the
sochet assembly 10 (see alsoe Figures 0-88) via a V-groove 28A and 288 etched into the spring
assembly 4 (see also Figures 8B and 16). Flexible beams 27A and 27B are fabricated at

opposite ends of the electrical interconnect assemibly 20 1o engage info the V-grooves 28A and

288 with an interference {it. The flexible beams 27A and 278 deform and cause self ahgmuent

of the electrical interconnect assembly 20 with respect to the slider bond pad locations. The

stider is guided by ramp features 39A and 398 fabricated on the same laver as the Vegrooves
to reduce alignment tolerance stack ups, in one embodiment. One skilled in the art will
appreclate thal the embodiments are not linited to this {ype of mtecference fits as other types

of fits are possible and this interference fit may even be optional.
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[0674} Figure 15A gives the design details of'a flexible interconnection 21 by
superimposing the statie and deformed shapes of the flexable wmterconnection under foading
conditions. Spring 29 deflects under slider contact to wove substantially in the same direction
as the toad. Feature 2¥ attaches to insulator layer 23 (See Figure 14A, Feature 27 provides
datunt for assembly o the shider test socket.

[oa75} Figure 158 gives the design details of a flexible interconnection 217 by
superimposing the static and deformed shapes of the flexible interconnection under loading
conditions. Spring 297 deflects under shider contact to move m a different direction than the
apphied load by the slider to expose new areas of the slider electrical contacts. In either of the
embediments of Figures 13A or 13B, the contact portion of interconnection 21 may be coated
with {PdCo), PdNi, or Au in order to prolong the life of the interface.

{0076} Figare 16 depicts the electrical inferconnect 20 assenibied into the slider test
socket 100 As tlustrated, one end of the curved beam 4 i3 ultimately coapled to the socket
pocket as Wustrated i Figures 7 and BA. Returning to Figure 10, the other end of the corved
beant 4 15 coupled 1o the extension that places a contact force onto the leading edge of a slider
disposed within the test socket 10, It should be appreciated thar the embodiment with the
hinges and primary and secondary curved beams of Figures 9C and 9D in place of the
embodiment for the curved beams ilustrated in Figure 16,

0077} Figure 17 shows the leading edge of the test socket with the top and bottom
plate sandwiching the curved beams. Top and bottom gaps 1124 and 1128 are formed
between the top and bottom plates 110 and 111 to allow the flexible corved beams to detorm
in order to clamp the shder in position while preventing the flexible curved beams 47 and 47
front deforming out of plane due 1o external forces, ay discussed abeove with reference to
Figure 88,

{0078} Figure 18 shows a slider test socket assembly 10 with a flexible electrical
interconnect assembly 20 assembled onto a suspension 60. Fust, the socket assembly 15
attached to the suspension gimbal 70 via a bonding operation. The electrical mterconnect
extensions 23 are aligned with the suspension electrical interconnect 80 of the intercenmnect

assembly 20 for solder joining during the assembly process. Suspension (60) is available
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conumercially and well known i the art. It should be appreciated that in this embodiment, the
socket assembly 1s combined with an easting suspension as opposed to prefoad spring 40 of
Figure 6.

{0079} Figure 19 provides a close up view of the attachment between the slider test
socket 10 with the flexible interconnect 20 and the pimbal interconnect 80. Solder balls 101
are dispensed onto the junction befween the flexible interconnect extensions and the gimbal
flex leads 80. 1t should be appreciated that Figure 19 illustrates one attachment technigue and
is not meant to be hmiting as any known attachment techniques may be applied to the
embodiments described herein.

0086} Figure 20 i3 a siniplified schematic diagram: dlustrating g shder test socket
assembly having an inboard electrical connecter in accordance with one embodiment of the
invention. Test socket 10 is iflustrated having flexible electrical mterconnect assembly 20,
alse referred o as an inboard electrical connector in this embodiment. Flectrical interconnect
assembly 20 is assembled onto test socket 10 with the asaistance of locating feature referred to
as alignment pias 512 serving as insertion guides as shown in Figure 20, In one embodiment,
two ngid electrical ping sandwich a sevies of Hexible electrical pins to form interconnect
assembly 20, it should be appreciated that “lnboard™ refers 1o the fact that the contact surfaces
of contact solder jet pads 504 are located or oriented having the same divection or ortentation
as the contact surfaces of electrical contact pads 502, That 1s, the contact surtaces for the
contact solder jet pads 504 and the contact surfaces for the electrical contact pads 502 are
substantially paralle! m this embodiment. Thus, with reference to Figure 19, solder balls 101
are disposed onto a surface of solder jet pads 304 and leads 80 extend below interconneet
assembly 20 in the embodiment of Figure 20. In this embodiment is, the leads are extending
in 8 wanner that 18 substantially orthogonal to the top surfaces of the outer ngid electrical
contacts S16 of Figure 21, as opposed to being paraliel to the ngid electrical contacts in the
embodiment of Figure 14A. Accordingly, the form factor for test socket assembly 10 1s more
compact in the embodiment of Figure 20. Clamping feature 300 provides the load 1o force a

shider against the surface of electrical contact pads 502,
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{0081} Figure 21 is a stmplified schematic diagram iflustrating of the interconnect
assembly of Figure 20 in accordance with one embodiment of the invention. Interconnect
assembly 20 includes a sevies of alternating electrical contacts 502 and insulators 506, As
depicted in Figure 21, The clectrical contacts 502 are mounted on springs 514 o allow
deflection upon contact with the electrical pads of a shider. It shonld be appreciated that spring
feature 514 allows a relatively large deflection upon contact of the shider with electrical
contacts 502. In one embodiment, spring feature 314 is 2“1 turn 10 the conductive arm
extension of contacts 302, At the foot or base of electrical contacts 302 15 a solder jet pad 304
that is fabricated to accept a solder ball to conmect with a suspension. Two ngid electrical
comtacts 516 saadwich the flexible electrical contacts 502 to form the contacts surfaces inone
erubodituent and function sinmiarly to vigid mierconpects 24 a and 24b of Figure 14A .
Isofation pads 306 thronghout the connector assembly are alternarely disposed between the
assemblies for contacts 302 in order 1o separate or msulate the electrical connsctors. An
alignment pin 512 1s electneally isolated from the electrical connections by spacer 508, It
should be appreciated that alignment pin 512 electrical may be pressed into V noich openings
or through hole openings inte the test socket as Hlustrated in Figure 20 to guarantee accurate
focation placement of the interconnect assembly.

{0082} The embodiments described below in Figures 22228 are directed 10 an
alternative embodiment for a slider supporting apparatus for Hiving a slider of a hard disk drive
in the manufacturing process to provide slectrical performance characteristics. The
embodiments provide an integrated design wcluding the electrical mterconnect, the gimballing
mechanism, the preload mechanism and the slider supporting mechanism all integrated into a
single supporting structure. The electrical fercomect is fully inteerated into the shder
supporting mechamsm, as opposed to a separate component that 1s wserted mto the socket
assernbly as described in the embodiments above. Thus, the embodiments for the planar test
socket described with reference to Figures 22-28 may be fabricated throngh a one step process
where the clectrical interconnect structure is formed concurrently with the mechanical

structure of the test socket assembly. That is the electrical interconnect described with
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reference to Figures 14A, 148, and 21 1s mtegrated into the assembly so that a separate
fabrication and subsequent assembly operation are avoided.

{0083} Figore 22 s a simmplified schematic diagram illustrating a planar test socket in
accordance with one embodiment of the invention. Planar test socket assembly 10 is composed
of multiple stacked lavers affixed or adhered to each other as will be detailed below, Planar
test socket assembly 10 provides tenston to one surface of the shider 10 force another surface of
the slider, when located in pocket 600, against the distal ends 602 of the flexible integrated
electrical Interconnects. As described above, stacked closed curve beams 4 open and close in
poison under a preload applied by constraining the openings 6 and applving a load through
opening 1, thereby forcing surface 300 against a surface of a slider. Fiducials 222 provide a
reference pomt {or a vision system i accordance with one embodimnent of the wvention. Base
or pocket 600 of the slider pocket supports g bottom surface of a slider inserted into the planar
test secket assembly. Features fabricated into guide pocket § provide a datum to guide the
shider to ensure contact with distal ends 602 of the flexible electrical interconnects, so that the
bond pads on a surface of the slider contact the flexible interconnects.

{3084} Figure 23 15 a stmplified schematic diagram iHustrating a series of lavers
adhered or aftixed together to form the planar test socket assembly in accordance with ong
embodiment of the invention. In one embodiment, the multiple lavers are adhered to each
other through an adhesive applied to the surface of each layer. Scocket 610 mehudes
interconnect portion 612, Interconnesct portion 612 1s composed of socket layers 614 and
intermediary layers 616. Interface plate 618 provides electrical insulation for the socket
assembly. It should be appreciated that interface plate 618 may be composed of any saitable
msulative material. Socket layers 614 provide the elecirical inferconnect to the suspension arm
and an external device. Laver 614a of socket layer 614 provides mechameal strength for the
underlayer of socket €10, It should be appreciated that while a single layer s tHustrated for
layer 614a, the embodiments are not himited to a single laver as any number of fayers may be
integrated to provide the necessary support. Intenmediary layers 616 continued to develop the
integrated planar electrical connector. Laver 610a creates a gap belween the flexible

interconmects and the elecirical mterconnects leading 1o the suspension arm and an external
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device. Lavers 616h and 616¢ define the flexible interconnects that contact the pads of the
shider. Laver 620 15 another insulative layer, thereby sandwiching the interconnect layers 612
between msulative layers 618 and 620 It should be appreciated that layer 618 may interface
with the suspension gimbal assembly described above with reference to Figures 6-7 and 11-13,
Laver 622 1s secured to msnlative layer 620 and is a top mitertace layer that interfaces with the
shder in accordance with one embodiment. It should be appreciated that mtercomnect layers
612 are composed of any suitable conductive material such as bervilinm copper inone
embodiment. In another embodiment the ends of the flexible extensions that contact the shider
pads are gold plated.

{0085} Figure 24 is a stimplified schenatic dagran further ilustiating details of the
interconnect lavers in accordance with one embodiument of the mvention. As dlustrated in
Figure 24 mierconnect layers 612, which may be collectively referred to as g connector pack,
includes a plurality of stacked layers forming the integrated electnical interconnect. Socket
fayers 614 provide the cutgoing wterconnect lmes 630a and 630b fromm the planar socket to an
external device through gimbal electrical fraces in one embodiment. A solder ball or bump
may provide the mterconnection betweers interconnect lines 630a and 630b and the gimbal
electrical traces i one embodiment, Intermediary lavers 616a-¢ provide the electrical pathway
from a shider to the outgoing inferconnect lines 630a and 630b. Laver 616a includes a single
miermediary layer that provides intermiediary spacing seginents 632 between the flexible
interconnect lines mwl the cutgoing traces. As noted above, layer 616a may be a single stacked
faver or in another embodiment multiple intermediary stacked lavers may be provided.
Intermediary layers 616b and 616¢ provide the flexible interconnects 634 that couple to the
bond pads of a slider inserted into the socket assembly. If should be appreciated that while two
favers, 616b and 616¢, are disposed over each other, more or less layers mav be used to define
the Hexible interconnects 634, Further details on the configuration of the ovigoing
interconmect Hnes 630a and 630b, intermediary spacing segments 632 and flexihle
interconnects 634 are provided with reference to Figure 27, In one embodiment, the spacing
between the flexible interconnects 634 and the outgeing fraces 630 matches a thickness of g

stider.
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{0086} Figure 25 is a simplified schematic diagram iflustrating a detatled view of the
mitegrated planar elecirical interconuect in accordance with one embodiment of the mvention.
The tegrated elecirical interconnect mcludes outgoing traces 630 spaced apart frow {lexable
inferconnects €34, It should be appreciated that the spacing between flexible interconnects 634
and outgoing electrical races 630 is determined by # number of layers of intermediary
segments. The electrical interconuect assembly 15 sandwiched between insulative layers 622
and 6138 in one embodiment. Flexible electrival interconnect 634 are disposed between rigid
mterconneets 640. In one embodiment rigid interconnects 640 are partially set back from a

plane defined by the ends of flexible interconnects 634, a3 will be iHustrated m further detail

below.
0087} Figure 20 is a simplified schematic diagram itlusirating the imtegrated planar

electrical interconnect with the fop cover removed in accordance with one embodiment of the
invention. Flexible interconnects 634, which melude middle imterconnects 634a and owter
interconnects 634 are disposed between rigid interconnects 640, The flexible interconnects
634 and rigid interconnects 640 are spaced apart from outgoing interconnect fraces 630 at g
distal end and are coupled to each other throogh the infenmediary segments at a proximaie end.
Middle interconnect 634a is configured in a z-configuration, while outer iterconnects 634b
are configured in a v-configuration, That s, middle interconnects 634a includes two V-shaped
bends while outer insert flexible interconnects 6348 include a single Veshaped bend. k should
be appreciated that the V and Z shaped springs guarantead deflection of the flexible
interconnects upon contact with a surface of a shider in one embeodiment. It should be
appreciated that while the flexible interconnects 634 are illustrated with a specific geometry,
the embodiments are not limited to this geometry. That is, Hexible interconnects 634 may be
any suitable spring-hike mterconnect enabhng deflection while maintaining the ability to
transmit the electrical signals from the slider to outgoing interconnects 630,

{0088} Figure 27 1s a stimplified schematic diagram llustrating a cross-sectional side
view of the integrated elecirical connectors from the planar socket in accordance with ong
embodiment of the invention. Flexible tnterconnect 634 is coupled to a bond pad 646 from a

stider forced against the flexible interconnect. Flexible interconnect 634 is spaced apart from
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outgoing misrconnect 630 at a distal end by mtermediary layers 632 coupling the flexible
interconnect and the outgoing mierconnect at a proximate end. Insulator fayers 620 and 618
sandwich the mtegrated electrical interconnect. Solder ball 642 provides electrical coupling
between outgoing terconnect 630 and electrical fead 644 from the mumbal suspension. In an
embodiment where multiple outgoing mterconnects 630 are stacked over gach other, solder
ball 642 is coupled o at least the bottom or outermost cutgoing interconmeet. It should be
appreciated that while three intermediary lavers 632 are llustrated stacked upon each other,
any number of imermediary lavers may be utilized to provide the spacing between flexible
interconnects 634 and outgoing interconnect 634

0089} Figure 28 1s a stimphified schematic daagram dlustrating a Dinite element
analysis of a top view of the integrated electrical interconnect 1 a relaxed and load scevnario wm
accordance with one embodiment of the invention. As illustrated in Figure 28, flexible
clectrical nterconnects H34a and 634b retreat from a relaxed position when a toad i3 applied to
an end of the flexible interconneets by a shider. The load forces the flexible interconnects 634a
and 634b towards a plane defined by rigid interconnects 640. In one embodiment, a distance
630 that the flexible mferconnects 634a and 634b moves is between about 0.5 mils {abowt 12
microns) and about 1.5 mils (about 35 microns). It should be appreciated that the middle
tlexible mterconuect shape condigared to match the adjacent left and right flexible
mierconnects in order to keep a constant spacing between the flexible mterconnects. That is,
the middle flexible interconnect has two bénds, where ong of the two bends match sach ot the
stngle bends of the adjacent flexible interconnects.

{009 Where a range of values Is provided, it is vnderstood that each intervening
value, 1o the tenth of the unit of the fower linnt unless the context clearly dictates otherwise,
between the upper and lower linut of that range and any other stated or intervemng value in
that stated range is encompassed within the mventions. The upper and lower limits of these
smaller ranges which may independently be included in the smaller rangesis alse
encormpassed within the inventions, subject to any specifically excluded limit in the stated
range. Where the staled range includes one or both of the lumits, ravges excluding either both

of those included linuis are also included in the imventions.
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{0691} Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which these
inventions belong. Although any methods and materials smular or equivalent to those
described herein can also be used in the practive of testing of the present ventions, the
preferred methods and materials are now described. All patents and publications mentioned
herein, including those cited m the Background of the application, are hereby incorporated by
reference to disclose and described the methods andfor matérials in connection with which the
publications are cited.

{0092} The publications discussed herein are provided solely for their disclosure prior
to the filing date of the present application. Nothing herein 1s 1o be constroed as an admission
that the present inventions are not entitled 1o antedate such publication by vintue of prior
invertion. Further, the dates of publication provided may be different from the actual
publication dates which may need 1o be independently confirmed.

0093} Qther embodiments of the mvention are possible.  Although the description
above contains much specificity, these shoudd not be construed as limiting the scope of the
invention, but as merely providing lustrations of some of the presently preferred
entbodiments of this invention. It is also contemplated that varicus combinations or sub-~
combinations of the specific features and aspects of the embaodiments may be made and stilt
{all within the scope of the inventions. It should be understood that varions features and
aspects of the disclosed embodiments ¢an be combined with or substifuted for one another in
order to form varying modes of the disclosed inventions. Thus, it is intended that the scope of
at {east some of the present inventions herewn disclosed should not be limited by the particular
disclosed embodiments described above.

{0094} Thus the scope of this imvention should be determined by the appended claims
and their legal equuvalents. Therefore, # will be appreciated that the scope of the present
invention fully encompasses other embodiments which may become obvious to those skilled
in the art, and that the scope of the present mvention is accordingly 1o be limited by nothing
other than the appended claims, in which reference 1o an element in the singolar is not

intended to mean "one and only one” onless explicitly so stated, but rather "one or more.” All
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structural, chemical, and functional equivalents to the elements of the above-described
preferred embodiment that are known fo those of ordinary skill in the art are expressly
incorporated herein by reference and are intended 1o be encompassed by the present claims.
Moreover, it is not necessary for a device or miethod 1o address gach and every problem sought
to ba solved by the present invention, for it 1o be encompassed by the present claims.
Furthermore, no element, component, or method step in the present disclosure 1s intended to
be dedicated to the public regardless of whether the element, component, or method step is
exphicitly recited in the clanus.

0095} Although the foregoing invention has been described i some detait for
parposes of clarity of understanding, 1 will be apparent that certain changes and modifications
may be practiced within the scope of the appended claimns, Accordingly, the presemt
embodiments are 1o be considered as tHustrative and not restrictive, and the Invention is not 1o
be Hinuted to the details given herein, but may be modified within the scope and eguivalents of

the appeadad clamns.

v
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What is claimed is:
CLAIMS

1. A slider tester assembly having multiple layers stacked over each other, the
slider test assembly, comprising;

a socket assembly having a base defined by one of the multiple layers, the socket
assembly operable to releasably secure a slider through tension supplied through a closed
curved spring beam; and

an electrical interconnect assembly constructed from sections of the multiple layers, the
electrical interconnect assembly operable to couple to the slider when the stider is secured in
the socket assembly, wherein the electrical interconnect assembly includes flexible electrical
contacts defined by one of the sections, each of the flexible electrical contacts having a distal
end spaced apart from a corresponding socket trace through an intermediary layer of the

multiple layers.

2. The slider test assembly of claim 1 wherein the intermediary layer is disposed

between proximate ends of the flexible electrical contacts and the corresponding socket trace.

3. The slider test assembly of claim 1 wherein the socket assembly includes a
contact region formed on the closed curved spring beam and wherein the contact region biases

the slider against the distal ends of the flexible electrical contacts.

4. The slider assembly of claim 3 wherein the socket assembly includes a plurality
of closed curved beam springs in a stacked configuration, the plurality of closed curved beam

springs configured to apply a preload onto the slider.
5. The slider assembly of claim 1 wherein the base of the socket assembly

includes openings to constrain movement of the socket assembly during the slider insertion

and release.
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6. The slider assembly of claim 1 wherein the socket assembly includes locating

features for pinning the socket assembly to a fixture plate for loading and unloading the slider.

7. The slider assembly of claim 1, wherein the closed curved spring beam is
shaped so that a middle part is convex to provide flexibility under load and wherein the closed

curved beam has a single curve,

8. The slider assembly of claim 1, wherein a middle flexible electrical contact has
a plurality of angled bends and wherein remaining flexible electrical contacts each have a

single angled bend.

9. A head suspension assembly for a slider tester, comprising:

a suspension load beam assembly including a load beam and a gimbal;

a socket coupled to the gimbal, the socket adapted to releasably secure a slider with a
closed curved spring beam, the socket defined by multiple stacked layers, the socket including
an electrical interconnect adapted to couple to the slider when the slider is secured in the
socket, the electrical interconnect defined through a subset of the multiple stacked layers,
wherein the electrical interconnect includes outer rigid electrical contacts and inner flexible
electrical contacts, the inner flexible electrical contacts having a middle flexible electrical
contact having a plurality of bends and remaining flexible electrical contacts having a single
bend.

10.  The head suspension assembly of claim 9 wherein a plane defined by an end of
each of the flexible electrical contacts extends past a plane defined by the end of the rigid

electrical contacts.
11.  The head suspension assembly of claim 9 wherein the socket includes a contact

region formed on the closed curved spring beam and wherein the contact region urges the

slider against the flexible electrical contacts.
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12.  The head suspension assembly of claim 9 wherein the closed curved spring

beam is defined through the multiple stacked layers.

13.  The head suspension assembly of claim 9 wherein the socket includes openings

to constrain the socket during slider insertion and release.

14.  The head suspension assembly of claim 9, wherein the closed curved spring
beam extends around a periphery of at least three sides of the slider and wherein the closed

curved spring beam has a single continuous curve in a form of an arc.

15.  An assembly for a slider tester, comprising:

a socket assembly adapted to releasably secure a slider through a closed curved spring
beam wherein a surface of a dimple of a gimbal assembly coupled to the socket assembly
transfers a preload from a load stem to a surface of the socket assembly, the socket assembly
including a plurality of flexible electrical contacts defined through at least one of a plurality of
layers forming the socket assembly, the plurality of flexible electrical contacts having a first
end rigidly secured to a next lower layer of the plurality of layers and a second end operable to

deflect towards the first end when the slider is secured in the socket assembly.

16.  The assembly of claim 15, wherein the next lower layer of the pluratity of

layers extends under a portion of each of the plurality of flexible electrical contacts.
17.  The assembly of claim 15, wherein each of the flexible electrical contacts is
coupled to a trace, the trace spaced apart from a bottom surface of the second end of each of

the plurality of flexible electrical contacts.

18.  The assembly of claim 15, wherein the plurality of flexible electrical contacts

are disposed between an upper insulative layer and a lower insulative layer.
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19.  The assembly of claim 15, wherein the plurality of flexible electrical contacts

are disposed between outer rigid electrical contacts.

20.  The assembly of claim 15, wherein the second end of each of the flexible

electrical contacts deflects between about 0.5 mils and about 1.5 mils.
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