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PLANAR SLIDER TEST SOCKET 

BACKGROUND 
fOUQI | The present application is directed to a fly capable clamp assembly for testing 
magnetic recording of a substrate, and a method of making and using the same. The presen t 

method permits- mechanical fly and magnetic testing of magnetic sliders used ifrthe hard disk 
drive industry. This invention relates to a slider supporting apparatus for flying a slider of a 
hard disk drive in the manufacturing process to provide electrical performance characteristics. 

{00021 A disk drive bead gimbal assembly (HGA) with a magnetic head is used to 
write and read data to and from a disk drive. Conventional magnetic heads (also referred to as 
sli ders) are .mounted, on- suspensions as they are tested far read/write performance- during the 
manufacturing 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 slider tester is used to 
characterize the performance of the HGA. The sliders which are found to be non-defective as a 
result of the checks are incorporated into the disk.drive manufacturing. The sliders found non­
functional are re jected. The rejected sliders may require either disposing of the non-functional 

EGAs or reworking by removing the sliders and recycling the suspensions. The slider 
removal/reworking, operation causes suspension damage, as well as pitch and roll static 
deformation. 

{00031 Accordingly, slider testers ha ve been developed that can inspect each individual 
slider. In a conventional slider tester described in patent US 6,943,971 B2, depicted in Figure 
1, sliders are supported so as to. mimic the suspension. A recording medium such as a 
magnetic disk is rotated to provide an. air. bearing surface to tire slider to provide the proper 
head media spacing so as-to perform write and read operations. A tester for measuring the 

•performance of the slider without permanent assembly of the slider to the suspension is 
advantageous in cost The tester is capable of simulating approximate conditions of the slider. 
However, with, the advent of dynamic fly height adjust, a contact detection operation is 
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performed to set the proper clearance between the magnetic medium and the write and read 

sensors. 
{0004] Consequently, slider supporting apparatuses have been developed that have a 

load beam and flexure constructed in the same manner as those of actual suspensions, which 
5 can be removably fitted with a slider. One such slider supporting apparatus is described in US 

2006/0236527 AI and 2007/0263325 A1. Figures 2 and 3 depict a head gimbal assembly for 
removably testing sliders. As shown, in Figure 2, this conventional slider supporting apparatus 

includes a portion including a tongue, a pair of bellows portions functioning as springs, a first 
support portion, and a second portion, etc,,, which constitute a part of the flexure. Each 

10 bellows portion has a top and bottom that are formed by plastic deformation. This formation 
may be achieved by corrugating a part of the flexure in'its thickness direction like waves. The 

slider is placed on the tongue with the bellows portions stretched in the direction of arrow T by 
means of a jig not shown. Thereafter, the bellows are released from the applied tension, 
whereupon the slider is clamped between the bellows springs and the support. To increase the 

.15 stroke of the bello ws structure, the number of bellows may be increased. The length of the 
spring structure cannot be increased and is limited by the size of the slider structure. "The 

bellows apply an undesirable out of plane moment tending to pop the siider out of the tongue 
due to manufacturing tolerances during the plastic forming of the bellows. The moment can 
also contribute to generating pitch -and roll static torque contributing to load and unload 

20 magnetic media damage and slider media contact during the slider testing. 

[0005) Figure 3, from US Patent Publication No. 2006/0236527 AI shows a portion of 

the load beam formed 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 trailing edge on the support is 
performed. The flexible tab deforms to provide an opening for inserting the slider into the 

25 tongue formed into the support. The flexible tab produces a. holding force to secure the slider 
during the loading and unloading onto the magnetic media. The rigid tab can be configured to 

provide an electrical interconnection between the slider and the electrical interconnect. The 
embodiment of Figure 3 suffers from the same problems noted above with regard to Figure 2, 
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{00O6J Another proposed solution from U'S Patent No 6,943,971 B2 shown in Figure 4 

provides a slider supporting, apparatus provided with a flexure formed-of a metal plate having 
spring characteristics, the flexure includes 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 each including a plurali ty of alternate convexes and concaves formed 
along the side of the first tongue and configured to extend to a length which allows the slider 
to he inserted between the first and second support portions when subjected to a tensile load. 
This zigzag design offers the benefit of increasing the stroke of the spring while limiting 
permanent deformations. The alternating concaves and convexes provide a low out of plane 

stiffness and a large exposed real estate area susceptible to windage excitation during the 
loading onto a rotating magnetic medium during slider tester. Windage excitations cause out of 

plane excitations imparted to the slider during write read operation leading to off track 

motions. This design presents limitations in increasing, the frequency response of the system 
leading to a reduction in the number of zigzags which in turns limits the stroke of the design. 

|0007| 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 slider and 
electrically couple the interconnect to the slider. The socket includes elements tightly spaced to 
secure the slider in the socket opening. A clamp bar is urged against slider with the assistance 
of beam springs that extend longitudinally with respect to slider. After the slider is placed 
between the clamp bar and interconnects, the slider is firmly supported. Longitudinal springs 

attached to the clamp bar urge the slider to be biased against the electrical contacts. A. large 
number of beam springs are adapted, to increase the load applied to secure the slider in place. 
Minim king the stress at the'beams has lead to designing long tapered beams at the leading and 
trailing edge of the slider resulting in a substantially large design that adds excessive mass at 
the suspension end. This mass increase reduces the frequency response of the head assembly 

and induces an increase of Iq^dAmload contact probability, which in turn causes frequency 
response deterioration. 

[00081 It is within this context that the present embodiments arise. 
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SUMMARY OF THE INVENTION 

10009) The present application is directed to a slider supporting apparatus for flying a 
slider of a hard disk drive in the manufacturing process to provide electrical performance 
characteristics. The present invention discloses an integrated design including the electrical 

5 interconnect, the gimhalling mechanism, the preload mechanism and the slider supporting 

mechanism integrated into a single supporting structure. 

|0O10j A slider socket apparatus is provided with, a flexure formed of a metal plate 
having spring characteristics. The flexure comprises a first portion including a clamp formed 
with a closed curved team to secure the slider to the socket, a second portion including a flat 

10 holder plate to support the slider against the socket, a third portion including a guide to bias 
the slider against an interconnect flexure, a fourth portion including an interconnect 
arrangement with two fixed points and a series of flexible electrical contacts, a fifth portion 
including a gimbal mechanism providing pitch and roll stiffness to the socket, and a sixth 

portion transferring a preload mechanism onto a formed dimple against the socket via a 
15 preload stem. The closed curved spring provides a biasing force to secure the slider into the 

flat holder plate, and is designed to deform elastic-ally to provide a force, to secure the slider 
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 yet another embodiment, the closed curve spring may include a 
20 plurality of closed curve- springs in a stacked configuration. 

fOO i 11 One embodiment is directed to a method of making a slider holding assembly 

referred to as slider socket including a series of curved springs' arranged in a closed form to 
provide a. preload applied onto the leading edge of the slider secured into a cavity fabricated 

into the slider socket. The curved spring structure forms a membrane force applying a holding 
25 force onto the leading edge of the slider. The trailing edge of the slider contacts a series of 

interconnect springs to provide electrical contact. Two rigid interconnects are arranged.at the 
far ends of the slider to provide a datum. A series of flexible interconnects arranged between 
the two rigid interconnects deform under the load applied by the closed curved springs onto 
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the slider to provide reliable electrical contact between the slider and the fly capable slider 

assembly. The slider test socket/with the electrical, interconnects is mounted onto a gimballing; 

and preload assembly. The gimbal assembly applies a preload through a formed dimple to the 

slider test socket. The gimbal provides both roll and. pitch stiffness to permit the slider test 

socket to comply to the media. A preload, stem is attached to a curvilinear spring structure 

applying a preload to the slider test socket through the formed dimple. The curvilinear spring 

arrangement provides minimum rotation under normal deflections to prevent rotation of the 

slider test socket during electrical test verification. 

[O012J hi another embodiment a slider test socket with closed curved springs with 

electrical interconnects is attached.to a traditional suspension. The test socket is attached to the 

gimbal of the suspension. The gimbal attachment includes' an'interconnect mating the socket 

flexible interconnect to establish electrical connections. The suspension provides the gimbal 

attachment and a preload through a preload bend. 

['00131 Another embodiment is directed to a method of making an electrical test socket 

including the steps of fabricating wafer-like layers of various components, aligning the layers, 

and attaching the layers. The Savers are initially patterned and etched to form the various 

functional, layers including the. spring structures and the slider pocket layer, and other spacer 

layers. Alignment features are fabricated on each layer to orient and maintain the required 

tolerances prior to final assembly. 

[0014} Another embodiment is directed to a method of making the flexible electrical 

contacts to deform in the same direction as the applied load transferred by the slider onto the 

electrical contact to reduce the likelihood of scratching of the slider electrical connections 

plated with soft gold inherently sensitive to damage. The flexible electrical contacts are plated 

with 1 -2 microns of hard gold to enhance the electrical contact. 

[00151 A nother embodiment is directed to a method of making the flexible electrical 

contacts to deform in a direction different than the applied load to promote scratching of the 

slider electrical connections plated with soft gold. The flexible electrical contacts are plated 

with 1-2 microns of hard gold to enhance the electrical contact. As an alternative to the gold, a 

palladium cobalt or palladium nickel coating may be used in another embodiment. 
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{06161 Another embodiment is directed to a method of the flexure with a flexible 

hinge connecting'two carved beams. The flexible hinge changes the boundary conditions a the 

end of the curved beams by allowing a rotational movement of the flex ores which in turn 

reduces the maximum stress compared to a curved beam with the same radius of curvature. 

|0O17J 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 slider 

through a closed curved beam extending around a periphery of a side of a socket pocket 

configured to support the slider. One end of the closed curved beam is coupled to a first end 

of an elastic hinge. A second end of the elastic hinge is coupled, to a first end of a secondary 

curved beam, A second end of the closed curved beam is affixed to an extension, wherein the 

elastic hinge decouples motion of the closed curved beam and the secondary curved beam, 

{00181 In another embodiment, an assembly for a slider tester is provided. The 

assembly includes 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. An electrical 

interconnect adapted to couple to the slider when the slider is secured in the socket is 

provided. The electrical interconnect includes flexible electrical contacts having a contact 

surface that is substantially parallel to a contact surface of solder pads, the solder pads 

operable to transport signals from the slider to remote circuitry through the .flexible electrical 

contacts, 

|0019J 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 to a second end of the load stem, A socket is 

coupled to the gimbal assembly. The socket is adapted to releasably secure a sl ider through a 

closed curved spring beam wherein a surface of a dimple of the gimbal assembly transfers a 

preload from the load stem to a surface of the socket. An electrical interconnect is adapted to 

couple to the slider when the slider is secured in the: socket, wherein the electrical interconnect 

includes flexible .electrical contacts having a contact surface that 'is substantially parallel to a 

contact surface of solder pads, the solder pads operable to transport signals from the slider to 
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remote circuitry. In one embodiment the electrical interconnect is adapted to couple to the 

slider when the slider is secured in the socket, wherein the electrical interconnect includes 

outer rigid electrical contacts and inner flexible electrical contacts, the inner flexible electrical 

contacts having a contact surface that is substantially parallel to a contact surface of solder 

5 pads, the solder pads operable to transport signals from the slider to remote circuitry. 

|0020} In one embodiment, a slider tester assembly having multiple layers stacked over 

each Other is provided. The slider test assembly Includes 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. The slider test assembly 

10 includes an electrical interconnect assembly constructed from sections, of the multiple layers. 

The electrical interconnect assembly is operable to couple to the slider when the slider 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 has a 

distal end spaced apart from a corresponding socket trace through an intermediary layer of the 

15 multiple layers. 

|O02l.l hi another embodiment, a head suspension assembly for a slider tester is 

provided. The slider tester includes a suspension load beam assembly including a load beam 

and a gimbal. A socket is coupled to the gimbal and the socket is adapted to releasably secure 

a slider with a closed curved spring beam, the socket is defined by multiple stacked layers. 

20 The socket includes an electrical interconnect adapted to couple to the slider when the slider is 

secured in 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 

inner flexible electrical contacts. The inner flexible electrical contacts have a middle flexible 

electrical contact having a plurality of bends and remaining flexible electrical contacts having 

25 a single bend. 

{00221 hi one embodiment, an assembly for a slider tester is provided. The assembly 

includes 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 
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includes a plurality of flexible electxicai 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. 

5 |00231 Other aspects and advantages of the invention, will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
I0624J T 'he invention, together with further advantages thereof, may best he 

understood by reference to the following description taken in conjunction with the 
accompanying drawings. 
[0025J Figure 1 is a schematic view of a prior an sl ider test apparatus. 

10026] Figure 2 is a schematic view of a prior art slider test socket. 

[0027] Figure 3 is. a schematic view of a prior art slider test socket. 

('0028] Figure 4 is a schema tic view of a prior art slider test socket. 

(0029) Figure 5 is a schematic view of a prior ait slider test socket. 
|0030] Figure 6 is a schematic view of a flying slider test socket in accordance with an 
embodiment of the present invention. 
10031'! Figure 7 is a detailed view of an assembled slider test socket in accordance with 

an embodiment of the present invention 

|0032] Figure 8A is an exploded view of the slider test socket with the electrical 
interconnect and the gimbal in accordance with an embodiment of the present invention. 

[0033] F igure 8B is an exploded view of the slider test socket; with the electrical 
interconnect in accordance with an embodiment of the present invention. 

10934} Figure 9A is a top view of a curved spring providing preload to the slider under 
ZQro load and under maximum deflection in accordance with an embodiment of the present 

invention. 

[0035] Figure 9B is a top view of a curved spring providing preload to the slider under 
zero load and. under maximum deflection in accordance with an embodiment of the present 
invention, 

[0036] Figure 9€ is a top view of a fini te element analysis for a flex ible hinge 
connecting one end of a curved spring in order to provide a preload to the slider under zero 
load and under maximum deflection in accordance with an embodiment of the present 
invention. 
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{0037] Figure 9D provides a top view of a finite element analysis of a curved flexure 

with an integrated flexible hinge connected to each secondary curved flexors in accordance 

with one embodiment of the in vention. 

[0038} Figure 1.0 is a sdiematic view of an etched layer of curved springs in, 

accordance wi th, an embodiment of the present, i nvention.. 

[0039J Figure 11. is a schematic view of a gimbal in accordance with an embodiment of 

the present invention, 

{0040] Figure 12 shows a perspective view of the norma! deflection of a preload in 

accordance with an embodiment of the present invention. 

|00411 Figure 13 sho ws a top view of the normal deflection of a preload in accordance 

with an embodiment of the present invention. 

[0942J Figure 1.4A is a schematic view of the interconnect assembly in accordance 

with an embodiment of the present invention. 

[0043] Figure 1.4B is a schematic view of the interconnect assembly in accordance 

with an embodiment of the present invention. 

[0044] Figure I5A is a schematic view of the static and deformed interconnect spring 

in accordance with.-an embodiment of the present invention.. 

[0045] Figure 15B is a schematic view of the static and deformed interconnect spring 

in accordance with art embodiment of the present invention. 

[0946} Figure 16 is a schematic view of the slider test socket with the electrical 

interconnect assembled onto a standard suspension. 

[0047] Figure 17 is a schematic view of the slider test socket with displacement 

limners etched in the top and bottom in accordance with an embodiment of the present 

invention. 

[0048] Figure 18 is a schematic closed up view of the slider test socket with the 

electrical interconnect assembled onto a standard suspension. 

[0049} Figure 19 is a schematic closed up view of the slider test socket with the 

electrical interconnect assembly in accordance with an embodiment of the present invention. 
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{0050J Figure 20 is a simplified schematic diagram illustrating-a slider test socket 

asseHibiy having, an inboard electrical connecter in accordance with one embodiment of the 

invention. 

|08511 Figure 2 I is a simpli fied schematic diagram .illustrating of the interconnect 

5 assembly of Figure 2D in accordance with one -embodiment of the invention, 

[0052| Figure 22 is a simplified schematic diagram illustrating a planar test socket in 

accordance with one embodiment of the invention. 

10053 J Figure 23 is a simplified schematic diagram illustrating a series of layers 

adhered' or affixed together to form the planar test socket assembly in. accordance with one 

10 embodiment of the invention. 

[0054} Figure 24 is a simplified schematic diagram further illustrating details of the 

interconnect layers in accordance with one embodiment of the invention. 

[0055] 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 {0056J Figure 26 is a simplified schematic diagram illustrating the integrated planar 

electrical interconnect with the top cover removed in accordance with one embodiment of the 

invention, 

[00571 Figure 27 is a simplified 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. 

[00581 Figure 28 is a simplified schematic diagram illustrating a finite element 

analysis of a top view of the integrated electrical interconnect in a relaxed and load scenario in 

accordance with one embodiment of the. invention. 
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DETAILED DESCRIPTION 

|IM)59J The-embodiments described herein provide a method and apparatus for testing 

a slider. It will be apparent to one skilled in the ait, that the present invention may be 

prac ticed without some or all of these specific details. In other instances, well known process 

5 operations 'have not been, described' in detail' in order not to unnecessarily obscure the present 

invention. 

10660] Figure 6 illustrates a fly capable slider test socket 1.00 with various components 

described in. more detail below. A slider test socket 10 is attached to a gimbal structure 30. A 

center region of the gimbal structure 30 is in turn, attached, to a preload stem 50, which in. turn 

10 is connected to a flexible preload spring 40. Flexible preload spring 40 may also be referred- to 

as a flexible preload flexure. Flexible preload spring 40 has a plurality of curvilinear springs 

extending radially from an inner peripheral surface of an outer circular region of the preload 

spring to an outer peripheral surface of an inner circular region of the preload spring. It should 

be appreciated that curvilinear, springs deflect in the direction of the load 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 so as not to be effected by the vibration and wind generated front the rotation of 

the disk. In addition, stem 50 is less, susceptible to be excited by wind and vibration due to 

this configuration. Accordingly, the torsion and sway modes for the embodiments described 

20 herein are substantially reduced as compared to the prior art mechanisms. A flexible electrical 

interconnect 20 is attached to the slider test socket 10 to provide an electrical connection in 

accordance wi th one embodiment of the present invention. Further detail s of each of the 

components described above are provided below. 

[00611 Figure 7 details the components of the slider test socket 10 in accordance with 

25 one 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 applying a load through opening 1. One skilled in the art will appreciate that a 

tool may be utilized to perform the placement of the slider into the slider 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 illustrated in Figure: 7. In an alternative 

embodiment, a single curved beam, may be utilized rather than multiple curved beams. The 

radius of curvature of beams 4 at the middle 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 slider from 

falling off the socket pocket 3. Daring the insertion of the slider into the slider test socket 10, 

the carved beams 4 are extended to move the contacting feature 2 to prov ide enough clearance 

for the insertion of the slider into socket pocket 3. Features fabricated into guide pocket 5 

provide a datum, to guide the slider to ensure contact with the flexible electrical interconnects 

21, so that the bond pads on a surface of the slider contact the flexible interconnects 2.1, It 

should be appreciated that the preload force provided against the leading edge of the slider 

through extension 2 and the deformed curved beams 4 are larger than the forces required to 

deform the flexible interconnects 21. Upon overcoming the resistance from the-flexible 

interconnects 21, the slider encounters two fixed rigid interconnects located at each end of the 

interconnect assembly 20. An. opposi ng surface of socket pocket 3 of the slider test socket 10 

is attached to a gimbal structure'30. A preload force is provided through stem 50, which is 

attached to the gimbal. structure 30 as illustrated with regard to Figure 6, It should be 

appreciated that-the embodiments described herein provide for a very high out of plane 

stiffness as compared to the prior art mechanisms so that vibrations and any play in the spindle 

rotating the disk are much more' easily accommodated through the present embodiments, 

f006.2] Figure 8A provides an exploded view of the test socket assembly in accordance 

with one embodiment of the invention. A series of closed curved beams 4 stacked over each 

other are sho wn attached to a surface of an intermediary layer 8 disposed between the curved 

beam assembly and the socket pocket 3. A spacer 7 provides the required clearance for the 

gimbal 30 and the rigid section 33 of the gimbal structure 30 attaches to a corresponding 

section of spacer 7. A dimple 32 transfers the load, from the preload stem to the back surface of 

the socket pocket 3 of the test socket assembly. Dimple 32 is defined on a planar surface 

extending from gimbal stmts 31 that extend from rigid affixed section 33. In one embodiment. 
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the extension of dimple 32 from the planar surface of gimbal struts 31 is equal to a thickness 

of spacer 7. One skilled .in. the art will appreciate that gimbal stmts 31 couple to the motion of 
the disk. An interconnect 2.0 providing an electrical connection between the bond pads of the 

slider and traces leading to a testing/taut is assembled separately and attached to the test socket 
assembly. 

[0663} In another embodiment. Figure SB provides an exploded view of the test socket 
assembly with top plate 110 and bottom plate 1.1 i sandwiching the closed curved spring beams 
4\ 4"' and a portion the electrical interconnect 20, Slider 15 is contained in. the cavity formed 
by the curved beams 4' and 4". The sandwiching of the curved beams 4' and 4" prevents the 
curved beams from deforming out of plane in this embodiment, i .e., the spring or curved 
beams move freely in only one direction. Thus, the embodiment of Figure SB provides a limit 

on the amount of extension or deformation of curved beams 4' and 4" in this embodiment. 
Edge 112 defined on. the side surface of top 110 mates with a corresponding edge in bottom 
111 to define a gap through which the contacting feature fits. In another embodiment, the edge 

1.12 limits or governs the movement of curved beams 4' and.4". 
[0064] Figure 9A provides a finite element analysis showing the static and deformed 

positions of a curved closed beam 4 under fixed boundary conditions provided by openings 6. 
The load is applied via a pin to opening 1 of the contact, feature fabricated onto the spring 

layer. It-should be appreciated that the curved beam 4 is designed to substantially flatten-under 
an ex.terna.lly applied 'load as illustrated by curved beam 4 ' . The curved configuration is 
suitable for large deflections while producing minimal stress on the structure. The prior art 

embodiments as shown in Figures 2 and 4 required a large number of corrugations or zigzags 

to provide a large extension under an. externa! load.. Such corrugations or zigzags features 
weaken the structure in the out. of plane motion and. cause poor dynamic performance and 

tendency to release the slider during load and unload. The continuous curved beams 4 of the 
present embodiments provide a variable stiffness. The low stiffness is desired during the 
opening of the clamp and as the damp opens, the curvature of the beams is reduced to become 
straight causing a very large resistance in a self limiting case. The tradeoff between the lateral 
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compliance of the cuj'ved beams 4 and the out of plane motion is Minimal, as contrasted to the 

prior art embodiments, leading to superior:load and 'unload performance. 

[0665} Figure 9B 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 6A and 6B. As mentioned above, the load is applied via a pin to opening 1 fabricated 

onto the spring layer. As depicted, the closed curved beams 4 are designed to substantially 

flatten as illustrated bv the position of beam 4* under an. externally applied load. The closed 

curved configuration, i.e the -single continuous curve, such as an arc, is suitable for large 

deflections while producing minimal stress on the structure. A slider 15 is inserted into the 

opening achieved by the elongation of closed curved beam 4 under a load applied to opening 

1. A clearance 9 is maintained between the opened configuration illustrated by beam 4' and 

the inserted slider 15. Clearance 9 provides for slider placement.tolerances and slider insertion 

margins, to assure insertion of the slider 15 without interference. Upon release of the deformed 

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

slider 1.5 against the interconnect structure 20 assuring electrical contact between the slider and 

the slider test socket assembly. Slider 15 is inserted in the opening defined above socket 

pocket 3 and the curved.bea.ms 4 (see Figure 7), The preload generated from the. deflection of 

closed curved beams 4 urges the slider towards the flexible electxicai interconnect 20. 

[0666| f igure 9C provides a finite element analysis of a curved flexure 4 with a single 

integrated flexible hinge 220 connected to a secondary curved flexure 210 in accordance with 

one .embodiraentof the invention. The super-imposition of the deformed and non deformed 

state flexures yields an opening clearance 9. The strategy of using a flexible hinge 220 allows 

the increase in the opening clearance 9 without an increase in the overall size of the socket. 

The flexible hinge 220 changes the boundary conditions a t the end of the curved beam(s) 4 by 

allowing a rotational movement, of the curved beam which in turn reduces the maximum stress 

compared to a curved beam with the same radios of curvature. The embodiment of Figure 9C 

provides for main curved beam 4 to be attached at a fixed point of the slider test socket at one 

end and through the hinge and secondary c urved beam at another end of the main curved 

beam. 
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|0O67| Figure 9D provides a finite element analysis of a'curved flexure with an 

integrated flexible binge connected to each secondary curved flexure in accordance with one 

embodiment of the invention. Main curved beam 4 is illustrated in an open position while the 

extended position is illustrated by main curved beam 4\ Flexible hinges 220a and 220b allow 

main curved beam 4 to rotate or pivot around a center that is 'different than a radial center than 

the main curved beam. Thus, through the addition of the flexible hinges 220a and 220b, 

curved beam 4 has more freedom to deflect with less constraints imposed onto the curved 

beam. The elastic nevolute hinges 220a and 220b join the opposing ends of main curved beam 

4 with two secondary curved beam structures 210a and 210b. One end ofsecondary curved 

beam-structure is ultimately coupled to socket pocket 3 either directly or through intermediate 

structures. The nonlinear modeling demonstrates that additional .extension is added by the 

secondary curved, beams of approximately SO percent. In addition, the overall deflection is 

achieved by the secondary curved beams 210a and 210b, while the main curved, beam 4 is 

exposed to minimal stress during the extension. One skilled in the art. will appreciate that the 

flexible hinges 220a and 2201? balance the stresses between the main curved beam 4 and 

secondary curved, beams 210a and 2.10b to .minimize the overall stress. Flexible hinges 220a 

and 220b decouple main -curved beam 4 from the fixed ends and enable the main curved 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 

point for a vision system in accordance with one embodiment of the in vention. It should be 

noted that the hinged structure is mirrored on the other side of the test socket as i llustrated in 

Figure 9B. 

|0068| It should be appreciated thai the embodiments of Figures 9C and 9D enable 

substantia! relaxation of the constraint on the main curved beam by introducing a series of 

revolute elastic joints, i.e., hinges, at the extremities of the curved beams while preserving a 

single point of contact with the slider. The introduction of the elastic revolute joints, or 

hinges, enables introduction of addi tional curved elastic beams, i .e. , the secondary curved 

beams, thereby increasing the effective length of the .main curved elastic beam without 
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increasing its-overall dimension. Thus, the embodiments described herein allow a substantial 

increase in. the clamp opening with minimal stress on the curved beam,- while the elastic hinges 

experience very'little stress. One skilled in the art will appreciate that re volute joints refer to 

joints that provide a single-axis rotation function for uni-axial rotation devices, 

|0069| Figure 10 provides an etched metallic sheet 60 containing the closed curved 

spring layers under no load. Each component contained in the slider test socket can be 

fabricated in a sheet. The sheets are then stacked arid adhered to form slider test sockets. The 

material utilized for the sheets may be Beryllium copper, Beryllium nickel, or stainless steel in 

one embodiment. However, it should be appreciated that other .materials may he utilized for 

the slider test sockets as the exemplary materials are not meant to be limiting. 

|0070| Figure 11 provides a schematic of a gimbal 30 with gimbaliing struts 31, a 

dimple 32- for transferring the preload to 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 ma tches the spacing established by the thickness of spacer layer 7 

shown in Figure 8 A to allow for both preload transfer and gimbaliing-. Matching the protrusion 

of dimple 32 to the spacer layer 7 allows for simultaneous preload transfer and gimbaliing 

without transferring the preload to the gimbaliing struts 31 and. causing unwanted pitch and 

rol l dynamic attitude. In contrast to the prior art, the dimple structure of the present 

embodiments is formed onto the gimbal to permit pitch and roll motion while a preload is 

applied without deforming the gimbaliing struts 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 is highly desirable to design a preload spring capable of 

norma! deflection with minimal rotation so as not to cause off track motion of the slider during 

the electrical testing due to magnetic disk rumiout. Figure 12 shows a series of curvilinear 

springs 42 attached between a fixed outer edge 41 and a moving center structure 43 arranged 

to provide a large out of plane deformation, with, minimal rotation as shown in Figure 13. The 

view from Figure 12 is a perspective side view illustrating displacement in the z direction, 

while the view from Figure 13 illustrates a top view along the z axis showing no other 

deflection in the x or y direction, i.e., the deflection is limited to one dimension that is in line 

X66716 12 9 OWO 17 PATENT APPLICATION 



WO 2013/023074 PCT/US2012/050171 

with the load. The normal flexibility of the curvilinear preload spring 40 is critical to 
compensate for the magnetic disk run-out during the electrical, test operation, .hi addition, 
limiting the displacement to the z direction while having no rotation or displacement if the x or 

y direction, while having the preload spring, located-further from the disk, as compared to the 
prior art, enables the present embodiments not to be effected by the vibration and wind 
generated from the rotation of the disk, in essence, the preload spring is decoupled from the 
suspension arm in the present embodiments. 
[0072} Figure 14 A shows a series of 6 interconnects 21A-D and 24A-B spaced with 
insulators 23A.-F. Two rigid interconnects 24.A-B are disposed at the outer edges of 

interconnect assembly 20 and act as a datura for the slider and as a stop for the deflection of 
die flexible interconnects 21A-D. The electrical interconnects 25A-F extend beyond the outer 
edges of the slider test socket to form electrical connections with another interconnect (see 
Figures IS and 19) via bail bonding, ball jetting, etc., or any other suitable technique. The 
flexible electrical interconnects 26A-D are deflected during contact with the slider trailing 

edge to provide intimate electrical contact. One skilled In the art will appreciate that any 
suitable conductive material may be used for interconnects 21A-D, 24A-B, and 25A.-F, while 

any suitable insulative .material may be .used for insulators 23A-F.. The electrical contacts are 
coated with palladium cobalt (PdCo), palladium nickel (PdNij, or gold (An) in. one 
embodiment. 
[0073} Figure 14B Illustrates a top view ah. interconnect.-assembly 20 inserted into the 
socket assembly 10 (see also Figures 6-88) via a V-groove 28A and 28B etched into the spring 

assembly 4 (see also Figures 8B and. 16). Flexible beams .2 7 A and 27B are fabricated at 
opposite ends of the electrical interconnect assembly 20 to engage into the V~grooves 28A and 

28B with an interference fit. The flexible beams 27A and 27B deform and cause self alignment 
of the electrical interconnect assembly 20 wi th respect to the slider bond, pad locations. The 
slider is guided by ramp features 39A and 39B fabricated, on the same layer as the V-grooves 

to reduce alignment tolerance stack ups., in one embodiment.. One skilled in the art will 
appreciate thai the embodimen ts are not limited to this type of interference fits as other types 
of fits are possi ble and this interference fit may even be optional. 
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{0074J Figure ISA gives the design details of a flexible interconnection 23 by 

superimposing the static and deformed-shapes of the flexible interconnection under loading 
conditions. Spring 29 deflects under sl ider contact to move substantially in the same direction 
as the load. Feature 28 attaches to insulator layer 23 (See Figure 14A, feature 27 provides a 

5 datum for assembly to the slider test socket, 
10075} Figure 15B gives the design details of a flexible .interconnection 2.1' by 

superimposing the static and deformed shapes of the flexible interconnection under loading 
conditions. Spring 29' deflects under slider contact to move in a different direction than the 
applied, toad by the slider to ex pose ne w areas of the slider elect rical contacts. In either of the 

10 embodiments of Figures ISA or 15B, the contact portion of interconnection 21 may be coated 
with ( PdCo), PdN i , or Au in order to prolong the life of the interface. 

|0076| Figure 16 depicts the electrical interconnect 20 assembled into the slider test 
socket 10,. As illustrated, one end of the curved, beam 4 is ultimately coupled to the socket 
pocket as illustrated in Figures 7 and 8 A. Returning to Figure 16, the other end of the curved 

15 beam 4 is coupled to the extension that places a contact force onto the leading edge of a slider 
disposed within the test socket 10, It should he appreciated that the embodiment with the 

hinges and primary and secondary curved beams of Figures 90 and 9D in place of the 
embodiment for the curved beams illustrated in Figure 16. 

|G077| Figure 1. 7 shows the: leading edge of the test socket with the top and bottom 
20 plate sandwiching the curved beams. Top and bottom gaps 112A and 112B are formed 

between the top and bottom plates 110 arid 111 to allow the flexible curved beams to deform 

in order to clamp the slider b position while, preventing the flexible curved beams 4' and 4" 
from deforming out of plane due to external forces., as discussed above with reference to 
Figure 88. 

25 1§07S1 Figure 18 shows a slider test socket assembly 10 -with a flexible electrical 
interconnect assembly 20 assembled onto a. suspension 60. First, the socket assembly is 

attached: to the suspension gimbal 70 via-a bonding operation. The electrical interconnect 
extensions 25 are aligned with the suspension electrical interconnect 80 of the interconnect 

assembly 20 for solder joining during the assembly process. Suspension (60) is available 
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commercially and well known in the .art. It should he appreciated that in this embodiment, the 

socket assembly is combined with, an existing suspension-as opposed to preload spring 40 of 
Figure 6. 

|O079] Figure 19 provides a close up view of the attachment between the slider test 
5 socket 10 with the flexible interconnect 20 and the gimbal interconnect SO. Solder balls 101 

are dispensed onto the junction, between the flexible interconnect extensions and the gimbal 
flex leads 80. It should be appreciated that Figure 19 illustrates one attachment technique and 

is not meant to be limiting as any known, attachment techniques maybe applied to the 
embodiments described herein. 

10 10880] Figure 20 is a simplified schematic diagram illustrating a slider test socket 
assembly having an inboard electrical connecter in accordance with one embodiment of the 

invention. Test socket 10 is illustrated having flexible electrical interconnect assembly 20, 
also referred to as an inboard electrical connector in this embodiment. Electrical interconnect 

assembly 20 is assembled onto test socket 10 with the assistance of locating feature referred to 
.15 as alignment pins 512 serving as insertion guides as shown in Figure 20. In one embodiment, 

two rigid electrical plus sandwich a series of flexible electrical pins to form interconnect 
assembly 20. ft should be appreciated that " inboard"' refers to the fact that the contact surfaces 
of contact solder jet pads 504 are located or oriented having the same direction or orientation 

as the contact surfaces of electrical contact pads 502, That is, the contact surfaces for the 
20 contact solder jet pads 504 and the contact surfaces for the electrical contact pads 502 are 

substantially parallel in this embodiment. Thus, with reference to Figure 19, solder balls 101 

are disposed onto a surface of solder jet. pads 504 and leads 80 extend below interconnect, 
assembly 20 in the embodiment of Figure 20. In this embodiment is, the leads are extending 

in a manner that is substantially orthogonal to the top surfaces of the outer rigid electrical 
25 contacts 516 of Figure 21, as opposed to being parallel to the rigid electrical contacts iti the 

embodiment of Figure 14A. Accordingl y, the form factor for test socket assembly 10 is more 

compact in the embodiment of Figure 20. Clamping feature 300 provides the load to force a 
slider against the surface of electrical contact, pads 502. 
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{0681] Figure 21 is a simplified schematic diagram illustrating of the interconnect 

assembly of Figure 20 in accordance with one embodiment of the invention. Interconnect 
assembly 20 includes a series of alternating electrical contacts 502 and insulators 506. As 

depicted in Figure 21, The electrical contacts 502 arc mounted on springs 514 to allow 

deflection upon contact with the electrical pads of a slider. It should be appreciated that spring 
feature 514 allows a relati vely large deflection upon contact of the slider with electrical 
contacts 502. In one embodiment, spring feature 514 is a'"TP" turn in the conductive arm 
extension of contacts 502. At the foot or base of electrical contacts 502 is a solder jet pad 504 

that is fabricated to accept a solder ball to connect with a suspension. Two rigid electrical 
contacts 516 sandwich the flexible electrical contacts 502 to form the contacts surfaces in one 
embodiment and function similarly to rigid interconnects 24 a and 24b of Figure 14 A. . 

Isolation pads 506 throughout the connector assembly are alternately disposed between the 
assemblies for contacts 502 in order to separate or insulate the electrical connectors. An 
alignment pin 512 is electrically isolated from the electrical connections by spacer 508. It 
should be appreciated that alignment pin 512 electrical may be pressed into V notch, openings 
or through hole openings into the test socket as illustrated in Figure 20 to guarantee accurate 
location placement, of the .interconnect assembly. 

|0082) "S he embodiments described below in Figures 22-28 are directed, to an 

alternative embodiment for a slider supporting apparatus for flying a slider of a hard disk drive 
in the manufacturing process to provide electrical performance characteristics. The 
embodiments provide an integrated design including the electrical interconnect, the gimbaliing 

mechanism, the preload mechanism and the slider supporting mechanism all integrated into a 
single supporting structure. The electrical interconnect is fully integrated into the slider 
supporting mechanism, as opposed to a separate component that is inserted into the socket 

assembly as described in the embodiments above. Thus, the embodiments for the planar test 
socket described with reference to Figures 22-28 may be fabricated through a one step process 
where the electrical 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, I4B, and 21 is integrated into the assembly so that a separate 

fabrication and subsequent assembly operation are avoided. 

10083} Figure 22 is a simplified schematic diagram illustrating a planar test socket in. 

accordance with one embodiment of the invention. Planar lest socket assembly iO is composed 

5 of multiple stacked layers affixed or adhered to each other as will he detailed below. Planar 

test socket assembly 10 provides tension to one surface of the slider to force another surface of 

the sl ider, when located hi 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 

unison under a preload applied by constraining the openings 6 and applying a load through 

10 opening 1, thereby forcing surface 300 against a surface of a slider. Fidocials 222 provide a 

reference point for a vision system in. accordance with one embodiment of the invention. Base 

or pocket 600 of the slider pocket supports a bottom surface of a slider inserted into the planar 

test socket assembly. Features fabricated into guide pocket 5 provide a datum to guide the 

slider to ensure contact with distal ends 602 of the flexible electrical interconnects, so that the 

.15 bond pads on a surface of the slider contact the flexible interconnects, 

|O084} Figure 23 is a simplified schematic diagram illustrating a series of layers 

adhered or affixed together to form the planar test socket assembly in accordance with one 

embodiment of the invention, in one embodiment, the multiple layers are adhered to each 

other through an adhesive applied to the surface of each layer. Socket 610 includes 

20 interconnect portion 612. Interconnect portion 6.12 is composed of socket layers 6.14 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 suitable 

msulative material Socket layers 614 provide the electrical interconnect to the suspension ami 

and an. external device. Layer 614a of socket layer 614 provides mechanical strength for the 

25 underlayer of socket 610. It should be appreciated that, while a single layer is illustrated for 

layer 614a, the embodiments are not. limited to a single layer as any number of layers may be 

integrated to provide the necessary support. Intermediary layers 61.6 continued-to develop the 

integrated planar electrical connector. Layer 616a creates a gap between the flexible 

interconnects and the electrical interconnects leading to the suspension arm and an external 
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device. Layers 616b and 616c define the flexible interconnects that contact the pads of the 

slider. Layer 620 is another insulative layer, thereby sandwiching the interconnect layers 612 

between iftsulative layers 618 and 620. it should be appreciated thatlayer 618 may interface 

with the suspension gimbal assembly described above with reference to Figures 6-7 and 11-13. 

Layer 622 is secured to msulative layer 620 and is a top interface layer that interfaces with the 

slider in accordance with one embodiment. It should be appreciated that interconnect layers 

612 are composed of any suitable conductive material such as 'beryllium copper in one 

embodiment In another embodiment the ends of the-flexible extensions that contact the slider 

pads are gold plated. 

[00851 Figure 24 is a-simplified, schematic diagram further illustrating details of the 

interconnect layers in accordance with one embodiment of the invention. As 'illustrated in 

Figure 24 interconnect layers 612, which may be collectively referred to as a. connector pack, 

includes a plurality of stacked layers forming the integrated electrical interconnect. Socket 

layers 614 provide the outgoing interconnect lines 630a and 630b from the planar socket to an 

external device through gimbal electrical traces in one embodiment. A solder ball or bump 

nmy provide the interconnection between interconnect lines 630a and 630b and the gimbal 

electrical traces in one embodiment intermediary layers 616a-c provide the electrical pathway 

from a slider to the outgoing interconnect lines 630a and 630b. Layer 616a includes a. single 

intermediary layer that provides intermediary spacing segments 632 between the flexible 

interconnect lines and the outgoing traces. As noted above, layer 616 a maybe a single stacked 

layer or in another embodiment multiple intermediary stacked layers may be provided. 

Intermediary layers 616b and 616c provide the flexible interconnects 634 that couple to the 

bond pads of a slider inserted into the socket assembly. It should be appreciated that while two 

layers, 616b and 616c, are disposed over each other, more or less layers may be used to define 

the flexible interconnects 634. Further details on the configuration of the outgoing 

interconnect lines 630a and 630b, .intermediary spacing segments 632 and flexible 

interconnects 634 are provided with reference to Figure 27. In one embodiment, the spacing 

between the flexible interconnects 634 and the outgoing traces 630 matches a thickness of a 

slider. 
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{0086J 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. 
The integrated electrical interconnect includes outgoing traces 630 spaced apart .from flexible 

interconnects 634. It should be appreciated that the spacing between flexible interconnects 634 
and outgoing electrical traces 630 is determined by a number of layers of intermediary 
segments. The electrical interconnect assembly is sandwiched between msulative layers 622 

and 6.18.in one embodiment. Flexible 'electrical .interconnect 634 are disposed between rigid 
interconnects 640. in one embodiment rigid interconnects 640 are partially set back from a 
plane defined by the ends of flexible interconnects 634, as will be illustrated in further detail 

below.. 
}'0087J Figure 26 is a simplified schematic diagram .illustrating the integrated planar 

electrical interconnect with the top cover removed in accordance with, one embodiment of the 

invention. Fiexible interconnects 634, which include .middle interconnects 634a and outer 
interconnects 634b are disposed between rigid interconnects 640. The flexible interconnects 

634 and. rigid interconnects' 640 are spaced apart from outgoing interconnect traces 630 at a 
distal end and are coupled, to each other through the intermediary segments at a proximate end. 

Middle; interconnect 634a. is configured in a z-corillgiiration, while outer 'interconnects 634b 
are configured, in a v-eonfiguration. That is, middle interconnects 634a includes two V-shaped 
bends while outer insert flexible interconnects 6348 include a single V-shaped bend. It should 
be appreciated that the V and Z shaped springs guaranteed deflection of the flexible 
interconnects upon contact with a surface of a slider in one embodiment. 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, flexible interconnects 634 may be 
any suitable spring-like interconnect enabling deflection while maintaining the ability to 
transmit the electrical signals from the slider to outgoing interconnects 630. 
{0088] Figure 27 is a simplified schematic diagram illustrating a cross-sectional side 
view of the integrated electrical connectors from the planar socket in accordance with one 

embodiment of the invention. Flexible interconnect 634 is coupled to a bond pad 646 from a 
slider forced against the flexible interconnect. Flexible interconnect 634 is spaced apart from 
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outgoing interconnect. 630 at a distal end by intermediary layers 632 coupling the flexible 

interconnect-and. the outgoing interconnect at a proximate end. Insulator layers 620 and 618 
sandwich'the integrated electrical interconnect Solder ball. 642 provides electrical coupl ing 

between outgoing interconnect 630 and electrical lead 644 from the gimbal suspension. In an 
embodiment where multiple outgoing interconnects- 630 are stacked over each other, solder 
ball 642 is coupled to at least the bottom or outermost outgoing interconnect. It should be 
appreciated that while three intermediary layers 632 are illustrated stacked upon each other, 
any number of intermediaiy layers may be uti lized to provide the spacing between flexible 
interconnects 634 and outgoing interconnect 630. 

[00891 Figure 28 is a simplified schematic diagram illustrating a finite element. 
analysis of a top view of the in tegrated electrical interconnect in a relaxed and load scenario in 

accordance with one embodiment of the invention. As illustrated in Figure 28, flexible 
electrical interconnects'634a and 634b retreat from a relaxed position when a load is applied to 
an. end of the flexible mtercoonects by a slider. The load forces the flexible interconnects 634a 

and 634b towards a plane defined by rigid interconnects 640. In one embodiment, a distance 
650 thai the flexible interconnects 634a and 634b moves is between about 0.5 mils (about .12 
microns) and about 1.5 .mils (about 35 microns). It should be appreciated that the middle 
flexible interconnect shape configured to match the adjacent left and right flexible 
interconnects in order to keep a constant spacing between the flexible interconnects. That is, 
the m iddle flexible interconnect has two bends, where one of the two bend s match each of the 
single bends of the adjacent flexible interconnects. 

[0090J Where a range of values is provided, it is understood that each intervening 
value, to the tenth of the unit of the lower limit unless the context clearly dictates otherwise, 

between the upper and lower limit of that range and any other stated or intervening value in 
that stated range is encompassed within the inventions. The upper and lower limits of these 
smaller ranges which may independently be included in the smaller ranges is also 

encompassed within the inventions, subject to any specifically excluded limit in the stated 
range. Where the stated range includes one or both, of the limits, ranges excluding either both 

of those inc luded limits are also included in the inventions. 
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{0091J 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 similar or equivalent, to those 

described herein can also be used in the practice or testing of the present inventions, the 

preferred methods and materials are now described. All patents and. publications mentioned 

herein, including those cited in the Background of the application, are hereby incorporated by 

reference to disclose and described the methods ahd/or materials in connection with which the 

publications are cited. 

{0092J The publications discussed herein are provided solely for their disclosure prior 

to the filing date of the present application. Nothing herein is to be construed as an admission 

that, the present inventions are not entitled to antedate such publication by virtue of prior 

invention. Further, the dates of publication provided may be different front the actual 

publication dates which may need to be independently confirmed. 

|0093| Other embodiments of the invention are possible. Although the description 

above contains much specificity, these should not be construed as limiting the scope of the 

invention, but as merely providing illustrations of some of the presently preferred 

embodiments of this invention. It is also contemplated that various combinations or sub­

combinations of the specific features and aspects of the embodiments may be made and still 

fall with in the scope of the inventions. It s hould be understood that various features a n d 

aspects of the disclosed embodiments can be combined with or substituted for one another in 

order to form varying modes of the disclosed inventions. Thus, it is intended that the scope of 

at least, some of the present inventions herein disclosed should not be limited by the particular 

disclosed embodiments described above.. 

{00941 Thus the scope of this invention should be determined by the appended claims 

and their legal equivalents. Therefore, it 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 invention is- accordingly to be: limited by nothing 

other than the appended claims, in whic-h reference to an element in the singular is not 

intended to mean "one and only one" unless 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 to those of ordinary skill in the art are expressly, 
incorporated herein by reference and are intended to be encompassed by the present claims. 
Moreover, it is not necessary for a. device or method to address each and every problem sought 
to be solved by the present invention, for it to be encompassed by the present, claims. 
Furthermore, no element, component, or method step in the present disclosure is intended to 

be dedicated to the public regardless of whether the element, component, or method step is 

explicitly recited in the claims, 

|0095J Although the foregoing invention has been described in some detail for 

purposes of clarity of understanding, it will be apparent that certain changes and modifications 
may be practiced within the scope of the appended claims. Accordingly, the present 

embodiments are to be considered as illustrative and not restrictive, and the invention is not to 
be limited to the details given herein, but may be modified within the scope and equivalents of 
the appended claims. 
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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 slider 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 plurality 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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