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ADAPTER APPARATUS WITH SOCKET instances such adapters have terminals ( e . g . , female socket 
CONTACTS HELD IN OPENINGS BY pins ) configured for receiving a mating terminal ( e . g . , 

HOLDING STRUCTURES female socket pins configured to receive male pins ) . For 
example , such female socket pins may be press - fit into 

BACKGROUND 5 openings formed in an insulative material so as to provide a 
contact for receiving a male pin . Further , for example , U . S . 

The present invention relates generally to adapters for use Pat . No . 7 , 874 , 880 to Fedde et al . , issued 25 Jan . 2011 , 
with packaged devices or other adapter apparatus ( e . g . , male entitled “ Adapter Apparatus with Sleeve Spring Contacts , " 
pin adapters ) . and U . S . Pat . No . 9 , 048 , 565 to Palaniappa et al . , issued 2 

Certain types of integrated circuit packages are becoming 10 Jun . 2015 , entitled “ Adapter Apparatus with Deflectable 
increasingly popular due to their occupancy area efficiency . Element Socket Contacts , " describe yet other alternative 
In other words , they occupy less area on a target board on adapter apparatus for use in mounting ball grid array pack 
which they are mounted while providing a high density of ages , as well as intercoupling components of other conven 
contact terminals . For example , such high density package tional adapter devices , such as for receiving a mating 
types may include a ball grid array , land grid array package , 15 terminal ( e . g . , to receive male pins ) . 
chip scale package , or wafer level package . Conventional female pin contacts are generally con 

Generally , for example , ball grid array packages contain structed with use of a stamped clip which is formed in a 
an integrated circuit having its die bond pads electrically circle with separate fingers which are pushed aside when a 
connected to respective conductive solder spheres that are male pin is inserted . For example , such a clip is generally 
distributed on the bottom surface of the package in an array . 20 manufactured using a stamping or rolling process ( e . g . , with 
A target printed circuit board typically has formed on its a material such as berylium copper alloy ) . 
surface a corresponding array of conductive pads which However , such clip manufacturing can be prohibitively 
align with the array of solder spheres for electrically mount costly due to the necessary tooling required when the 
ing the ball grid array package on the target board . sockets in which the female socket pins are used have a very 

The target board typically includes other conductive 25 small pitch ( e . g . , in the 0 . 5 millimeter range ) . Further , the 
traces and elements which lead from the array of conductive tooling to form such female clips can be difficult to minia 
pads used for mounting the ball grid array package to other turize because of the inherent inaccuracies of stamping very 
circuitry on the board for connecting various components small parts . 
mounted thereon . Typically , to mount such a ball grid array Still further , a socket pin press - fit into openings in a 
package to a target board , the package is positioned with the 30 substrate may result in one or more problems . For example , 
array of solder spheres corresponding to the array of con press - fit pins may cause stresses to occur in the substrate into 
ductive pads on the target board . The resulting structure is which the press - fit pins have been inserted . Such stresses 
then heated until the solder spheres are melted and fused to during assembly , as well as over time , may result in warping 
the conductive pads of the target board . issues related to the substrate of the adapter . 

Such area efficient packaging ( e . g . , ball grid array pack - 35 
ages ) provide a high density of terminals at a very low cost . SUMMARY 
Also , this packaging provides for limited lead lengths 
Limited lead lengths may reduce the risk of damage to such The disclosure herein relates generally to adapter appa 
leads of the package , may provide for higher speed product , ratus that use holding structures to hold socket contacts ( e . g . , 
etc . 40 flat deflectable element socket contacts ) within a substrate 

Circuit boards and / or components mounted thereon may formed of a plurality of layers . For example , such a manner 
be tested by designers as the circuit boards are being of holding contacts in the substrate may overcome the 
developed . For example , for a designer to test a circuit board problems associated with press - fitting of contacts within 
and / or a ball grid array package mounted thereon , the openings of a substrate . In other words , in the embodiments 
designer must first electrically connect the solder spheres on 45 described herein , each of the plurality of socket contacts is 
the ball grid array package to the target circuit board . As not press - fit within a corresponding opening of a substrate . 
described above , this generally includes mounting the ball One exemplary adapter apparatus described herein may 
grid array package on the target board and heating the solder include a substrate having a pin receiving side and a con 
spheres to fuse the solder spheres to the conductive pads of nection side opposite the pin receiving side . A plurality of 
the target board . Therefore , the package may be prevented 50 openings may be defined through the substrate between the 
from being used again . It is desirable for various reasons to pin receiving side and the connection side . The substrate 
use package adapters for mounting the packages and reuse may be formed of a plurality of layers , such layers may 
ball grid array packages after testing . For example , such ball include at least one end connection retention guide layer that 
grid array packages may be relatively expensive . Further , for includes a plurality of end connection receiving openings , at 
example , once attached , the solder spheres are not accessible 55 least one deflection element receiving layer that includes a 
for testing . In addition , it is often difficult to rework the plurality of deflection element receiving openings , and at 
circuit board with packages soldered thereon . least one socket contact holding layer that includes a plu 

Various adapters which have been described for electri - rality of holding structures positioned between the at least 
cally connecting high density packaged devices to a target one end connection retention guide layer and the at least one 
printed circuit board are known . Various intercoupling com - 60 deflection element receiving layer . 
ponents are used to provide such adapters . For example , Further , the exemplary adapter apparatus may include a 
U . S . Pat . No . 6 , 007 , 348 to Murphy , issued 28 Dec . 1999 , plurality of socket contacts ( e . g . , wherein each of the plu 
entitled “ Solder Sphere Terminal , ” and U . S . Pat . No . 6 , 325 , rality of socket contacts may be provided within a corre 
280 to Murphy , issued 4 Dec . 2001 , entitled “ Solder Sphere sponding opening of the plurality of openings of the sub 
Terminal ” describe several adapter apparatus for use in 65 strate ) . Each of the plurality of socket contacts may include 
mounting ball grid array packages , as well as intercoupling an end connection portion ( e . g . , wherein at least a part of the 
components of other conventional adapter devices ; in many end connection portion may be received in one of the 
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plurality of end connection receiving openings ) , and first socket contact holding layer such that at least a part of the 
and second deflectable elements configured to be received in end connection portion of each of the plurality of socket 
one of the plurality of deflectable element receiving open - contacts is received within a corresponding end connection 
ings ( e . g . wherein the first deflectable element and the receiving opening of the plurality of end connection receiv 
second deflectable element may be coupled to the end 5 ing openings of the at least one end connection retention 
connection portion to define a socket opening configured to guide layer ( e . g . , wherein the first and second deflectable 
receive a male pin therein ) . The socket contact ( e . g . , a flat elements of the socket contact may be located within a 
socket contact ) may be held in the corresponding opening of corresponding deflection element receiving opening of the 
the substrate by a portion of the end connection retention plurality of deflection element receiving openings of the at 
guide layer and one of the plurality of holding structures of 10 least one deflection element receiving layer ) . In one or more 
the socket contact holding layer . Further , the first and second further embodiments , additional deflectable elements may 
deflectable elements deflect when a male pin is received in be inserted , e . g . , such as third and fourth deflectable ele 
the socket opening and in contact between the first and ments as described herein to provide , for example , a four 
second deflectable elements . deflectable element socket opening configured to receive a 

Still further , in one or more additional embodiments , each 15 male pin therein ) . 
of the socket contacts may be formed with additional In one or more embodiments of the adapter apparatus 
deflectable elements , e . g . , such as third and fourth deflect - and / or methods for forming the adapter apparatus , the cross 
able elements coupled to an end connection portion that may section area of each of the plurality of end connection 
mate or otherwise be coupled to the end connection portion receiving openings orthogonal to an axis along which the 
associated with the first and second deflectable elements , to 20 socket contact lies between the pin receiving side and the 
define a socket opening configured to receive a male pin connection side may be smaller than a cross - section area of 
therein . For example , the first and second deflectable ele - each of the plurality of deflection element receiving open 
ments and the end connection portion associated therewith i ngs orthogonal to the axis along which the socket contact 
may be formed as a first flat contact portion and , for lies . 
example , the third and fourth deflectable elements and the 25 Further , in one or more embodiments of the adapter 
end connection portion associated therewith , may be formed apparatus and / or methods for forming the adapter apparatus , 
as a second flat contact portion . Further , for example , the each of the plurality of holding structures of the at least one 
first and second flat contact portions may be arranged socket contact holding layer may include a holding element 
orthogonal to one another to provide a four deflectable separating a pair of openings through which the first and 
element socket opening configured to receive a male pin 30 second deflectable elements are respectively inserted . 
therein . Further , in one or more embodiments of the adapter 
One exemplary method for use in forming an adapter apparatus and / or methods for forming the adapter apparatus , 

apparatus may include one or more of the following pro - each of the plurality of socket contacts may be held in the 
cesses or features : providing a plurality of layers , which corresponding opening of the substrate by a portion of the at 
layers may include at least one end connection retention 35 least one end connection retention guide layer and a holding 
guide layer that includes a plurality of end connection element of one of the plurality of holding structures of the 
receiving openings , at least one deflection element receiving at least one socket contact holding layer extending within at 
layer that includes a plurality of deflection element receiving least part of the socket opening proximate the coupling of 
openings , and at least one socket contact holding layer that the first and second deflectable elements to the end connec 
includes a plurality of holding structures ( e . g . , each holding 40 tion portion . 
structure may include a holding element and one or more Still further , in one or more embodiments of the adapter 
openings defined adjacent thereto ) ; and providing a plurality apparatus and / or methods for forming the adapter apparatus , 
of socket contacts , which socket contacts ( e . g . , flat socket each of the plurality of socket contacts may include an open 
contacts ) may include an end connection portion ( e . g . , end configured to receive the male pin therein and a closed 
wherein at least a part the end connection portion may be 45 end opposite the open end and towards the end connection 
configured to be received in one of the plurality of end portion of the socket contact . Each of the plurality of socket 
connection receiving openings ) and first and second deflect - contacts may be held in the corresponding opening of the 
able elements configured to be received in one of the substrate by a portion of the at least one end connection 
plurality of deflectable element receiving openings ( e . g . , retention guide layer and a holding element of one of the 
wherein the first deflectable element and the second deflect - 50 plurality of holding structures of the at least one socket 
able element may be coupled to the end connection portion contact holding layer in contact with a portion of the closed 
to define a socket opening configured to receive a male pin end . 
therein ) . Yet further , in one or more embodiments of the adapter 

The exemplary method may further include coupling the apparatus and / or methods for forming the adapter apparatus , 
at least one socket contact holding layer and the at least one 55 one or more of the following features may be provided : each 
deflection element receiving layer such that the one or more of the plurality of deflection element receiving openings 
openings of each holding structure of the plurality of holding may include a center pin receiving region and first and 
structures are aligned with a corresponding deflection ele second deflection regions ( e . g . , wherein each of the first and 
ment receiving opening of the plurality of deflection element second deflection regions may be defined by one or more 
receiving openings ; inserting the first and second deflectable 60 deflection region surfaces opposite the other and adjacent 
elements of each of the plurality of socket contacts through the center pin receiving region ) ; the first deflectable element 
one or more openings of a corresponding holding structure may be coupled to the end connection portion and provided 
of the plurality of holding structures of the socket contact at least partially in the first deflection region and the second 
holding layer such that the holding element of the corre - deflectable element may be coupled to the end connection 
sponding holding structure is in contact with a portion of the 65 portion and provided at least partially in the second deflec 
socket contact within the socket opening ; and coupling the tion region ; the first and second deflectable elements may be 
at least one end connection retention guide layer to the spaced apart by a greater distance towards the connection 
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side of the substrate than towards the pin receiving side of detailed plan view of one opening of such a portion , respec 
the substrate ( e . g . , wherein the first and second deflectable tively , of an exemplary embodiment of a substrate usable to 
elements may be spaced apart by a distance that is less than provide an adapter apparatus such as the adapter apparatus 
the diameter of a male pin to be received thereby towards the of FIGS . 2A - 2C . 
pin receiving side of the substrate ) ; wherein each of the first 5 FIGS . 4A - 4C show a perspective view , plan view , and a 
and second deflectable elements may include an elongate more detailed plan view of a portion thereof , respectively , of 
portion coupled to the end connection portion by a transition an exemplary embodiment of a socket contact holding layer 
portion and the end connection portion may be centered at substrate including a plurality of holding structures usable to 
the connection side of the substrate relative to the center pin provide an adapter apparatus such as the adapter apparatus 
receiving region ; and / or a holding element of one of the 10 of FIGS . 2A - 2C . 
plurality of holding structures may be positioned between FIGS . 5A - 5D show an illustrative perspective view , a plan 
the transition portions coupling the elongate portions of the view , a side view , and a top view of an exemplary deflectable 
first and second deflectable elements to the end connection element socket contact in its normal undeflected state for use 
portion and in contact with the socket contact to hold the in providing an adapter apparatus such as the adapter 
socket contact in the corresponding opening of the substrate . 15 apparatus of FIGS . 2A - 2C . 

Still further , in one or more embodiments of the adapter FIGS . 6A - 6C show a plan view , a side view , and a more 
apparatus and / or methods for forming the adapter apparatus , detailed view of a portion of the side view , respectively , of 
a length of the end connection portion in the direction of an another exemplary embodiment of a plurality of deflectable 
axis along which the socket contact lies between the pin element socket contacts attached to a holding member 
receiving side and the connection side may be greater than 20 usable to provide an adapter apparatus such as the adapter 
a thickness of the at least one end connection retention guide apparatus of FIGS . 2A - 2C . 
layer in the direction of the axis of the socket contact . For FIG . 7 shows an illustrative perspective view of an 
example , at least a part of the end connection portion of each embodiment of yet another exemplary deflectable element 
of the plurality of socket contacts may extend through and socket contact in its normal undeflected state for use in 
out of the corresponding end connection receiving opening 25 providing an adapter apparatus . 
of the plurality of end connection receiving openings of the 
at least one end connection retention guide layer . DETAILED DESCRIPTION OF EXEMPLARY 

Yet still further , in one or more embodiments of the EMBODIMENTS 
adapter apparatus and / or methods for forming the adapter 
apparatus , at least a portion of each of the plurality of socket 30 In the following detailed description of illustrative 
contacts may be sandwiched between a holding element of embodiments , reference is made to the accompanying fig 
one of the plurality of holding structures of the at least one ures of the drawing which form a part hereof , and in which 
socket contact holding layer and one or more portions of the are shown , by way of illustration , specific embodiments 
at least one end connection retention guide layer . which may be practiced . It is to be understood that other 

Yet further , in one or more embodiments of the adapter 35 embodiments may be utilized and structural changes may be 
apparatus and / or methods for forming the adapter apparatus , made without departing from ( e . g . , still falling within ) the 
the at least one end connection retention guide layer may be scope of the disclosure presented hereby . 
coupled to the socket contact holding layer using a layer of Exemplary adapter apparatus and methods for providing 
pre - preg material . same shall generally be described with reference to FIGS . 

The above summary of the present invention is not 40 1 - 7 . It will be apparent to one skilled in the art that elements 
intended to describe each embodiment or every implemen - from one embodiment may be used in combination with 
tation of the present invention . Advantages , together with a elements of the other embodiments , and that the possible 
more complete understanding of the invention , will become adapter apparatus embodiments using features set forth 
apparent and appreciated by referring to the following herein is not limited to the specific embodiments described 
detailed description and claims taken in conjunction with the 45 ( e . g . , more than two deflectable elements may be used in the 
accompanying drawings . floating deflectable socket contact as shown and described 

with reference to FIG . 7 ) . Further , it will be recognized that 
BRIEF DESCRIPTION OF THE DRAWINGS the embodiments described herein will include many ele 

ments that are not necessarily shown to scale . Further , it will 
FIG . 1A is a generalized illustrative cross - section diagram 50 be recognized that the size and shape of various elements 

of one exemplary embodiment of a portion of an adapter herein may be modified without departing from the scope of 
apparatus including deflectable element socket contacts for the present disclosure , although one or more shapes and 
use in mounting a packaged device relative to a target board sizes may be advantageous over others . 

FIG . 1B is a generalized illustrative perspective cross - FIG . 1 shows a generalized diagrammatic view of an 
section diagram of one exemplary embodiment of a larger 55 exemplary adapter apparatus 10 . The adapter apparatus 10 
portion of an adapter apparatus such as shown in FIG . 1A includes a substrate 20 . Substrate 20 comprises a plurality of 
including deflectable element socket contacts for use in layers of material extending between a first surface or pin 
mounting a packaged device relative to a target board . receiving side 22 and a second surface or a connection side 

FIG . 2A is a perspective view of one exemplary embodi - 24 . In one embodiment of substrate 20 , the first and second 
ment of an adapter apparatus including features such as 60 surfaces are planer surfaces that generally lie parallel to one 
illustratively shown in FIGS . 1A - 1B . another . 

FIG . 2B is an exploded perspective view of the exemplary The substrate 20 , or the plurality of layers thereof , may be 
embodiment of an adapter apparatus shown in FIG . 2A . formed of any suitable insulative material ( e . g . , polyimide 

FIG . 2C is an exploded side view of the exemplary materials , laminate materials , etc . ) . In one embodiment , one 
embodiment of an adapter apparatus shown in FIG . 2A . 65 or more layers of the substrate 20 may be formed of a high 

FIGS . 3A - 3D show a perspective view , plan view , a more temperature material ( e . g . , a material that is suitable for use 
detailed plan view of a portion thereof , and yet still a more in temperatures that exceed 125 degrees C . ) . For example , 
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the one or more layers of the substrate 20 may be formed of configuration , the plurality of end connection receiving 
one or more materials such as polyetheretherketone ( PEEK ) , openings 200 are provided by at least surfaces 170 defined 
Ceramic filled PEEK or other grades of PEEK , Torlon , FR4 , through the primary guide layer 28 and surfaces 171 defined 
G10 , Kapton , or Rogers R04350 . Further , in one or more through pre - preg layer 29 . The plurality of end connection 
embodiments , the substrate 20 may be formed of multiple 5 receiving openings 200 are configured to receive at least a 
layers of laminate materials ( e . g . , such laminate materials part of an end connection portion 52 of a socket contact 40 
may be partially cured , for example , half cured , at the start as described further herein . 
of manufacturing the assembly and later fully cured such as Further , as shown in FIGS . 1 - 4 , the plurality of layers 
after the socket contacts are inserted ) . Further , for example , forming substrate 20 may include at least one deflection 
when laminating multiple layers , one or more of the layers 10 element receiving layer 21 that includes a plurality of 
may be partially cured ( e . g . , half cured ) , referred to herein deflection element receiving openings 30 provided by sur 
as pre - preg materials ( e . g . , pre - impregnated composite faces defined therethrough . For example , the at least one 
fibers , partially cured for use during assembly , and then later deflection element receiving layer 21 may include one or 
cured ) . more layers . In the configuration shown in FIGS . 1 - 4 , the at 

In one embodiment , the substrate 20 may be of a size 15 least one deflection element receiving layer 21 includes a 
generally equivalent to a packaged device ( e . g . , packaged first layer 23 and a second layer 25 , and the plurality of 
device 70 ) which is to be mounted using the adapter appa - deflection element receiving openings 30 are provided by 
ratus 10 . However , one skilled in the art will recognize that surfaces defined through the first layer 23 and surfaces 
the size and shape of the substrate 20 may vary based on the defined through the second layer 25 . The deflection element 
application of the adapter apparatus ( e . g . , the adapter appa - 20 receiving openings 30 are configured to receive at least a 
ratus may be configured to mount more than one packaged part of deflectable elements 54 and 56 of a socket contact 40 
device , may be adapted to mount different types of packages , as described further herein . 
etc . ) . Yet further , as shown in FIGS . 1 - 4 , the plurality of layers 

The present invention may be used to mount various types forming substrate 20 may include at least one socket contact 
of packaged devices , including , but not limited to , for 25 holding layer 26 that includes a plurality of holding struc 
example , surface mount devices , such as ball grid array tures 177 ( e . g . , a holding element 185 separating a pair of 
packages , land grid array packages , quad flat no leads ( QFN ) openings 191 , 193 such as shown in FIGS . 4A - 4C ) . The at 
devices , column grid array packages , non - solder ball pack - least one socket contact holding layer 26 is positioned 
ages , other packaged devices with surface mount pads , etc . between the at least one end connection retention guide layer 
One will recognize that the configuration of the adapter 30 and the at least one deflection element receiving layer ( e . g . , 
apparatus may be different depending on the type of the layer 26 may be in contact with one or more of such layers , 
packaged device being mounted ( e . g . , the apparatus being or be separated therefrom by one or more other layers ) . The 
different or the same for a package including solder balls plurality of holding structures 177 may be used to hold a 
versus a non - solder ball package ) . socket contact 40 ( e . g . , a flat socket contact ) in the corre 

As shown in FIGS . 1 - 4 , in one or more embodiments , the 35 sponding opening 15 of the substrate 20 . For example , a 
substrate 20 includes a plurality of openings 15 ( see , e . g . , portion of the at least one end connection retention guide 
FIG . 1B ) defined through the substrate 20 in which a layer 27 and one of the plurality of holding structures 177 of 
plurality of socket contacts 40 ( e . g . , deflectable element the socket contact holding layer 26 may be configured to 
socket contacts ) are provided . In various figures of this hold the socket contact 40 in place , as opposed to the socket 
application , for simplicity , only several openings 15 have 40 contact 40 being press - fit within the opening 15 ( e . g . , the 
socket contacts 40 provided therein ( see , e . g . , FIG . 1B ) . holding structure may include holding element 185 posi 
However , all or just some of such openings 15 may have tioned against the closed end 92 of the socket opening 61 of 
socket contacts 40 therein . socket contact 40 and hold the socket contact 40 against one 

The openings 15 , for example , as shown in FIG . 1A - 1B , or more portions of the at least one end connection retention 
are defined through substrate 20 from pin receiving side 22 45 guide layer 27 ) . 
to connection side 24 of the substrate 20 ; the pin receiving In one or more embodiments , as shown in FIGS . 1 - 4 , the 
side 22 being opposite the connection side 24 . The size and substrate 20 may include a plurality of openings 15 defined 
shape of the openings 30 may be dependent upon the in any number of configurations ( e . g . , along columns and / or 
structure of the socket contacts 40 ( e . g . , deflectable element rows , defined diagonally relative to the x and y axes of the 
socket contacts ) to be provided in corresponding openings 50 adapter ( i . e . , the x and y axes being orthogonal to the axis 
15 . 43 ) , defined at various locations , concentrated towards the 

The openings 15 may be provided by openings defined in edges and / or towards the center portion of the substrate , 
the plurality of layers forming the substrate 20 . For example , etc . ) . In other words , any number or configuration of the 
each layer forming the substrate 20 may have one or more openings 15 may be used . In one or more embodiments , the 
openings defined therein which form a part of an opening 15 55 deflectable element socket contacts need to be of a certain 
defined through substrate 20 from pin receiving side 22 to dimension to provide proper force and contact ( e . g . , 
connection side 24 of the substrate 20 . Any number of layers enabling less resistance for current flow ) . To maintain a 
may be used to form the substrate 20 and any number of certain dimension of the adapter , the socket contacts may be 
openings may be provided in such layers to provide the held in openings arranged diagonally ( e . g . , relative to the x 
openings 15 defined through substrate 20 . 60 and y axes , relative to the side walls of the device package , 

As shown in FIGS . 1 - 4 , the plurality of layers forming etc . ) . Socket contacts arranged in such diagonal manner may 
substrate 20 may include at least one end connection reten - reduce the space needed for such contacts ( e . g . , 1 . 414 times 
tion guide layer 27 that includes a plurality of end connec compared to the contacts positioned parallel to the x or y 
tion receiving openings 200 defined by at least surfaces 170 . axes and being held along rows parallel to the x or y axes ) . 
For example , the at least one end connection retention guide 65 Further , each opening 15 of the plurality of openings may 
layer 27 may include a primary guide layer 28 as well as one be provided in part by a deflection element receiving open 
or more other layers , such as a pre - preg layer 29 . In such a ing 30 , as shown , for example , in FIGS . 3A - 3D , defined 
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through the deflection element receiving layer 21 . Each of provided in the opening , etc . ) . In other words , various 
the deflection element receiving openings 30 may include a configurations of such openings with different defining 
center pin receiving region 32 and the first and second surfaces may be used to allow for deflection of portions 
deflection regions 34 , 36 . Generally , each of the first and thereof when a male pin is received by the deflectable 
second deflection regions 34 , 36 are defined by one or more 5 element socket contact 40 . The various surfaces ( e . g . , 
deflection region surfaces 35 , 37 , respectively , opposite the deflection region surfaces 35 , 37 ; pin receiving region 
other and adjacent the center pin receiving region 32 . In surfaces 33 , etc . ) defining one or more regions of the 
other words , the first and second deflection regions 34 , 36 openings 30 ( or any other openings of any other layers 
are defined on opposite sides of the center pin receiving described herein ) may be formed by drilling one more holes 
region 32 . Further , the center pin receiving region 32 may be 10 or regions through the deflection element receiving layer 21 , 
defined by one or more pin receiving region surfaces 33 etching one or more holes or regions through the deflection 
( e . g . , two opposing surfaces located along axis 43 between element receiving layer 21 , or any other suitable process . 
the one or more deflection region surfaces 35 , 37 ) . Such Conductive deflectable element socket contacts 40 are 
center pin receiving region 32 and first and second deflection provided ( e . g . , held , for example , using a plurality of hold 
regions 34 , 36 are defined in an open relationship to one 15 ing structures 177 ) in each opening 15 defined through the 
another so as to form a continuous opening 30 through the substrate 20 . The deflectable element socket contacts 40 may 
at least one deflection element receiving layer 21 of sub - be provided in the openings 15 in any suitable manner ( e . g . , 
strate 20 ( e . g . , allowing portions of the socket contact 40 to using any suitable structure , such as the plurality of holding 
be deflected or expand from the center pin receiving region structures 177 and the at least one end connection retention 
32 into first and second deflection regions 34 , 36 when a 20 guide layer 27 ) so as to allow a male pin ( e . g . , such as 
male pin is inserted into the socket opening 61 of the socket elongated male pin 81 ) to be inserted into the center pin 
contact 40 ) . In the case of using additional deflection ele - receiving region 32 and within the deflectable element 
ments , such as , for example , a four deflectable element socket contact 40 as described herein . For example , in one 
socket contact as described with reference to FIG . 7 , addi - or more embodiments , such deflectable element socket con 
tional deflection regions may be defined in an open rela - 25 tacts 40 may be positioned within the openings 15 using one 
tionship to one another so as to form a continuous opening or more apparatus such as described with reference to FIG . 
through the at least one deflection element receiving layer of 6 and / or process steps or features described herein , which 
the substrate ( e . g . , allowing additional portions of the socket allow for the holding of the socket contacts 40 within the 
contact to be deflected or expand from the center pin openings 15 without use of press - fitting techniques . 
receiving region into the various defined deflection regions 30 In at least one embodiment , each of the plurality of 
when a male pin is inserted into the socket opening of the deflectable element socket contacts 40 is flat ( e . g . , including 
socket contact ) . generally planar and parallel sides ) . Such socket contacts 40 

As shown in FIGS . 1 - 4 , in or more embodiments , the may be formed in any suitable manner . For example , such 
openings 30 may be symmetric about a plane extending deflectable element socket contacts 40 may be formed by 
through and including axis 43 ( e . g . , a plane orthogonal to a 35 etching ( e . g . , chemical and / or physical etching ) , stamping , 
cross - section taken perpendicularly to axis 43 ; or in other conventional milling , laser cutting , etc . Such deflectable 
words , a plane extending into the page of FIG . 3D including element socket contacts 40 may be formed , in one or more 
axis 43 ) . Further , in one or more embodiments , the various embodiments , from a planar layer of material having a 
regions of the openings 30 may be defined using different thickness greater than 4 mils and / or less than two thirds the 
diameter surfaces defining different portions thereof , for 40 diameter of a male pin being received thereby . In one or 
example , along axis 43 . For example , in one or more more embodiments , the deflectable element socket contacts 
embodiments , the center pin receiving region 32 may may be formed separately and / or together ( e . g . , as part of a 
include a center cylindrical region along axis 43 having a structure such as shown in FIG . 6 ) . Further , in another 
diameter that is greater than the diameter of a male pin to be embodiment , the plurality of deflectable element socket 
received therein . As shown in FIG . 3D , for example , such a 45 contacts may include first and second flat socket portions 
center cylindrical region may be defined by opposing pin such as described with reference to FIG . 7 to form a four 
receiving region surfaces 33 . Further , for example , in one or d eflectable element socket contact . 
more embodiments , each of the first and second deflection Further , in one or more embodiments , the deflectable 
regions 34 , 36 may include a region that is not cylindrical element socket contacts may be formed using one or more 
along axis 43 ( e . g . , a rectangular region extending to the 50 suitable conductive materials for providing desired electrical 
cylindrical region 32 ) ; however , any shape suitable to allow conduction and one or more suitable deflectable material 
deflection as described herein may be used . In one or more ( e . g . , one or more materials that have a certain degree of 
embodiments , each of the regions defining the first and spring action , one or more materials that are deflectable by 
second deflection regions 34 , 36 may have a cross - section a force to a state other than normal and returnable to the 
area orthogonal to the axis 43 that is less than the diameter 55 normal state after the force is removed , etc . ) . For example , 
of the center cylindrical region defining the center pin such conductive socket contacts ( e . g . , plated or solid ) may 
receiving region 32 . Still further , at least in one embodiment , be formed of brass alloy , beryllium / copper alloy , etc . Fur 
the cross - sectional area of the first and second deflection ther , for example , such socket contacts may be plated using , 
regions 34 , 36 are sized to allow for deflection of one or for example , nickel , gold , rhodium , or any alloy thereof . For 
more portions of the socket contact 40 into such regions 34 , 60 example , the deflectable element socket contacts 40 may be 
36 . formed of beryllium copper alloy . 
One will recognize that the shape ( e . g . , cross - sectional As shown in FIGS . 1 and 5 , in one or more embodiments , 

shape ) of the regions need not be cylindrical or rectangular each of the plurality of deflectable element socket contacts 
but may be any cross - sectional shape ( e . g . , oval , elliptical , 40 may include an end connection portion 52 and first and 
square , etc . ) that provide suitable functionality as described 65 second deflectable elements 54 , 56 . For example , the first 
further herein ( e . g . , allow for receiving a male pin , allow for deflectable element 54 may be coupled to the end connection 
deflection of portions of a deflectable element socket contact portion 52 and provided at least partially in the first deflec 
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tion region 34 . Likewise , the second deflectable element 56 defining opening 15 ) . The holding structure 177 in conjunc 
may be coupled to the end connection portion 52 and tion with one or more portions of the at least one end 
provided at least partially in the second deflection region 36 . connection retention guide layer 27 provide a certain degree 
In one or more embodiments , the first and second deflectable of stability of the deflectable element socket contact 40 
elements 54 , 56 may be configured to deflect within the first 5 within the opening 15 ( e . g . , when a male pin 81 is being 
and second deflection regions 34 , 36 , respectively , when a inserted into the socket contact 40 ) . 
male pin 81 is received in the pin receiving region 32 and in In one or more embodiments , each of the first and second 
contact between the first and second deflectable elements 54 , deflectable elements 54 , 56 terminates towards the pin 
56 . receiving side 22 of the substrate 20 at a chamfered region 

In one or more embodiments , the first and second deflect - 10 79 , 82 , respectively , to assist in centering a male pin 81 when 
able elements 54 , 56 are symmetrical about an axis 44 . At inserted into the pin receiving region 32 of the opening 30 . 
least in one embodiment , the axis 44 is coincident with axis The chamfered regions 79 , 82 may take any form for 
43 of an opening 15 when the deflectable element socket assisting in receipt of the male pin 81 . For example , the 
contact 40 is provided therein . Further , the first and second chamfered regions 79 , 82 may be tapered in a direction away 
deflectable elements 54 , 56 may be spaced apart by a 15 from axis 44 ; whereas the elongate portions 55 , 57 have a 
distance 150 suitable to receive a male pin 81 therebetween taper from the connection side 24 of the substrate 20 to the 
( e . g . , based on the diameter of the male pin 81 ) . Further , at pin receiving side 22 of the substrate 20 that tapers in a 
least in one embodiment , the first and second deflectable direction towards axis 44 . At least in one embodiment , the 
elements 54 , 56 may be spaced apart by a greater distance intersection between the chamfered regions 79 , 82 and the 
towards the connection side 24 of the substrate 20 than 20 remainder of the first and second deflectable elements 54 , 
towards the pin receiving side 22 of the substrate 20 . In one 56 , respectively , forms a shoulder for contact of the male pin 
or more embodiments , the first and second deflectable 81 when inserted therebetween . Such shoulder may function 
elements 54 , 56 may be spaced apart by a distance 150 that to assist in stopping the insertion of the male pins 81 into the 
is less than the diameter of a male pin 81 to be received pin receiving regions 32 . Each of the first and second 
thereby ( e . g . , at a location towards the pin receiving side 22 25 deflectable elements 54 , 56 ( e . g . , the chamfered regions 79 , 
of substrate 20 ) . In at least one embodiment , the distance 82 ) may terminate towards the pin receiving side 22 of the 
150 may be greater than about 0 . 0045 inches and / or the substrate 20 ( e . g . , they may extend beyond the pin receiving 
distance 150 of the socket contact 40 may be less than about side 22 , may be flush with the pin receiving side 22 , or 
0 . 006 inches . terminate within the opening 30 , for example , at a recessed 
As shown , for example , in FIGS . 1 and 5 , each of the first 30 distance from the pin receiving side 22 ) . 

and second deflectable elements 54 , 56 may include an The deflectable element socket contact 40 may be of 
elongate portion 55 , 57 , respectively . In one or more various dimensions . In at least one embodiment , the total 
embodiments , the elongate portion 55 of the first deflectable length 152 is as small as possible to provide the shortest 
element 54 extends from a first end region 65 located within electrical path . For example , in one or more embodiments , 
the first deflection region 34 and coupled to end connection 35 the total length 152 of the socket contact 40 may be greater 
portion 52 to a second end region 66 located at least in part than about 0 . 060 inches ; the total length 152 of the socket 
within the pin receiving region 32 . Likewise , for example , contact 40 may be less than about 0 . 075 inches ; the length 
the elongate portion 57 of the second deflectable element 56 154 of the deflection element 55 , 57 may be greater than 
extends from a first end region 67 located within the first about 0 . 05 inches ; the length 154 of the deflection element 
deflection region 36 and coupled to end connection portion 40 55 , 57 ( e . g . , to allow low force contact with the pin ) may be 
52 to a second end region 68 located at least in part within less than about 0 . 065 inches ( e . g . , the length 154 may be 
the pin receiving region 32 . Further , at least in one embodi - based on a length sufficient to apply an adequate force on the 
ment , when positioned within a corresponding opening 15 , male pin 81 when inserted into the socket contact 40 ) ; the 
the second end regions 66 , 68 of each of the first and second thickness 156 of the socket contact 40 may be greater than 
deflectable elements 54 , 56 , respectively , are located 45 about 0 . 003 inches ; the thickness 156 of the socket contact 
towards the pin receiving side 22 of the substrate 20 and 40 ( e . g . , defined by manufacturability ) may be less than 
spaced at a distance from the one or more deflection region about 0 . 005 inches ; the width 158 of the socket contact 40 
surfaces 35 , 37 defining the first and second deflection may be greater than about 0 . 018 inches ; and the width 158 
regions 34 , 36 ( e . g . , to allow for deflection of the second end of the socket contact 40 ( e . g . , defined by the pith of two 
regions 66 , 68 ) . 50 adjacent contacts ) may be less than about 0 . 022 inches . In 

At least in one embodiment , each of the elongate portions one or more embodiments , the length 154 of each of the first 
55 , 57 of the first and second deflectable elements 54 , 56 , and second deflectable elements 54 , 56 is at least twice the 
respectively , may be coupled to the end connection portion width 158 . 
52 by a transition portion 62 , 63 , respectively . At least in one The deflectable element socket contact 40 , at least in one 
embodiment , the transition portions 62 , 63 assist in center - 55 embodiment , may be referred to as a flat U - shaped socket 
ing the holding structure 177 opposite the end connection contact defining a socket opening 61 for receiving a male pin 
portion 52 for use in positioning the socket contact 40 within ( e . g . , 81 ) having an open end 91 and a closed end 92 
a corresponding opening 15 of the substrate 20 . Further , as opposite the open and 91 ( e . g . , the closed - end being proxi 
described herein , for example , the holding structure 177 may m ate the end connection portion 52 ) . The open end 91 may 
be positioned and / or engage / contact the socket contact 40 60 be dimensionally configured such that a male pin inserted 
between the transition portions 62 , 63 which couple the into the open end 91 of the socket contact 40 contacts and 
elongate portions of the first and second deflectable elements spreads or expands the structure forming the open end 91 . 
54 , 56 to the end connection portion 52 to hold the socket The closed end 92 may be dimensionally configured to avoid 
contact 40 in the corresponding opening 15 of the substrate contact with the male pin inserted within the socket contact 
20 ( e . g . , the socket contact 40 may be indicated as being held 65 40 ( e . g . , the closed end 92 may have a radius associated 
in a floating condition without having an interference fit therewith that is greater than the radius of the male pin 81 ) . 
between the socket contact 40 and any of the surfaces Further , the closed end 92 may be sized to engage with a 
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portion of a holding structure 177 ( e . g . , each of the plurality Openings may result in regions between the end connec 
of socket contacts 40 may be held in the corresponding tion portions 52 and the surfaces ( e . g . , surfaces 170 defining 
opening 15 of the substrate 20 by a portion of the end the end connection receiving openings 200 of the at least one 
connection retention guide layer 27 and a holding element end connection retention guide layer 27 . At least in one 
185 of one of the plurality of holding structures 177 of the 5 embodiment , a blocking structure 97 ( e . g . , a blocking layer ) 
socket contact holding layer 26 in contact with a portion of may be provided at the connection side 24 of substrate 20 to 
the closed end 92 within and / or adjacent the socket opening P prevent material ( e . g . , solder ) from creeping or wicking up 
61 ) . the end connection portions 52 into the openings along the 
One will recognize that various portions of the deflectable end connection portions 52 of the socket contacts 40 , such 

element socket contact 40 need not be flat . For example , the 10 as when , for example , the adapter apparatus 10 is being 
soldered down and onto target board 12 . If such creeping elongate portions 55 , 57 , as well as other portions ( e . g . , such and / or wicking occur , the solder joint may be weakened . as the end connection portions ) of the socket contact 40 , may The blocking structure 97 may be provided in any suitable be cylindrical , elliptical , etc . Further , for example , the form that blocks material from entering opening 15 at the elongate portions 55 , 57 , as well as other portions of the 15 connection side 24 led el as other portions of the 15 connection side 24 ( e . g . , seals the socket pin tips ) . For socket contact 40 , need not be a linear . For example , such example , at least in one embodiment , the blocking structure 

portions may be nonlinear ( e . g . , curved , arcs , etc . ) . Still 97 may be a thin layer ( e . g . , about 2 mils thick ) of electri 
further , the deflectable element socket contact may include cally insulative material ( e . g . , Kapton material or tape ) 
more than two deflectable elements . For example , any positioned at the connection side 24 with the end connection 
socket contact having deflectable elements defining a socket 20 portions 52 extending therethrough . For example , in one or 
opening having an open end and a closed end may be held more embodiments , the layer of material 97 may be a layer 
a corresponding opening of a substrate using features having a plurality of slots formed therein ( e . g . , laser cut , 
described herein . etched , etc . ) corresponding in size to the end connection 

End connection portion 52 may be of any suitable con portions 52 ( e . g . , the same or slightly smaller than the end 
figuration allowing at least a portion thereof to be received 25 connection portions 52 so as to block material from entering 
with the end connection receiving openings 200 of the at opening 15 when the layer is placed over the end connection 
least one end connection retention guide layer 27 . For portions 52 and onto the connection side 24 to cover open 
example , end connection portion 52 may be have a cross - regions between the end connection portions 52 and the 
section configured to match the cross - section of the end surfaces defining opening 15 ) . Further , at least in one 
connection receiving openings 200 of the at least one end 30 embodiment , the blocking structure 97 may include a layer 
connection retention guide layer 27 ( e . g . , rectangular such as of pre - preg material . 
with a flat socket contact , cylindrical , etc . ) . However , in one The deflectable element socket contacts 40 , in one or 
or more other embodiments , such cross - sections need not be more embodiments , may be configured for mounting in 
similar . openings 15 of a substrate 20 where the pitch of the contacts 

Further , for example , end connection portion 52 may be 35 of the adapter apparatus is in the range of about 0 . 3 mm to 
of any suitable configuration for providing contact , direct or about 0 . 75 mm . The deflectable element socket contacts 40 
indirect , with one or more conductive elements , such as may be configured ( e . g . , the first and second deflectable 
conductive pads 14 on a target board 12 ( e . g . , a printed elements may be effectively spaced apart ) so as to provide 
circuit board ) . For example , the end connection portion 52 effective contact with a male pin 81 when the male pin 81 
may extend beyond or be flush with connection side 24 of 40 is inserted through the center pin receiving region 32 and 
substrate 20 and be directly or indirectly connected to one or between the first and second deflectable elements 54 , 56 . 
more conductive elements . In other words , the end connec - The conductive deflectable element socket contacts 40 
tion portion 52 may be soldered directly to a conductive shown in FIG . 1A - 1B may be referred to as female sockets 
element 14 on a target board 12 , or may be indirectly ( e . g . , female socket pins ) mounted in corresponding open 
connected to such a conductive element via one or more 45 ings 15 defined through substrate 20 for receiving male pins 
intermediate conductive structures or elements ( e . g . , solder 81 . In other words , as the adapter apparatus 10 includes 
balls , an adapter layer , etc . ) . Further , for example , in one or female socket type contacts 40 , a male pin adapter 80 may 
more embodiments , the connection portion 52 may be be used in conjunction therewith to mount a device ( e . g . , a 
recessed relative to the connection side 24 of the substrate 20 BGA device 70 ) to the target board 12 . 
and / or be flush therewith . For example , in such a configu - 50 For example , as shown in FIGS . 1 - 2 , in one or more 
ration , one or more intermediate conductive structures or embodiments , the male pin adapter 80 may include a sub 
elements may be used to indirectly connect the end connec - strate 82 with a plurality of male terminal pins 81 mounted 
tion portion 52 to a conductive element 14 on target board therethrough . Each of the male terminal pins 81 may include 
12 . Still further , the end connection portion 52 may termi - a pin portion 84 configured to be received in the deflectable 
nate in one or more various shapes ( e . g . , rectangular , ellip - 55 element socket contact 40 of adapter apparatus 10 and a 
tical , circular , etc . ) . contact portion 86 for providing electrical contact with a 

Still further , in one or more embodiments , the end con - solder ball 72 of the device 70 ( e . g . , either directly or 
nection portion 52 may be attached to a contact 14 on target indirectly through another board , which may be an inter 
board 12 by any suitable structure or process . At least in one poser , another adapter apparatus , etc . ) . 
embodiment , the end connection portion 52 may be config - 60 The male adapter apparatus 80 as shown in FIGS . 1A - 1B 
ured for receipt of solder material ( e . g . , a solder ball , solder and FIGS . 2B - 2C may include the substrate 82 having a 
sphere , bump , or column ) thereon . Depending on the type of plurality of openings 90 defined therethrough for receiving 
material used to form the end connection portion 52 and the and holding the plurality of male terminal pins 81 configured 
application of the adapter apparatus , at least in one embodi - for mating with the adapter apparatus 10 ( e . g . , press - fit in the 
ment , solder material may not be needed thereon ( e . g . , a gold 65 openings 90 ) . The male adapter apparatus 80 may be con 
end that can be otherwise soldered to the target board figured in any suitable manner for presenting the pins to 
without the need to prevent the end from oxidation ) . mate with the deflectable element socket contacts 40 of the 
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adapter apparatus 10 . For example , various components may connection portion 222 and third and fourth deflectable 
be used to assist the mating of the male terminal pins 81 with elements 224 , 226 . For example , the third deflectable ele 
the contacts 40 . For example , one or more alignment struc ment 224 may be coupled to the end connection portion 222 
tures may be used around the perimeter of the substrate 82 and the fourth deflectable element 226 may be coupled to the 
to align male pin adapter 80 with adapter apparatus 10 ( e . g . , 5 end connection portion 222 . In one or more embodiments , 
and thus , alignment of the male pins 81 with the axis 43 of the first , second , third and fourth deflectable elements 214 , 
the openings 15 having contacts 40 therein ) . 216 , 224 , and 226 may be configured to deflect within 

Further , for example , as shown in FIGS . 1A - 1B and not various deflection regions of the adapter apparatus when a 
to be considered limiting to the disclosure presented herein , male pin is received in a pin receiving region 232 defined by 
the adapter apparatus 10 may be employed to mount a 10 the contact 200 . 
packaged device 70 ( e . g . , a BGA package ) to target board As shown in FIG . 7 , the end connection portion 222 
12 . Target board 12 may include a pattern of contact associated with the third and fourth deflectable elements 
elements 14 corresponding to a plurality of solder balls 72 224 , 226 may mate or otherwise be coupled to the end 
of the ball grid array device 70 . The solder balls 72 may be connection portion 212 associated with the first and second 
provided on a pattern of contact pads of the ball grid array 15 deflectable elements 214 , 216 to define the pin receiving 
device 70 . region and / or socket opening configured to receive a male 

Solder material , as used herein , may be any suitable type pin therein ( e . g . , a portion of one end connection portion 212 
of solder material generally known in the art . Such suitabil - may be configured to mate and / or slide into a groove or 
ity will generally depend on the application for which the opening 260 defined in the other end connection portion 
adapter apparatus is being used . For example , the solder 20 222 ) . For example , the first and second deflectable elements 
material may include solder balls as shown in FIGS . 1A - 1B , 214 , 216 and the end connection portion 212 associated 
solder films , solder spheres , partial solder spheres , solder therewith may be formed as a first flat contact portion 210 
columns , or any other suitable size and shape of material . and , for example , the third and fourth deflectable elements 
Further , for example , the solder material may include eutec - 224 , 226 and the end connection portion 222 associated 
tic 63 / 37 SnPb solder balls or solder spheres , or may be 25 therewith , may be formed as a second flat contact portion 
formed of lead free solder alloys such as SAC305 ( Sn , 220 . Further , for example , the first and second flat contact 
Ag3 . 0 , Cu0 . 5 ) . portions 210 , 220 may be arranged orthogonal to one 

In one or more embodiments , the deflectable element another to provide a four deflectable element socket opening 
socket contacts 40 when provided in corresponding open configured to receive the male pin therein . 
ings 15 are generally in a normal state ( e . g . , when male pins 30 Many of the features of second flat contact portion 220 
81 have not been inserted therein ) . Further , as the male pins may be the same as or similar to the features of the first 
81 are inserted into the pin receiving regions 32 ( e . g . , contact portion 210 ( which may be the same as and / or 
centered by chamfered portions 79 , 82 ) the deflectable similar to flat contact socket 40 ) and will not be repeated 
elements 54 , 56 expand into the deflection regions 34 , 36 , herein . Further , for example , at least in one embodiment , a 
respectively , which move the deflectable element socket 35 holding structure ( like that of holding element 185 of 
contacts 40 from their normal state into a deflected state holding structure 177 described herein ) may be positioned 
where the deflectable element socket contacts 40 are effec - and / or engage / contact the socket contact 200 at surface 250 
tively electrically connected with the male pins 81 . In one or between transition portions which couple the elongate por 
more embodiments , upon insertion of multiple male pins 81 tions of the third and fourth deflectable elements 224 , 226 to 
into such deflectable element socket contacts 40 , back forces 40 the end connection portion 222 to hold the socket contact 
on the multiple male pins 81 are created which effectively 200 in a corresponding opening ( similar to opening 15 ) of a 
stop the insertion . For example , in at least one embodiment , substrate 20 ( e . g . , the socket contact 200 may be indicated 
the adapter is configured such that a gap ( e . g . , of a distance as being held in a floating condition without having an 
in the range of about 3 mils to about 5 mils ) exists between interference fit between the socket contact 200 and any of 
the pin receiving side 22 of substrate 20 and the lower 45 the surfaces defining such an opening ) . Such a similar 
surface 89 of substrate 82 of pin adapter 80 . Such a gap is holding structure 177 in conjunction with one or more 
beneficial such that the male adapter may be pulled out from portions of the at least one end connection retention guide 
the female socket using bent tools that are less than about 5 layer 27 may provide a certain degree of stability of the four 
mils ( e . g . , inserted between the pin receiving side 22 and the deflectable element socket contact 200 within such a similar 
bottom surface 89 ) . 50 opening 15 ( e . g . , when a male pin 81 is being inserted into 

Further , in one or more other embodiments , any number the socket contact 200 ) . 
of deflectable elements in addition to the first and second FIGS . 2B - 2C show an exploded perspective view and an 
deflectable elements may be used to form the socket contacts exploded side view , respectively , of one exemplary embodi 
that float within the adapter apparatus as described herein . ment of components of the adapter apparatus 10 and male 
For example , as shown in FIG . 7 , each of the plurality of 55 pin adapter 80 , such as shown assembled in the perspective 
deflectable element socket contacts may include a four view of FIG . 2A . One or more embodiments of forming the 
deflectable element socket contact 200 . For example , the adapter apparatus 10 shall be described with reference to 
four deflectable element socket contact 200 may include a such FIGS . 2B - 2C as well as others figures referenced 
first socket contact portion 210 and a second contact portion herein . 
220 ( e . g . , each may be a flat socket contact portion ) . 60 For example , the adapter apparatus 10 includes the sub 

For example , the first socket contact portion 210 may strate 20 which may be formed from a plurality of layers . 
include an end connection portion 212 and first and second Such layers may include the at least one end connection 
deflectable elements 214 , 216 . For example , the first deflect - retention guide layer 27 that includes a plurality of end 
able element 214 may be coupled to the end connection connection receiving openings 200 , at least one deflection 
portion 212 and the second deflectable element 216 may be 65 element receiving layer 21 that includes a plurality of 
coupled to the end connection portion 212 . Likewise , the deflection element receiving openings 30 , and at least one 
second socket contact portion 220 may include an end socket contact holding layer 26 that includes a plurality of 
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holding structures 177 ( e . g . , each holding structure 177 may 26 includes a plurality of holding structures 177 . The at least 
include a holding element 185 and one or more openings one socket contact holding layer 26 extends between a first 
defined adjacent thereto as shall be described with reference side 409 and a second side 411 ( e . g . , the first side 409 may 
to FIGS . 4A - 4C ) . be adjacent the at least one end connection retention guide 
As illustratively provided herein , at least one embodiment 5 layer 27 when assembled and the second side 411 may be 

of the at least one end connection retention guide layer 27 adjacent the first side 405 of the at least one deflection 
includes a plurality of end connection receiving openings e lement receiving layer 21 when assembled ) . 
200 defined therethrough between a first side 401 and a One or more exemplary embodiments of the at least one 
second side 403 ( e . g . , the first side 401 may be adjacent a socket contact holding layer 26 are shown in FIGS . 4A - 4C . 
blocking structure 97 and the second side 403 may be 10 As shown therein , the at least one socket contact holding 
configured for receiving the end connection portions 52 of layer 26 includes the plurality of holding structures 177 . 
socket contacts 40 ) . The plurality of end connection receiv Each of the plurality of holding structures 177 is configured 
ing openings 200 are configured and / or sized to receive at to provide structure to retain a socket contact 40 within a 
least a part of an end connection portion 52 of a socket corresponding opening 15 of the substrate 20 . For example , 
contact 40 . 15 each socket contact 40 ( e . g . , a flat socket contact ) may be 

For example , as described herein , the end connection held in the corresponding opening 15 of the substrate 20 by 
portion 52 may be recessed in the end connection receiving a portion of the at least one end connection retention guide 
openings 200 after insertion therein , may be flush with the layer 27 and a holding structure 177 . Any holding structures 
connection side 24 of the substrate 20 , or may extend provided in an intermediate layer positioned between other 
through and beyond the connection side 24 after insertion 20 layers and which function to provide for positioning and 
within the end connection receiving openings 200 . At least retaining of the socket contacts within corresponding open 
in one embodiment , a length of the end connection portion ings of the substrate may be used ( e . g . , such holding 
52 in the direction of an axis 43 along which the socket structures may be capable of maintaining the socket contact 
contact 40 lies may be greater than a thickness of the at least in a somewhat floating condition within the opening 15 of 
one end connection retention guide layer 27 in the direction 25 the substrate without the socket contact being press - fit 
of the axis 43 of the socket contact 40 . In such a manner , for therein ) . Even though the socket contact 40 is not press fit 
example , at least a part of the end connection portion 52 of in the opening 15 of the substrate 20 , the socket contact 40 
each of the plurality of socket contacts 40 may extend may still contact one or more surfaces defining the opening 
through and out of the corresponding end connection receiv - 15 . However , such contact between the socket contact 40 
ing opening of the plurality of end connection receiving 30 and such surface defining the opening 15 does not provide 
openings 200 of the at least one end connection retention an interference fit between the socket contact 40 and such 
guide layer 27 . surfaces . 
One skilled in the art will recognize that the configuration For example , as shown in FIGS . 4A - 4C , each of such 

of such end connection receiving openings 200 depend upon holding structures 177 may include a holding element 185 
the end connection portion 52 of the socket contact 40 being 35 having one or more openings 191 , 193 adjacent thereto . For 
received therein . At least in one embodiment , the end example , as shown in FIG . 4C , holding structure 177 may 
connection receiving openings 200 provide a guide to the include a holding element 185 that separates two openings 
end connection portions 52 such that they may be easily 191 , 193 . In such a configuration , when forming and assem 
inserted therein ( e . g . , the cross - section of such openings 200 bling the adapter apparatus 10 , such openings 191 , 193 
and the end connection portions 52 may be similar ) . 40 provide openings through which the first and second deflect 

As illustratively provided herein , at least one embodiment a ble elements 54 , 56 of the socket contact 40 are respec 
of the at least one deflection element receiving layer 21 tively inserted . However , other configurations of openings 
includes the plurality of deflection element receiving open and holding elements may be used . For example , a similar 
ings 30 defined therethrough between a first side 405 and a configuration may be provided by a holding element pro 
second side 407 ( e . g . , the first side 405 may be adjacent the 45 jecting into a single opening , by a holding element that has 
at least one socket contact holding layer 26 when assembled counter features as part of the socket contact 40 ( e . g . , mating 
and the second side 407 may be configured for receiving the features between the socket contact 40 and the holding 
male pins 81 of adapter 80 ) . The deflection element receiv element ) , etc . 
ing openings 30 , as previously described herein , are config - With the plurality of layers used to form the substrate 20 
ured to receive at least a part of deflectable elements 54 and 50 being provided , and also a plurality of socket contacts 40 
56 of a socket contact 40 and permit deflection of such being provided ( e . g . , socket contacts that may include an end 
deflectable elements 54 and 56 when a male pin 81 is connection portion 52 and first and second deflectable 
received in the socket opening defined thereby . At least in elements 54 , 56 coupled to the end connection portion 52 to 
one or more embodiments , the cross - section area of each of define a socket opening 61 configured to receive a male pin 
the plurality of end connection receiving openings 200 55 81 therein ) , the process of forming the adapter apparatus 10 
orthogonal to an axis 43 along which the socket contact 40 may be implemented using any number of processing steps ; 
lies between the pin receiving side 22 and the connection some of such steps need not be performed in the order as 
side 24 may be smaller than a cross - section area of each of described herein . 
the plurality of deflection element receiving openings 30 For example , such forming of the adapter apparatus 10 
orthogonal to the axis 43 along which the socket contact 40 60 may include coupling the at least one socket contact holding 
lies ( e . g . , allowing one or more portions of the at least one layer 26 and the at least one deflection element receiving 
end connection retention guide layer 27 to be adjacent layer 21 . For example , the at least one socket contact holding 
and / or in contact with one or more portions of the socket layer 27 may be coupled to the at least one deflection 
contact 40 , such as the transition regions 62 , 63 thereof , element receiving layer 21 such that the one or more 
when the adapter apparatus 10 is assembled ) . 65 openings ( e . g . , 191 , 193 ) of each holding structure 177 of the 

Further , as illustratively provided herein , at least one plurality of holding structures 177 are aligned with a cor 
embodiment of the at least one socket contact holding layer responding deflection element receiving opening 30 of the 
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plurality of deflection element receiving openings 30 . In sponding end connection receiving opening 200 of the 
such a manner , the second side 411 of the at least one socket plurality of end connection receiving openings 200 of the at 
contact holding layer 26 is positioned adjacent the first side least one end connection retention guide layer 27 . For 
405 of the at least one deflection element receiving layer 21 . example , at least in one embodiment , the plurality of end 

Such alignment of these layers and / or features thereof , as 5 connection receiving openings 200 of the at least one end 
well as other layers described herein and / or features thereof , connection retention guide layer 27 are guided onto the 
may be accomplished using any known manufacturing tech - exposed end connection portions 52 of the socket contacts 
niques , such as pins and alignment holes associated with 40 . 
such layers or assembly equipment ( e . g . , some of which are One skilled in art will recognize that various techniques 
shown in the figures described herein but not provided with 10 for coupling the various layers together may be used to form 
reference numerals ) . Further , when layers are described as the adapter apparatus 10 . For example , lamination type 
being adjacent herein , such layers need not be in contact processes may be used , curing processes may be used ( e . g . , 
with one another , but rather , one or more additional layers thermal curing , chemical curing , UV curing , room tempera 
may be positioned therebetween . ture curing , pressure curing , etc . , along with various align 

Further , to form the adapter apparatus 10 , the first and 15 ment techniques . At least in one embodiment , the at least one 
second deflectable elements 54 , 56 of each of the plurality end connection retention guide layer 27 may be coupled to 
of socket contacts 40 are inserted through the one or more the at least one socket contact holding layer 26 using a layer 
openings ( e . g . , 191 , 193 ) of a corresponding holding struc of pre - preg material ( e . g . , provided as part of the guide layer 
ture 177 of the plurality of holding structures of the at least 27 or as part of the socket contact holding layer 26 ) . For 
one socket contact holding layer 26 . For example , first 20 example , the partially cured layer of pre - preg material ( e . g . , 
deflectable element 54 of a socket contact 40 may be 29 ) may be used to provide additional prevention of wicking 
inserted through opening 191 and second deflectable ele - along the socket contact 40 . 
ment 56 may be inserted through opening 193 . As such , the The socket contact 40 may be described as being held 
holding element 185 of the holding structure 177 is posi - within the corresponding opening 15 of the substrate 20 in 
tioned within the socket opening 61 defined by the socket 25 various manners with use of the holding structure 177 . For 
contact 40 . It will be recognized that such an insertion example , each of the plurality of socket contacts 40 may be 
process may be performed before coupling the at least one described as being held in the corresponding opening 15 of 
socket contact holding layer 26 and the at least one deflec the substrate 20 by a portion of the at least one end 
tion element receiving layer 21 . Similarly , in one or more connection retention guide layer 27 and a holding element 
other embodiments , when forming an adapter apparatus 30 185 of one of the plurality of holding structures 177 of the 
using additional deflectable elements ( e . g . , when forming socket contact holding layer 26 extending within at least part 
the adapter apparatus using the four deflectable element of the socket opening 61 proximate the coupling of the first 
socket contacts ) , such additional deflectable elements , e . g . , and second deflectable elements 54 , 56 to the end connection 
such as third and fourth deflectable elements , would also be portion 52 . For example , the holding element 185 may be in 
inserted such that they may be held in the adapter in a 35 contact with a portion of the socket contact 40 adjacent the 
floating configuration using components similar to the hold - socket opening 61 to provide containment of the socket 
ing element 185 of the holding structure 177 . contact 40 in a first direction and regions of the at least one 

At least in one or more embodiments , for example , with end connection retention guide layer 27 proximate and 
the coupled layers 21 and 26 in a configuration where the adjacent , for example , the transition portions 62 , 63 of the 
openings ( e . g . , 191 , 193 ) of the at least one socket contact 40 socket contact 40 , may provide containment of the socket 
holding layer 26 are positioned upward ( or when the inser - contact 40 within the opening 15 in a second direction 
tion is performed before such coupling ) , the plurality of opposite the first direction . 
socket contacts 40 may be dropped into the one or more Further , for example , each of the plurality of socket 
openings ( e . g . , 191 , 193 ) such that the closed portion 92 of contacts 40 have been described as including an open end 91 
the socket contact 40 contacts the holding element 185 . In 45 configured to receive the male pin 81 therein and a closed 
such a manner , the socket contacts 40 substantially hang end 92 opposite the open end 91 and towards the end 
from the holding elements 185 with the first and second connection portion 52 of the socket contact 40 . Each of the 
deflectable elements 54 , 56 of the socket contacts 40 posi - plurality of socket contacts 40 may be described as being 
tioned within the deflection element receiving opening 30 of held in the corresponding opening 15 of the substrate 20 by 
the at least one deflection element receiving layer 21 . Such 50 a portion of the end connection retention guide layer 27 and 
insertion results in the end connection portions 52 of the a holding element 185 of one of the plurality of holding 
socket contacts 40 being exposed ( e . g . , extending beyond structures 177 of the socket contact holding layer 26 in 
the first side 409 of the at least one socket contact holding contact with a portion of the closed end 92 . Again the end 
layer 26 . In other words , the socket contacts 40 are inserted connection retention guide layer 27 and the holding element 
such that the holding element 185 of the corresponding 55 185 provide containment in opposite directions to retain the 
holding structure 177 is in contact with a portion of the socket contact 40 within the corresponding opening 15 . 
socket contact 40 within and / or adjacent the socket opening Still further , each of the plurality of socket contacts 40 
61 and the first and second deflectable elements 54 , 56 of the may be described as being held in the corresponding open 
socket contact 40 are located within a corresponding deflec - ing 15 of the substrate 20 by a holding element 185 of one 
tion element receiving opening 30 of the plurality of deflec - 60 of the plurality of holding structures 177 that is positioned 
tion element receiving openings 30 of the at least one between the transition portions 62 , 63 coupling the elongate 
deflection element receiving layer 21 . portions of the first and second deflectable elements 54 , 56 

Thereafter , to further form the adapter apparatus 10 , the at to the end connection portion 52 and in contact with the 
least one end connection retention guide layer 27 is coupled socket contact 40 to hold the socket contact 40 in the 
to the at least one socket contact holding layer 26 such that 65 corresponding opening 15 of the substrate 20 . 
at least a part of the end connection portion 52 of each of the Yet still further , in one or more embodiments , at least a 
plurality of socket contacts 40 is received within a corre - portion of each of the plurality of socket contacts 40 may be 
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described as being sandwiched between a holding element a plurality of socket contacts , wherein each of the plural 
185 of one of the plurality of holding structures 177 of the ity of socket contacts is provided within a correspond 
at least one socket contact holding layer 26 and one or more ing opening of the plurality of openings of the sub 
portions of the at least one end connection retention guide strate , wherein each of the plurality of socket contacts 
layer 27 ( e . g . , regions of the at least one end connection 5 comprises : 
retention guide layer 27 proximate and adjacent , for an end connection portion , wherein at least a part of the 
example , the transition portions 62 , 63 of the socket contact end connection portion is received in one of the 
40 ) . plurality of end connection receiving openings , and 

The deflectable element socket contacts 40 may be pro first and second deflectable elements configured to be 
vided for assembly in one of various manners ( e . g . , as 10 received in one of the plurality of deflectable element 
separate contacts , as a plurality of space apart contacts , etc . ) . receiving openings , wherein the first deflectable ele 
For example , at least in one embodiment , the plurality of ment and the second deflectable element are coupled 
deflectable element socket contacts may be provided as to the end connection portion to define a socket 
shown in FIGS . 6A - 6C . FIGS . 6A - 6C show a plan view , a opening configured to receive a male pin therein , 
side view , and a more detailed view of a portion of the side 15 wherein the socket contact is held in the correspond 
view , respectively , of another exemplary embodiment of a ing opening of the substrate by a portion of the end 
plurality of deflectable element socket contacts 112 attached connection retention guide layer and one of the 
to a removable holding member 117 usable to provide an plurality of holding structures of the socket contact 
adapter apparatus such as the adapter apparatus of FIGS . holding layer , and further wherein the first and 
2A - 2C . second deflectable elements deflect when a male pin 

As shown in FIGS . 6A - 6C , the holding member 117 holds is received in the socket opening and in contact 
the deflectable element socket contacts 112 at a suitable between the first and second deflectable elements , 
distance 131 from each other . Such distance 131 , for wherein each of the plurality of holding structures of 
example , may be dependent upon the spacing of correspond the at least one socket contact holding layer com 
ing openings 15 into which the socket contacts 112 are to be 25 prises a holding element separating a pair of open 
inserted . The end connection portions 132 of each socket ings through which the first and second deflectable 
contact 112 are attached to the holding member 117 along a elements are respectively inserted . 
break line 133 with the open end of such socket contacts 112 2 . The adapter apparatus of claim 1 , wherein the socket 
being free of connection material . In such a manner , upon contacts are flat . 
insertion of the plurality of socket contacts 112 into open - 30 3 . The adapter apparatus of claim 1 , wherein a cross 
ings of the at least one socket contact holding layer 26 ( e . g . , section area of each of the plurality of end connection 
dropping them such that they hang from the holding ele - receiving openings orthogonal to an axis along which the 
ments 185 ) , the holding member 117 may be removed by socket contact lies between the pin receiving side and the 
mechanical action along the break line 133 ( e . g . , snapped connection side is smaller than a cross - section area of each 
off , etc . ) leaving the socket contacts 112 within the corre - 35 of the plurality of deflection element receiving openings 
sponding openings 30 . orthogonal to the axis along which the socket contact lies . 

All patents , patent documents , and references cited herein 4 . An adapter apparatus comprising : 
are incorporated in their entirety as if each were incorpo a substrate having a pin receiving side and a connection 
rated separately . This disclosure has been provided with side opposite the pin receiving side , wherein a plurality 
reference to illustrative embodiments and is not meant to be 40 of openings are defined through the substrate between 
construed in a limiting sense . As described previously , one the pin receiving side and the connection side , and 
skilled in the art will recognize that other various illustrative further wherein the substrate comprises a plurality of 
applications may use the techniques as described herein to layers , wherein the plurality of layers comprise : 
take advantage of the beneficial characteristics of the appa at least one end connection retention guide layer com 
ratus and methods described herein . Various modifications 45 prising a plurality of end connection receiving open 
of the illustrative embodiments , as well as additional ings , 
embodiments of the invention , will be apparent to persons at least one deflection element receiving layer compris 
skilled in the art upon reference to this description . ing a plurality of deflection element receiving open 

The invention claimed is : ings , and 
1 . An adapter apparatus comprising : 50 at least one socket contact holding layer comprising a 
a substrate having a pin receiving side and a connection plurality of holding structures positioned between 

side opposite the pin receiving side , wherein a plurality the at least one end connection retention guide layer 
of openings are defined through the substrate between and the at least one deflection element receiving 
the pin receiving side and the connection side , and layer ; and 
further wherein the substrate comprises a plurality of 55 a plurality of socket contacts , wherein each of the plural 
layers , wherein the plurality of layers comprise : ity of socket contacts is provided within a correspond 
at least one end connection retention guide layer com ing opening of the plurality of openings of the sub 

prising a plurality of end connection receiving open strate , wherein each of the plurality of socket contacts 
ings , comprises : 

at least one deflection element receiving layer compris - 60 an end connection portion , wherein at least a part of the 
ing a plurality of deflection element receiving open end connection portion is received in one of the 
ings , and plurality of end connection receiving openings , and 

at least one socket contact holding layer comprising a first and second deflectable elements configured to be 
plurality of holding structures positioned between received in one of the plurality of deflectable element 
the at least one end connection retention guide layer 65 receiving openings , wherein the first deflectable ele 
and the at least one deflection element receiving ment and the second deflectable element are coupled 
layer ; and to the end connection portion to define a socket 

50 
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opening configured to receive a male pin therein , the at least one socket contact holding layer in 
wherein the socket contact is held in the correspond contact with a portion of the closed end . 
ing opening of the substrate by a portion of the end 6 . An adapter apparatus comprising : 
connection retention guide layer and one of the a substrate having a pin receiving side and a connection 
plurality of holding structures of the socket contact 5 side opposite the pin receiving side , wherein a plurality 
holding layer , and further wherein the first and of openings are defined through the substrate between 
second deflectable elements deflect when a male pin the pin receiving side and the connection side , and 
is received in the socket opening and in contact further wherein the substrate comprises a plurality of 
between the first and second deflectable elements , layers , wherein the plurality of layers comprise : 
wherein each of the plurality of socket contacts is 10 at least one end connection retention guide layer com 
held in the corresponding opening of the substrate by prising a plurality of end connection receiving open 
a portion of the at least one end connection retention ings , 
guide layer and a holding element of one of the at least one deflection element receiving layer compris 
plurality of holding structures of the socket contact ing a plurality of deflection element receiving open 
holding layer extending within at least part of the 15 ings , wherein each of the plurality of deflection 
socket opening proximate the coupling of the first element receiving openings comprises a center pin 
and second deflectable elements to the end connec receiving region and first and second deflection 
tion portion . regions , wherein each of the first and second deflec 

5 . An adapter apparatus comprising : tion regions are defined by one or more deflection 
a substrate having a pin receiving side and a connection 20 region surfaces opposite the other and adjacent the 

side opposite the pin receiving side , wherein a plurality center pin receiving region , and 
of openings are defined through the substrate between at least one socket contact holding layer comprising a 
the pin receiving side and the connection side , and plurality of holding structures positioned between 
further wherein the substrate comprises a plurality of the at least one end connection retention guide layer 
layers , wherein the plurality of layers comprise : and the at least one deflection element receiving 
at least one end connection retention guide layer com layer ; and 

prising a plurality of end connection receiving open a plurality of socket contacts , wherein each of the plural 
ings , ity of socket contacts is provided within a correspond 

at least one deflection element receiving layer compris ing opening of the plurality of openings of the sub 
ing a plurality of deflection element receiving open - 30 strate , wherein each of the plurality of socket contacts 
ings , and comprises : 

at least one socket contact holding layer comprising a an end connection portion , wherein at least a part of the 
plurality of holding structures positioned between end connection portion is received in one of the 
the at least one end connection retention guide layer plurality of end connection receiving openings , and 
and the at least one deflection element receiving 35 first and second deflectable elements configured to be 
layer , and received in one of the plurality of deflectable element 

a plurality of socket contacts , wherein each of the plural receiving openings , wherein the first deflectable ele 
ity of socket contacts is provided within a correspond ment and the second deflectable element are coupled 
ing opening of the plurality of openings of the sub to the end connection portion to define a socket 
strate , wherein each of the plurality of socket contacts 40 opening configured to receive a male pin therein , 
comprises : wherein the socket contact is held in the correspond 
an end connection portion , wherein at least a part of the ing opening of the substrate by a portion of the end 

end connection portion is received in one of the connection retention guide layer and one of the 
plurality of end connection receiving openings , and plurality of holding structures of the socket contact 

first and second deflectable elements configured to be 45 holding layer , and further wherein the first and 
received in one of the plurality of deflectable element second deflectable elements deflect when a male pin 
receiving openings , wherein the first deflectable ele is received in the socket opening and in contact 
ment and the second deflectable element are coupled between the first and second deflectable elements , 
to the end connection portion to define a socket wherein the first deflectable element is coupled to the end 
opening configured to receive a male pin therein , 50 connection portion and provided at least partially in the 
wherein the socket contact is held in the correspond first deflection region and the second deflectable ele 
ing opening of the substrate by a portion of the end ment is coupled to the end connection portion and 
connection retention guide layer and one of the provided at least partially in the second deflection 
plurality of holding structures of the socket contact region , and 
holding layer , and further wherein the first and 55 wherein the first and second deflectable elements are 
second deflectable elements deflect when a male pin spaced apart by a greater distance towards the connec 
is received in the socket opening and in contact tion side of the substrate than towards the pin receiving 
between the first and second deflectable elements , side of the substrate , the first and second deflectable 
wherein each of the plurality of socket contacts elements being spaced apart by a distance that is less 
comprises an open end configured to receive the 60 than the diameter of a male pin to be received thereby 
male pin therein and a closed end opposite the open towards the pin receiving side of the substrate , 
end and towards the end connection portion of the wherein each of the first and second deflectable elements 
socket contact , wherein the each of the plurality of comprises an elongate portion coupled to the end 
socket contacts is held in the corresponding opening connection portion by a transition portion , the end 
of the substrate by a portion of the at least one end 65 connection portion being centered at the connection 
connection retention guide layer and a holding ele side of the substrate relative to the center pin receiving 
ment of one of the plurality of holding structures of region , and 
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further wherein a holding element of one of the plurality at least one end connection retention guide layer com 
of holding structures is positioned between the transi prising a plurality of end connection receiving open 
tion portions coupling the elongate portions of the first ings , 
and second deflectable elements to the end connection at least one deflection element receiving layer compris 
portion and in contact with the socket contact to hold 5 ing a plurality of deflection element receiving open 
the socket contact in the corresponding opening of the ings , and 
substrate . at least one socket contact holding layer comprising a 

7 . The adaptor of claim 1 , wherein a length of the end plurality of holding structures positioned between 
connection portion in the direction of an axis along which the at least one end connection retention guide layer 

and the at least one deflection element receiving the socket contact lies between the pin receiving side and the layer ; and connection side is greater than a thickness of the at least one a plurality of socket contacts , wherein each of the plural end connection retention guide layer in the direction of the ity of socket contacts is provided within a correspond 
axis of the socket contact . ing opening of the plurality of openings of the sub 8 . An adapter apparatus comprising : strate , wherein each of the plurality of socket contacts 

a substrate having a pin receiving side and a connection comprises : 
side opposite the pin receiving side , wherein a plurality an end connection portion , wherein at least a part of the 
of openings are defined through the substrate between end connection portion is received in one of the 
the pin receiving side and the connection side , and plurality of end connection receiving openings , and 
further wherein the substrate comprises a plurality of 20 first and second deflectable elements configured to be 
layers , wherein the plurality of layers comprise : received in one of the plurality of deflectable element 
at least one end connection retention guide layer com receiving openings , wherein the first deflectable ele 

prising a plurality of end connection receiving open ment and the second deflectable element are coupled 
ings , to the end connection portion to define a socket 

at least one deflection element receiving layer compris - 25 opening configured to receive a male pin therein , 
ing a plurality of deflection element receiving open wherein the socket contact is held in the correspond 
ings , and ing opening of the substrate by a portion of the end 

at least one socket contact holding layer comprising a connection retention guide layer and one of the 
plurality of holding structures positioned between plurality of holding structures of the socket contact 
the at least one end connection retention guide layer 30 holding layer , and further wherein the first and 
and the at least one deflection element receiving second deflectable elements deflect when a male pin 
layer ; and is received in the socket opening and in contact 

a plurality of socket contacts , wherein each of the plural between the first and second deflectable elements , 
ity of socket contacts is provided within a correspond wherein each of the plurality of socket contacts are 
ing opening of the plurality of openings of the sub - 35 not press - fit within a corresponding opening of the 
strate , wherein each of the plurality of socket contacts plurality of openings of the substrate . 
comprises : 10 . An adapter apparatus comprising : 
an end connection portion , wherein at least a part of the a substrate having a pin receiving side and a connection 

end connection portion is received in one of the side opposite the pin receiving side , wherein a plurality 
plurality of end connection receiving openings , and 40 of openings are defined through the substrate between 

first and second deflectable elements configured to be the pin receiving side and the connection side , and 
received in one of the plurality of deflectable element further wherein the substrate comprises a plurality of 
receiving openings , wherein the first deflectable ele layers , wherein the plurality of layers comprise : 
ment and the second deflectable element are coupled at least one end connection retention guide layer com 
to the end connection portion to define a socket 45 prising a plurality of end connection receiving open 
opening configured to receive a male pin therein , ings , 
wherein the socket contact is held in the correspond at least one deflection element receiving layer compris 
ing opening of the substrate by a portion of the end ing a plurality of deflection element receiving open 
connection retention guide layer and one of the ings , and 
plurality of holding structures of the socket contact 50 at least one socket contact holding layer comprising a 
holding layer , and further wherein the first and plurality of holding structures positioned between 
second deflectable elements deflect when a male pin the at least one end connection retention guide layer 
is received in the socket opening and in contact and the at least one deflection element receiving 
between the first and second deflectable elements , layer ; and 
wherein at least a portion of each of the plurality of 55 a plurality of socket contacts , wherein each of the plural 
socket contacts is sandwiched between a holding ity of socket contacts is provided within a correspond 
element of one of the plurality of holding structures ing opening of the plurality of openings of the sub 
of the at least one socket contact holding layer and strate , wherein each of the plurality of socket contacts 
one or more portions of the at least one end connec comprises : 
tion retention guide layer . an end connection portion , wherein at least a part of the 

9 . An adapter apparatus comprising : end connection portion is received in one of the 
a substrate having a pin receiving side and a connection plurality of end connection receiving openings , and 

side opposite the pin receiving side , wherein a plurality first and second deflectable elements configured to be 
of openings are defined through the substrate between received in one of the plurality of deflectable element 
the pin receiving side and the connection side , and 65 receiving openings , wherein the first deflectable ele 
further wherein the substrate comprises a plurality of ment and the second deflectable element are coupled 
layers , wherein the plurality of layers comprise : to the end connection portion to define a socket 



27 
US 9 , 877 , 404 B1 

28 
opening configured to receive a male pin therein , the first and second deflectable elements of the socket 
wherein the socket contact is held in the correspond contact are located within a corresponding deflection 
ing opening of the substrate by a portion of the end element receiving opening of the plurality of deflection 
connection retention guide layer and one of the element receiving openings of the at least one deflec 
plurality of holding structures of the socket contact 5 tion element receiving layer . 
holding layer , and further wherein the first and 12 . The method of claim 11 , wherein the socket contacts 
second deflectable elements deflect when a male pin are flat . 
is received in the socket opening and in contact 13 . The method of claim 11 , wherein a cross - section area 
between the first and second deflectable elements , of each of the plurality of end connection receiving openings 
wherein each of the plurality of socket contacts 10 orthogonal to an axis along which the socket contact is 
comprises : smaller than a cross - section area of each of the plurality of 
the first and second deflectable elements and end deflection element receiving openings orthogonal to the axis 

portion coupled thereto formed as a first flat along which the socket contact lies . 
contact portion ; and 14 . The method of claim 11 , wherein each of the plurality 

third and fourth deflectable elements and an end 15 of holding structures of the at least one socket contact 
connection portion associated therewith formed as holding layer comprises a holding element separating a pair 
a second flat contact portion , wherein the first and of openings , wherein inserting the first and second deflect 
second flat contact portions are arranged orthogo - able elements of the each socket contact through one or more 
nal to one another to provide a four deflectable openings of a corresponding holding structure comprises 
element socket opening configured to receive a 20 inserting each of the first and second deflectable elements of 
male pin therein . each of the plurality of socket contacts through respective 

11 . A method for use in forming an adapter apparatus , openings of the pair of openings . 
wherein the method comprises : 15 . The method of claim 11 , wherein each of the plurality 

providing a plurality of layers , wherein the plurality of of socket contacts is held in the corresponding opening of 
layers comprise : 25 the substrate by a portion of the at least one end connection 
at least one end connection retention guide layer com - retention guide layer and a holding element of one of the 

prising a plurality of end connection receiving open plurality of holding structures of the at least one socket 
ings , contact holding layer extending within at least part of the 

at least one deflection element receiving layer compris socket opening proximate the coupling of the first and 
ing a plurality of deflection element receiving open - 30 second deflectable elements to the end connection portion . 
ings , and 16 . The method of claim 11 , wherein each of the plurality 

at least one socket contact holding layer comprising a of socket contacts comprises an open end configured to 
plurality of holding structures , each holding structure receive the male pin therein and a closed end opposite the 
comprising a holding element and one or more open end and towards the end connection portion of the 
openings defined adjacent thereto ; 35 socket contact , wherein the each of the plurality of socket 

providing a plurality of socket contacts , wherein each of contacts is held in the corresponding opening of the sub 
the plurality of socket contacts comprises : strate by a portion of the at least one end connection 
an end connection portion , wherein at least a part the retention guide layer and a holding element of one of the 

end connection portion is configured to be received plurality of holding structures of the at least one socket 
in one of the plurality of end connection receiving 40 contact holding layer in contact with a portion of the closed 
openings , and 

first and second deflectable elements configured to be 17 . The method of claim 11 , wherein each of the plurality 
received in one of the plurality of deflectable element of deflection element receiving openings comprises : 
receiving openings , wherein the first deflectable ele a center pin receiving region , and 
ment and the second deflectable element are coupled 45 first and second deflection regions , wherein each of the 
to the end connection portion to define a socket first and second deflection regions are defined by one or 
opening configured to receive a male pin therein ; more deflection region surfaces opposite the other and 

coupling the at least one socket contact holding layer and adjacent the center pin receiving region ; 
the at least one deflection element receiving layer such wherein the first deflectable element is coupled to the end 
that the one or more openings of each holding structure 50 connection portion and provided at least partially in the 
of the plurality of holding structures are aligned with a first deflection region and the second deflectable ele 
corresponding deflection element receiving opening of ment is coupled to the end connection portion and 
the plurality of deflection element receiving openings ; provided at least partially in the second deflection 

inserting the first and second deflectable elements of each region , and 
of the plurality of socket contacts through one or more 55 wherein the first and second deflectable elements are 
openings of a corresponding holding structure of the spaced apart by a greater distance towards the connec 
plurality of holding structures of the socket contact tion side of the substrate than towards the pin receiving 
holding layer such that the holding element of the side of the substrate , the first and second deflectable 
corresponding holding structure is in contact with a elements being spaced apart by a distance that is less 
portion of the socket contact with the socket cavity , and 60 than the diameter of a male pin to be received thereby 

coupling the at least one end connection retention guide towards the pin receiving side of the substrate , 
layer to the socket contact holding layer such that at wherein each of the first and second deflectable elements 
least a part of the end connection portion of each of the comprises an elongate portion coupled to the end 
plurality of socket contacts is received within a corre connection portion by a transition portion , the end 
sponding end connection receiving opening of the 65 connection portion being centered at the connection 
plurality of end connection receiving openings of the at side of the substrate relative to the center pin receiving 
least one end connection retention guide layer , wherein region , and 

end 
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further wherein a holding element of one of the plurality 

of holding structures is positioned between the transi 
tion portions coupling the elongate portions of the first 
and second deflectable elements to the end connection 
portion and in contact with the socket contact to hold 5 
the socket contact in the corresponding opening of the 
substrate . 

18 . The method of claim 11 , wherein a length of the end 
connection portion in the direction of an axis along which 
the socket contact lies is greater than a thickness of the at 10 
least one end connection retention guide layer in the direc 
tion of the axis of the socket contact , such that at least a part 
of the end connection portion of each of the plurality of 
socket contacts extends through and out of the correspond 
ing end connection receiving opening of the plurality of end 15 
connection receiving openings of the at least one end 
connection retention guide layer . 

19 . The method of claim 11 , wherein coupling the at least 
one end connection retention guide layer to the socket 
contact holding layer comprises using a layer of pre - preg 20 
material to couple the at least one end connection retention 
guide layer to the at least one socket contact holding layer . 

20 . The method of claim 11 , wherein at least a portion of 
each of the plurality of socket contacts is sandwiched 
between a holding element of one of the plurality of holding 25 
structures of the at least one socket contact holding layer and 
one or more portions of the at least one end connection 
retention guide layer . 

* * * * 


