SPRI NG CONTACT ASSEMBLY FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to electrical contact probes formng electrical interconnects and,
nore particularly, to a spring contact assenbly having two novabl e and
over | appi W 9PUE8AFs having flat contact surfaces surr¥feHBE86Y673h ext er nal
spring. BACKGROUND OF THE | NVENTI ON [ 0002] Conventi onal spring | oaded
contact probes generally include a novable plunger and a barrel having an
open end for containing an gpRaneedostal® Assashion of the plunger, and a
spring for biasing the travel of the plunger in the barrel. The plunger
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beari ng sEELDOOF T$IEBONENEIDN N the barrel by a crinp near the barrel open
end. The ger = - hi I d _dj e by the
@bﬁg Th%Pz%QéHﬂ %%Mté@' AR t&éi&é‘éﬁéﬁh?ﬁ;tagﬁ Rfogﬁefﬁotéﬁgl ‘@1&}&@?

spring an y be ased or depressed I nwar € rrel, a selected
di st ance, IntFEBPeA oI mATs RAEH BT g0l 1PFing pentags AFsRyblyAavine tyasoyeie apd asi ng
of the plevegespiagslungds kdvengofid: cohtaqseet Surfoahsal IBNRLNStefal kg M t t ent

poi nts of no contact between the plunger and the barrel. The pl unger
generally is solid and includes a head or tip for contacting el ectrical

devi ces URAEKGRYNDTPR Thid INENMBNYYMI so include a tip opposite the barrel's
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[ 0006] I n response thereto external spring probes were designed having flat
conponents which can be produced | ess expensively by stanping. Typically

t hese designs incorporate two conponents which are connected orthogonal |y
and the electrical path between the two conmponents is through a protruding
end surface. A problemw th this design is that the conponents wear out
rat her qui ckly and have a short |ife span requiring constant replacenent.
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cont act ?&£ﬁ&g along a length of the tail portion; a second contact nenber
having a portion having a flat contact surface along a |l ength of the
tai |l por{U08hl aHFeEPoBEBFEOSKEHIA BPTINgPTREY et desieaerLiveied]ah rmmpneptsi |
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portion O Frret con cont act
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contact sithpakstsa¥@ro@fathfeuidkdt artiontag thopUiift as@Scgufihdere@npr essi on of the
spring to ?vercone a torsional spring force on the first contact nenber and
the secof® ¥6WFAct nenber; wherein the flat contact surface on the tai
port|ons[@MﬁlhernﬁaumdamU@@i@ﬁﬂnﬁ&mnawdpmmgmsmnonamddmﬂamyﬂhadb@m;is

paral | el .andRRQYRaAufbdld ne of a cylindrical tail portion dianmeter; and
wherein the flat contact surface on the tail portions of the first contact
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n a. helix about a mdline of a
cylindri é87% quaﬂ&gﬁP?S gggfﬁjaﬁ %%Baég?uiécordlng to a fourth aspect of
the present invention, there is provided a spring contact assenbly
conprising: a first contact nmenber having a tail portion having a flat
contact surface along a length of the fail portion; a second contact nenber
having a tail portion having a flat contact surface along a length of the
tail portion; and a conpression spring having a reduced di aneter coi
section attached to the first contact nenber tail portion and the second
contact nenber tail portion, whereby the flat contact surface of the tai
portion of the first contact nenber slidably engages the flat contact



portion and the second contact nenber tail portion, whereby the flat
contact surface of the tail portion of the first contact nenber slidably
engages the flat contact surface of the tail portion of the second contact
menber and increases in contact surface area of the flat contact surfaces
during conpression of the spring to overcone a torsional spring force on
the first contact nenber and the second contact nenber; and wherein the
tail portgd f £ .S, ; . j ol .j on of
the socoloftsh AL SbkESE RS Apkcr TR Releft b BhicBAfel EpBlded BRERLT,
recei vi ngorthe ateiblypamiprdmgod fitheoitactshertomhacing arabpsrtiod QVRgH fecor di ng
to a seventh aspect  of the ﬁrgﬁgnt,inven;ion, %ﬁere is provided a spring
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the first flat nt act renper tail rti.on apnd th ond fl at. contact

ronber ¢ BPTIoRGpS P e SRRRg prabeRY aeioBur heeky B TR i BT of ¢ he
first fl afil gRAéo6f theBRDesntadttabey sRdRgasbhent Fat cent agfacs wrfirag) of the
tail portion of the second flat contact nenber at an inclined configuration
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cont act (TN I j Al i al
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spring contact, assenbly_ caqnprising: first flat contact nber having a
tail por PP tﬁ%@?fﬁl@ﬂ%@%@ﬁ%é%ﬁogfa?tfraegbwa {PesSer aHLoRtast meRder &iPE08E L on; a
second fEﬁ@a&ﬁ@%ﬁﬁﬁhﬂ@@@@&ﬂﬂﬁﬁbﬁQmﬁgﬁﬁbhdE&ﬁﬁ&PﬁuﬁﬁMﬁQ&1ﬁb99ﬂ%ﬁﬁktSurfac?
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portion efrfaceendecoigofticas of wrtfast contwbaembei alidrib secend) egrdact iembeoist act
surface of the tail .portion of .the.first flat.coptact nmenber; a third flat
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contact Rember: and arsingre conpression’ spring is attache Y'8° and

sur r oundgoitiva hhaink afiak torams seffadehéorfd o lehgth 96 daitdi] potiondamindcdnopressionf | at
contact nenbers, whereby the first flat contact r and tﬁg second

b
contact fHHEhVYIeR HHp Y ciAm R Pliegi rettiached g dhe Hist B RO Fiber and
the foubbhicnQRE 8t seBRIMEhtRMRbECHN ip%ﬁlohlywh&n%tﬁ&%& Lo ENGrhdY drdnd | at

cont act nenbe( and the fourth fl at contact nenber such that there are two
i ndependiéml pastiercet the kst penthe mvnorslidabdy axseedthy flaf 0608} Ertvodiofgrttsil of t he

present inventi.gn are directed to a .spring contact assenbly _.having two

Povanl e BRSCBEARiTHGoRE SerbRmedPatnts fPthES sREeF Mnadd 4y an

ext er nal cspdtRGfadeaalirifd egSesMASoRhe PHRAb opechineA taRthnal dpdink fHQE bh ON

wherein the_ tail portion has a flat surface that passes over and makes
T

cont act MWaHsEeenEshHsTAE PdtheysscondPntys Mangier Wasreie thBatgopiagiysuifsen
assenbl edy (e SBHIAI AT AA%oRAM HehBalaB ESR MY SrfRS hefibel NG:ARRPSI NG

pl ungers to prevent e plungers from separating fromthe spring, thus
fixing thed phavegenidiondietylpdricalaml aodiot eniadrt apbwhéremshavlbteurfespact to
each end _of the spring. .Utilizing the natural torsional venent of the
Spr i ng whiA e Pertichs el iy seniact pfanter 26< U SFoppd SOBRCIRBM BT i fmed 1 ¢
portionspaml Mk R nfi@ttadta dNhONAN it pdrtiéh SiRRIESSI on stroke of the contact
assenbly. The contact between the opposing flat sections prevents the

tw sting or torsional novenent of the spring fromtranslating to the tips
on the contact portions. The opposition to the natural tw sting enhances
the electrical conductivity of the conponents, which in turn inproves
performance of the spring contact assenbly. The spring can al so have
reduced di aneter coil sections along the Iength of the spring to further
constrain the plunger tails and enhanc®-the interaction between the two

pl ungers, or further biasing effect can be created by adding an of fset coil
section in the spring. [0009] The flat surface on the tail portion of the

pl unger would nornmally be fornmed parallel at the mdline of the cylindrical
tail portion dianmeter for each plunger. In an alternative enbodi nent, the
flat surface may be fornmed parallel above the mdline of the cylindrical
tail dianeter to increase the resulting conbined thickness of the assenbly,
creating additional interaction between the two plungers. In further



[ 0011] Each of the plungers may be forned in a general cylindrical shape,
suitable for |athe, screw nmachine or other simlar manufacturing equi pnent.
Alternatively the plunger may be formed in a generally flat shape, suitable
for stanping, etching, photolithography or other simlar manufacturing
techni que for creating substantially two di nmensi onal geonetries. [0012] For
generally flat shaped plungers, the plunger tail section may have a portion
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havi ng t he
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finished t fixture or cket confjqur can be,s Ie poi nt,
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pIunger in conmbination with a flat plunger. This hybrid conbination can
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a fuIIy rc con asse ncorporating a unger as the
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nore fully understood wth refer nce to the | ed descripti n i
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i nvention is a side view of first plunger of the spring
cont act pegEmiifyhofecFidonlsct RODLE md@mtsases imcaitaie swifag aoda rthaflater nat i ve
pl unger Cci:ggtla su?ffacets %%ngé ggrggltessiigﬁ/ §F tthe spl‘lng to overcome a torsional spring force on

the first contact member and the second contact member:; and wherein at least one of the

first contact member or the second contact member includes a slot in the tail portion.

[00071] According to a sixth aspect of the present invention, there is provided a spring

contact assembly comprising: a first contact member having a tail portion having a flat

contact surface along a length of the tail portion; a second contact member having a tail

portion having a flat contact surface along a length of the tail portion; and a compression

spring having a reduced diameter coil section attached to the first contact member tail
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[0018]FIG 4 is a side view of a second plunger of the spring contact
assenbly of FIG 1; [0019]FIG 5 is a side view of a spring of the spring
contact assenbly of FIG 1; [0020]FIG 6 is a cross-sectional view of the
spring contact assenbly of FIG 1; [0021]FIG 7 is a side view of an
alternative plunger design of the present invention; [0022]FIG 8 is a side
view of an alternative plunger design of the present invention; [0023]FI G
9 is an axial cross-sectional view of the spring contact assenbly of FIG 1
inserted into a test socket; [0024]FIG 10 is a perspective of an

al ternative embodi ment spring contact assenbly of the present invention;
100251FIG 11 is a side view of one plunger of the s g{ cont act assenbl y
of FIG POFtiop@pe ) aseegndiopntagt %‘e”s”‘@FFetﬁ’étPPEmink Wh%ﬁ%fheéﬁ% §1tact SRS o

procedur @aﬂ‘;ﬁm&hgf Rk BRI LEnt didrbber %ﬂda&?%ﬁ# t‘lf?? ﬂ%?’cdrﬁac@sz?ﬂf&% o‘f'ﬂ%v’t’af?f a

second plu the spring contact ass
portmn of the second contact member and increases in contact surface area of the flat

contact surfaces during compression of the spring to overcome a torsional spring force on
the first contact member and the second contact member; and wherein the tail portion of
the first contact member is flat and the tail portion of the second contact member has two
internally opposed flat surfaces for receiving the tail portion of the first contact member.
[0007g] According to a seventh aspect of the present invention, there is provided a spring
contact assembly comprising: a first flat contact member having a tail portion having a
contact surface along a length of the tail portion; a second flat contact member having a
tail portion having a contact surface along a length of the tail portion; and a compression
spring attached to the first flat contact member tail portion and the second flat contact
member tail portion, whereby the contact surface of the tail portion of the first flat contact
member slidably engages the flat contact surface of the tail portion of the second flat
contact member at an inclined configuration which increases the sliding engagement and
contact surface area of the flat contact surfaces during compression of the spring by
transferring axial forces supplied by the spring normally to the sliding surfaces.

[6007h] According to an eighth aspect of the present invention, there is provided a spring
contact assembly comprising: a first flat contact member having a tail portion having a
contact surface along a length of the tail portion; a second flat contact member having a
tail portion having a contact surface along a length of the tail portion wherein the contact
surface of the tail portion of the second flat contact member slidingly engages the contact
surface of the tail portion of the first flat contact member; a third flat contact member
having a tail portion having a contact surface along a length of the tail portion; a fourth
flat contact member having a tail portion having a contact surface along a length of the tail
portion wherein the contact surface of the tail portion of the fourth flat contact member
shidingly engages the contact surface of the tail portion of the third flat contact member;
and a single compression spring is attached to and surrounds the tail portions of the first,
second, third and fourth flat contact members, whereby the first flat contact member and

the second contact member are adjacent and parallel to the third contact member and the
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[0028]FIG 14 is a cross-sectional view of the spring contact assenbly of
FIG 10; [0029]FIG 15 is an axial cross-sectional view of an alternative
spring contact assenbly of FIG 10; [0030]FIG 16 is a perspective view of
an alternative spring contact assenbly of the present invention; 100311FI G
17 is a perspective view of another alternative enbodi nent spring contact
assenbly of the present invention; [0032]FIG 18 is a side view of another
alteivativc enbodi ment spring contact assenbly of the present invention;
[0033]FIG 19 is a perspective view of another alternative enbodi nent
spring contact assenbly of the present invention; WD

2009/ 039205PCT/ US2008/ 076720 [0034]FIG 20 is a perspective view of another
alternative enbodi nent spring contact

fourth contact member and electrically isolated from the third flat contact member and the
fourth flat contact member such that there are two independent electrical paths within the

assembly. _

[0008] Embodiments of the present invention are directed to a spring contact assembly
having two movable and overlapping contact members or plungers surrounded by an external
spring. Each plunger has a contact portion and a tail portion wherein the tail portion has a flat
surface that passes over and makes contact with an opposing plunger tail portion inside the
spring when assembled. The spring has end coils that press onto each of the opposing
plungers to prevent the plungers from separating from the spring, thus fixing the plunger
contact portion and the tail portions with respect to each end of the spring. Utilizing the
natural torsional movement of the spring while it is compressed, the flat surfaces of the
plunger tail portions maintain contact throughout the compression stroke of the contact
assembly. The contact between the opposing flat sections prevents the twisting or torstonal
movement of the spring from translating to the tips on the contact portions. The opposition to
the natural twisting enhances the electrical conductivity of the components, which in turn
improves performance of the spring contact assembly. The spring can also have reduced
diameter coil sections along the
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assenbly of the present invention; [0035]FIG 21 is a perspective view of
anot her alternative enbodi nent Kel vin neasurenent spring contact assenbly
of the present invention; [0036]FIG 22 is a perspective view of three

di mensi on&O W35 ti p enbodi ment of the present i nveP€T/G8R00§00BV] FI G 23
is a perspective view of a spring contact assenbly with the tip
configuration of FIG 22. [0038]FIG 24 is a perspective view of an

' ' 1 ' . i ion: .[.0039] FI 25 is a

o ernat | 98l AShtd A5 OBl ey RSl A SRR OR: OSRATL25,
[ 0040] FI Ghepgo plngerp ey Sgthet bigeing pifet edn berpreatedhnaddinganadisttaoil seétjondesi gn;
and [0041fhkkfzing?7 is a perspective view of FIG 26 illustrating a three
di mensi o anOO&]O nt &f% figttl Riface on the tail portion of the plunger would normally be formed

parallel at the midline of the cylindrical tail portion diameter for each plunger. In an

alternative embodiment, the flat surface may be formed parallel above the midline of the

cylindrical tail diameter to increase the resulting combined thickness of the assembly,

creating additional interaction between the two plungers. In further embodiments the flat

surface on the tail portion may be formed at either an angle to or in a helix about the midiine

of the cylindrical tail portion diameter.

[0010]  In yet another embodiment, one plunger includes an essentially flat tail portion,

centrally located along the axis of the component, and the opposite plunger has a mating slot

which receives the flat tail portion of the opposite plunger. This design allows for two edges

to be in slidable contact engagement, thus enhancing resistance performance.

[6011]  Each of the plungers may be formed in a general cylindrical shape, suitable for

lathe, screw machine or other similar manufacturing equipment. Alternatively the plunger

may be formed in a generally flat shape, suitable for stamping, etching, photolithography or

other similar manufacturing technique for creating substantially two dimensional geometries.

[0012]  For generally flat shaped plungers, the plunger tail section may have a portion that

extends beyond the opposite ends of the coils of the spring. This facilitates enhanced

electrical contact and adds additional support to the opposite plunger tip or contact portion.

The plunger tail portion that extends past the opposite end of the spring can have the edges on

one side reduced to provide for maximum material utilization. A slot may also be provided

in the spring interference area of the flat pattern version of the plunger to provide additional

compliance, absorbing tolerance while providing a reliable press fit. Flat plunger designs

also can benefit from having the plungers generally sliding together at an inclined

configuration, thus transferring some of the axial forces supplied by the external helical

spring to a perpendicular direction, which is normal to, mating plunger surfaces. This normal

surface force enhances intimate electrical contact between the components. Methods for

maintaining the probe together include enlarged tail portions extending past reduced diameter

center coils and interlocking tabs on the contact portions. Kelvin configurations are also

possible having two separate electrical paths isolated from one another within a single probe.

[0013] Further benefits provided by flat geometry allow multiple plungers to be casily

fabricated as part of a lead frame assembly, facilitating plating and assembly in high volumes.

Completed assemblies can also be supplied attached to a lead frame, making it easier for the

end user to load the probe assembly into a finished test fixture or socket. Tip configurations

can be single point, multiple point or three dimensional.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0042] FIGS. 1-11 illustrate a first
enbodi nent spring contact assenbly 10 of the present invention. The spring
contact assenbly 10 includes a first contact nenber or plunger 12, a second
contact nenber or plunger 14, and a spring 16. As shown in FIG 2, plunger
12 includes a contact portion 18 and a tail portion 20. A contact tip 22 is
positioned at an end of the contact portion 18 and can have nmultiple
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contact assenbly 70 includes two novabl e and overl appi ng plungers 72 and 74
surrounded by an external spring 76. Plungers 72 and 74 are fornmed in a
generally flat shape, suitable for stanping, etching, photolithography or
ot her si nGIHEAWEact uri ng techni que for creating subBEHEPIEHT7¢720
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[0053]FIG 18 illustrates another alternative enbodi ment spring contact
assenbly 146 of the present invention. The spring contact assenbly 146 is a
flat configuration having a first contact nmenber 148 and a second contact
menber 1580 Bagtssl the tail portions 152 and 154 of cBAT/HBW0OHEATErs 148
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di mensi onal contact tip into a three dinensional contact tip. This can be
done by bending or other formng type operations. Sinmlarly, FIGS 26 and
27 illustrate yet another alternative three dimensional contact tip design
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two di nensional configuration as shown in FIG 26 wherein contact nenber
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several enbodi ments thereof it is to be understood that changes and
nodi fi cati ons can be nade therein which are within the full scope of the

i nvention as hereinafter clained. WHAT IS CLAIMED IS: |.A spring contact
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contact nenber having a tail portion having a flat contact surface along a

| engt h of ygohagy t aiphyRarid lﬁauﬁégdcontactﬁ)or?t?ncé}rgg&ﬁﬁ%b%d ﬁ?#ﬂﬂ)% c%]r%’xj i sheduced

di aneter coil seciion . attac rst cont portion and

the secontOUHEEHONREpdRdes 3 cpntag tip; Sdrhigheandgany pa F%@ef@éﬁﬁwﬂ%r face of
the tail pofigvanons Cdweidtiinghe eatht phingerabe falénsbidad, prepaagiesectibe f at

nd
et casects Bfileld alGdt oo RORLIRBeS ol MopEFbaREe ORl-8 ot ipgTN
conpr essi $AtieF 83 nBaikssetigns igcladesraasmargedportion M br aeatinggn figerferemn fit he first
contact neithend &l dre s§ﬁ nelcGeRttGt sﬁ?ﬂi@%ﬁtact in its assembied c&‘ﬁ%xﬁtf&nt he flat

econd cofut SiiReds % MelwdER  ep e a0nish SE erting Jpiatel grian O HEHQN Foal 14l

portion dmairﬁeﬁfelge 99 pT¥itored eivizky thefcoplaet savtionvind tai sectidme Rafirseetipniodc| udes

reduced dingfiBein Mg PoriFordd BRERIRAN hidBekAle fRAM hOBSt coils of spring 76.
[0049] In the flat configuration spring contact assembly 70, the plunger tail sections 82
and 94 may have an end portion 100 that extends past the end coils of the spring as shown in
FIG. 10. This design enhances the electrical contact between the plungers and adds support
to the opposite plunger tip. One or both of the plunger tails can extend beyond the end coils
for a particular application. As shown in FIG. 11 and FIG. 14 the end portion 82 which may
extend beyond the end coils of the spring may have the comer edges 102 removed allowing
for maximum material utilization.
[6050] As shown in FIG. 13 plunger 74 may include a slot 106 in the spring interference
area of the plunger to provide additional compliance, absorbing tolerance while providing a
reliable press fit for the end coil. As shown in FIG. 15 the flat plunger design benefits from
the new result of having the plungers 72 and 74 generally sliding together in an inclined
configuration with respect to a midline axis 108. The plungers sliding together at an incline
configuration transfers some of the axial forces supplied by the external helical spring 76 to a
perpendicular direction, or normal to, the mating flat plunger surfaces. The normal force
enhances intimate electrical contact between the plungers as shown in FIG. 15.
[6G51] Yet another alternative embodiment spring contact assembly 112 is shown in FIG.
16 comprising mating plungers 114 and 116 and an external helical spring 118. In this
configuration, plunger 114 has a flat tail portion 120 and plunger 116 has a tail portion 122
having a feature with internally opposed flat surfaces 124 for receipt of flat tail 120. Tail -
portion 120 is centrally located along the axis of plunger 114 and the feature 124 is centrally
located along the axis of plunger 116. Spring contact assembly 112 allows for two flat edges
126 and 128 to be received in slidable contact with flat edges within feature 124. This design
provides for enhances resistance performance of the spring contact assembly.
[0052] FIG. 17 illustrates yet another alternative embodiment spring contact assembly
130 which is a hybrid combination of the spring contact assemblies of FIGS. 1 and 10,
Spring contact assembly 130 has a cylindrical plunger 132 and a flat plunger 134 in slidable
contact within an external helical spring 136. Tail portion 138 of plunger 132 has a flat
surface 140, and tail portion 142 of plunger 134 also has a mating flat surface 144. Flat
surfaces 140 and 144 are in slidable engagement.



20 3. The assenbly of claiml| wherein the spring includes reduced

di aneter center coil section which engages the tail portions. 4. The
assenbly of claiml wherein at |east one of the first contact nenber and
25t he secav20pmast nmenber is cylindrical. 5. FHBUawewsery of claim
4 wherein both the first contact nenber and the second contact nenber is
cylindrical. 6. A spring contact assenbly conpri sing: a first
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helical spring 174. In this embodiment, the center sections 176 and 178 of tail portions 180
and 182 respectively, are pierced through forming a tab 184, 186, which when contact
members 170 and 172 are assembled within the spring 174, the tabs interfock.
[0055] FIG. 20 illustrates another alternative spring contact agsembly 188 which
lustrates another alternative for connecting the contact members. Assembly 188 includes a
first contact member 190 and a second contact member 192 having tail portions 194 and 196
positioned within a helical spring 198. The center section 200 and 202 of the tail portions
have a non-centered tab 204 and 206 which when assembled interlock. Tabs 204, 206 are
formed by a forming or folding operation.
[0056] . FIG. 21 illustrates yet another alternative embodiment spring contact assembly
208 which is a Kelvin measurement configuration. Assembly 208 has two separate electrical
paths within a single spring 210. This is accomplished by having two separate contact
members 212 and 214 adjacent one another. Members 212 and 214 are clectrically isolated
from each other and from spring 210 by having a non-conductive coating positioned upon
adjacent surfaces. Contact member 212 has a first contact segment 216 and a second contact
segment 218. Similarly, contact member 214 has a first contact segment 220 and a second
contact segment 222, Each of segments 216 through 222 have a tail portion 224, 226, 228
and 230, respectively. Tail portions 224, 226, 228 and 230 have conductive surfaces 232
such that only sections 224 and 226 electrically communicate with one another and only
sections 228 and 230 electrically communicate with one another. Tail sections 224 through
230 are positioned within spring 210. Assembly 208 has two separate electrical paths within
a single spring wherein each contact path consists of two slidably engaging tail portions and
each contact path is electrically isolated from its neighboring contact path.
[0057] FIGS. 22 and 23 disclose another alternative embodiment spring contact assembly
234 having a first contact member 236 and a second contact member 238, Contact member
236 includes sections 240 and 242 each having a slot 244 so that sections 240 and 242 can
engage one another to create a three dimensional contact tip 246. Contact tip 246 comprises
four contact points 248. Sections 240 and 242 are illustrated as being connected



wherein the flat contact surface on the tail portions of the first contact
menber and the 15second contact nenber is forned at an angle to a mdline
of a cylindrical tail portion diameter. 7. A spring contact assenbly

conpri si nY.O 2009039208 first contact nenber having a tail PEOPSIOHEVI ng a
flat contact surface along a length of the tail portion; 20a second contact
menber having a tail portion having a flat contact surface along a |l ength
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about a mdline_of a cylindric or alve )
number of contact pgmts dependglg upon the particular application. The tip geometry can be

V-shaped, U-Shaped or other shapes to transform an otherwise two dimensional contact tip

into a three dimensional contact tip. This can be done by bending or other forming type
operations. Similarly, FIGS. 26 and 27 illustrate yet another alternative three dimensional
contact tip design for contact member 268. Contact member 268 initially is formed in a flat
two dimensional configuration as shown in FIG. 26 wherein contact member 268 includes a
tail portion 270 and a contact tip portion 272, As shown in FIG. 27, contact tip portion 272 is
folded upon itself to form the three dimensional configuration. In this embodiment, four
contact points 274, 276, 278 and 280 are illustrated.

{0059] Although the present invention has been described and illustrated with respect io
several embodiments thereof it is to be understood that changes and modifications can be
made therein which are within the full scope of the invention as hereinafter claimed.



8. A spring contact assenbly conpri sing: a first contact nmenber
having a tail portion having a flat contact surface along a | ength of the
tail portion; a second contact nmenber having a tail portion

havi ng a fl| aWviohiaCtAIMBIREE al ong a 5length of the tail portion; and

a conpressio sp%ng1 havi n . g ced di aneter coil section attached to the
first contact & 1?%ﬁqnihﬁ§$%§ A s econd contact nenber tai

portion, whenighYohte hb@berMmC SIUpdA6R haltink RefidtaiohtaRO&Irt0P aRfngt he
first contact menber slidably engages the flat contact surface of the tail

portion of thengbedte tedprdon; rrenber and increases 10i n contact surface

are% of the flat conta t S iace rlng co re Si aof %ﬁgt%%n% 9 Q
overcone a torsi char  8pri’Rgt SFEE 0 Ne § i sPOCont Aot ente {q" PHe®

second cont agbngmrmgghofthetaﬁ enehid both the first contact menber and the
second contact nenber are a flat configuration; and wherei n an

end portion of t Hecqapressisy wreadapmetareduged shametes grbyegtion ptashed et &g
ext end 15beycgo§9acme&%gl &R oﬂpgngﬁxﬁ%g%yﬁf(?@@&gfﬂqepgaﬂ flod e cont act

assenbly is e asse armi8 Wherein an edge
surface of the taslvheralgf tHeofMat aloatagt td‘iéicbelﬁgfhfhteﬁifpdrhen odithe HBL tomactapanisirt e
the flat contact surface is renoved. Zgioﬁﬁ’ pring caontact assenbly
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flat cont aCtm%Mhéraﬁl?d %(9‘@9&6? lne&glttﬂt %fulfgi&le a}e%' #)f RRE tﬂa@ bontact sur ch§ ecﬁl?fﬁ%
contact nenber aving a tai portion havi ng a at contact sur ace g a
| engt h of t hentmaedsiopoof itengprangdio overcome a torsional spring force on the first contact
member and the second contact member;
wherein the flat contact surface on the tail portions of the first contact member
15 and the second contact member is parallel and above a midline of a cylindrical tail

portion diameter.

2. The assembly of claim 1 wherein the spring includes reduced diameter end

coils which engage the tail portions.

3. The assembly of claim 1 wherein the spring includes reduced diameter center

coil section which engages the tail portions.

4. The assembly of claim 1 wherein at least one of the first contact member and

25  the second contact member is cylindrical.

5. The assembly of claim 4 wherein both the first contact member and the second

contact member is cylindrical.
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25a conpression spring having a reduced dianmeter coil section attached to
the first contact mnber tail portion and the second contact nenber tai
portion, whereby the flat contact surface of the tail portion of the
first contacé. nenbeprisg cataddt pssempigesnprisend:| at contact surface of the tai
portion of th econd cont act nenber, and i,ncreases in contact surface area
of the flat EHRY SRS UPYERE LouHE g CORPORSTTN: Gt (A SRR AP et EPEBe
30a torgsf@pal sRfiddg force on the first contact menber and the second
contact nenber; and wherein at |east one of the first contact nenber
or the second sewnd aontagemsaber hevingestad mirben bavinher flai borpant tshgface alvng aA

sprinng conta ssenbl y conpri sing: a first contact nenber having a
taiﬁppo P%%ﬁ&ﬁﬁs?ﬁao O I%Fpgontact surface along a length of the tai

portion; a compressiéh §RHQMHAVERN REtccaRIdef @Vl Rgtidn h@iche@ thi GRstRavbkag a
flat contact surface along a 5length of the tail portion; and a

conpr eswiEwhespi pagionand thy scoukipoést Bicabet i pevidn. section attached to the
first contack,meabel. 4.8il, ?tlr H[rf%e %Fﬂxettgﬁ %ﬁ?o%n& tﬁg Hahn m%&b&aéﬂda?ly
the T3 the p of "t he

portion, er eby contact surface o tal ortron

first ceaiphaed thodbesntsdtistdideyofahgagiesortibe of thatsecanit aitacs utcheee and ircheasdsai |
portion, of the second contact nenber and increases 10in_contact surface
ar e of Iyqeatact gefagppica of thedle seeactgurnesy duoR® FEBRICEHOHPT s sPEpg forRyctcgme
overco : ' j Qr f nd t he
secondn%gﬁ?g%¥§ﬁ§ﬂ§%¥$ﬂ%%@9fﬁ&cgﬁﬁﬁg?%pﬁﬂf'gﬁ%ﬁgﬁ&%g%%$gﬁﬁgﬁﬁ?ﬁe first
cont act wheminethe iflat Edradct amdadehen fhaitdil patibhoof bk firkecomero menden tuat therseainelr

has two internally. o sed flat surfaces.for. receivjng the tail portion of
the fireqntach ﬁ)cegg)[e%/ ﬁé}%%glpfand above a midline of a cylindgca taii pogrtion %ameter; e?nd
wherein the flat contact surface on the tail portions of the first contact member and the

15  second contact member is formed at an angle to a midline of a cylindrical tail portion diameter.

7. A spring contact assembly comprising:
a first contact member having a tail portion having a flat contact surface along a length
of the tail portion;
20 a second contact member having a tail portion having a flat contact surface along a
length of the tail portion; and
a compression spring having a reduced diameter coil section attached to the first contact
member tail portion and the second contact member tail portion,
whereby the flat contact surface of the tail portion of the first contact member slidably
25  engages the flat contact surface of the tail portion of the second contact member and increases
in contact surface area of the flat contact surfaces during compression of the spring to overcome
a torsional spring force on the first contact member and the second contact member;
wherein the flat contact surface on the tail portions of the first contact member and the
second contact member is parallel and above a midline of a cylindrical tail portion diameter;
30 and
wherein the flat surface on the tail portions of the first contact member and the second

contact member is formed in a helix about a midline of a cylindrical tail portion diameter.
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15 12. A spring contact assenbly conpri sing: a first flat
contact nenber having a tail portion having a contact surface along a

|l ength of the tail portion; a second flat contact nenber
havi ng a tai$. porAispinghenntang assembht aotprsurd: ace al ong 20a | ength of the tai
portion; and a.conpression.spring attached to .the.first flat
ont act monbb et SPHoGGReTR KO e SRR & ABhiGt™ AOHser g § fneth
POr ti ONef the tail portion; whereby the contact surface of the tail portion of
the first flat contact menber sl dably engages the flat contact surface of
the tail porasenendfcontiet mendut hiviag acipit protionmbabiae aflat omntegh surfadd pleas a
configwra%%o?t iih I.ncreases the sliding engagenent and contact surface
ared of ‘P c’f%ﬁalBﬂ?QEt urfaces during conpression of the spring by

transferringa axhgesshH §eHgHPRle 0Ediedtden &R ddisc00 Bk ed © thb€irs bty
surfaces. 13. The assenbly of claim 12wherein the spring includes reduced
di anet epemher ©ibPPEiosena ithedseepnsbtpatachBmepder tajPortidns . 14. The
assenbl y of i rein ' ' e e i r
or s whi ch SRGsE A HURRERLE bRoSRE il REL A SEGREELERRNEL: SRMET
wher ei nerigagest @k lflapesritdcdRerfiave the tdnpatigeds drcbesant tomaddwhindler ped sereases

t hrough the reduced dianeter center coils. . , )
10 7 in contact surface area of the flat contact surfaces during compression of the spring to overcome
a torsional spring force on the first contact member and the second contact member;
wherein both the first contact member and the second contact member are a flat
configuration; and
wherein an end portion of the tail portions of the first or second contact members extend

15 beyond an end coil of the compression spring when the contact assembly is compressed.

9. The assembly of claim 8 wherein an edge surface of the tail portion along the

length of the tail portion opposite the flat contact surface is removed.

20 10. A spring contact assembly comprising:
a first contact member having a tail portion having a flat contact surface along a length
of the tail portion;
a second contact member having a tail portion having a flat contact surface along a
length of the tail portion; and
25 a compression spring having a reduced diameter coil section attached to the first contact
member tail portion and the second contact member tail portion,
whereby the flat contact surface of the tail portion of the first contact member slidably
engages the flat contact surface of the tail portion of the second contact member and increases
in contact surface area of the flat contact surfaces during compression of the spring to overcome
30  atorsional spring force on the first contact member and the second contact member; and
wherein at least one of the first contact member or the second contact member includes a

slot in the tail portion.
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16. The assenbly of claim 13 wherein the tail portions have interl ocking

t abs. 17. The assenbly of claim 12 wherein the first contact nenber
has a three 10di nensi onal contact tip. 18. A spring contact

assenbl y conbl.i si Agpring contact assemblyacdmprsiing:| at contact menber having a tail

portion having a contact surface algng a length aof th ail. portion; 15a
Decond 1t LOREaExeHaRBERe g g W TSRt oh TR 2ot bee SlpFlee
al ong aotgBeihRfiot;he tail portion wherein the contact surface of the tail
portion of the second flat contact menber slidingly engages the contact
surface of theedoaid| coptact membef hehegsfd tadlt pdrtian hewime s flareeriedt; surface along a

athird flat .contact nenber having a tail portion having a contact surface
al o%lg gleﬁ%tﬁgﬁéq%taﬁpopwg, -l portion; a fourth flat contact

menmber havi ngc@npbdioP§riredavhaw Rgucdanhast calickase aedcabdtathk ehgtcbnét t he
tail portion wherein the contact surface of the tail portion of the fourth

flat comeaber i poeiongind dhnigrgndengiass soper Bdmosét. sur face of the tail
portion of t ﬁerte%rﬂ% ﬁit%‘on%@ﬁ%xﬁﬁl% TREReL: %Ptﬁjonzéiath? NG &b ARG gﬂia?ﬁ{' ng
0 an S e tall pOI‘th , ird

is attached surroun ons of the first, secon

and f ougddagéd @t foobraedt soEhdEsSthe tail portion of the wherdeiyntddendnities ind krateases
contact nenber and the second contact nenber are adjacent and parallel to
t helG hi inoatst ataceairBef thedipt craastsurteess <YRPasoMmsHERR Ohhg SBIIRE 1 GVEEIomp

ity 4R L S S L R s L SR
paths wthin the
assenbl y. wherein the tail portion of the first contact member is flat and the tail portion of the
second contact member has two internally opposed flat surfaces for receiving the tail portion of
the first contact member.
15
12. A spring contact assembly comprising:
a first flat contact member having a tail portion having a contact surface along a
length of the tail portion;
a second flat contact member having a tail portion having a contact surface along
20 alength of the tail portion; and
a compression spring attached to the first flat contact member tail portion and the
second flat contact member tail portion,
whereby the contact surface of the tail portion of the first flat contact member
slidably engages the flat contact surface of the tail portion of the second flat contact member at
25 an inclined configuration which increases the sliding engagement and contact surface area of

the flat contact surfaces during compression of the spring by transferring axial forces supplied

by the spring normally to the sliding surfaces.

13.  The assembly of claim 12wherein the spring includes reduced diameter end coils

30 which engage the tail portions.
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14.  The assembly of claim 12 wherein the spring includes reduced diameter center

coils which engage the tail portions.

15.  The assembly of claim 14 wherein the tail portions have an enlarged end section

which passes through the reduced diameter center coils.

16. The assembly of claim 13 wherein the tail portions have interlocking tabs.

17.  The assembly of claim 12 wherein the first contact member has a three

dimensional contact tip.

18. A spring contact assembly comprising:

a first flat contact member having a tail portion having a contact surface along a
length of the tail portion;

a second flat contact member having a tail portion having a contact surface along
a length of the tail portion wherein the contact surface of the tail portion of the second flat
contact member slidingly engages the contact surface of the tail portion of the first flat contact
member;

a third flat contact member having a tail portion having a contact surface along a
length of the tail portion;

a fourth flat contact member having a tail portion having a contact surface along
a length of the tail portion wherein the contact surface of the tail portion of the fourth flat
contact member slidingly engages the contact surface of the tail portion of the third flat contact
member; and

a single compression spring is attached to and surrounds the tail portions of the
first, second, third and fourth flat contact members,

whereby the first flat contact member and the second contact member are
adjacent and parallel to the third contact member and the fourth contact member and electrically
isolated from the third flat contact member and the fourth flat contact member such that there

are two independent electrical paths within the assembly.
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