SMALL CONTACTOR PIN This is a regular application filed under 35 U S. C
111(a) claimng priority, under 35 U S.G 119(e) (1), of provisional 5
application Serial No. 60/965,022, previously filed April 23, 2003 under
35 U S.C. 111(b). BACKGROUND OF THE I NVENTION 1. Technical Field The
present invention relates to a connector apparatus which 10 acconplishes
interfacing of an integrated circuit with an IC test apparatus. Mre
particularly, the present invention provides an electrical connection

system which facilitates a pos ﬁﬂ*ﬁa&gﬁygaga@p@I@etmeen an | C devi ce under
test (DUT) and a | oad board o% the test apparatus, and positive restraint

of very small 15 connectors utilized in current test apparatus. 2.
Description of the Related Art Many different test site configurations have
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BACKGROUND OF THE INVENTION
1. Technical Field
The present invention relates to a connector apparatus which
10 accomplishes interfacing of an integrated circuit with an IC test
apparatus. Mcre particularly, the present invention provides an
electrical connection system which facilitates a positive
connection between an IC device under test (DUT) and a load board
of the test apparatus, and positive restraint of very small
15 connectors utilized in current test apparatus.
2. Description of the Related Art
Many different test site configurations have been devised
for quickly and temporarily connecting integrated circuit leads
0of a device to be tested to a lecad board of a tester. Automated
20  test apparatus in particular use a number of such configurations.
Cne arrangement uses force brought to bear upon a contact
positioned between a lead of the IC and the load board to deform

a prcbe tip of the contact and engage a pad on the load board.

Ancother arrangement is to use engagement force applied by the IC




to rotate a contact nmounted within a slot to overcone positional bias

| nposed by an el astoneric elenent to the contact. An end of the contact
opposite an end engaged by the I C contacts a pad of the |oad board when
the IC and test site are brought together. 5 Such configurations provide
for positive connection between |eads of a OQUT and correspondi ng | eads of
a test apparatus and rely upon the initial engagenent between the DUT and
test site to ensure a positive connection. It would be desirable to

provi de+3 syshem af bondhng AQuedi thonaln B edefer Bed temneepoknt agddition
to that provided by initial engagenent of the DUT and the test apparatus,

to bettgnaseRppPbeed PPShhi ¥EatOrdFica) GRMEGH @he BUREAGE. | AnWONb4dopE
desirabl e that excessive force not be required between the DUT and test

site. 13nkt cbathett Bepes dt 6t @t esndfedfiydd B tkt 1khabnthetsURr 8B4 of
Invention is directed. The present invention is an apparatus I ch

accomodatkesohBepBa 8l CliRée st hSUNVARYG @ skHk it NVENE! BNothatpEsgethetNVeNtion
is a small pin contactor arrangenent, 20 positioned within a housing, for

faci bi tati ngsaenneshidgutfieioheasisowfdandmipgiatied ebhekdctibd between
corresponding termnals of a |oad board. The housing typically has a

pl uralitiyaak generaltyanpacattedp&ldtng fileladseed i ngsd appeespapding
plurality of contacts, one in each slot. Each contact has a nose end that
rely upon the initial engagement between the DUT and test site to
ensure a positive connection.
It would be desirable to provide a system affording

10 additional predetermined force, in addition to that provided by
initial engagement of the DUT and the test apparatus, to better
ensure a positive electrical connection. Further, it would be
desirable that excessive force not be required between the DUT
and test site.

15 It is to these dictates of the prior art that the current
invention is directed. The present invention is an apparatus
which accommodates these dictates.

SUMMARY OF THE INVENTION
The present invention is a small pin contactor arrangement,

20 positioned within a housing, for facilitating connecting the
leads of an integrated circuit to corresponding terminals of a
load board. The housing typically has a plurality of generally

parallel slots for receiving a corresponding plurality of

contacts, one in each slot. Each contact has a nose end that




2 extends fromits slot on one side of the housing, and a tail end that
extends fromits slot on an opposing side of the housing. The contacts are
generally "5" shaped. A front el astoner extends through the housing al ong
an axis generally perpendicular to the 5 slots such that the nose of a
contact curves over the front elastomer. A rear elastoner al so extends

al ong an axis generally perpendicular to the slots such that the tail of
the contact curves around the rear el astoner. The nose of the contact has

a curvedysdhhacerbl besengsgesh Ik by & lgad nef ndnsiRyegnaged Eé!i?“éﬁ? The
tail of the contact has a flat portion for engaging a termnal pad o

| oad boand: kRtUags Brbmad: §fspdk idH egf Al sainCulibieWol! the H@qglﬁe engage
t he nose of a contact at the curved surface. Such action wll ef

conpr esghancehthbesf 108t gohass Oers-The LRRE aclh Wrbht £2a50bAEE ai?eélﬁd@
curved surface defined by an axis through the tail. A |linear contact
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engagenment with the term nal pad of the l'oad board i s contact
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contact against the 20 term nal pad of the | oad board. The engagenent

portioneobstbregont actest tén fheoder A HadndRYasohgr war dxas gefiesall 1y of
the rolling of the contact, sinultaneously preventing sliding between
perpendicular to the slots such that the tail of the contact
curves around the rear elastomer.

The nose of the contact has a curved surface to be engaged

10 by a lead of an integrazed circuit. The tail of the contact has
a flat portion for engaging a terminal pad ¢f the load beoard.

In use, a lead of an integrated circuit will be made to
engage the nose of a contact at the curved surface. Such action
will effect compression of the front elastomer. The contact will

15 rotate about a curved surface defined by an axis through the
tail. A linear contact surface of the tail, adjacent the curved
surface, 1s parallel to and in engagement with the terminal pad
of the load board. This contact configuration tends to
substantially eliminate sliding motion of the contact against the

20 terminal pad of the load board. The engagement portion of the
contact with the terminal pad moves forward as a result of the
rolling of the contact, simultaneously preventing sliding between

the tail and terminal pad.

The terminus of the contact tail alsc has a surface that




the tail and termnal pad. The term nus of the contact tail also has a
surface that 3 engages a wall of the housing. This surface serves to
positively prevent the contact fromsliding along the term nal of the | oad
board by nmaintaining the position of the contact relative to the housing.
The front elastomer also plays a role in achieving this 5 by urging the
tail of the contact toward the housing wall and nmintaining the contact
seated against that wall. The present invention is thus a Contact set

assenbl ¥nyhigeB asehYesSoBiye thoddenhpr oblas Rfr ke Bek9ksakh. b&i@ﬂ@@iﬁs
positive contact to be established along electrical paths, ye? it 10
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DRAW NG The objects and features of the present invention will becone nore

appar enbotedt Beseaskthiethd nthd ey it upo 1 eher edeRackorthariob! owi fge
description, taken in conjunction with the 15 acconpanyi ng draw ng wherein
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The figure is a cross-section view of the present invention. DETAILED
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figure, is mounted 20 in a housing 10. Housing 10 has generally planar,
par al | emaiapposedgstidesc@?t esisedddtadd yagrti nsitghthaanghes .t o pairs of opposed
The present invention is thus a contact set assembly which
solves many of the problems of the prior art. It enables
positive contact to be established along electrical paths, yet it
10 minimizes erosion of a lead of a load board 12.
BRIEF DESCRIPTION OF THE DRAWING
The objects and features of the present invention will
become more apparent to those skilled in the art upon reference
to the following description, taken in cenjunction with the
15 accompanying drawing wherein like reference numerals refer to the
same part or feature, and wherein:
The figure is a cross-section view of the present invention.
DETAILED DESCRIPTION OF THE INVENTION
A contactor assembly 5, as shown in the figure, is mounted
20 in a housing 10. Housing 10 has generally planar, parallel
opposed sides 22 essentially at right angles to pairs of opposed
edges. Housing 10 is configured to effect electrical connection

of an integrated circuit device (DUT) 14 to a lcad board 12.

Device 14 has leads 17 and load board 12 has terminals or pads 16




edges. Housing 10 is configured to effect electrical connection of an
integrated circuit device (OQUT) 14 to a | oad board 12. Device 14 has | eads
17 and | oad board 12 has termnals or pads 16 4 which are electrically
connected by contacts 18 nounted within housing 10. Parallel sides of
housi ng 10 bound generally equally spaced parallel slots 20, each for
receiving a corresponding contact 18 5 therein. Each slot 20, it is

i ntended, contains a contact 18. Contacts 18 are thin with generally

planar gurtacese g@&@t?f@afi% A struct&aQ%n%aE% g %gagtgﬁ'ﬁytﬁPQether

define an essentially @@s Nose en
iTlustrakbgdindOiharger than tail end 28 to provide a greater outward
extension to “protrude from housing 10 beyond one side to contact |eads 17

of _device 1darTaili eatu2f damaudidealo BRILOBRI LOIDM Bulderd sposidi ve

el ectrical connection to termnals 16 of |ead board 127 Generally tubul ar

shaped ghanneks 3loa8d2@3 exdiengh.t f}recaeﬁh;m Iao'é%'r@gsﬂagnéhﬁagcéﬁ€§c9%ral ly
per pendi cul ar to pl anes defi ned by slots 20 with front channel 31 being

| ar ger thapetgar channel 33 to better conformto the correspondi ng concave
portion of edges of engaged nose ends 26 and tail ends 28. A cylindrical

shaped frontpgbRstoper280 i feceiahad,t Rioathhaat aCBQHBQEt?’i—B 20 and a
cylindrical shaped rear elastoner 32 is received wthi
Contacts 18 are thin with generally planar surfaces. Each has a
nose end 26 and a tail end 28 which together define an
essentially @S@ shaped structure. Nose end 26 is, as illustrated,
100 larger than tail end 28 to provide a greater outward extension to
protrude from housing 10 beyond one side to ceontact leads 17 of
device 14. Tail end 28 has a linear portion 29 to provide a
positive electrical connection to terminals 16 of lead board 12.
Generally tubular shaped channels 31 and 33 extend through
15 housing 10 along axes generally perpendicular to planes defined
by slots 20 with front channel 31 being larger than rear channel
33 to better conform to the corresponding concave portion of
edges of engaged nose ends 26 and tail ends 28. A cylindrical
shaped front elastomer 30 is received within front channel 31,
20 anq a cylindrical shaped rear elastomer 32 is received within
rear channel 33.
Nose end 26 has a concave inner edge 25 which engages and

bears against front elastomer 30. Similarly, tail end 28 has a

concave inner edge 42 which engages and bears against rear




rear channel 33. Nose end 26 has a concave inner edge 25 which engages and
bears against front elastonmer 30. Simlarly, tail end 28 has a concave

i nner edge 42 which engages and bears against rear 5 el astoner 32. Front
channel 31 and rear channel 33 have correspondi ng conmuni cating apertures
33, 35 extending through to I|oad board 12. Proximate sides of channels 33,
35 are spaced closer than distances the sane as the dianeters of their 5
respective channels 31, 33. This permts inserting elastoners 30 and 32

into chanagksmdt, 383 byr&gi AadhemIhrough dbhieichanhe3pPgst hygeapertures 33,
35. Elastoners 30, 32 are thereby retained in place. An alignor 36 extends

acr oss @Bredkﬁbn@.@ﬁ@!@&uﬁhﬁnf@&@iﬂ?.a&rt&e@r ox%i, ke ckhenn9ag eAdodéh of o t he
contact 18. The portion of the alignor 26 opposite contacts 18 defines a

stop 38.1cklebahignor. Bfok Ofatessale£dge dfan@dls1435Ugh Lbat shhsedeads 17
are opposite the outward extensions of correspondi ng nose ends 26 of

contact #1o¥8r engnalisotaicentsnd hearleeads the pabakkekst ert bpegentacts 18. 15
Stop 38 also limts the outward extension of contacts 18. OUT 14 is

posi §i omedpproxiantieaimoess gl 1B33 N the Peiriiie’s iaBdreihgntakko8mehOWD i N
the figure. Apparatus, not shown, determ nes the precise |ocation of
devi ce i4drabalhve tiwastiackl, 13 ofy haudingg themsubkothat thach | ead 17 is
directly opposite a
respective apertures 33, 35. Elastomers 30, 32 are thereby
retained in place.
An alignor 36 extends across an outer portion of housing 10
10 proximate the nose end 26 of the contact 18. The portion of the
alignor 26 opposite contacts 18 defines a stop 38. The alignor
36 locates an edge of DUT 14 such that its leads 17 are opposite
the outward extensions of corresponding nose ends 26 of contacts
18, and also orients the leads 17 parallel to the contacts 18,
15 Stop 38 also limits the outward extension of contacts 18.
DUT 14 is positioned proximate housing 10 in the position
and orientation shown in the figure. Apparatus, not shown,
determines the precise location of device 14 relative to surface
19 of housing 10 such that each lead 17 is directly opposite a
20  contact 18. DUT 14 is then moved closer to housing 10 as shown
in the figure. This effects engagement of the device 14 and the

nose end 26 of a corresponding contact 18. Ceontacts 18 are thus

rotated, their nose ends 26 engaged by opposing leads 17 and

their tail ends 28 engaging terminals 16. This rotation of




20 contact 18. OUT 14 is then noved closer to housing 10 as shown in the
figure. This effects engagenent of the device 14 and the nose end 26 of a
correspondi ng contact 18. Contacts 18 are thus rotated, their nose ends 26
engaged by opposing leads 17 and their tail ends 28 engaging termnals 16.
This rotation of 6 contacts 18 wll also result in flat portion 29 of each
rising up slightly at one end as its contact rolls countercl ockwi se, as
shown by arrow 44 in the figure. Such action results in front elastonmer 30

and reakogkastones wP182:2Pot hebiNg GPMANRS$Ld 18hN6Y B@eegbﬁgﬂa agsi

characteristics of the elastomers are sel ectabl e, the anopunt
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chosen so as to be sufficient to provide a good electrical connhection

betmeenshaanlg9d§r§@d fergnghs. riddn the dual el astomner conflguratlon as
pictured in the figure, the front elastonmer 30 provides flexibility in

control ling sgent aetidRrEesdytd high dadrie eh4sicbraddibi QRat PedkdbNPst Siner
keeping the contact tail 28 engaged against a wall surface 5. In this

conf § gunat bebht beihg opdmet@sser Shhdes thel I amete@gprgagsi on. As 15 t_he
front elastonmer 30 Is conpressed, the displaced material can expand into

an el astagebctetietiasesf Sthdhel IemedlAsrenee132taban, beneoahbghf eglf and
used in either tension or conpression. The front elastomer 30 can play a
signi fi €apter 6kguifed to compress the elastomers can be pre-selected.
This force is chosen so as to be sufficient to provide a good
electrical connection between the leads and terminals.
10 In the dual elastomer configuration as pictured in the figure,
the front elastomer 30 provides flexibility in controclling
contact force by the device 14 in addition to aiding in keeping
the contact tail 28 engaged against a wall surface 6. In this
configuration the front elastomer 30 is fully in compression. As
15 the front elastomer 30 1s compressed, the displaced material can
expand into an elastomer relief area 8. The rear elastomer 32
can be configured and used in either tension or compression.
The front elastomer 30 can play a significant role in
preventing contacts 18 from being easily released from the
20 housiné 10 while the contacts 18 are not engaged by DUT 14, as
after implacement. A contact 18 1is rotated clockwise, and the
contact 1B is then pinched between the front elastomer 30 and
alignor 36. As a contact 18 is removed from the bottom, both the

front and rear elastomers 30, 32 need to be compressed to permit




preventing contacts 18 frombeing easily released fromthe 20 housing 10
whil e the contacts 18 are not engaged by DUT 14, as after inplacenent. A
contact 18 is rotated cl ockwi se, and the contact 18 is then pinched
between the front elastomer 30 and alignor 35. As a contact 18 is renoved
fromthe bottom both the front and rear elastoners 30, 32 need to be
conpressed to permt 7 the contact 18 to pass between the two. This
contactor system has been designed to prevent contact translational

rel ativenaotbapate!l 16 pg)pagaivstuddie dRad oard 12. Sliding notion causes
wear on the |oad board pads, an 5 undesirable characterisic. The sl oped

ternm nus ofh CPMAMadRd 518 tieh, %@QaQQ%nSeM§%@O&§L§%MH dohtlatt

instrumental in preventing the contact 18 fromsliding along the | oad

board 1Zranghetineal etastor@mddidd S&nlAavsy)aakakasknthel phag gshigve this
end by forcing the contact 18 in a direction to remain seated 10 agai nst

wal | 1510f theihoHgi Mgrldn Raided ddan o3 ittiend calioBgakgagdsq46 as contacts
of previous contactors do, the contact notion in the present invention is

a rolliungeacthble AvatdersONdard. 1&HOMURSHEE lrh@nBkask0BBhBact NEai POI Nt
of contact between the |lead 16 and the contact tail 28 15 wal ks forward on

the | oad haaefgdgetésiansi e asobwiigantial 11y) i@andnstravehsadl @99 the | ower
contact arc 13. The flat portion 29 of the Contact tail design 28 controls
preventing the contact 18 from sliding along the load board 12.
The front elastomer 30 also plays a role in helping achieve this
end by forcing the contact 18 in a direction to remain seated
10 against wall 15 of the housing 10.

Rather than sliding along leads 16 as contacts of previous
contactors do, the contact motion in the present invention is a
rolling action. As the contact 18 compresses the elastomers, the
pcint of contact between the lead 16 and the contact tail 28

15 walks forward on the load board 12 (translates horizontally) and
travels along the lower contact arc 13.

The flat portion 29 of the contact tail design 28 controls
location of contact nose 26 while allowing the contact nose 26 to
be pre-loaded in the uncompressed state, as illustrated in the

20 figure. The flat portion 29 of the contact tail 28 constrains
the contact 18 from achieving an ultimate rolling equilibrium
position, and allows the partial compression of the front
elastomer 30 without sliding of the tail 28 with respect to the

load board 12. This creates immediate contact force at the load




| ocation of contact nose 26 while allowi ng the contact nose 26 to be
pre-l oaded in the unconpressed state, as illustrated in the 20 figure. The
flat portion 29 of the contact tail 28 constrains the contact 18 from
ach:eving an ultimate rolling equilibrium position, and allows the parti al
conpression of the front elastoner 30 without sliding of the tail 28 with
respect to the |oad board 12. This creates inmedi ate contact force at the
| oad 8 board 12, which inproves the effective conpliance range (operating
range) gbatrhelepniRCERr imystem dik |d Bteafiva fc'oﬁﬁl@@hEEOBaQQeon the contact
tail 28, the alignor 38 can be used o control the contact nose 26 position
5 arid pogerdeihherapgepsar yreoOnsdddiord &yfsdehl.i tate pre-1oading the nose
26 of the contact 18. This design can be alternatively configured as a
single elastiomnRr Xyst @hatl potrhiisnconf bguepd i @ntde: rearl el@stger 32
woul d define the applicable force necessary at both the contact 10 nose 26
and contadgnbai B828an The wesd oo adortusi el @oand ctcansack 618owel én be
nodified fromthe figure to facilitate this configuration option. The rear
el asf omand3groagae nthe ae des st pceshsyr Airdthenh tfagsilieaext ppar-08a@ing
conpression. It will be understood that this disclosure, in many 15
respect shei aceal 96i bf usli¢ atoveactChismges nmay be nmade in details,
particularly in matters of shape, size, material, and arrangenent

This design can be alternatively configured as a single

elastomer system. In this configuration the rear elastomer 32
would define the applicable force necessary at both the contact
10 nose 26 and contact tail 28. The design of housing 10 and
contact 18 would be modified from the figure to facilitate this
configuration option. The rear elastomer 32, again, can be
placed in either tensile extension or compression.
It will be understood that this disclosure, in many
15 respects, is only illustrative. Changes may be made in details,
particularly in matters of shape, size, material, and arrangement
of parts without exceeding the scope of the invention,

Accordingly, the scope of the invention is as defined in the

language of the appended claims.




of parts w thout exceeding the scope of the invention. Accordingly, the
scope of the invention is as defined in the |anguage of the appended
claims. 9 What is claimed is: 1. Apparatus for electrically connecting a

| ead of an integrated circuit to be tested to a corresponding term nal of
a |load board at a test site, conprising: a housing having oppositely
facing surfaces, a first approachable by an integrated circuit to be
tested and a second proximate the |oad board, a slot extending through
sai d housiwwhad rigma Hfiidest 1@f. said oppositely facing surfaces to a second
of said oppositely facing surfaces; a contact receivable in said slot
having a first end engagable by the |ead and a second end i n engagenent
with the termnal, said contact being novabl e between a first orientation

unengaged byapperheas obraded it oAt edtdhinetiihgandiasgesendnori entation in
which said first end of said contact is engageg by the | ead of an

i ntegr atiedegiraeuiit c ancu Ut gesl Bt SRl & Qf coznd sFBaARSnf Ok e bhash No:pad d
contact to said first orientation; wherein, as said contact is noved
bet weenlsabdpbhrataand tseeontkOr i @Atisang :t hereof, sliding notion of said
a housing having oppositely facing surfaces, a first
approachable by an integrated circuit to be tested and
a second proximate the load board, a slot extending
through said housing from a first of said oppositely
facing surfaces to a second of said oppositely facing
surfaces;
a contact receivable in said slot having a first end
engagable by the lead and a second end in engagement
with the terminal, said contact being movable between a
first orientation unengaged by the lead of an
integrated circuit and a second orientation in which
said first end of said contact is engaged by the lead
of an integrated circuit and urged into said slot; and
means for biasing said contact to said first orientation;
wherein, as said contact is moved between said first and
second orientations thereof, sliding motion of said
second end of said contact across the terminal is

precluded.

10




second end of said contact across the termnal is precluded. 10 2.
Apparatus in accordance with Claiml wherein said contact is generally
S-shaped. 3. Apparatus in accordance with Claim2 wherein said nmeans for
bi asing conprises a first elastoner interfacing with said first end of
said contact and a second el astoner interfacing with said second end of
said contact. 4. Apparatus in accordance with C aim3 wherein said second
end of said contact includes a protrusion, and wherein said housing

defines2a wahppepgagedi hyased el & nUsiPT 1A rPnechede isl sdi A9coAPLEPN; OF
sai d second end of said contact across the termnal. 11
generaily S-shaped.

3. Apparatus in accordance with Claim 2 wherein said means for
biasing comprises a first elastomer interfacing with said first
end of said contact and a second elastomer interfacing with said

second end of said contact.

4, Apparatus in accordance with Claim 3 wherein said second end
of said contact includes a protrusion, and wherein said housing
defines a wall engaged by said protrusion to preclude sliding

motion of said second end of said contact across the terminal.

11




