A CONTACT INSERT FOR A MICROCIRCUIT TEST SOCKET 5 CROSS-REFERENCE TO
RELATED APPLICATIONS This is a regular application filed under 35 U.S.C. 111(a) claiming priority,
under 35 U.S.C. 119(e)(1), of provisional application Serial No. 60/887,983, previously filed February
2, 10 2007 under 35 U.S.C. 111(b). BACKGROUND OF THE INVENTION The invention pertains to
improvements to equipment for testing microcircuits. The 15 manufacturing processes for microcircuits
cannot guarantee that every microcircuit is fully functional. Dimensions of individual microcircuits are
microscopic and process steps very complex, so small or subtle failures in a manufacturing process
can often result in defective devices. LeidR§ ARPFINSTISIORHRYIA testing has become widely practiced,
in both the semiconductor manufag i RIGEEIROE Bl SESTROCRIEMbly industries. 20 While the cost
of a microcircuit is frequently quite Small, mounting oné on'a circuit board adds substantial value due
to the cogtheraiesit PQatt ok ieanepuigetuinaentgself. Installation usually involves soldering
the microcircuit onto the circuit board, and is not usually reversible. Once mounted on a circuit board,
removing a micrpgiy ¢yt REeR iRt dheoaimeil uhaards Teis. i§ the ey lasiimgpisodefectiye. 3Re circuit
board itself is probably ruined as well, 25 meaning that the entire value of the circuit board at that point
is lost. Fap glthesexenIonst. poviselrapplicatioh SkyidENe GOBET o8B shadabam phlad et ilabpard. Each
microcircuit must be tested in a way that identifies nearly all defective devices, but only

10 2007 under 35 U.S.C. § 111(b).

BACKGROUND OF THE INVENTION
The invention pertains to improvements to equipment for testing microcircuits. The

15  manufacturing processes for microcircuits cannot guarantee that every microcircuit is fully
functional. Dimensions of individual microcircuits are microscopic and process steps very
complex, so small or subtle failures in a manufacturing process can often result in defective
devices. For this reason, microcircuit testing has become widely practiced, in both the
semiconductor manufacturing and the circuit board assembly industries.

20 While the cost of a microcircuit is frequently quite small, mounting one on a circuit board
adds substantial value due to the cost of the circuit board and the manufacturing cost itself.
Installation usually involves soldering the microcircuit onto the circuit board, and is not usually
reversible. Once mounted on a circuit board, removing a microcircuit often ruins the circuit
board. Thus, if the microcircuit is defective, the circuit board itself is probably ruined as well,

25  meaning that the entire value of the circuit board at that point is lost.

For all these reasons, a microcircuit is usually tested before installation on a circuit board.

Each microcircuit must be tested in a way that identifies nearly all defective devices, but only



- | rarely identifies good devices as defective. Either kind of error adds cost to the overall manufacturing
process. Microcircuit test equipment itself is quite complex. First of all, the test equipment must make
accurate, low resistance, temporary duty, non-destructive, contact with every one of the 5 small, closely
spaced microcircuit terminals. Because of the small size of microcircuit terminals and the small spacing

between geiaca¥pRIES RwaNISMall alidersantEritadkeiveen dhetaglskavirg@atsertacts and
microcircuit terminal pads will result in incorrect connections. Connections to the microcircuit that are

misaligneg.auRkeniserineasrect will cause the test equipment to identify the microcircuit, that is, the
device under test (DUT), as defective, even 10 though the reason for the failure is the defective

connections ratheictoancdafesistiinipadavilsctsrlyuidwdhan &rolpren ip micrRaksuiyieshrRAVARENt arises
in automated testing, where a single system may test 100 or more DUTs a minute. The sheer number of

tests cangalsecwale, bvihesieshedtinRrisaniacisaasdaeriidVcleuninalvinate st ibe tast equipment
contacts and 15 wipe against them. This wiping often removes particles from the DUT terminals. The

partisles saain foRRVigdpOmitiedesteeiRmMEen Buiacisof the Bhhll paeksuarroaycalseansport
contaminants such as oils or mold release materials derived from DUT fabrication processes, to the test

equipmeghgeniaaisipEshaiehadvRPNEAts e lestearipmManinhbe: paidiclestavenatheesontaminants
may eventually build to a point where they interfere 20 with the electrical connections between the DUT

terminalsegiighiie tesheatipMEM GootacH hningl testingiwvRightnansesdli icotalsaimgications that the
DUT is defective. The particles may
Connections to the microcircuit that are misaligned or otherwise incorrect will cause the test
equipment to identify the microcircuit, that is, the device under test (DUT), as defective, even
10 though the reason for the failure is the defective connections rather than defects in the DUT
itself.

A further problem in microcircuit test equipment arises in automated testing, where a
single system may test 100 or more DUTs a minute. The sheer number of tests can cause wear
on the test equipment contacts as the DUT terminals mate with the test equipment contacts and

15  wipe against them. This wiping often removes particles from the DUT terminals. The particles
can then build up on the test equipment contacts. The DUT packages may also transport
contaminants such as oils or mold release materials derived from DUT fabrication processes, to
the test equipment contacts and other components of the test equipment.

The particles and other contaminants may eventually build to a point where they interfere

20  with the electrical connections between the DUT terminals and the test equipment contacts
during testing, which may result in false indications that the DUT is defective. The particles may

also create leakage paths between adjacent test equipment contacts, also leading to false

indications that the DUT is defective.



also create leakage paths between adjacent test equipment contacts, also leading to false indications
that the DUT is defective. -2 One particular type of microcircuit often tested before installation has a
relatively large, centrally located ground (CG) terminal on a flat, bottom surface of the microcircuit
package. The microcircuit signal and power (S&P) terminals surround the CG terminal in a

predetermined ekayaMisiacirgpitiraskasaschadingiiiscontissatinmeideminalsman e raled CG
packages. 5 Figs. IA and IB show the current state of the art for a housing 15 and related structure that

collectivelyfeumyadart @b test @siaaniard bl & aanfivusd ar GG SRGkagrsobraiiEpmRIgE test system,

housing 15 fits between an alignment plate and a load board (neither shown in Figs. la and Ib). Housing

15 is madedremeabiioekatngl nrigdaled (Y& PRfigumtoN Bliomy e piatenioad Domia@nddegusing 15
is well known in microcircuit testing technology. 10 A complete test system includes an alignment plate

having anapertuiersdinss: Wadlsa joeeisaly Basitetitnge bl dntthgXaanghay a¥esthEcippscialasive to test
contacts (not shown) that are held in an array of slots 21. The alignment plate aperture forms the walls of

ateg well or cavity. inaviieh henbW Thiscalaeadyedfangarabhaneigimurngnd iekleieeeduiR. Typically,
the array of slots 21 comprises four quadrants, one of each of which is positioned adjacent to one 15 of

the four walls on&eiges abthitaglignorentplais pefédBERNG ilfig kxS ¢ PsiRg aks. msain a surface 29,
an aperture 28 for receiving a CG terminal insert 25 shown in Fig. Ib. Insert 25 has a CG test contact 13

that projecismplers @i istea)allyilpcaseftdnethe tapsuiaeacth sphiosad 2baliasicaniaohds makes
electrical connection with the body of insert 25. Test contact 13 is mounted in insert 25 with resilience
along thesdoxis @l@livedand 1b). Housing 15 is made from an insulating material. This configuration
of alignment plate, load board, and housing 15 is well known in microcircuit testing technology.
10 A complete test system includes an alignment plate having an aperture whose walls
precisely position the DUT in the X and Y axes directions relative to test contacts (not shown)
that are held in an array of slots 21. The alignment plate aperture forms the walls of a test well
or cavity in which the DUT is placed by a loader or handler during a test procedure. Typically,
the array of slots 21 comprises four quadrants, one of each of which is positioned adjacent to one
15  of the four walls or edges of the alignment plate aperture along the Z axis.
Housing 15 has in a surface 29, an aperture 28 for receiving a CG terminal insert 25
shown in Fig. 1b. Insert 25 has a CG test contact 13 that projects from and is centrally located in
the top surface 16 of insert 25. Test contact 13 makes electrical connection with the body of
insert 25. Test contact 13 is mounted in insert 25 with resilience along the Z axis relative to
20  insert 25. Fixed and rigid retention projections extend from the walls of aperture 28 and project
into recesses 31 of insert 25 to retain insert 25 within aperture 28.
The surface 29 of housing 15 and an upper surface 16 of insert 25 form the floor or
bottom on which the DUT rests. Surface 16 projects slightly above the plane of surface 29.
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20 insert 25. Fixed and rigid retention projections extend from the walls of aperture 28 and project into
recesses 31 of insert 25 to retain insert 25 within aperture 28. The surface 29 of housing 15 and an upper
surface 16 of insert 25 form the floor or bottom on which the DUT rests. Surface 16 projects slightly
above the plane of surface 29. -3 Surface 16 has a footprint that puts it within all of the S&P terminals on

the DUT sufradentingstheobierier i gheitRe (i hisurfaeeswithdhaibds enealUuThismsaxides clearance

for access to the S&P terminals. The top end of test contact 13 when not deflected in the Z axis direction,

projects shglitty SRV SWitane 16 @fiasert B3RS N FiD. ThiThe Batiosend 276 ises #5

mechanically rests on and is supported in the Z axis direction by a surface of the load board having an
electricaligestaet farins@t 25. In this way, the CG terminal of the DUT is electrically connected to the
load board. In this configuration of housing 15 and insert 25, insert 25 is pressed against the load board

only when the loggeiiskessiag adatddi againshiest aamiacls ardzsiiagretfod pripisdlighhousing 15
hold S&P test contacts that project from slots 21 toward surface 29. The center to center spacing of each

slot 31 aligascash&SR EsheonEEhyititmassocintatheSRoaronnalat mikd Diaribaw tba1$&P test
contact to make good electrical contact with its associated S&P terminal for testing. As with CG test

contact 13sgashad&R tapbeandast dse desipniettaspviiensiyrefloctie tbaibaxis slikestian. 15 To begin a
test, a loader moves the DUT into a prescribed position for testing (test position). In the test position, the

DUT's Celdetiinaloptesses rgainssiesl eoniao), 18 the &minteonima!pofthedRidTiprepsagrinst the S&P
test contacts, and the surface of the DUT's CG

to the load board. In this configuration of housing 15 and insert 25, insert 25 is pressed against

the load board only when the loader is pressing a DUT against test contact 13 and surface 16.

10 Slots 21 of housing 15 hold S&P test contacts that project from slots 21 toward surface
29. The center to center spacing of each slot 21 aligns each S&P test contact with its associated
S&P terminal on a DUT to allow the S&P test contact to make good electrical contact with its
associated S&P terminal for testing. As with CG test contact 13, each S&P test contact is
designed to resiliently deflect in the Z axis direction.

15 To begin a test, a loader moves the DUT into a prescribed position for testing (test
position). In the test position, the DUT’s CG terminal presses against test contact 13, the S&P
terminals of the DUT press against the S&P test contacts, and the surface of the DUT’s CG
terminal surrounding contact 13 presses on surface 16. In the test position, all of the S&P
contacts are slightly deflected in the Z axis direction by force the respective DUT terminals

20  apply. This force of individual test contacts on their respective DUT terminals provides
assurance that all of the S&P contacts make good electrical contact with the DUT terminals.

This arrangement makes consistent contact pressure between each DUT S&P terminal and the

associated test contact likely, and prevents damage to either.
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terminal surrounding contact 13 presses on surface 16. In the test position, all of the S&P contacts are
slightly deflected in the Z axis direction by force the respective DUT terminals 20 apply. This force of
individual test contacts on their respective DUT terminals provides assurance that all of the S&P contacts
make good electrical contact with the DUT terminals. This arrangement makes consistent contact

pressure betwegngaebsidditRaPienaindARIHRIs assaeIad tesheanissiileiaghdrieyantsdamage
to either. -4 In the test position, the load board holds insert 25 in a Z axis position that provides a hard

stop for thePidd tHe AR POSIIGNRRTiBRANRNESOVRITaMat Ak 10 LD TS BrigRgemRRicrovides

assurance that the Z axis position of each DUT is nearly identical as each is tested. The force of the CG

terminal ggaingitesieaniaaiat3ns Zorikped ey hreeresiliar Raokatind RheentastachIdeiisertidk and is
designed to provide proper contact force and wiping between insert 13 and the DUT CG terminal during

testing. |figstlrenhtec R RviRMAnidRRI0RS: ¢bBaoURINEatisIRaI by alaes et stionginfasceonsert 25 into
contact with the load board when a DUT is not in the test position. As the DUT moves into the test

posigon andrskesssdiryaiastingalte préhriégadpEsdtssUie@ atevapilgftenckd shiis insald 25 along
each of the X, Y, and Z axes a very small amount within aperture 28 and on the load board. This shifting

when repgatBUPCHahiRaLSanss efddd T insertions, can create significant wear on the insert 25, the
housing 15, and the load board pad in contact with insert 25. The effect of this wear is to require

replacement of thesereaniRoBgHiSmELY NG \WNCthE methenest 1 agupmrhheanneide fisedinkbg wear
also creates debris that as explained above, may interfere
25 into contact with the load board when a DUT is not in the test position. As the DUT moves
into the test position and is pressed against insert 25, the loader’s pressure on the DUT often
10  shifts insert 25 along each of the X, Y, and Z axes a very small amount within aperture 28 and on
the load board.
This shifting when repeated for many thousands of DUT insertions, can create significant
wear on the insert 25, the housing 15, and the load board pad in contact with insert 25. The
effect of this wear is to require replacement of these components, during which time the test

15  equipment cannot be used. The wear also creates debris that as explained above, may interfere

with the testing process.

BRIEF DESCRIPTION OF THE INVENTION
A system for testing a microcircuit having a center ground (CG) terminal includes a load
20  board having a ground terminal thereon on a first side. A housing mounted on the load board’s
first side carries test terminals arranged around an area on a first surface of the housing for
receiving the microcircuit. The housing further includes an aperture open from the housing’s

first surface to the load board ground terminal.
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with the testing process. BRIEF DESCRIPTION OF THE INVENTION A system for testing a microcircuit
having a center ground (CG) terminal includes a load 20 board having a ground terminal thereon on a
first side. A housing mounted on the load board's first side carries test terminals arranged around an area
on a first surface of the housing for receiving the microcircuit. The housing further includes an aperture

open from the hpugiBASmiERIGHTRGS IEel0adhnanth GraLGE dRIRUDGh S SRR BIGIasisWdo

undergo testing mounts on the housing's first surface with its CG terminal aligned with the aperture. The

aperture as o) aASAA kel IRRGRe A hOBEBROAIHIRT iR thedprddaarid's firsk sigerpEheianarture

holds a conductive ground connector insert having a CG terminal end 5 projecting from the aperture
adjacent ¢g tha dustregd eftthe figeising for contacting the microcircuit CG terminal. The insert also has a
load board contact end projecting from the aperture adjacent to the load board for contacting the load

board ground termingkriie ek EHRNER COBRLIBESHRtI: MSer airgt PEEaianfiosndhe side thereof
and substantially perpendicular to the Z axis. The invention also comprises in a wall defining the 10

aperure, ppostetifer fieeinngphieufesidpaiactomecristaiadhg insatuil i PoedetRsblingehé axis position
within the aperture. In a preferred embodiment, the projection has a predetermined dimension parallel to

the load hoaedifiFet TdRehgmsiotTas & eredetarnineshC®opRT BNGEIBMANSIGRIING Avis alignment with
the projection's predetermined dimension. Predetermined dimensions of the slot and the
aperture adjacent to the load board for contacting the load board ground terminal.

The actual invention comprises in the insert, a first projection from the side thereof and
substantially perpendicular to the Z axis. The invention also comprises in a wall defining the

10  aperture, a slot for receiving the first projection to retain the insert in a predetermined Z axis
position within the aperture.

In a preferred embodiment, the projection has a predetermined dimension parallel to the
load board first side. The slot has a predetermined cooperating dimension in Z axis alignment
with the projection’s predetermined dimension. Predetermined dimensions of the slot and the

15  projection allow the slot and the projection to cooperate to form a detent retaining the insert
within the aperture.

For example, the detent function may arise by providing a slot having a predetermined
dimension that is smaller than the projection’s predetermined dimension, a projection formed of
a resilient material. Installing the insert in the aperture causes the projection to distort. The

20  resiliency of the projection creates friction force between itself and the slot walls retaining the
insert in the aperture.

This design lends itself to a further improvement that provides biasing force that presses
the load board CG contact end firmly against the load board and the load board ground terminal
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15 projection allow the slot and the projection to cooperate to form a detent retaining the insert within the
aperture. For example, the detent function may arise by providing a slot having a predetermined
dimension that is smaller than the projection's predetermined dimension, a projection formed of a resilient
material. Installing the insert in the aperture causes the projection to distort. The 20 resiliency of the

projectionoqigatesifistion iowd Reteendiseliane shavelot ivalisseetatingdnsudmeart iprith@aaperture. This
design lends itself to a further improvement that provides biasing force that presses the load board CG

contact egehficly against the load board and the load board ground terminal -6 to limit migration of
debris into the interface between the insert and the load board ground terminal. This improvement

includes in the apgstupravsheffacingiawayHsapethedoashbaatdidd ey iseninek des adasilienisecond
projection extending transversely to the Z axis and in Z axis 5 alignment with the shelf. The Z axis

locationsigidhenshelt andetinesecanshPiaigetiooncausedialastiadefeeiientae distaktian o thexsecond
projection when the insert is in the predetermined Z axis position. This deflection or distortion creates the

forcesthahpsasses Wienlaadkhaardraetagis esehfiompagrivséiaipad baridh JRREIGFRESCRIPTION
OF THE DRAWINGS Fig. IA is a top perspective view of a prior art insert and alignment plate assembly.

Fig. |B sbpw aidldetRIg\wrtistonewm of ehpriesdnd opsttibigwhds g axpleder pesspeditveniaw 2f the load
board side of a terminal housing and
axis position. This deflection or distortion creates the force that presses the load board contact

end firmly against the load board.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a top perspective view of a prior art insert and alignment plate assembly. Fig.
1B shows a side elevation view of a prior art insert.
Fig. 2 is an exploded perspective view of the load board side of a terminal housing and
the ground insert of the invention, that is, with the assembly inverted.
15 Figs. 3A and 3B show perspective views of the insert with CG terminal and load board
contact ends respectively, facing the viewer.

Fig. 4 is a side elevation section view of the insert and the alignment plate.

DESCRIPTION OF THE EMBODIMENT
20 The Fig. 2 perspective view shows a modified housing 15a from the load board side, i.e.
bottom facing up, with an insert 30 aligned for inserting in an aperture 40 in housing 15a. Walls

39 define aperture 40 and are substantially parallel with a Z axis 17 of aperture 40.



the ground insert of the invention, that is, with the assembly inverted. 15 Figs. 3A and 3B show
perspective views of the insert with CG terminal and load board contact ends respectively, facing the
viewer. Fig. 4 is a side elevation section view of the insert and the alignment plate. DESCRIPTION OF
THE EMBODIMENT 20 The Fig. 2 perspective view shows a modified housing 15a from the load board

side, i.e. bottonpdaging &Phowihan saserfSthalignge ferdnReHIve dbamaperiigifh inheusisdnkoa. Walls
39 define aperture 40 and are substantially parallel with a Z axis 17 of aperture 40. -7 Portions of housing

15a surrquiding REEMHU_ KNG Ve blakk < dlferTelpivngand@liapiv® i eantacts (AeRhpwn) that make
electrical contact with the S & P terminals of the DUT. Aperture 40 passes completely through housing

15a fromgpfase 44 mRsheclangiheprethaided 0 dnsinR Wia mekndinesider biokingd b hasiadevekds

surrounding aperture 40 that facilitates the 5 process of installing an insert 30 into aperture 40. Surface 44

is substaptiafiycRpianasiadthie s pWwardivsfatpe:susiaeas hrive apngivido a8l eisi Rhidighe? Shows a
portion of a load board 58 in phantom with a first side facing insert 30 (and facing away from the viewer

as showpibdkeig o indtarilashhagsd 38 ifitstpeteuis tat Egravben RsseAedI) feplsiag vha e

substantially perpendicular to Z axis 17. The load board first 10 side carries a ground terminal 52 in facing
relation tapnsedt B aotnganetictarmpatir &b e thirdoaddoard 58 first side is shown leading from ground

terminal 52. When housing 15a is attached to load board 58, surface 44 is essentially resting on the first
side of load boargk58 shpesteliAdisda Moaifisaiiansefiapatiten?ighewiRitigiabia anddasat 30 is a
(and facing away from the viewer as shown in Fig. 2). The load board 58 first side is flat and
when assembled to housing 15a, is substantially perpendicular to Z axis 17. The load board first
10  side carries a ground terminal 52 in facing relation to insert 30. A conductor path 55 on the load
board 58 first side is shown leading from ground terminal 52. When housing 15a is attached to
load board 58, surface 44 is essentially resting on the first side of load board 58.
Aperture 40 is a modification of aperture 28 shown in Fig. 1A, and insert 30 is a
modification of insert 25 shown in Figs. 1A and 1B. Electrically, insert 30 is similar to insert 25.
15  The modified aperture 40 cooperates with features of modified insert 30 to accept and retain
insert 30 and to bias insert 30 into constant pressure against ground terminal 52.
Aperture 40 includes in the walls 39 thereof, a pair of identical, opposed, inward and
downwardly facing, keyhole-shaped slots or recesses 43a and 43b. (“Downward” because Fig. 2
shows housing 15a from the load board, i.e., bottom side.) Identical slots 43a and 43b are shaped
20  and positioned in Z axis alignment to receive identical resilient projections 33 on opposite sides

of insert 30. (In Fig. 2, the near keyhole slot 43b is only partially visible, and the projection 33

facing away from the viewer is not visible.) Projections 33 are preferably elastomeric. The



modification of insert 25 shown in Figs. IA and 113. Electrically, insert 30 is similar to insert 25. 15 The
modified aperture 40 cooperates with features of modified insert 30 to accept and retain insert 30 and to
bias insert 30 into constant pressure against ground terminal 52. Aperture 40 includes in the walls 39
thereof, a pair of identical, opposed, inward and downwardly facing, keyhole-shaped slots or recesses

43a and fiabraRawawal skesadaiki3d mbpwshausing 1adrer iheloackRapsthnk@lpottom side.)

Identical slots 43a and 43b are shaped 20 and positioned in Z axis alignment to receive identical resilient
projectiogghda&il. opposite sides of insert 30. (In Fig. 2, the near keyhole slot 43b is only partially visible,
and the projection 33 facing away from the viewer is not visible.) Projections 33 are preferably

elastomeric. The'h8 ierngh sHafacesefrsiots diseand 3kfacingr-Rashotharalong dhideopxadre
substantially spherical. The slots 43a and 43b narrow at the ends nearer to surface 44 and the first side

of load hqaid 58. Wihen inser380JprissgestintperRestoe fojdtRigcigneA3m efpsmpatigmppassing 5
though these narrowed ends and then expand when reaching the larger bottoms of slots 43a and 43b.

Projectiofodshanesslpisrdwadadidid snianenergit toviRem raadpien tib M retiebis inse tf 3D withinagperture 40.

Thus, when attaching housing 15a to load board 58, each of perhaps many inserts 30 is retained in

housing 1458. Atihesaeslima, dids aaswuia igisecapdndivie yahinsaeat frameansyiukerd 80 Ladig. 3A
shows the modified insert 30 with CG contact surface 19 visible. Fig. 3B shows insert 30 with the load

board conpagluseidaca Kds Shawingaahic ¢ tlaisit 905 aboldathBodrd)d s, kackalatvehtpdheariem@ifig. 3B. X
and Y axes are orthogonal to each other and Z axis 17. This

30 is retained in housing 15a. At the same time, it is easy to force an individual insert 30 from

aperture 40.

10 Fig. 3A shows the modified insert 30 with CG contact surface 19 visible. Fig. 3B shows
insert 30 with the load board contact surface 41 showing, and rotated 90 ° about the Z axis 17
relative to the view of Fig. 3B. X and Y axes are orthogonal to each other and Z axis 17. This
mounting of insert 30 also resists shifting of insert 30 on the load board, which prevents debris
migration into the space between contact surface 41 and the load board after testing many DUTs.

15  Unlike insert 25 in Figs. 1A and 1B, insert 30 has no inherent compliance relative to the load
board, and serves only as a hard stop to limit DUT position along the Z axis. The loader that
mounts a DUT for testing provides compliance for Z axis positioning of the DUT.

According to known principles, a preferred insert 30 has a first bore 18 extending from
load board contact surface 41 through insert 30 to test contact surface 19. This bore improves

20  conduction of high frequency signals between load board contact surface 41 and test contact

surface 19. This transmission of high frequency signals is further improved by furnishing insert

30 with smooth side walls from load board contact surface 41 to test contact surface 19.



mounting of insert 30 also resists shifting of insert 30 on the load board, which prevents debris migration
into the space between contact surface 41 and the load board after testing many DUTs. 15 Unlike insert
25 in Figs. IA and 1B, insert 30 has no inherent compliance relative to the load board, and serves only as
a hard stop to limit DUT position along the Z axis. The loader that mounts a DUT for testing provides

compliance for Daxis-poisitianingmé e BIUE . ddeaaseing tadpruwd R nsinphapieferasiinsert 30 has a

first bore 18 extending from load board contact surface 41 through insert 30 to test contact surface 19.
This boreyimatevesy28manduatieamibigditequanaysignala hriwees leadikaarsk cantaghsurags 41 and

test contact surface 19. This transmission of high frequency signals is further improved by furnishing

insert 3Qiwithessranthisill®wallsdian (aadheatd teniaatsuifagadihdadrstaenacsnfose ddrd One
problem with the design as described in the previous paragraph is that debris generated by contact

between ¢ggteconiaticsurfagr Looand Many{ S teTminadsof ingivigualcRUiNish dusinglpeaduetion DUT
testing, can migrate through bore 18 to the interface between load board contact surface 41 and ground

termfal aeathbivelaRes payniierfaigmysthadedeiretict& aoniachhshvans gavind eomiaal 52 and
contact surface 41 and may cause wear on ground terminal 52. In a preferred embodiment, projections

33 comprigemamsesiient cylinder that press fits in a second bore substantially transverse to Z axis 17 and
to first bore 18. This resilient cylinder projects from the second bore to form projections 33. The second

bore intersects tiefisaece &AbkRimbepaientapisrieswiihie thesseeand hadercrinpletelsicloses first
bore 18 preventing debris migration from load board contact surface 41 through bore 18 to test contact
surface 1Qcond bore substantially transverse to Z axis 17 and to first bore 18. This resilient cylinder
projects from the second bore to form projections 33. The second bore intersects the first bore
10 18. The resilient cylinder within the second bore completely closes first bore 18 preventing
debris migration from load board contact surface 41 through bore 18 to test contact surface 19,
reducing ground terminal 52 wear and improving electrical contact between ground terminal 52
and contact surface 41.
In addition, aperture 40 has a pair of shelves 47 facing generally toward the load board
15  side of housing 15a. Shelves 47 oppose each other across aperture 40, and may extend to
intersect the sides of aperture 40 containing the slots 43a and 43b. (One shelf 47, nearer to the
viewer, is not visible in Fig. 2.)
Biasing projections 36 protrude from sides of insert 30 that are orthogonal to the sides
that carry projections 33. Preferably, projections 36 comprise a resilient cylinder, usually
20  comprising an elastomer, that fits in a third bore in insert 30. This third bore is preferably

orthogonal to both Z axis 17 and the second bore holding the cylinder forming the retention

projections 33.
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reducing ground terminal 52 wear and improving electrical contact between ground terminal 52 and
contact surface 41. In addition, aperture 40 has a pair of shelves 47 facing generally toward the load
board 15 side of housing 15a. Shelves 47 oppose each other across aperture 40, and may extend to
intersect the sides of aperture 40 containing the slots 43a and 43b. (One shelf 47, nearer to the viewer, is

not visible in FignAdnBiasingProiactiana b akatidadram sifemefinsarbrPp st Arg-Rétheoeaal to the
sides that carry projections 33. Preferably, projections 36 comprise a resilient cylinder, usually 20

comprisinga staskemsiesiaé bisskeRdbiud bemdngrsetidhs I0isiturd Bripdssiemyaliye orthogonal to

both Z axis 17 and the second bore holding the cylinder forming the retention projections 33. -10 When

insert 30 dssthRediad;R@Rer iy edandeatsingsiirads PiaRerisetahachinstaasd Bead 538, then pressure
of shelves 47 against projections 36 distorts projections 36. The distorted projections 36 create force that

resilientlyphiasgsdnaaltsR gainshipasthoand B ihigablasiowe bt debnsfios? paaetatiog the

interface between ground terminal 52 and contact 5 surface 41 The insert 30 is installed into the aperture
40 frem thafgadipoard side, before mounting housing 15a on the load board. A probe or tool is used to
force projections 33 into slots 43a and 43. Projections 33 deform during this installation process.

Projections 33 shiuigsBitRinilyiiktasleds f3anngdadasemsielyerRiainnsersids) terperivendag 10 Fig. 4
shows a side view of housing 15a before attaching to the load board 58, as

housing 15a on the load board. A probe or tool is used to force projections 33 into slots 43a and

43. Projections 33 deform during this installation process. Projections 33 should fit tightly in

slots 43a and 43b to securely retain insert 30 in aperture 40.

10 Fig. 4 shows a side view of housing 15a before attaching to the load board 58, as
suggested by the fact that CG contact surface 19 is not projecting above the adjacent surface of
housing 15a. Insert 30 is shown mounted in aperture 40 with an elastomeric projection 33 facing
toward the viewer. Surface 41 of insert 30 is projecting past surface 44 of housing 15a. In this
state, shelves 47 lightly contact projections 36 with projections 33 pressed into slots 43a and 43b.

15 Mounting housing 15a onto load board 58 presses the load board ground terminal 52
against the adjacent contact surface 41, forcing insert 30 more deeply into aperture 40 so that
contact surface 41 is close to coplanar alignment with surface 44 of load board 58 itself. This
shifting of insert 30 causes shelves 47 to elastically distort projections 36. The elastic distortion
of projections 36 causes insert 30 to press with substantial force against ground terminal 52 on

20  load board 58. Thus, projections 36 causes continual mechanical loading on and electrical

contact between surface 41 of insert 30 and ground terminal 52.
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suggested by the fact that CG contact surface 19 is not projecting above the adjacent surface of housing
15a. Insert 30 is shown mounted in aperture 40 with an elastomeric projection 33 facing toward the
viewer. Surface 41 of insert 30 is projecting past surface 44 of housing 15a. In this state, shelves 47
lightly contact projections 36 with projections 33 pressed into slots 43a and 43b. 15 Mounting housing 15a

onto load board A@-presssedne 1nadi PRk 0 ubsier RifatS29 peaist R rdincanfcontagtauEface 41,

forcing insert 30 more deeply into aperture 40 so that contact surface 41 is close to coplanar alignment

with surfageddkipkl0asl beRE Hitssthpldtiagshifing: RinnsREHSGAISHS RoaILaSH R eaghiaali distort

projections 36. The elastic distortion of projections 36 causes insert 30 to press with substantial force

against grouypdHarsitalS21 a8 BAJeamPecy db&didbus torgieetinns038 srowasicetinual mechanical
loading on and electrical contact between surface 41 of insert 30 and ground terminal 52. - Il After

completing instatiatigm&QERVARsH FCadPRieierissHm Rt hamdiapeatisHBEprabhiausing 15a. Also,
after completing installation, insert 30 still projects slightly from aperture 40 so that surface 41 is below

surface 4hadmeanhioreP@riaeHO remeheposiidnidefishEhedimengionssaiinasit 8% andtgspigsiions 36; the
relative positions of projections 36 5 and 33 on insert 30; and the relative positions of shelves 47 and

slots 43asarnBafate sibsePpesaitingthtiiibe step aldneanbsg hersingHdrantba doadthaad gauses the
load board surface 44 to shift insert 30 along the Z axis toward the DUT test position and simultaneously

deflect orKiitofieRI3SABIRY PRI QNS8H e BT positiontamesbears kbl jedaileiisedisdin
housing 15a and resilient members 10 36 to press insert 30 against the load board provides advantages
over a melktbigeiapesesiogidio.

The use of resilient members 33 to retain insert 30 in housing 15a and resilient members

10 36 to press insert 30 against the load board provides advantages over a mounting that uses rigid
components. Where rigid components are used, the inevitable shifting of these components with
respect to each other results in wear that produces debris and often, retention failure for insert 30.

This deflection or distortion of the elastomeric projections 36 causes the resilience in

projections 36 to preload insert 30 against the load board. The preload pressure or force of insert
15 30 against the load board prevents much of the scrubbing and wear between insert 30 and the
load board as DUTs arrive at and leave the test position.

A pressure in the range of approximately 100 — 135 grams between load board 58 and an
individual insert 30 having a surface 41 area on the load board 58 in the range of 1 — 2 mm®
seems to reduce or even prevent most scrubbing and wear between the load board 58 and an

20  insert 30, and to prevent migration of debris into the space between the ground terminal 52 and
the contact surface 41 on insert 30. The pressure should in any case be adequate to hold an insert
30 firmly against the load board during all phases of DUT testing. The elastic modulus and size
of projections 36 should be chosen to provide the desired loading of surface 41 on ground
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components. Where rigid components are used, the inevitable shifting of these components with respect
to each other results in wear that produces debris and often, retention failure for insert 30. This deflection
or distortion of the elastomeric projections 36 causes the resilience in projections 36 to preload insert 30
against the load board. The preload pressure or force of insert 15 30 against the load board prevents

much of teghisruBbINg @BdhWeRURBINESEINSEEhSR aNd iRaloprbbrRINiAS RkbiS Ritiva Al andiigave the
test position. A pressure in the range of approximately 100 - 135 grams between load board 58 and an

individualdpgeue0rbqving fIurRaailoaaraniheiodad bed RBiNJheKaNeeDbdardsiheseems to

reduce or even prevent most scrubbing and wear between the load board 58 and an 20 insert 30, and to

prevent rgighasiom ehelekbss e dhe BSiprGaseRtVMeEN the ground terminal 52 and the contact surface 41 on
insert 30. The pressure should in any case be adequate to hold an insert 30 firmly against the load board

during all phases el destingodinealastie Mauilvsiandigize ehprejiectiansistshould baghosen to

provide the desired loading of surface 41 on ground -12 terminal 52. Note that usually several of these

insess aigypidedd Torcsiagitifousing Laahdiien atddarsasiesn seehtolfamke. thesbeusipgodRrdnto the
proper location on a load board 58 is the sum of all the forces for all of the inserts 30. In the current
embodiment insertdQitsrigigrwith o srkevent cammiBnoelindheZoayis hisspansive toifasemapplied by a
DUT held in the test position by the loader. Insert 30 provides a hard stop function to prevent overtravel
by the DWdiavhile netaadee rmavesitieh DOVelitovansly hldsiebhbtie thexiest pagiionbvertravel by

the DUT along the Z axis is undesirable because it may cause permanent distortion of the test equipment
contacts s¢chigdaaghbpaidselfi@manent distortion of the test equipment contacts or the load board. The
loader structure instead preferably provides the correct hard stop test state height between the
10 DUT and insert 30.
The force produced by projections 36 to press insert 30 against the load board is a
function of the size of projections 36, the spacing between shelves 47 and insert 30, and the
material from which projections 36 is made. To create force between the load board 58 and

insert 30 within the desired range, the following parameters prior to mounting housing 15a on the

15 load board are representative:

diameter of elastomeric projections 36: 0.406 mm (.016”)
length of elastomeric projections 36: 1.75 mm (0.069”)

nominal spacing between shelves 47 and insert 30: 0.152 mm (.006”)
20  nominal deflection of projections 36 when housing 15a is mounted on the load board: 0.152 mm
(.006)
material durometer reading for projections 33 and 36: elastomer with a Shore A hardness scale of

70D = 5D
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loader structure instead preferably provides the correct hard stop test state height between the 10 DUT
and insert 30. The force produced by projections 36 to press insert 30 against the load board is a
function of the size of projections 36, the spacing between shelves 47 and insert 30, and the material
from which projections 36 is made. To create force between the load board 58 and insert 30 within the

desired rpRgectbe HPIAWING PREBMEBERIS IAAELQ D atitc H ausing 153 on dieloha iasiboard are
representative: diameter of elastomeric projections 36: 0.406 mm (.016") length of elastomeric

projections 36: b.752 i (0d369") nominal spacing between shelves 47 and insert 30: 0.152 mm (.006") 20
nominal deflection of projections 36 when housing 15a is mounted on the load board: 0.152 mm (.006")
material durometer reading for projections 33 and 36: elastomer with a Shore A hardness scale of 70D
5D -13 Projection of insert 30 past surface 44 before mounting housing 15a on the load board: 0.152 mm
(.006") The dim@hsidisecaniocatidowtisiots 48asaidd 43b4bchpdgegtionsn33 vivbpnimsent 30 is 5 installed
within aperture 40 are also important to properly retain insert 30. Mounting housing 15a on the load
boarfl 58idisglades inseapSOuatcipare akis ndpdiiten tespyopeuijyds traim sem30ntbus @xgshoffsefor
projections 33 from the bottoms of slots 43a and 43b, as shown in Fig. 4 before the load board applies
force to inSertBthe load board 58 displaces insert 30 along Z axis 17. The design builds in an amount of

Z axis offset for projections 33 from the bottoms of slots 43a and 43b, as shown in Fig. 4 before

the load board applies force to insert 30.

The following dimensions seem to provide for effectively retaining insert 30 on the one

10 hand, and to allow for reasonably easy insertion and removal on the other. Because this design

has a great many interrelated dimensions, many other sets of values are equally acceptable.

diameter of elastomeric projections 33: 0.406 mm (.016”)
narrowest width of slots 43a and 43b: 0.254 mm (.01”)

15  diameter of spherical surfaces in bottom ends of slots 43a and 43b: 0.381 mm (.015”)
maximum depth (x axis dimension) of slots 43a and 43b: 0.393 mm (.0155”)

nominal distance each projection 33 extends into slots 43a and 43b: 0.220 mm (.0087")
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The following dimensions seem to provide for effectively retaining insert 30 on the one 10 hand, and to
allow for reasonably easy insertion and removal on the other. Because this design has a great many
interrelated dimensions, many other sets of values are equally acceptable. diameter of elastomeric
projections 33: 0.406 mm (.016") narrowest width of slots 43a and 43b: 0.254 mm (.01") 15 diameter of
sphericalkgyHigcesaimbatiom ends of slots 43a and 43b: 0.381 mm (.015") maximum depth (x axis
dimension) of slots 43a and 43b: 0.393 mm (.0155") nominal distance each projection 33 extends into

slots 43a and 43b: 0 22 MR EA&% h rlidr¥éliatisielaimeddsndy Sroysiandkidanting, sHiciReisuit

having a center ground (CG) terminal, said system including a load board having a ground terminal

thereon qRcfirgk SidsidolarsHg MO BIsdHANcHif PRt decids firstsidador kalkyicieshieiminals
arranged around a first surface area of the 5 housing for receiving the microcircuit, and an aperture open

from the heusinDtvirstsudesafeacdafhe eadbeargrauntiarabalianG:in aligunerawitihthe CG

terminal of a microcircuit on the housing's first surface, said aperture having a Z axis perpendicular to the

load Poarbssiinst et ccavid e RN E GO bRE SoRReaiRY Mpset-withie thsaperiuiesendfiayingaa CG
terminal end for contacting the microcircuit CG terminal and a load board contact end for contacting the

load 10 heard graupeatarsoumld whgiain ihe inveistiacoOMMHisRSAG eninsarsfa fitki-peaiastion fhem the
side thereof and substantially perpendicular to the Z axis, and in the housing, a wall defining at least a

part of thecapidly €ir’ncubavi)gadsiptiarsaceiving thexisseppeirttignrte dainddeinsELtfivktkitea
predetermined Z axis position within the aperture.
and a conductive ground connector insert within the aperture and having a CG terminal end for
contacting the microcircuit CG terminal and a load board contact end for contacting the load
10 board ground terminal, wherein the invention comprises in the insert, a first projection from the
side thereof and substantially perpendicular to the Z axis, and in the housing, a wall defining at

least a part of the aperture and having a slot for receiving the first projection to retain the insert

within a predetermined Z axis position within the aperture.

15 2. The system of claim 1, wherein an axis of the slot is substantially parallel with the Z

axis and is open at the end of the slot spaced farthest from the load board.

3. The system of claim 2, wherein the projection has a predetermined dimension parallel
to the load board first side, and wherein the slot has a predetermined cooperating dimension in Z
20  axis alignment with the projection’s predetermined dimension and forming with the projection’s

predetermined dimension, a detent retaining the insert within the aperture.
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15 2. The system of claim 1, wherein an axis of the slot is substantially parallel with the Z axis and is
open at the end of the slot spaced farthest from the load board. 3. The system of claim 2, wherein the
projection has a predetermined dimension parallel to the load board first side, and wherein the slot has a
predetermined cooperating dimension in Z 20 axis alignment with the projection’s predetermined
dimension and formipgswiténthe ergisdiemsraregdetaoningd dimensiandmdaiast reiaining thainrert within
the aperture. -15 4. The system of claim 3, wherein the slot's predetermined dimension is smaller than the
projectiops Rrerpterpréase sienifNe AchVARI dindkRe AR pesiebisH ¥ Memh &l testienénnaliadahkld. The
system of claim 4, wherein the insert has a first bore extending from the load 5 board contact end toward
the CG terminal end, and a second bore substantially transverse to the Z axis and intersecting the first
bore, wherein the second bore contains a first resilient cylinder projecting from the second bore and
forming the firstprajpetipiesaig casilientendinaerosig Hheaffisithie atthrlintensactinniehdhe first and
second bores. 10 6. The system of claim 5, wherein the aperture includes a shelf facing away from the
load Poakhaandonfacteinithsvingatid tgdes n EsiliEnhsecardryr einetiopexiantingatansvetsaheto the Z
axis and in Z axis alignment with the shelf, wherein the Z axis locations of the shelf and the second
projectioz causgndefieetianiof the /RO Prajetinthwbeidtaeirsedrtinstheirpredaientinradéraxis
position. 15 7. The system of claim 6, wherein the insert has a third bore substantially transverse to the Z

axis, andpaojesiligntroyinsiesssdiirbtiie Ahirddeana and pieigstingdbarsiiameiaiteiotheder closing

the first bore at the intersection of the first and second bores.

10 6. The system of claim 5, wherein the aperture includes a shelf facing away from the
load board, and wherein the insert includes a resilient second projection extending transversely to
the Z axis and in Z axis alignment with the shelf, wherein the Z axis locations of the shelf and
the second projection cause deflection of the second projection when the insert is in the

predetermined Z axis position.

15
7. The system of claim 6, wherein the insert has a third bore substantially transverse to
the Z axis, and a resilient cylinder within the third bore and projecting therefrom to form the
second projection.
20 8. The system of claim 7, wherein the second and third bores are orthogonal and spaced

from each other along the Z axis.
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second projection. 20 8. The system of claim 7, wherein the second and third bores are orthogonal and
spaced from each other along the Z axis. -16 9. The system of claim 3, wherein the aperture includes a
shelf facing away from the load board, and wherein the insert includes a resilient second projection
extending transversely to the Z axis and in Z axis alignment with the shelf, wherein the Z axis locations of

the shelf and the speondpRisciamrausadehiasiapatineiseward PRieCtiRmYAeAHRIASREL is in the 5
predetermined Z axis position. -17

load board, and wherein the insert includes a resilient second projection extending transversely to
the Z axis and in Z axis alignment with the shelf, wherein the Z axis locations of the shelf and

the second projection cause deflection of the second projection when the insert is in the

5  predetermined Z axis position.
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