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packages, such as integrated circuits, and nore particularly to an
apparatus for 9 interfacing electronic packages and test equipnent. 10 11
Rel ated Applications 12 Priority is hereby clainmed under 35 U S.C. 119(e)
to co-pending and 13 commnly-owned U. S. Provisional Patent Application
No. 60/361882, which was 14 filed on March 5, 2002, and U.S. Provisional
Patent Application No. 60/410121, 15 which was filed on September 13,

2002, each of which is mco@@@r&&%&@ﬂﬁlﬂ@ﬁAGM@ference inits
enti reté 17 18 Related Ar ) Jit (10 packages
(devi ce3 under test) B ahich in turn are

nounted,on a circuit substrate connDnIy 21 referred to as a
devi ce- ander test or DUT board. The sockets nount individual 22 contacts
for elegtrically connecting each tBAKGROUMNIR device to be tested to an

23 individual circuit path on the DUT board. The DUT board is in turn
electriéally 24 connected to conputerized test equi pnent. This arrangenent
facilitates iegtlngg.ii providing top | oading and unloading and is readily
adapt ed™f or RS fferent 1Cs; 26 however, it does have certain

i mtathons. One §HENGkiBhERIRes LehabiBs 1§ eqbipmcheugil in Retinealttedcf or the
interface equipnment, 1.e., the sockets. The di stance between the 28

t er mi naks of padkragdae\sude asimtegrated gtircuityl andembrecpartioHady t¢ pneappaiiscioron with
t he

9 interfacing electronic packages and test equipment.
10
11 Related Applications
12 Priority is hereby claimed under 35 U.S.C. § 119(¢) to co-pending and
13 commonly-owned U.S. Provisional Patent Application No. 60/361882, which was
14 filed on March 5, 2002, and U.S. Provisional Patent Application No. 60/410121,
15 which was filed on September 13, 2002, each of which is incorporated herein by

16 reference in its entirety.

17

18 Related Art

19 Typically, integrated circuit (IC) packages (devices under test) are removably
20 mounted in sockets which in turn are mounted on a circuit substrate, commonly
21 referred to as a device-under-test or DUT board. The sockets mount individual
22 contacts for electrically connecting each terminal of a device to be tested to an

23 individual circuit path on the DUT board. The DUT board is in turn electrically
24 connected to computerized test equipment. This arrangement facilitates testing

25 providing top loading and unloading and is readily adapted for use with different ICs;

26 however, it does have certain limitations. One such limitation relates to the height
27 required for the interface equipment, i.e., the sockets. The distance between the
28 terminals of the device under test and the location of interconnection with the

29 respective circuit paths on the DUT board is an important parameter, maximizing the



29 respective circuit paths on the DUT board is an inportant paraneter,
maxi m zing the WO 03/ 076957 PCT/ US03/06734 2 1 fidelity of the electrica
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13 circuit board having first and second opposing surfaces. A plurality of vias may be
14 formed in the printed circuit board in a predetermined pattern, each via having upper
15 and lower ends and an inner diameter. The apparatus also includes a test socket
16 overlaying the first surface of the printed circuit board, the test socket including a first

17 plate and a second plate overlaying the first plate. Each of the first and second plates

18 includes a plurality of bores corresponding to the vias in the printed circuit board. The
19 apparatus also includes a conductive sleeve member positioned in each via. The
20 sleeve member has an upper end and a lower end. The apparatus also includes a
21 biasing member seated against the lower end of the conductive sleeve member. The
22 biasing member has an outer diameter less than an inner diameter of the conductive
23 sleeve member and is moveable in the conductive sleeve member. The apparatus also
24 includes a plunger having a substantially cylindrical body which includes an

25 outwardly extending annular flange. The plunger further includes a first rod portion
26 extending upwardly from the body and a second rod portion depending downwardly
27 from the body. The first rod portion includes an upper surface defining a selected
28 contact portion, and may be at least partially received in the conductive sleeve

29 member adjacent the biasing member. The body may be received in the bores of the
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23 to e ef a package termnal. 24 The foregoi ng and
ot her qlaj ect gerdfRah Ut fifst aydchodtibraextage spwirdiyheord illscinoslar Bangelahd a second

15 rod portion depends downwardly from the annular flange. The first rod portion

16 includes an upper surface defining a selected contact region. In the present

17 embodiment, a biasing member may be positioned about the second rod portion and

18 seated against the upper surface of the printed circuit board and the lower surface of

19 the annular flange. When the apparatus is in an operating position, the first rod

20 portion is at least partially received in the bores of the first plate, the annular flange

21 is received in the bores of the second plate, and the second rod portion is at least
22 partially received in the conductive sleeve member, and the plunger is urged upwardly
23 to make electrical contact with a package terminal.

24 The foregoing and other objects, features and advantages of the disclosure will
25 be apparent from the following more particular description of preferred embodiments
26 of the disclosure, as illustrated in the accompanying drawings in which like reference
27 characters refer to the same parts throughout the different views. The drawings are
28 not necessarily to scale, emphasis instead being placed upon illustrating the principles

29 of the disclosure. The principles and features of this disclosure may be employed in



25 be apparent fromthe follow ng nore particular description of preferred
enbodi nents 26 of the disclosure, as illustrated in the acconpanying
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t hroughout the different views. The drawi ngs are 28 not necessarily to
scal e, enphasis instead being placed upop illustrating the principles 29
of the disclosure. The principles and features of this disclosure maybe
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shown in FIG 6 1s an expl oded view of the contact plunger
assenbly showpositiondd i@ thdbores of the test socket and the vias of the DUT board;

12 FIG. 2 is an exploded view of the IC receiving socket and DUT board shown
13 in FIG.1;
14 FIG. 3 is a cross sectional view of the IC receiving socket and DUT board

15 shown in FIGS. 1-2, shown with the IC package spaced slightly above the socket,
16 showing contact plunger assemblies extending through the bores of the test socket and
17 the vias of the DUT board,

18 FIG. 4 is a cross sectional view of a single IC receiving socket from the DUT
19 board shown in FIG. 3;

20 FIG. 5 is an expanded cross séctional view of a single contact plunger
21 assembly shown in FIG. 3;

22 FIG. 6 is an exploded view of the contact plungér assembly shown in FIG. 5;
23 FIG. 7 is a cross sectional view of the single IC receiving socket shown in

24 FIG. 4 with a contact plunger assembly positioned therein;

25 FIG. 8 is an enlarged broken away portion of the IC receiving socket and DUT
26 board shown in FIG. 1, with several contact positions in various stages of assembly;
27 FIG. 9 is a cross sectional view of another embodiment of an IC receiving

28 socket and DUT board according to the present embodiment, shown with a PGA IC
29 package spaced slightly above the socket;



23 FIG 7 is a cross sectional view of the single |IC receiving socket shown
in 24 FIG 4 with a contact plunger assenbly positioned therein; 25 FIG 8
i s an enlapgam7ésspken away portion of the |IC receiving soeketusasiob7BIIT 26
board shown in FIG 1, with several contact positions in various stages of
assenbly; 27 FIG 9 is a cross sectiongl vi ew of anot her enbodi nent of an
| C receiving 28 socket and DUT board according to the present enbodi nent,
shown with a PGA I C 29 package spaced slightly above the socket; WO

03/ 076957 PCT/US03/06734 5 1 FIG 10 is an enlarged cross sectional view
of the 1C receiving socket and 2 DUT board showmn in FIG 9; 3 FIG 11 is a
cross sectional VFEW 16fistaheenlafzadecressvientjorsd viext ofithd IOUTciviag gocket shdwn i n
FIGS. 9-10, shown with the | C package in a fully nmounted position; 5 FIG
12 is ah enl BHJdward showmsisdiiGodal view of the IC receiving socket and 6
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10 FIG. 13;
11 FIG. 15 is an enlarged broken away portion of the IC receiving socket and
12 DUT board shown in FIG. 9, with several contact positions in various stages of

13 assembly;

14 FIG. 16 is an enlarged broken away cross sectional view of a portion of an
15 alternate embodiment of an IC receiving socket and contact plunger assembly made
16 in accordance with the present disclosure, showing a BGA IC package spaced slightly
17 above the socket;

18 FIGS. 17-24 are cross sectional views of alternate embodiments of test
19 apparatus in accordance with the present disclosure, in which a biasing member is
20 external to the DUT board; and

21 FIGS. 25-29 are cross sectional views of further alternate embodiments of test
22 apparatus in accordance with the present disclosure, also in which a biasing member

23 is external to the DUT board.

24

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

26 The present disclosure is directed to an apparatus for maximizing the fidelity
27 of an electrical signal passing from test equipment to an IC package or device under

28 test (hereinafter (DUT), by reducing the distance between the test equipment and the
29 terminals of the DUT. The apparatus includes a test socket for holding the DUT,



21 FIGS. 25-29 are cross sectional views of further alternate enbodi nents
of test 22 apparatus in accordance with the present disclosure, also in
whi ch a bwesBngIsenber 23 is external to the DUT board. 2¢T/1383/BEIAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 26 The present disclosure is
directed to an apparatus for maxim zing éhe fidelity 27 of an electrical
signal passing fromtest equipnent to an | C package or device under 28
test (hereinafter (DUT), by reducing the distance between the test

equi pnent and the 29 terminals of the DUT. The apparatus includes a test
socket for holding the DUT, WD 03/076957 PCT/US03/06734 6 1 which is
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i ncludig 1%ouespoedipgrtdi thg ATt PHY dard d A ducludes] spposiygednpey éng lowsit endi ng
conpletely through . 18 each plate 12a.b nd, being arranged in a. .
pr edet e&n nec?u‘f:rg‘tgefe]r%ﬁ’cﬁ?‘fésﬁm%hﬁgt‘/éa Pﬂ%s netiddtof e 48 urtdhe in o

13

predetermined pattern corresponding to the pattern of terminal pins of the DUT and

14 extending from top surface 14a to bottom surface 14b. Vias 18 are generally plated

15 with an electrically conductive material such as, for example, tin solder.

16 Test socket 12 includes upper and lower plates 12a,b each including
17 corresponding patterns of bores 13,15 respectively, extending completely through
18 each plate 12a,b, and being arranged in a predetermined pattern corresponding to the

19 pattern of terminal pins 17 of the package 16.

20 FIG. 4 shows a single via 18 having upper and lower ends 18a,b. In the
21 present embodiment, each via 18 exiends through DUT board 14 from upper
22 surface 14a to lower surface 14b. In the present embodiment, each via 18 includes a
23 shoulder 18s at each of upper and lower ends 18a,b. Vias 18 may have a constant
24 inner diameter or one that varies, as in the present embodiment, in which each via 18
25 has an inner diameter d, at each end 18a,b that is greater than inner diameter d,.

26 FIGS. 5-6 show contact plunger assembly 20 in greater detail. Each contact
27 plunger assembly 20 includes a sleeve member 22, a biasing member 24, and a
28 plunger 26. Biasing member 24 may be, for example, a contact force coil spring,

29 which is preferred in the present embodiment. Biasing member 24 may be formed



19 pattern of termnal pins 17 of the package 16. 20 FIG 4 shows a single
via 18 having upper and |l ower ends 18a,b. In the 21 present enbodi nent,
each vi a Wl tent@nsts t hrough DUT board 14 from upper 22 sucrases/dsiasto

| ower surface 14b. In the present enbodi nent, each via 18 includes a 23
shoul der 18s at each of upper and Iomer,fnds 18a,b. Vias 18 may have a
constant 24 inner dianeter or one that ‘varies, as in the present

enbodi nent, in which each via 18 25 has an inner dianeter dl at each end
18a,b that is greater than inner diameter d2. 26 FIGS. 5-6 show contact

pl unger assenbly 20 in greater detail. Each contact 27 plunger assenbly 20
i ncl uded a sliesvenyrsuiteble 22¢trigallyi esnidugtiveematariap gychagsdgeld mW@eg| handaned 26.
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and a second mmjor "axial length portion 28d defined by a 13 shoul der 28z
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Upper end 28u of upper sleev er
14 Upper end 28u of upper sleeve member section 28 is open, whereas in the present
15 embodiment lower end 281 of upper sleeve member section 28 is constricted or closed,
16 thereby forming an internal spring seat 28s. Upper end 28u of upper sleeve member
17 section 28 includes an outwardly radially extending flange 28f.
18 Lower sleeve member section 30 also has a minor axial length portion 30c at
19 lower end 301 having a first diameter ds selected to form an interference fit with

20 vias 18 of DUT board 14, and a second major axial length portion 30d having a

21 second diameter dg that is less than diameter d;. Lower end 30b of lower sleeve
22 member section 30 includes an outwardly radially extending flange 30f.

23 Flanges 28f, 30f may be formed integrally with each sleeve member
24 section 28,30 or may be a separate part received on top and bottom surfaces 14a,b of
25 DUT board 14 and electrically connected to sleeve member 22. Preferably, sleeve
26 member 22 or sleeve member sections 28,30 may be formed of a suitable electrically
27 conductive material such as a copper alloy preferably plated with gold.

28 Still referring to FIGS. 5-6, plunger 26 has a generally longitudinal cylindrical

29 shape and includes a body 32, and first and second rod portions 34, 36 extending from



17 section 28 includes an outwardly radially extending flange 28f. 18 Lower
sl eeve nenber section 30 also has a mnor axial length portion 30c at 19
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includes a 3 sel (¥ i r eof .
In the. Br oseltErEad he SRR sRdf (Hil @t fhodd 22 ol e e BEC 5% e &
four poknt chawR. SBednd bngifi@inal rdieporisiesGdeedds dovirvatrdigriont botyedd, and
configuration may be used. The outer dianeter of first rod gorti,on 34 6 1is
sel ecte@ to seizedrtehnalossiyeandeslidingliveesived igrbasedy of sleeyy mempeol he be

di scussed 7 belo Seco I i t,ydi_nal por.t | . : rdly
from bogy 32?‘3géﬂ’i’dg¥ %?cﬁ%n gg%e%%ggtggé’rer(}?%ﬂs’fgl yasaan%#dé]?r %%ﬁ%%p %@%@%ﬁﬂgﬁ bor e
33 of sgleeve,nEERep; 8}2teli1d1n% RRiald JuBgiraR Mface@mGeidtid ra@gortBady. 32 preferably
has a circunPerentiaIIy extending ring 10 portion 32r extending radially

out war dily adj acenFIGEL simovs debntant plunger3semtily R0 @osifioserbins? Wad8id¥¢ T pl unger
assenbly 20 positioned in a.viag,18 of . DUT 1 oard 14 with the termnal 17
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may be pressed manual 'y or automatically into

14 POS 1, lower sleeve members 30 may be pressed manually or automatically into
15 lower ends 18b of respective vias 18 until flange 30frests or is pressed against bottom
16 surface 14b of DUT board 14. Lower sleeve member 30 forms an interference fit

17 with via 18 of DUT board 14, and is thereby held firmly in place and provides good

18 electrical engagement therewith, in part due to the plated material on the interior of
19 the via. Similarly, upper sleeve members 28 may be pressed manually or
20 automatically into corresponding upper ends 18a of vias 18, and also into lower sleeve

21 members 30, until flange 28f pressed firmly against upper surface 14a of DUT
22 board 14. Upper sleeve member 28 forms an interference fit with vias 18 of DUT
23 board 14, and with lower sleeve member 30, and is thereby held firmly in place and
24 provides good electrical engagement with both lower sleeve member 30 and with

25 DUT board 14.

26 Thus, one aspect of the present disclosure is an apparatus that provides a
27 relatively simple and quick method for replacement of malfunctioning elements of the
28 conductive plunger assemblies, including the sleeve members, which can be removed

29 manually from the DUT board. For example, when it is desired to replace conductive



15 lower ends 18b of respective vias 18 until flange 30frests or is pressed
agai nst bottom 16 surface 14b of DUT board 14. Lower sl eeve nenber 30
forms an wotoanfe@sence fit 17 with via 18 of DUT board 14 pcarsos/ss78her eby
held firmy in place and provides good 18 electrical engagenent therewth,
in part due to the plated material on the interior of 19 the via.
Simlarly, upper sleeve nenbers 28 may Be pressed manual ly or 20
automatically into. correspondi ng upper ends 18a ofvias 18, and also into

| ower sleeve 21 menbers 30, until flange 28f pressed firmy agai nst upper
surface 14a of DUT 22 board 14. Upper sleeve nenber 28 forns an

i nt er f er enceylddvt mwniber ¥2,abe dl8evefor Blddve R3titimanay Helpushetlowti frdm theviettonl eeve
menber 30, and is thereby held firmy in place and 24 provides good

el ectrizal endpefen®h with both | ower sleeve nenmber 30 and with 25 DUT

board 14. 26 Thu one, aspec f e i i t us

t hat pr%vi des a S%qug}ag? f@gmeg%%o%%«%é@gtae %%b%kﬁ&%@%?%?b?%&ﬁgggﬁgm of

mal f unc i oni g RFQNBRESIn@LbAgtial 8li G 6/ith weas P B UBgRIngasaripda ¢ dissn hayc| udi ng

t he sl eeve nenbers, which can be renoved 29 nanuallé fromthe DUT board.
S

For exafipl e, bennsamtedtintp sledeeinember 22 neiplitusets agrveriseat ¢as-\iupeyr @panayybe

PCT/ US03/ 06734 9.1 sl ee nber, 22...t he s| i my be

ehed Gut rinsetiEomsrs ool SoR s Gl I0erisd 3P pPloit FY FortGh 36308, oY

socket 42 t ﬁ?#erﬁl? YR L2 be Beda\RatRes 516k 16Wehplate 1dbakavBerdismater are in
n

substanti al I gn wth vias 18. Biasing nenber 24 then may 5 be
i nserteg i ntelsteavacommnedats bodp 32| ofi nlumgess 26, syeh that riwgarortzas 32p|aihger 26

be 6 inserted int 33 of sl 18 untjl | d 361.0f |
o4 por®i on deseieabsidmelyarcsied hacring 1o ieaeram Bl dud KT 38PEs 18 of
| ower phale JaR NPl ATBAF pariiiLy Bi§ Scidn b8g BE RETHahBerlaod WheR iof

pl unge 26,%s that ring portions are 9 closely and sfidingly
recei ved t hejseidyelyHaldstheretie butds siiebd gehrt framesectipn28¢ of sl@Beafembid 2pdunger 26
extends at |east partially into section_28d of_ sleeve nmenber 22, where it
11 is dBoseI'50theﬂﬂfelffm??&él,e1Wd19§ne§?5&€§%13°§%7t8°fdr om section 28c of sleeve

menber ;32 due  12u40. g Hohl REFRES bdphbs R Sowd! AR P with 6 19NS

14 substantially aligned with corresponding bores 15 and vias 18. The diamecter of

15 bores 13 is selected to be slightly less than that of the outer diameter of body
16 portion 32 of plunger 26, and slightly larger than that of upper rod section 34 of
17 plunger 26. The difference in diameter of bores 13,15 causes plungers 26 to be

18 depressed to an initial fixtured position extending a first selected force of, for
19 example, 10 grams. The diameter of bores 13 is selected to slidingly receive respective
20 terminal members 17 of package 16 as well as upper rod portion 34. Bores 13 may
21 include an optional frusto-conical mouth portion 13a to facilitate guidance of terminal

22 pins 17 into bores 13.

23 FIGS. 9-15, when taken together, illustrate another embodiment of an
24 apparatus 10' including a test socket 12 mounted on a DUT board 14ina conventional
25 manner, and an alternate contact plunger assembly 20'. DUT board 14 is substantially
26 similar to the DUT board of the previous embodiment, and will not be described again
27 in the same detail.

28 FIGS. 9-10 show a PGA package 16 carrying a DUT (not illustrated) spaced

29 apart from test socket 12, prior to being mounted in an operating position. In



13 Upper plate 12a then may be placed over |ower plate 12b with bores 13

14 substantially aligned with correspondi ng bores 15 and vias 18. The

di anet er wD 030%95Dres 13 is selected to be slightly | ess tharusosied73of t he
outer diameter of body 16 portion 32 of plunger 26, and slightly |arger
than that of upper rod section 34 of Z pl unger 26. The difference in

di aneter of bores 13,15 causes plungers % to be 18 depressed to an
initial fixtured position extending a first selected force of, for 19
exanpl e, 10 grans. The dianmeter of bores 13 is selected to slidingly
receive respective 20 termnal nenbers 17 of package 16 as well as upper
rod porti on BEGS.BAarks PIE?ApmkageZl]ﬁiisBhﬂmdlmeimglmopmﬁedh‘edndpﬁmﬁngpcsiﬁd)mwithrmuth
portion 1 3 a to facilitate guidance f t rm nal gﬁ pi N 15 i,nto bqres 13.
23 FI GS2 9- wmhmél%mﬁéli’éﬁn&aﬁg&%?acts %?’éaéénw érarf‘e‘ii*ﬁ{? Y AEESSE an 24
apparatys 10 i on a DUT board 14 in a
convent?onalam%@&kgﬁﬁg%nﬁw{ ?g%m%@. aggt pl unger assenbly 20'. DUT
board 14 is substaad irﬂhbprevﬂﬁls&nihibﬂment (bat}hmaDlgTofHDIdTﬁomfd 1t4He15[anémhe:ous
enbodi nent, and will not be descrihed again in the sane_det ai

FIGS. 9510 sHismeterdgat eagl radySapghatds gvaﬁ@gthan mm:r diapeter s, E?§Ethafibf€Pfef§6ac ed

posi 11 of. | noves s boEEEs BspBlipHhonsiuitt SR RIPER B BRI o (¢
I's showp bei nohdTRYBiRduhdedaR iPMe hAivids cifbdidichen. With 2 terminal pins 17
contacting contacts 38 of plungers 26, which are thereb% depressed 3 and

provi de 8a cont act FIGBcE3-04 shdw alt@nawmoétaCinugg%trwsemblﬁg i 11 &fPﬂiefpﬁi@%di:ous
enbodi nent , h via 18 14 has ner. d| a at each
end 18a’b théﬂc ‘?‘E%Péifﬁ‘é? nﬁ%frf ?241%?’1381“&&8?‘8 aBﬂt Wégea% ??ﬁ?g 6

bet ween odl apgd gz b8 ahESHnid 20 afe@uﬁé?&tﬁ[l?‘t’ﬁe@dﬁw%ﬁﬁ%b PRMous 6&55&%&&& ina

shoul der 18s 7 1s not as pronounced as in the previous enbodi nent. FI GS.
13- 14 dhow abhdwmilhhet heoie’sa‘dxedpgamghrthapmmtleylbzdimanh Sgaeeammbdls\?ﬂ%dd)es 9
|nclud|ng a sl eeve nmenber 22,

Si ng 24, and | unger .26
Bi asi nd? 10 Reheldeiva sertions n'g]é?s e‘é?r‘@e@g‘%sz[ |“8P?rfngﬂg § géu’il’n t he
previoys embody MERor axial length portion 22¢ at upper end 22u having a first diameter d,

14 selected to form an interference fit with vias 18 of DUT board 14. Sleeve 22 also has

15 a second major axial length portion 22d having a second diameter d; that is less than
16 diameter d,. Upper end 22u of sleeve member 22 is open, and lower end 221 of sleeve
17 member 22 is constricted or closed, thereby forming an internal spring seat 22s.
18 Upper end 22u of sleeve member 22 includes an outwardly radially extending

19 flange 22f. Flange 22f may be formed integrally with sleeve member 22 or may be
20 a separate part received on top and bottom surfaces 14a,b of DUT board 14 and
21 electrically connected to sleeve member 22. Preferably, sleeve member 22 may be
22 formed of a suitable electrically conductive material such as a copper alloy and is

23 preferably plated with gold.

24 With reference now to FIG. 15, apparatus 10' may be assembled by pressing
25 sleeve members 22 into respective vias 18 until flange 22f rests against upper
26 surface 14a of DUT board 14. Sleeve member 22 forms an interference fit with

27 vias 18 of DUT board 14, and is held firmly in place therein and provides good
28 electrical engagement with DUT board 14.



11 and will not be described again. In the present enbodi nent, sleeve
menber 22 does 12 not include two sections. Thus, sleeve nenber 22 has
upper andwbaseressnds 22u,l, 13 and a minor axial |ength porttisonoZ3c at
upper end 22u having a first dianmeter d7 14 selected to form an
interference fit with vias 18 of DUT bog d 14. Sleeve 22 also has 15 a
second maj or axial length portion 22d having a second dianeter d$ that is
| ess than 16 diameter d7. Upper end 22u of sleeve nenber 22 is open, and
| ower end 221 of sleeve 17 menber 22 is constricted or closed, thereby
formng an internal spring seat 22s. 18 Upper end 22u of sl eeve nenber 22
i ncl udeg an out wafrdpogiticndQ8 1,yoesstldsidiandjviad I8 drk slmyen ir2pperplaantis, kxfermay be
formed integrally with_s]eeve nber 22 or . e. 20 a separate part
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may be 22 formed of a suitable electrically conductive material” such as a
copper al | oy flamek 125 seatéd pr ebtiigdtainspippiee shrfict h4gof BUTXbawl 14 ref er ence now
to FIG 15, apparatus 10' may be assenbled by pressing 25 sleeve nﬁn‘oers
22 intoSrespecti v8BO® ashews (nasing meghgk 24 zositioaed 1 §iaeKe Mmsse 22 Y8hsur f ace

14a of bpard,.l4.. Sl f ' [ i 27
Vi 25018 of Dgﬁé}bggroé Iﬁﬂ&gee \é?gn?c;sgﬂﬁdé]leé%? ib(ra y5 %rq: lpﬂgﬁéfaﬁlg?ée:?%& g&nw plrrogvi des
good 2§ el eg&ﬁbﬁ@% fﬁ)?ﬂi@ﬁ@(ﬂﬁfﬁor%&hhﬂ!ﬁ haakd upfer pMIeA24 Wi 5He upward

np

PCT/ US03/ 06734 11 osition POS 1, bores 13,15 and vias 18 are shown
in upper pl anevedant dfphenger 26 b tednitigfixtensd ppEitioboar d 14, respectively,

i thout furth : P . sh . 2 fhtted
Fto pl dce i nvi aPo A dhons phupee s BRoare Badgnich Y duFiin g erBRRER 1 per
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| oner pliate 12b a®®dY Havet POSG both ghomtilongeBB6 poai epepatiag positiop freelggdricaln t hi s
manner, upper plate 12a limts the novenegnt of plunger 26 to the
i ni tiall%ixt GREAECHEE! W}tBﬁ.te@lmlmlimg&a Yl%Q]%rof‘gn ‘?‘ﬁ%"sarre posi tion as
PGS 3, Mt h a termgagl 16028, When taken together, illustrate yet another embodiment of an

14 apparatus 10" including an alternate test socket 11 mounted on a DUT board 14 in a
15 conventional manner, and yet another an alternate contact plunger assembly 20" in
16 which the biasing members 24 are external to the DUT board.

17 As shown in FIG. 16, a socket 11 mounted on DUT board 14 an upper and
18 lower plates 11a,b. Upper plate 11a includes bores 13 extending therethrough, each
19 of which has an upper small diameter portion 13b and lower larger diameter
20 portion 13c forming a shelf 13s therebetween. Bores 13 may be adapted to receive
21 solder balls 17 of aBGA IC package 16 for testing, and may optionally include frusto-
22 conical portion 13a. Lower plate 11b includes bores 15 extending therethrough and
23 having a diameter substantially the same as lower larger diameter portion 13¢ of upper
24 plate 12a. It will be understood that BGA package 10" is shown merely as illustrative
25 and that the disclosure can be used with various types of electronic packages such as,
26 for example, LGA packages.

27 As shown, when in an assembled configuration, bores 13 and 15 are preferably
28 aligned with vias 18 of DUT board 14, in which electrically conductive sleeve

29 members 22 are preferably received. Sleeve members 22 preferably have a closed



10 of PGA package 26 positioned above contact point 38, prior to operation.
11 POS 5 and PCS 6 both show plunger 26 in an operating position in
el ectri cawo ok@7@agagenent with a termnal pin 17 of PGA pacharpes/dd34 br oken

away. 13 FIGS. 16-24, when taken together, illustrate yet another
enbodi nrent of an 14 apparatus 10"’ inci#di ng an alternate test socket 11
nmounted on a DUT board 14 in a 15 convefiti onal nmanner, and yet another an

alternate contact plunger assenbly 20" in 16 which the biasing nmenbers 24
are external to the DUT board. 17 As shown in FIG 16, a socket 11 nounted
on DUT board 14 an upper and 18 lower plates 11 a,b. Upper plate 11 a

i ncl uded bor &swel3nd22¢ exiending oetveartlyofioh, loweicénd 14b of borrd d4, and apper

[l di i 13b | | di i 1
For m ng2a. s harRLer of e DBe GRS olosts Temheh P d Gies A0 SRalE 21
sol der Ralls if orf egfévifh Be hferhe bage i%@esir%‘i, rﬁa@s&él I padthaBrécdpdd aMdp! ¥

i ncl ude™frus conical portion 13a. Lower plate 1 |I'b includes bores 15
ext endi Bg t hemgidan dugtDUTboarb] 4eadinmey ba chicarivellpcomatted tordléeat menttise2Zame as

| ower | arger dianmeter portion 13c ofupper, .24 plate 12a, It wi]l. be

under st dod t Hetstardabpy® Niagd S arpgengrally Wﬁw@&&cw%ﬁypf@%twwv aPa?g and
that the disc]osu Ltk | ] J ckages
Such as? 20 eBre BmRER 22 e Ry Al o B e R o o e
configurat i omvitmﬁagmiﬁgn@m&iaﬁ are preferably 28 aligned with vias 18 of

DUT board 14, in which electrically condugti ve sl eeve 29 nenbers 22 are
preferaly recei v&dll refemingsofdeh be. Plunzen? e has agangraiyJengitudma gdngpical

03/ 076957 PCT{ US03/,0673 1 |l.ower .en A dj o) | m | ower
end 14b”of DS pﬁ&‘é‘fldmi%fés&#éﬁaandfe?qng 8‘21)%%#15:@’?’ ﬁé&%%neéﬁ%ﬁ%gagi% sl eeve
menber 122.  FloaRaging 2hn g0 RRItIOAEEBEMebthe Birdt e dRAoid fod potteme84/3enPRst 22 or,

if desired, may be a séparate part received on top 4 surface 14a of DUT
board 114 and amdsbeondl mdtpartiend $4,36 rententd dfiomn ®ppoBEvendseafbllange 40 aleng\@ st at ed

cbove, 2 Iohanitib LY Bl Shed Al S e e e

conductjve relatdQnahsd is dbdahfallydeRhAb! st RIdE5drRbn 34 includes a selected
14 contact configuration 38 at an upper end thereof, which is a four point crown in the
15 present embodiment. It should be understood that any contact configuration may be
16 used. Second rod portion 36 depends downwardly from flange 40 and is sized to be
17 closely and slidingly received in bore 33 of sleeve member 22. Lower end 36a of
18 rod 36 may be pointed, as in the present embodiment, and is preferably spaced apart
19 from lower end 221 of sleeve member 22, and from lower end 14b of DUT board 14.
20 Flange 40 has an outer diameter selected to freely fit in larger diameter bore
21 portion 13c of plate 12a but larger than small diameter bore portion 13b, thereby
22 limiting travel of flange 40 by engagement with shelf 13s. Shelf 13s also provides a
23 flat wall spring seat for biasing member 24 which is received between flange 40 and
24 flange 22f of sleeve member 22. Flange 22f forms an opposing flat wall, for a
25 purpose to be described below. Second rod portion 36 is closely and slidably received
26 in each sleeve member 22.
27 In assembling the apparatus, sleeve members 22 are placed in vias 18 of DUT
28 board 14, and bottom plate 12b of test socket 12 is positioned such that bores 15 are
29 substantially aligned with vias 18. Plungers 26 are assembled with biasing



8 Still referring to FIG 16, plunger 26' has a generally | ongitudinal
cylindrical 9 shape and includes a first and second rod portions 34, 36,
and an ouwweaawsabepsTtadi ally 10 extending flange 40 positi omed/uses/oean t he
first and second rod portions 34,36. First 11 and second rod portions
34,36 extend from opposite ends of flan%ﬁ 40 along a 12 |ongitudinal axis
"A." In the present enbodi nent, the outer dianeter of rod 13 portions 34,
36 is substantially the same. First rod portion 34 includes a selected 14
contact configuration 38 at an upper end thereof, which is a four point

crown in the 15 present enbodinent. It should be understood that any
cont act bonf igembers G4 ensirclieg sacondged posinsris, rod thar bi)ﬂlna@@ir@lmémim

oeoi ved | n HORE Sk BRI Abel TR dRer ke 558 Be PRl 4 Yoy be

poi nted, 3 as 'tﬁaﬂﬂb@eﬂﬁ%@hbﬁm ngrzﬁgﬁed Wi bbSs P5 %arsaéﬂ m@pﬁﬁg&s apard 19

fromlovver end 221 of sl eeve ne . and from |l ower end 149 of DUT board
14. 20 4l angetaﬁ&dhmpombnhnmxshmg@nﬂaagesﬁ@lagmnstdh&hnasf. ofdebsing membersRdr ger

di aneter_bore 21 portion 13c of te 12a but larger than_smal | dianeter
bore porlion 13b, rspdeimingls 3-ﬁm%etlﬁaﬁ%ag%@row}caﬁg@%e3B>anéﬁ1§argﬁ%mnt

with shel Uigpg O g r or

bi asi ng marrbg(ﬁ V\% %%?%mre?gre%%vée} % en %F g%g‘gleﬁ%gg%%g 1529 cfaﬁ%%gf 22f of
sl eeve menmbersogRet 1Blimagenadfiohdmigman opposing flat wall, for a 25 purpose
to be described bel ow. Second rod, portion 36 is closely and sl i dably
received® 26 in ea’E‘hremﬂé@K/l@PWﬁW szduaizqontwtas@ammsa&“itﬁﬁplaﬁﬁple?raan%

Sl eeve rgmbers, 22808 B 8ES0e| QotlcPSudfloplas il 2B bORLG: 18u0,8n gLy O

plate 1 of socket |s p05|t ed s Hat™ bores

subst antg al | yasgdrhigpeo toibk féira@oﬂ@pla&dumeﬁﬁfté?cﬁnafrvﬁhﬁﬁyeﬂfc&fq@wsﬁebn&a asi ng
WO 03/ 076957 PCT/ US03/ 0673 13 1 nmenbers 24 encircling second rod portions
36, andlthen Whm@eﬁf@gﬁwmwﬁac@n@br es 33 of sleeve nenbers 22. Top

late 12a of sock t h 3.th 13
Subst antTally al i G Wit Boreerariet el fmbduinils, 60 riae pfinger,
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menbers 24. In Use, term'nals 17 of package 16 engage contact portions

38 and tkepr esnhanges for example to the vias 18 and/or test sockets 12.

15 FIG. 17 shows a contact plunger assembly 41 having a substantially similar
16 structure as contact plunger assembly 20”. Contact plunger assembly 41 has the
17 additional feature that spring 24 is provided with n plus one-half turns so that the

18 spring ends 24a,b are disposed on diametrically opposite sides of lowerrod 36 to exert
19 a rotational force on plunger 26 to bias the distal free end of lower rod 36 against
20 sleeve member 22. This facilitates or improves electrical engagement with sleeve

21 member 22 when spring 24 pushes asymmetrically on the flat surfaces of flanges 22f,
22 40, which preferably lie in planes generally perpendicular to the longitudinal axis of

23 plungers 26 and sleeve members 22.
24 FIG. 18 shows a contact plunger assembly 43 again having a substantially
25 similar structure as contact plunger assembly 20". Contact plunger assembly 41 has

26 the additional feature that asymmetrical aspect of spring 24 engagement is provided
27 or increased by wedge shaped insert 42 formed with an angled biasing top surface (not

28 illustrated).



6 plungers 26 against the force of biasing nenbers 24 when package 16 is

| oaded in 7 socket 12 in a conventional manner. 8 To repair or replace an

i ndi vi duaWwoasr@st in apparatus 10", top plate 12a nay 9 Poa/usesroered t o
expose contact plunger assenbly 20". Each contact plunger 10 assenbly 20"
to be repaired or replaced is then Iift?g i ndi vidually out of the
respective 11 sleeve nenber for repair replacenent. 12 FIGS. 17-24 show
various alternative enbodi nents of contact plunger 13 assenbly 20" that
may be used in any of the foregoing enbodi nents, with mnor 14 changes,

for exanple, to the vias 18 and/or test sockets 12. 15 FIG 17 shows a

cont act 1pl unger aFs@nts) shotk armniangplangmtassemﬂy 45 hyviag arishlwtantimﬁy stmilert ure as

tact pl nmbly 20". Contact | h he
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di stal free prde@bly umeapiroslighlyaspradde a 284isl @rwerdnepribg ford2 forhtihg an
facilitates or inproves el ectrical engagenent with sleeve 21 nmenber 22

when spbi ng Mtenfershess flaswhmethveiveamplylb@rn 2he Hhuat asus f%@és peTvidq Awdlss 20f
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ongi t ult nal TaRioseigp i s1osfical ke B Ee RHOE Pt AeeRE RRRPE! 25 Wik blied 8, o
shows ascont aefyhph fé@%fng%ﬁé%ioﬁaﬂﬁaﬁﬁ@hﬂed‘@?’ he diadnchtidisly pokitidhdd/spriad

simlar structure as contact plunger "‘assenbly 20"'. Contact plunger
assenbl B 41 kads 2426. t Brengdel dficontatt frelasuha ardiaclude ylnttsi plungdrs axgpbownof

Forned B th Shoangety oraet thET el NRaed PhER o et fer daiiepg " *°
03/ 0769%7 Pqﬂcgﬁo}étgﬁﬁér‘émﬂy“ﬂﬂsrgfeféncég shows a contact plunger assenbly 45

havi ng ‘a substa y simlar 2 structure as contact plunger assenbly 41,
and addiiti onal | y iFiG| 20 shugvsa dotntugt p]mdgeralssenfblys H%haﬁdgdesﬁbmm@llymnﬂams
46a,b in lower rod 36 of plunger Ar ns 43 1% are eferabl ent
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13 member 22 further includes an extension 48 at its upper end 22u which is formed with

14 alongitudinally extending slot 50 defining two arms 52a,b. Arms 52a,b are preferably

15 bent slightly inwardly to provide a spring force, thereby forming an interference fit
16 with sleeve member 22 for providing good electrical engagement force with lower
17 rod 36.

18 FIG. 21 shows a contact plunger assembly 49 having a substantially similar

19 structure as contact plunger assembly 41, including asymmetrical spring ends 24a,b.

20 In the present embodiment, socket 11 is modified to include an underlying plate 54
21 having a wedge shaped or bias angled top surface (not illustrated) disposed within
22 respective lower diameter bore portions 15 of bottom plate 11b, to provide an
23 increased asymmetrical force on the plunger rod portion against the sleeve member.
24 FIG. 22 shows a contact plunger assembly 51 having a substantially similar

25 structure as contact plunger assembly 41, including asymmetrical spring ends 24a,b.

26 Contact plunger assembly 51 further includes an additional biasing member 27
27 positioned in sleeve member 22 between lower end 36a of lower rod 36 and closed
28 end 221 of sleeve member 22. The additional spring 27 provides additional contact

29 force for engagement with solder balls 17 of package 16.



5 interference fit with sleeve nmenber 22. Thus, arns 46a,b provide further
6 i nmprovenent in electrical engagenent force with sl eeve nenber 22 when
added t o wo osn7éslen repl acing the rotational bias provi deecClyusosas734
dianetrically positioned spring 8 ends 24a,b. Exanples of contact probes
that are include slotted plungers are shown 9 in commonly-owned U.S.

Pat ent No. 6,159, 056, the subject matt ek? of which is 10 i ncor por at ed
herein by this reference. 11 FIG 20 shows a contact plunger assenbly 47
having a substantially simlar 12 structure as contact plunger assenbly
41. In the present enbodi ment, sleeve 13 nenber 22 further includes an
extensi pn 48 at iFEs.egphoweadoidct pltmgeh asssmbbyr 5ekbhwing hsubktantiallysigiikudi nal |y
extending sl ot 50 defining two arns 52a,b. Arns 52a,b are preferably 15
bent sl| 2ght | Struchwa pugoptachPlynesr aseembly Al.iipngudipe aymmefEicalspring sr?%a&n

interf fit 16w | i i i cal
engagendnt { SRt MR 5ot RS BRTEE astnifls Pt 2RO dniht 5
assenmbl y 49 Hhagvied Poricitibat arthe abwer, Slostd afid 2219 wich Gcilitateaaseamlyand pl unger

assenbly 41, including asymretrical spring ends 24a,b. 20 In the present
enbodi nént, swddimg. 11 is nodified to include an underlying plate 54 21

havi ng wedge sh or bias angled top su not il LAt ed)., di sposed
within g22 respecﬁ%?e/gﬁs Fa&f’ﬁwgttp Pn%’{)?s@e éi}fa%:%]ﬁegwﬁ%a%?bsg%%l ‘ pllgge 1l b,
to provide agyc2de h\OhERESHNES YRR A% WG Be SYnith6riPAl pBER6n 6GriAeT t i on
againstvthe spgevg nenbeﬁg Z%Z FIG.}EZ shows a contact p?unger agse%bly 51
havi ng 8 subsidan24ab Ipyoedes hmrasy@Betricaliforge eonatoveasnitodcdo.pl lmnther prassnénbl y

41, incl udi [ i cal i ds .24a,b. ,26.Co | nbl
51 furtRor | REbolETh P AEA AT STEE A Ko e et h B B PR R ™
sl eeve 1?225%%?%%121&%%&#&2%3@@@6&@% iRthe RVEE Béﬁﬁ'or?‘@f tﬁ@%ﬁﬁ%%ﬁf_&ea@B end

221 of “sl ddi tronal spring provi des addi ti onal
contacti] 29 fiRroppodirrend2gbgétienpring ismedl det solthitlamlylthe distgddick ageofltbe WO
03/ 076957 PCT/ US03/06734 15 1 FIG 23 shows a contac | unger assenbly 53
havi ng 13 sub&iring engapss dierfopting swrfage oy, dhe pteresisPRstiitac u%} A JEANSRY | y 41,

I ncl ud illgg as %POT\;? es itl?ea&esﬁgci i'o@zg;io%gfjﬁ)r&%’tﬁut regard to the relative angular positions

14 of the two distal free ends of the spring.

15 FIGS. 25-29 shows further alternate DUT board configurations and contact
16 plunger assemblies that may be used in any of the foregoing embodiments, with minor
17 changes to the vias 18 and/or test sockets 12.

18 FIG. 25 shows a contact plunger assembly 60 that includes a first sleeve
19 member 23 and a second sleeve member 22. Sleeve member 23 has a first open

20 end 23a formed with a radially, outwardly extending flange 23f similar to flange 22f

21 of sleeve member 22. Sleeve member 23 also has a second opposite end 23, which
22 is also open and is shown extending beyond the lower surface 14b of circuit board 14.
23 If desired, the sleeve member 23 may have the same length as sleeve member 22.
24 Sleeve member 23 also includes an intermediate axial length section 25 formed with
25 an enlarged diameter portion 25a, shown in frusto-conical shape, which forms or
26 enhances an interference fit with via 18. Sleeve member 22 has an open end (not

27 illustrated) formed with a radially, outwardly extending flange 22f which is arranged

28 to butt up against flange 23f of sleeve member 23. Sleeve member 22 has a closed



3 Sl eeve nmenber 22 of contact plunger assenbly 53 includes a reduced
dianeter 4 tapered portion 22t at the |lower, closed end 221, which
facilitatwe oass®sbly and 5 soldering. 6 FIG 24 shows a eamtsos/oqBaunger
assenbly 55 having a substantially simlar 7 structure as contact plunger
assenbly 41, in which the asymetri cal qgsition of spring 8 ends 24a,b
provi des an asymmetrical force on |ower Tod 36. In the present 9

enbodi ment, spring end 24a of spring 24 is flattened so that the first turn
engages the 10 seating surface essentially 360 degrees in the at rest
position of the spring, whereas 11 the opposite end 24b of the spring is
merely dut seedondtendAllywhikk sefives 24 a $pring seatcR2s ffort hiesing mepyher 2y asvgdlpss t he
seating_surface in the at rest position. Such an arrangenent 13 provides

the desired PHVEEEGEMYALCOGUNS regard to the rel ative angul ar
positions 14 of thewhwe odiistiRbes’d 1Ry $BHRND ileas Rididl Ylandd3 Jr'BRndfr 29
shows fgrther al ter gt%QDLﬂl' boaersda co%?’i gurnati olns and coﬁltléa%% re16 pllg—%nger
assenbl ides t batwardlydeomisaty 320 Phmgen24 dlbeinthdegami uppeenotl pditivarddsxtentling m nor
17 chan%es to the_vias 18 and/ or test sqockets 12. 18 FIG, 25 shows, a

cont act “pl ungBwaully Eam Bpdzp4 adacent flangg @<r. gnd gl ek odarpstion 36 Aenppding23 and

a secong sle r . e mymﬁr 2 Lr 0, 2 23a
f ormed \%ith gggjg Ia y?&éup\?\g d?% exte }fn%1r W%&%S?ﬁ%i%&q&%‘e ?8&? ange
22f  2170f sleefiguraksiBs, which iSheewrlctpoinein A8 padsatt dhttwdamarcond opposite
end 23, which 22 is also open and i s shown_extendi ng beyond the | ower

surface814b of ci feuisscpblgr glegve meptber £23dissiifsk gushefanty giay &8 defpen a3 may

metuded an THeaR AR SRR PRI o6 ineeff ShSRE PR b b 423

enl ar ge) di ARREPRamRr12roBst? againd TANBe DBF b H5HeHaRb&A3. IHeRAfeNBiEhgf OF M5
or 26 enhances an 1 nterference fit with via 18. Sl eeve nenber 22 has an

open erid ( notmengter i2# livissertadduto the bensdneli illhsteatedd of sle¢vwe, momboned2d follasvadendi ng
fl ange 22f ichis %ra g]%d 28 §éc) but t ‘L}I% agai nst 7l ange 23f of sleeve

menber 123, SPERMEETRALIRUDY WRRE LIS a5 1785 7°'PCT/ US03/ 06734 16 1
3;;3;’“331%“" 221 Whipgh. 56483 a?8nBciSREdnly 56 8hviRethes@he B 8hd ebcBEINEEve24, as

14 members as contact assembly 60, but differs therefrom by the diameter and position

15 of biasing member 24. Biasing externally of DUT board 14 between flange 22f and
16 flange 32r. It will also be noted that the bottom turn of biasing member 24 which in

17 the present embodiment is a coil spring, lies in a plane which is essentially normal to
18 the longitudinal axis of plunger 24, whereas the top turn forms a non-ninety degree
19 angle, which places a rotational force on plunger 24 relative to the longitudinal axis
20 to enhance electrical contact between plunger rod 36 and sleeve member 22.

21 To assemble, sleeve member 23 is first pushed into via 18 to form an
22 interference fit. Sleeve member 22 is then inserted into the bore of sleeve member 23
23 until flange 22f rests against flange 23f of sleeve member 23. Thereafter, biasing
24 member 34 is slidably received onto lower rod 24 of plunger 26, and thereafter lower
25 rod 24 is inserted into the bore (not illustrated) of sleeve member 22 until the bottom
26 coil rests against flange 22f and the upper coil rests against flange 32r.

27 FIG. 27 shows a contact assembly 80 having only a single sleeve member 23

28 fitted into via 18. Plunger 26 has substantially the same structure as plunger 24 shown
29 in FIG. 25-26, except that lower rod 36 may have a larger diameter so that it closely



2 prevents the entry of contam nants. 3 A plunger 24 includes a body
portion 32 with an radial flange 32r extending 4 outwardly from body 32.

Pl unger 2%0aBmos9sncl udes an upper rod portion 34 extendi n@gCTASOpoEEBdl y from
body 34 adjacent flange 32r, and a |ower rod portion 36 depending 6
downwardly from body 32. Plunger 24 may Eave any suitable contact 7
configuration 38, which is a rounded por in the present enbodinent. 8 To
assenbl e, sleeve nenber 23 is first pushed into via 18 to forman 9
interference fit. Sleeve nenber 22 is then inserted into the bore of sleeve
menber 23 10 until flange 22f rests against flange 23f of sleeve nenber

23. Theneaf t giid sihlimgli figs within rmmra ondr sleeve membtred. iAnball 32 sutivasen (ohdsar

illustrated) of sleeve nenber | owed 2 pl un er il .l ower
rod 36 Pestsballas P&Sﬂthﬂe%‘ilﬁﬁeﬁ%’ﬁlb@rl éﬂeerglqmlt@r%@ it Eﬁmaﬁ}:stangsserrbl y
70 havrgg thg1 ﬁgp first and second sleeve 14 nenbers as contact assenbly
60, but~differs therefromby the dianmeter and position 15 of biasing

menber 24. Bi asi nGI@xisyhoek homthctRsBenid@ap0 hiving e subsentibllnsigela? fucmed 16
flange 32r. It will also be noted that the bottomturn of biasing nenber 24
which i 17as bentpat @ssemblchh sueaps Hhat figlogs pefitnclugn soldgr bell 83, leaving faveife whi ch

is essentiall Iongltudlnal axi s of plunger 24, whereas

t he topgturn ‘g‘i])?ﬁrs&a %?8%“&%?‘%8‘%%}?8 gree 19 angle, which places a rotational
force op plunger 24Grel bivy e céadtBsscln®igi doudividala sabdtsntial sinile sthaoree

el ectrical contact between plunger rod 36 and sl eeve nmenber 22. 21 To

assenbl 8, sl esvmntad a*sembB@Oi, excepirtbet staggermgmber 25 has g clpged lowiepend 234, andp

interference fit, Sleeve eninserte sl eeve
menber 23 ZSnGH]taffgedr lﬁlﬁﬁtg’f B Iopégf@oﬁ%%*rﬁ% fs fq ch o§§?1%8$ Se‘itlleagvglh%fgrrber

23. Thepear t ?fov (lPés roved ifETRehcet. It%lﬁ'HedﬁEéﬂ{tob@ﬂﬁit ¥RevOmbMbERWSr 1 od
24 of plunge é hereafter lower 25 rod 24 is inserted into the bore

(not |I1I1ustrabﬂd)haaéambmndewaeertoiez3l,22dcmdl the bottom 26 coil rests

agai nst flange 22f _and the u r coil res ai nst 7 FIG. 27

shows d2contact as3¥mBFIRIgH Ogg\ﬁ Gogtaghissey ﬁ‘?s PED LR gi‘é@ﬁ%ﬁ@r“ §

fltted i;nt o ially the sane structure as
Vi of ﬁ?éf LHQ%?};GdgsggQ%ferﬁﬁmﬁﬁl%ﬁ y

pIunger 24 shown except that |ower rod 36 may have a
| ar ger 1di amet er sovhil@tthistdisdlessied YhaWVDedR/ firti@iarlyPEHUIBSRA 0dEBAbed with

15 references to preferred embodiments thereof, it will be understood by those skilled in

16 the art that various changes in form and details may be made therein without departing

17 from the spirit and scope of the disclosure as defined by the appended claims.



17 1 and slidingly fits within the bore of a sleeve nmenber 23. A ball 82,
such as a solder 2 ball, is positioned at |ower end 231 of sleeve nenber
23 to excwodad/0T®st ami nants and 3 the like. 4 FIG 28 shoReTAISOpOM7aLt
assenbly 90 having a substantially simlar structure 5 as contact assenbly
80, except that it does not include solder ball 82, leaving lower 6 end
231 of sleeve nenber 23, open. 7 FIG 29 shows a contact assenbly 100
having a substantially simlar structure 8 as contact assenbly 90, except
t hat sl eeve nmenber 23 has a closed |ower end 231, and 9 an enl arged

di aneter portion 25a configured as radiused or bul ged section, which 10
provides an inproved interference fitCLAIMS || be understood that sleeve
menbers 23 11 could have an open lower end 231, if desired. 12 The
operation of the contact assenblies shown in FIGS. 25-29 is simlar to 13
that of the previ tded enbodi nents. 14 Wiile this disclosure has
been particularlyﬁgﬁgﬁﬁﬁgﬁﬁaggscribed with 15 references to preferred
enbodi ments thereof, it will be understood by those skilled in 16 the art
that various changes in formand details nmay be made, t herein mn%ho t
departihg 1% fr o%ﬂtalﬁéa@ﬁlﬁ o inisrigeiag slrsiranic PAEkages K sh g UIpmeTL ‘?rﬁﬁ%l by the
appendegd cl aj ns, ég%é%%&g&?S? PCT/ US03/ 06734 18 CLAIMS Wat is clained
is: 117 An %%:3 atus for 9nterfacing el ectroni c packages and test

equi pmregt for theypAndekageboard baling Sistgnd Secandoppusing saifaas) 4 ploodityl havi ng
first and second opposing surfaces, a pluralit 4 of vias forned.in the
pri nt ed4ci r cof viapfosmed intheprntedieircattibopidn p atadetermingd patteyn. ga¢huNip REVIng  upper
and | ower ends and rn inn&r%@janet?r}mgﬂéutest socket overl ayi ng and bei ng
connect &d t oURIE 2R¢ fasyer Spfs g an apng gl printed 7 circuit board, the test
socket gncl uding g fdt ksdketdREI8yiAR BnEbSREME efb@iohOMET dudfacsf théprinted

7 circuit board, the test socket including a first plate and a second plate overlaying the
8 first plate, each of the first and second plates including a plurality of bores
9 corresponding to the vias in the printed circuit board;
10 a conductive sleeve member positioned in each via, the sleeve member having
11 an upper end and a lower end;
12 a biasing member seated against the lower end of the conductive sleeve
13 member, the biasing member having an outer diameter less than an inner diameter of
14 the conductive sleeve member and being moveable in the conductive sleeve member;
15 and
16 a plunger having a substantially cylindrical body, the body including
17 outwardly extending annular flange, the plunger further including a first rod portion
18 extending upwardly from the body and a second rod portion depending downwardly
19 from the body, the first rod portion including an upper surface defining a selected
20 contact portion, the first rod portion being at least partially received in the conductive
21 sleeve member and resting against the biasing member, the body being received in the

22 bores of the second plate, and the upper rod portion being at least partially received
23 in the bores of the first plate;
24 wherein, when the apparatus is in an operating position, the plunger is urged

25 upwardly to make electrical contact with a package terminal.



8 first plate, each of the first and second plates including a plurality of
bores 9 corresponding to the vias in the printed circuit board; 10 a
conduct i vwo3Bmews7 nenber positioned in each via, the sl eeveTnsobes73havi ng
11 an upper end and a | ower end; 12 a biasing nenber seated against the

| over end of the conductive sleeve 13 nber, the biasing nmenber having an
outer dianeter less than an inner diameter of 14 the conductive sleeve
menber and bei ng noveable in the conductlve sl eeve nmenber; 15 and 16 a

pl unger having a substantially cylindrical body, the body including 17
outwardly extendi ng annul ar flange, the plunger further including a first
rod portion 18 extending upwardly fronlthe body and a second rod portion
dependi ng downwardly 19 from.the_ body e flrst r dvgortlon i ncl.udi ng an

upper sdrfacé def |T|1‘PP ﬁapaéa%‘%PE‘élF‘éH ‘?IE?I%‘B Seqndpeits fismber pEpPIitsy
t b
DOT L1 01 pbel gy Bipdk 38k ABEb LAl RSINGG ARG M pakBYe |

the 223boresf @fe & r%&@@@dmeﬁib@f gectiaf that/ing amp@&ér diathefroritdsahabah igneat | east
partially receive 23 in the bores of the first plate; 24 wherein, when

t he appdr at udiametéref the se@smdalqeﬁgmpmbmtsre@iwn ekt fpaghagortionof thefaigt slgaye
upwar dl y to make el ec cal cont WO 03/ 076957
PCT/ US03/ 0675%™ elfﬁsT lb‘fw Y Yo 3é?t°§ esfeco?(gsl‘q%&%qg\}\}aﬁerrg%&h% he conductive
sl eeve nmenber conprises 2 an upper sleeve nenber section and a | ower

sl eeve nenber section, at least a portion 3 of the upper sleeve nenber
section lhavi g an Thetagpardiuswécleim [lewherehmboranof thedirst platdiod g test sofkethe

second sl eev ectlo | east rtjon the first sl.eeve 5
member Zect i gﬁvﬁ ghatﬂﬂfﬁ%ar?@ %%tﬁb&gli‘ee%‘\;‘és l?ﬁ)ngorgfé’&?StF Gl 1 3,
The apparatu lﬁh%w I st
socket % a\%ﬁgeuﬁg%le a d(li yﬁglg%ﬁtoﬁggﬁﬁu%eéii%?&g{nﬁ?y& lgﬁgﬁ égﬂ;lrfag?Sfﬁg bor es
of the S]ECOHﬁrE',l|the,Whamthe dppudats éd in anloperapwg pdsitiov.enrent of the plunger is

restricted by a lower surface of the 4 first plate when the apparatus is
in an operating position.

1 4, The apparatus of claim 2, wherein the biasing member is seated against a
2 bottom surface of the upper sleeve member section.
1 5. An apparatus for interfacing electronic packages and test equipment for the
2 packages, comprising:
3 a printed circuit board having first and second opposing surfaces, a plurality
4 of vias formed in the printed circuit board and forming a predetermined pattern on the
5 first surface, each via having upper and lower ends and an inner diameter;
6 a test socket overlaying and being connected to the first surface of the printed
7 circuit board, the test socket including a first plate and a second plate overlaying the
8 second plate, each of the first and second plates including a plurality of bores
9 corresponding to the vias in the printed circuit board;
10 a conductive sleeve member positioned in each via, the sleeve member having
11 an open upper and a closed lower end;
12 a plunger comprising an annular flange extending outwardly from a rod, the
13 flange dividing the rod into a first rod portion extending upwardly from the annular



1 4. The apparatus of claim2, wherein the biasing nenber is seated agai nst
a 2 bottom surface of the upper sleeve nenber section. 1 5. An apparatus
for interWvaosngst ectroni c packages and test equi pnent forCrhsos/@spackages,
conprising: 3 a printed circuit board having first and second opposing
surfaces, a plurality 4 of vias fornedjgp the printed circuit board and
formng a predeterm ned pattern on the first surface, each via having
upper and |l ower ends and an inner dianmeter; 6 a test socket overlaying and
bei ng connected to the first surface of the printed 7 circuit board, the
test socket including a first plate and a second plate overlaying the 8
second M at e, flange Bnde seaead rod partieméepsading dophaewdy fraw thel prmlay flahge.dhé t y of

bor es correspondi t.o the vias in the printed circuit bpard; 10 a
conduct Tve s Bevepenther Relde et i et e € st bl et Pohavi ng
11 an opgn upper aBiading hReafr besEne8RGoutkBe fecBhd RELHorEiIBARAA BERG séfle@NNUl ar
fl ange extending outwardly froma rod, the 13 flange dividing The rod into
a firstl?od pgainsbtheayppenslirfage wperntinged eipoit brard and Her lower 08140¢ @d5Te
PCT/USOié06734 go 14 flange and a second rod portion dependi ng downwardly
from t h&S annABPeF flaRgfe the 15 first rod portion including an upper
surfacejglefining a,seb@ctAch HRAbAFEmE RhAR; SsiftorRit S IR
positioned about the égéongbrodb%%rp§on angp%glﬁ ﬁs%g?§5ﬁ§Q§g%g |n§%lthe
upper s20f acds afledshparpialiyeeelved inthetordsodthe fastghltd) ¢hd amnelar Bangeacieceifed he 18

annul ar _flange; 19 wherein, when the apparatus is in an operating position,
the firdl rodghs E’PEﬁ% ofife jsgcopd plafgqn &Etseam/rqdez@rl%ds Bhlopstepdsalbs of

the fir pl : R . i i - he
second %%ateﬁ%gﬁg&?ﬁé seg%ﬁ%“%ggggﬁ??ﬁgﬁgﬁ@ﬂ%ﬁﬂwgééyh%%%pﬁgﬁﬂ§9ﬁﬁ%&k%ceived
in the gdnduciiéchécs cemtue withdpickagoermhingl. pl unger is urged upwardly to nmake
23 electrical contact with a package term nal




