19 JAN 2666 A MODULAR MEZZANI NE CONNECTOR Field of the Invention This
invention relates to a nodul ar board to board nezzani ne style connector. 5
Background of the Invention Ball grid array (BGA) connectors are generabicy
known in the art and a general discussion of such connectors can be found
in United States Patent No. 5,730,606. |In these types of connectors an
integrated circuit is nounted to a plastic or ceramc substrate with a bal
grid array, which generally includes spherical solder balls that are 10
positioned on electrical contact pads of a'circuit substrate. These types of
connectors can be nounted to an integrated circuit w thout using external
| eads extending fromthe integrated circuit. Anong the advantages of bal
grid array connectors are snall er package sizes, good el ectrical
performance and | ower profiles. In prior nmezzanine style connectors unique

conponents were required I ,ght and gender.
Thi s invention includes dlﬁﬂggﬁgfgﬁggggﬁgqgﬁhgF§ﬁ®§§§g?ghto board connect or
that can be nade to a sel ected stack height by choosing froma variety of
comon conponents that can m xed or matched to provide a desired stack

hei ght. Regardl ess of the stack height, the plug and the receptacle can be
made using _at | east sone of the sanme conponents. If a |larger stack hei ght

i s needed, Eeldiafithelaventioy AN 21 7GE Surmary of the Invention This invention
includes a nodul ar nmegzap) -ﬁg@ t.oL . e and a
receptacl e assenbly eacﬁﬂggﬁl |cﬁﬁﬁéggngn@%ﬁgg%d%%gggg%ﬁ%§%ﬁﬂg&ygssenbly and
t he recept apheechgsenbly can mate with each other to forma nodular 5
connector for connecting a variety of electrical conponents including
printed i rRaskgrowsbelthe Imetiode t he plug and the receptacl e assenblies each
have a comon base, Ly e - [ .ger to
make both assenbliesaﬂ#%$¥PQ§WH§§§gﬁ$§g§%§§a%?%%%%BY?%QgﬁﬁgﬁFﬁﬂégaq

manuf act ur igageralndisdi86lus 08 subhnvhAGkdtt cAgbL %S in ThigedcStar® Rateaso. &, 730h06pl ug

and receptacl e assenblies my have a L ) )
In these types of connectors an integrated circuit is mounted to a plastic or ceramic

substrate with a ball grid array, which generally includes spherical solder balls that are
10 positioned on electrical contact pads of a circuit substrate. These types of connectors can
be mounted to an integrated circuit without using external leads extending from the
integrated circuit. Among the advantages of ball grid array connectors are smaller package
sizes; good electrical performance and lower profiles.
In prior mezzahine style connectors unique components were required for
15 each connector stack height and gender. This invention includes a modular mezzanine
style board to board connector that can be made to ;‘1 selected stack height by choosing
from a variety of common components that can mixed or matched to provide a desired
stack height. Regardless of the stack height, the plug and the receptacle can be made using

at least some of the same components. If a larger stack height is needed, additional



10 plurality of recesses and a plurality of dianond pockets disposed in an
interstitial configuration. Preferably, there is a pocket beneath each
recess so that a contact can extend through one of the recesses anqgiﬂ@qw%
one of the pockets. The plurality of hecesses are preferably substanti 1Ty
rectangul ar in shape so that a contact extending through the recess and

into the di . receive a fusible elenent, such as sol der,
around a 1§%§§??‘ hge}(r\tégg?&gﬂlgérti on of the contact extending into the pocket.

The plug assenbly mayrhad 80ertiog!itleded althsh] &ANEE aBRdchnBétEf fat K¢ 2Qflup! UY
contact assenblies. The plug cover may be attached to the base by any

sui t abl e mesembly fnd atcenjade aggemblprracipb{ighicbherea casmenbhkieesThemyugach have a
plurality of ground and signal contacts whi.ch are.npo] ded to a plastic
Carrer. 1 RrssPly AR Gtad erie Syl S et i ok T locp A el g

assenbl \5,  thgRtR %S Gnhddtink @vakisty JTRREIRY] ddMPShR bk IMisdbntblgir8gse.  The
pl ug cover may have a plurality of slots through which one end of each of

the plug contrdet Beadust the phlgigndobateaettacs asahiblieseael heveds cothmonbher oglpd of
the plug coniacts ext Egds t hrough the recess in_the t%?_se ihto a pocket, and

a sol der bAPE ORS§ TEEIIRPC BASH IHUETENSRYFT 3¢ MK PeBieseRitlieh THE hocket. 25 The
t acl - al: hay . . Lt f
ocept ac) oaBRelbY TRK P ImBANE: BalBEARLAL I SAVES oBRRBRRALBULLY O

cover. Simlar to th&epbmgnonditactthaphignalirezptatieesteatties aclyaacont act
assenblies are preferably soldered at one end within a base pocket. Al so

si m | arl® optwdlit|of geceesss ard a plERiTH pi digmonfpogkatsahitrassdin BJREEEiahssenbl i es
preferably i p% a r.aki (of0) ts i astic 30
carrier. Tﬁ!él%: ug%ﬁnc }ggfr‘%lfal%lle}ll’ ttﬁc/e(flér)lIsbaep %Q%%gorep eé‘r’l\c,imF%[l]l 6@{%36%{%?%%&%%% base. The

recept acl eegten@ thrpli@f @leadiltle fRa&ses dkiuhdldnk Wi @fe goklodts Thé plumlitpetetatée 19
JAN 206i -3 5 contact disposed beneath each slot. The receptacle assenbly
and the pl & rekseablhy subsreatialboigpiepghltogshinersobbat geoniagt Prendirgclptugbltee cover
and the plug _cover... Preferabl t hey can _be ¢ ed W i ding fit.
Waen coupl é%e?soad‘ tlﬂté)rtf‘e 31351088)68%6{ 8%1 R %ﬁ%%sﬁqgrgfgﬁnﬁﬂt’ élté%na% %Ldef’r‘%&snld dts in
the recgpt pelighesPYLE peiidn BRIR T oMabexPer@Rtg i8ENADPbdk@t.r ecept acl e contact. Both
the plug and the receptacle assenblies can enploy a conmon spacer for

greater stack hei ght $hephg aspeneldy nwareldveinelndae hlg covertand apdereliofof@luger

asserbl y aggntggeassemblies. The plug cover may be attached to the base by any suitable means

including snaps. The plug contact assemblies may each have a plurality of ground and
signal contacts which are molded to a plastic carrier. In order to hold the plug contact

20 assemblies in the plug assembly, the plastic carrier is inserted into slots within the base.

The plug cover may have a plurality of slots through which one end of each
of the plug contacts of the plug contact aésemblies extend. The other end of the plug
contacts extends through the recess in the base into a pocket, and a solder ball is formed
around the end of the contact in the pocket.

25 ’fhe receptacle assembly may also have a receptacle cover and a plurality of
receptacle contact assemblies. Attached to the basé may be the receptacle cover. Similar
to the plug contact assemblies, the receptacle contact assemblies are preferably soldered at
one end within a base pocket. Also similar to the plug contact assemblies, the receptacle
contact assemblies preferably include a plurality of contacts which are molded to a plastic

30 carrier. The plastic carrier can be inserted into the slots of the base.

The receptacle cover preferably has a plurality of slots with a receptacle



respective plug or receptacle cover can be attached to the spacer. Any

sui tabl e neans can be used to attach the conponents including snaps. O her
features of the inventions are described below. 10 Brief Descriptiani®fisf s
Drawings Figure 1 is a top isometric wiew of a plug assenbly according to a
preferred enbodinent of this invention;, Figure 2 is a bottomisonetric view
of a plug assenbl.y accordi to a referred enbadi ment, of this jnvention,;
T5 Fiure SoreennelRyantiiy BT B atguAnt PG ERTREDI S ¢ { he
plug cover cHLepRY &heifet BY kftiflg L rBcdn@RIPEN PRI hY lué'cg%rPfPr@feﬂBl%f, &leydn

enbodi mrent of a common "~ base for the plug assenbly of Figures and 2 and

t he recept &elceuplsd anthl asligingHitg Wes) donplednogelilr, 20uficoning eStends tirdyrghteach

per spective vi ew of preferred enbqdi nent. of a comon base for the plug
assenbl y offHisgiptas %ﬁéﬁ&p%céﬁawrrﬁ@?iﬁ%@spw%ﬁéOIa%SQeWB}l%re&FPmﬁFgaméCﬁ? and
18; Figwe 6 is a per i I rtl - midd n
base of UEIr:i gure 4; 25 %qggjﬁeé)\ﬁ?g %{ﬂs&geB%F@Sglgtafg\?gﬁ\y?iﬁﬂrﬁn}gegggg| on%osﬁg{ggg

bottom of thegreseiminck hages. dhe kp@ef €arBie dtiagiiidao hd tas@ oL ¢i6iRS aseablomdithken
along line 8-8 of Figure 1; Figure 9 is a cross-section taken along |ine

9-9 of Fi guespeativerilggiprereteptacde epvsergpeecatiaghedtophe/spaosrofAny italje erees cayf t he
pl ug assenmbly o 0 Fi.gure 1 accordi.ng to the preferred enbodi nent of the

i nvent i on;m%fglsﬁ%ﬁ a%@ﬁ%{h-%ffog‘pﬁj “f‘rléw%f“%ssngpsper_specti ve bottom view of a plug
cover of the plug asseab thatuh oftt@URPertiofs &RIdiciBed Belblie preferred

enbodi nent of the invention;

" 10 Brief Description of the Drawings
Figure 1 is a top isometric view of a plug assembly according to a preferred
embodiment of this invention;
Figure 2 is a bottom isometric view of a plug assembly according to a
preferred embodiment of this invention;

15 Figure 3 is an assembly drawing of the plug assembly of Figure 1 with the
plug cover removed;

Figure 4 is a top perspective view of a preferred embodiment of a common
base for the plug assembly of Figures 1 and 2 and the receptacle assembly of Figures 17
and 18;

20 Figure 5 is a bottom perspective view of a preferred embodiment of a
common base for the plug assembly of Figures 1 and 2 and the receptacle assembly of
Figure 17 and 18;

Figure 6 is a perspective view of a portion of the top of the common base of
| Figure 4,
25 Figure 7 is a perspective view of a portion of the bottom of the common
base of Figure 5;
Figure 8 is a cross-section taken along line 8-8 of Figure 1;
Figure 9 is a cross-section taken along line 9-9 of Figure 1;
Figure 10 is a perspective top view of a plug cover of the plug assembly of

30 Figure 1 according to the preferred embodiment of the invention;



Figure 12 is a cross-section taken along line 12-12 of Figure 10; Figure 13
is a cross-section taken along line 13-13 of Figure 10; Figure 14 is a
perspective top view of a spacer according to a preferred enbodi nentd giN Z00b
this invention; Figure 15 is a perspective bottomview of a spacer according
to a preferred enbodinent of this i mAent i on; Figure 16 is a perspective
view of a plug contact assenbly before being 10 singulated;, Figure 17 is a
top perspective vi ew gurg 1l dg e perapgctvaBetiam Vignariconde pgjver of e P%%geﬁfsé?m@ﬁ
enbodi nent gfz. 10§ . i,oq;. FI i: rspective view of a
receptacle(ggg%%%ﬁfcgﬁga%d?ﬂgIggggggﬁé %%?%@“%ﬁ%%ggﬁgﬁP’of this invention

15 Figure 19 is an asEgiikl1y gk adsHgectibn tdhen REEMNACD g 2a3Faed yo;0f Figures 17
and 18 with the receptacle cover renoved; Fi lgure, 20 is a perspective top
view of a receptacl e Ieweri39¢ a cress-pastieptaken elongdige dbily ddfigurglPes 17 and 18
according to a preferg.ed odi nent .of thi.s invention; Figure 21 is a

per spect ?ve bott om viﬁe‘\%}lrgﬁqbs P BEBTHET Eopcvd?/%r‘)? 8Fpat°ﬁrea(§8rd9réggtgﬁtpéﬁf]%§e§ssenbl y
of Figures ghfbndedk®rans ivehdtgh;to a preferred enbodi nent of this invention;
Figure 22 is a cross-section taken along line 22-22 of Figure 17; Figure 23

is a cross-section tadkewedlbongptispeti2@boBmofvieR oflr wade;acfardmg ¢o 2prdafgra
perspective view of recept acl e contact assenbly before 25 being
si ngul at ed;enﬁ?O&EfP‘émé’iﬂl’? WVENi Y ematic di agram of a preferred ground and

signal contact confi %Fﬁ’ﬁeil riéaggrsgéog% ?ie%ﬁﬁdgﬁgg%%m&%lﬂéé@e%%f a

second preferred signall and groun cont act rguration; 'Figure 25 is a
per specl{veingudsedyf a portion of a second preferred enbodi ment of a plug
assenbly; 1 9 34 N1 1~ aB__. ) _ )
Figure 17 is a top perspective view of a receptacle assembly according to a
preferred embodiment of this invention;
Figure 18 is a bottom perspective view of a receptacle assembly according
to a preferred embodiment of this invention; '
15 Figure 19 is an assembly drawing of the receptacle assembly of Figures 17
and 18 with the receptacle cover removed,
Figure 20 1s a perspective top view of a receptacle cover of the receptacle
assembly of Figures 17 and 18 according to a preferred embodiment of this invention;
Figure 21 is a perspective bottom view of a receptacle cover of the
20  receptacle assembly of Figﬁre's 17 é.nd 18 éccording to a preferred embodiment of this
invention; |
Figure 22 is a cross-section taken along line 22-22 of Figure 17,
Figure 23 is a cross-section taken along line 23-23 of Figure 17;
Figure 24 is a perspective view of a receptacle contact assembly before
25 being singulated;
Figure 24 A is a schematic diagram of a preferred ground and signal contact
configuration;
Figure 24B is a schematic diagram of a second preferred signal and ground
contact configuration;

30 Figure 25 is a perspective view of a portion of a second preferred

embodiment of a plug assembly;



-5 5 Figure 26 is a perspective view of a portion of a second preferred
enbodi nent of a receptacle assenbly; Figure 27 is a perspective top view of
a second preferred enbodi mrent of a common base for the plug and redéphachs
assenblies of Figures 25 and 26; Figure 28 is a perspective bottomview of a
second preferred enbodi rent of a commn base for the plug and receptacle
assenblies of Figures 25 and 26; Figure 29 is a perspective view of a second

preferred embodi ment pifgu?ezsr@@%e;s?sdtﬁ«e% 84 pAESL DA Yocold péfgred0 s a side
view of a portion of the receptacle contact assenbly of 1Q Figure 29; Figure

31 is a perepeatinegst ofiageceptacte gssafldyr ed enbodi ment of an adapter; and Figure
32 is a schematic diagram.of. a preferred ground pl ane d sigpal. contact
Configuration for the' S0EGHdS BREFEFTEA EnbstiGtenteor s aigred PEAERER YR i on
of Pref erreghnsabe 8hvabt e PG UL tLR! asEHMIRE LOFiRY 28qna 2goard to board
mezzani ne ball grid array BGA) connector which includes a mated assenbly

havi ng a3pl ug assenbl Fight, 28is pipefspestpd bodomodkwrens sabndprefdrrddsnsiodumerit n
Figures 1 and 2, and a receptacle assenbly 13, a ZE%preferrafe}g nbodi ment of
which is shOhvicammen giedsr he Pliganddecephglemstrgbiics ahbieprep 2> 285 with the
receptacle assenbly 13 - QF i I ai

bel ow, the plug assen&g&/ﬁﬁf@?&n@{sﬁ%&ﬁ@%& 81:; eecglgéég{%%qf ﬁgﬁa&égg%mmn
base 14. Tiwéptadlbeortmnufseably,i ng of the plug assenbly 12 and the receptacle
assenbly 13 is sinplified because the plug assenbly 12 and the receptacle
assenbly 13 can be naH@ufehs 25idg Eenrabh poraion of the regsptaciecontagbaspanlelyiodi al
becauseliot Ff g}é 5 manuf acturing costs. PLUG ASSEMBLY Top and bottom
perspective vViews’of the plug assenbly 12 according to a preferred

enbodi ment of this inpightd Pnis apersheaReGidw 6f ¥pehemwa chiboliingdit 6Sanladptér2. The
plug assenbly 12 preferably includes the comopn base 14, a plurality of
contact 30 #¥kenblies 16 and a plug cover 18. The plug assenbly 12 nay
dependi ng upon the Figure 32 is a schematic diagram of a preferred ground plane and signal ..
contact configuration for the second preferred embodiment.
15
Detailed Description of Preferred Embodiments
The electrical connector may be a board to board mezzanine ball grid array
{BGA} connéctor which includes a mated assembly having a plug assembly 12, a preferred
embodiment of which is shown in F igures‘l and 2, and a receptacle assembly 13, a
20 preferred embodiment of whiéh is shown in Figures 17 and 18. The plug assembly 12
mates with the receptacle assembly 13 to form a connector. As described in more detail
- below, the plug assembly 12 and the receptacle assembly 13 have a common base 14.
Thus, the manufacturing of the plug assembly 12 and the receptacle assembly 13 is
simpiiﬁed because the plug assembly 12 and the receptacle assembly 13 can be made from

25 acommon base 14. This is also beneficial because it reduces manufacturing costs.

- PLUG ASSEMBLY
Top and bottom perspective views of the plug assembly 12 according to a
preferred embodiment of this invention are respectively shown in Figures 1 and 2. The
plug assembly 12 preferably includes the common base 14, a plurality of contact

30 assemblies 16 and a plug cover 18. The plug assembly 12 may depending upon the



19 JAN 29G5 contact height include a spacer 20, which is depicted in Figures
14 and 15. As shown in Figure 1, the plug cover 18 is preferably
mechani cal ly coupled to the spacer 20 by any suitable neans, |ncludi%dA%dWU
not limted to the use of nechani cal connections and adhesives The spacer
20 is nounted to the base 14. This consifruction is also understood 5 with
reference to Figure 3 which depicts a portion of the plug assenbly 12 with
the plug covekt HEgidetachedsfeamol WeitRe&ictddin KiE@s N £ add depigtshoRily a
portion of the plug contact assenblies 16 instalfed, but jt will be

appr eci at ed'iglratl, th@@h]!ﬁ eyends @rmb&rabb’ mschamchléxjcwpﬂﬂwl ta thep$paeerlZ0tby asy such
pl ug contact. senb ilve ack hei t he plug

cover 18 cah'p fﬁ)e&ﬂsté 1(541?%% 181”teﬂgd glﬁélée Rf meﬁﬁamglt%oﬁﬁ%ce]rongﬁn%eed not be

used. 10 (Aldhbeugh ThegpRlepdo ?sslﬁsﬁﬁ%é&’ tokBe batedap Wﬁ&sedén&tﬂlcﬁbﬁ W Bsolwfiektddue
receptacle assenbly 13 is depicted in Figure 17 as each having a cap 12a

and 13a, 5i twith tdferbrcegppigue atvddcl depicts heoeicmoaphke ﬁlﬁg,asstﬁﬂzl;( Vhvah tieapiupe t he
same cap) are used for manufacturi n(g Eurpos s and do not art of the

connect or dQ¥eT 1 dsiached dom thespacer ¢4 §kigprey depicts gply amgrtiqn ‘ffttf“i’laﬁg fyantact
nbl
assenbl i es a%%gnitg&s 'T@’?I‘?Jtél}'kﬂf ?‘gﬂt &F/} %ﬁé&f&t&&haﬁﬂ% Pﬁﬁaﬂ&'n?oly 19% t"f‘l?e'}'iZa

12, 13 can vacuum Fyl'ng a suc to the caps %3a)

A pref err echlentigdinvedt phkg cbhecmmmmeb)asfelte‘rﬂatmry, fdre 1pbvmgsta3<sl&mgﬂt,ythaélugand
the receptacle assenbly 13 is depicted in Figures 4 and 5. This base 14 is a
comon  corfs¥fekt canharneyrieddirgsdlydp ths bpes M. BB@ A spaser ¢ Ei?dd’t%lb? w&dr ecept acl e.

Fi gure 4}0 ,[S(Alﬁ?lglég}Pl%r oL iy éssé/rﬁbl '1‘;\6\/3 8%p1(§tEc?1nb19§kuJeAlaaf§fthé %%?pﬂgaﬁas]sém F' gure

5 is a bot evie ase e base

14 may be qrep&&mm@@éwmmmum@&%p 1208h@13akt vancbelappm@feartahltuesa
polynmeric material. Mreover, the base can be constructed in a single piece
as shown |n:ap$1é2219rlé$ é\fvlmehlcehm@pﬁen@ camret:we%oranwﬁ@heumm@@sm et

pl asti c,

bace 14’1 ncpiRee 4T B poanrdy Ghcosd Bt s? ol b ciofons RE RS @ 17

preferred eagm@bué@ Atirifg hmﬂlngeﬁ@&faﬁﬁfa&anhg boMAmpte, tessPesIeRes! i weanvdeew of
Figure 6. Each of the recesses 22 are erably defi ned by two pairs of

opposi nd3 arvgeen idletl by 2nplyag a ﬁﬁqéomwghedamemhsl?@l 26 approach each ot her
DU oot oueT, 20 KRRl Rt Rl 4%, LSS AL o5 SUBALT1,
pl ug cont a%d&ﬁ@l%@@ﬂtyclélﬁssﬁﬂnb@ W ﬁﬂb%lc@é@ﬁ‘F%Qrés@%ﬁ% 2Bisithsd Meishasgwrhsn t 0 be
used as part of a plug assenbly ernatively, if the base 14
component that can be used to form both the plug and the receptacle. Figure 4 is top
perspective view of the top 14a of the base 14, and Figure 5 is a bottom perspective view
20 of the bottom 14b of the base 14. The base 14 may be constructed from any suitable
- material and is preferably a polymeric material. Moreover, the base can be constructed in
a single piece as shown in the preferred embodiment, which is a single piece of molded
plastic, or any number of pieces.
| As shown in Figure 4, the top 14a of the base 14 includes a plurality of
25 recesses 22. A closer view of a preferred embodiment of the recesses 22 is shown in the
perspective view of Figure 6. Each of the recesses 22 are preferably defined by two pairs
of opposing angled walls 24, 26. The angled walls 24, 26 approach each other but do not
touch so that they in part define a recess 22. As explained in more detail below and as
shown in Figure 8, one end of a plug contact of a plug contact assembly 16 fits within each

30 recess 22 if the base is to be used as part of a plug assembly. Alternatively, if the base 14

is to be used as a base of a receptacle assembly, a receptacle of a receptacle contact



is to be used as a base of a receptacle assenbly, a receptacle of a
receptacle contact 19 JAN 20CGh -7 assenbly can be inserted into the rece

22. The construction of the contact plug assenblies 16 is further Weé%’rﬁ}gféd
bel ow. Figure 5 depicts the bottom view of the perspective view of the base
14, and Figure 7 depicts an enlarged7view of a portion of the bottom 14b of
the base 14. As 5 shown best in Figure 7, the recesses 22 are defined so

that they asenetsr@dhieredhaban deadsh Y2, TREtARGULIIN Ehapashtacl bRighot t om 14b
of the base 14 has a plurality of pockets 25 which are defined by walls 27.

The wal |'s 2yegbdiepieisduabiryeswsibes §eiewd to define the pockets in a dianond
shape, as shown in F'P%#’Jr?ﬂl&epi'é@éﬁ%ﬁéo om GicRAldn g %f%%%{i‘é iye&??gf&?%% g\l ch s

preferably a fusible enen even nore er, can be

di sposed WahliElpue@t depoeknRipeddidwnat a fA6On of theibbltemel4oreEtic hase i As _
el ectrical contact wwth a contact that extends through the recess 22. This

i s best undkewn bedd imFighre Btk werseest23 aF¢ delines 58 that thay aphprefferably substantially
cross-sections through e, plu SS of Figure 1. In.t odi ment
shown the. FESTREE St it o0uet 435 SEMeIkS T e oot fovRidam & o
be 1imtingefged®y falddsii W@élls@%@%fe?&aglg 6 ureHoAhaR tRf pdck@s 8P4 der.  As
shown in Figures 8 and 9 the solder balls 29 are disposed in the pockets 25

and t he pl dipmoomnitsheps aesttosndintigwuadh t he base recesses 22 into the pockets

25. Each plug is wetted to a sqQJder ball 29 in the respective pocket 25. The
base 14 can be nat ed!PEO%H %‘P"glcgrilq EHY Q?Bﬂifé?feWﬁ’lcﬁﬁsB’ie poly g Tpgplgelgment

el ectrigal I I | i i or
exanpl ef@t ﬁgggggg&k%%ggﬁﬁ%y%g%%ﬁ %gggs%se@%{gﬁn %%\??ﬂr?m’gkgtnﬁi 5?1)'? g%%g%lgd circuit
to form el dadibleeimenofirieelccritsl doataserith hhenaol tHarexballs sirowghcthe eessiz2cui t . As
shown in Fi_[glures 5 and 7, the pockets 25 are generally disposed in a

pattern of Taitisbadtndersicedaiduelsransato Figares 8iand P whieh e cerpeticgvak dirovd | s
li gned wi ' t . i S : f
Fhat pockeltue FEHBHL |1 RkuBC el RS LIR by AyblLaYR iapRy Trom

di sposed i BoldBr ba)l. €Tigtthint B4l BindbBiRght3H 8P GchiPat 4536 R.partidiis gdomemad shaped

interstitial §atterniggrmts the contacts to be nore closel}ﬁ packed while
mai nt ai i n§osigHatiadoldberrlderi dis spowk &t Figuras $And fsthe selderdiatly 28 peattisnageBea

sol der __bal g, i3, 9k AUPRY 81 kAL STkl 58uB S bRkl oa!

cl earance 10 e con
pockets 25. Each plug is wetted to a solder ball 29 in the respective pocket 25. The base

14 can be mated to an electrical component in order to form an electrical connection
between the solder balls 29 and a circuit. For example, the base 14 can be mated to a
20 board having an integrated cirbuit to form electrical connections between the solder balls
and the circuit.
As shown in Figures 5 and 7, the pockets 25 are generally disposed in a
pattern of alternating rows such that the centerline of each pocket 25 is aligned with a
centerline of another pocket 25 that is two rows away from that pocket 25. Alternatively
25 stated the pockets 25 are preferably disposed in an interstitial diamond shaped pattern.
This diamond shaped interstitial pattern permits the contacts to be more closely packed
while maintaining standard commercial pocket dimensions and using standard BGA solder
balls. This diamond orientation also provides for additional clearance for the contacts. In
particular, with the diamond pocket 25 of Figure 7, there will always be clearance around
30 the entire periphery of the end of the contact extending through the recess even if the

contact is not centered within the recess 22. In contrast, in some prior designs the recess



particular, with the dianond pocket 25 of Figure 7, there will always be

cl earance around 30 the entire periphery of the end of the contact.
extendi ng through the recess even if the contact is not centered wi% hin/Ehe
recess 22. In contrast, in sone prior designs the recess 19 JAN Mcn -8 22
and the pocket 25 were both rectangul8r shaped and the contact if not
centered could push against the walls which define the recess or pocket. In
such desi g8 ant ke fpokaritSivadre bethi ratisnduatshiged aad kiebaronwouif donantetod et ar ound
the entire periphery of the contact end if the contact was not centered
within the PP@’C%@Q%@ waplls sdnchedeling die rseiss eUPYFGhd It Hiehsgtipnse ths noésntigher y of

e cont e G AT S TEROU R ML b b EpTpEsi bcheieen (he

sol der, the co er ctrical co egra

will be geneidtattlwasudemséroddithire plcb@ 2Ndf tdigerrd@esnstantouabherblies 12, 13
wi Il undergo power and thermal cycles, which induce thermal stresses upon
t he contacPeriphifay phibe sontaeirend Haon g reeshereeal drtogmiy of Hee wapeqtionpebrasatles  of

the end of the contact is, 10.henefi.ci,al because areas of, a contact end which
do not _havédggrl’ rcoﬁéfﬁn?ﬁiganf’%f glg?mﬁ?ltcgglr%ﬁen 8" ?‘Tﬁ e%%‘%tdact) are more
susceptibl e to these a3tyi@S%8Rner hﬁhﬁ’ée‘?&’t@ad,ﬁl@é’}blﬁ?aﬁ@ﬁﬁ@éce?fa@%rhgse&ﬂt_@ies gntire
perineter of the contact can enhance ball retention and T-cycle life. As

best shown 1BwiHiugdergs pdwanahd3heriiaé cirdsse whithnagucaltisarmiabsteesses pbom gieicoptaof
tabs 28 extendi ng, from apposi.ng sides. These .tabs as.expl ai ned .further
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shown i n Fitgtheesn26t) aredn@®)susaepobld ér thege aatebses h Thivefdrgdavibg solder aotilkthet he

pl ug cover 18, the spacer 20 or the recgpt acl e, covg{tJ 70 @lthough tabs 28
and chann&hiérepgrmgter oghecoptagisean eghange balh Frientioninfdamels lifet he preferred
enbodi ment, any 20 suj.t . t i ,

ot her connection nealrlf\sf b%gtlnﬁgghgggwglg#c u?ir}?lhéec%g??ﬁg*tﬁﬁ?sr?ik{gg%a?gﬁélggﬁgners
and adhesi v#s .28 Skhding Gronasp@Eusigadiden. Thessnaba? Fasguphinkd famher dkloov ftewdh sposed
within the base 14. Slots 30 are constructed to receive a contact assenbly

ei ther B prigmebrddiwosebyithinithe nlgespve I8 eyt leewant &di).s5awmii 47 2
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At t achnment (which hvederiicdHelds sthiHomeisin Fipirks Iiearl H)dh oelepptaatiethadasb i es,
to either the plug cover 18, the spacer 20 or the receptacle cover 70. Although tabs 28 and
channels 38, 43, 80 are used as a connection meaﬁs in the preferred embodiment, any
20 suitable attachment means can be used. For instance, other connection means can be used
including but not limited to fasteners and adhesives.
Slots 30, as are also shown in Figure 4, may also be disposed within the
base 14. Slots 30 are constructed to receive a contact assembly either a plug contact
asserhbly 16 or a receptacle contact assembly 72 (which is discussed in more detail below
25 and shown in Figures 19 and 24) so that a contact assembly 16, 72 can be mounted within
the base 14. Attachment of the contact assemblies, both base and receptacle assemblies,
are described in further detail below. |
An embodiment of the plug cover 18 is depicted in Figures 10 and 11.
Figure 10 depicts an isometric top view of the plug cover 18, and Figure 11 depicts an

30 isometric bottom view. As shown the plug cover 18 is preferably a single molded piece,

but alternatively may be constructed from a variety of pieces. The plug cover 18 can be



are described in further detail below An enbodi nent of the plug cover 18 is
depicted in Figures 10 and 11. Figure 10 depicts an isonetric top view of
the plug cover 18, and Figure 11 depicts an 30 isonetric bottom vii@wANASLG
shown the plug cover 18 is preferably a single nolded piece, but
alternatively may be constructed fronpPa variety of pieces. The plug cover 18
can be 19 JAN 291,60 9 constructed fromany suitable material, but

pref er abl y cangh@ktedefont artyyquetabi ingdtértd]l, Hus ptegeaably ADoSout tipe mb@tales usedand 10,
the plug cover 18 may have a plurality of slots 32 which .can each receive a
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ten tines 35 per row. There can be, however, nunber of slots 32 and the
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of the slot 32 row are,two conti,nuous slots
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enbodi ment ~ defin by a pair of opposed sides 31 which are preferably

angl ed awayohfigmetemsh other in order to facilitate the insertion of a
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These tines i onal support or t pl ug conta s and further
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that a variety of other constructions can be wused to formthe slots.32. A
support nefpiReddnsa paiRelapresed sidesifd Wi @’Ptpé‘?fe@ﬁlb’cf’@ﬁ]r?éﬁf”ay|ﬁf?ﬂ"é§a}cglolﬂ§ﬁrﬂlbr med
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| ongi t udi na across cover to provi de al i gnnent

for the pl u@stmﬁnﬁﬁkérﬁaﬁlmhm offkt elach 329 'EHethoBbﬁ&yrfmlﬁrdesieﬁ)ﬁedwyemmSug
cover 18 ma¥ be nmenbers 37 that define channels 38. The tabs 28 of the base
14 fit 1ht d>tHecherdende psshomy i Fogwes 1§ andsizapboeithe pwer ialdee 4G Thesefigel ug

cover 18. Ak &)?Sd?@é L3 ral glﬁ)%ﬁrt% tﬂ@pfu@%oﬁt&@ﬁ Ghd R8RS nE¥RL Aleneds 32,as1is

also shown in Figure 9. It will be appreciated that a variety of other constructions can be
used to form the slots 32. A support member 33a, which is in the preferred embodiment
integrally formed with the plug cover 18 as shown in Figures 11 and 13, extends

20 longitudinally across the middle of the plug cover 18 to provide alignment for the plug
contact assembly.

Extending from opposing sides of the plug cover 18 may be members 37
that define channels 38. The tabs 28 of the base 14 fit into the channels 38 in order to snap
fit the base 14 to the plug cover 18. Alternatively, tabs 44 on the spacer 20 as explained

25 below fit into the channels 38 in order to attach the plug cover 18 to a spacer 20. This
construction is shown in the preferred embodiment of Figure 1. In the preferred
embodiment shown, there are eight channels 38 on each member 37 that mate with the
eight tabs 28 of either the base 14 or the spacer 20, but any suitable number may be used.
Alternative means may be used to attach the plug cover 18 to either the base 14 or the

30 spacer 20.

The plug cover 18 has walls 39 which are preferably sized and shaped to



25 below fit into the channels 38 in order to attach the plug cover 18 to a
spacer 20. This construction is shown in the preferred enbodi nent"of Figure
1. In the preferred enbodinent shown, there are ei ght channels 38 bh JeR¢his
menber 37 that mate with the eight tabs 28 of either the base 14 or the
spacer 20, but any suitable nunber maip be used. Alternative nmeans may be
used to attach the plug cover 18 to either the base 14 or the 30 spacer 20.
The plug cdig8pe aginieriordd|fpreggviRgiadeceaiaslegrsmitnbbipiesabindharrecnindped to 19
JAN 200CE, Vv C ly.
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so that a 81|2Ic£flt]i’tgwﬁlll§ 39 & prcdarhield. s1z15hen¢§km§éc$so that 1€ comerswdlthesredDtaie
preferably sized and shaped so that the coners of the receptacle assenbly
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14 and 15 g EFREGE! RO Reh tive views. Preferably,
t he spacer %g’uiés&a{e@:% éyarrlrgl %gcgﬁ%ter?\agt%lﬁvel y, the spacer 20 can be
construtted from a plRigats I‘yamflfpﬁ@u:ca@ersffémwpmrofﬁ@r&fmye&mbodmmbyﬂﬁrm C

mat erial, but ané suitable material nmay be used. Spacers 20 of different
hei ghts carfP#&r ddedigiteni by ate ﬁﬁ'sspifsw&lyd@p a%%?ﬂﬂr@mrgpq%w% K€%ecept acl e

assembly 1%L 0BG &2.29016) 82 SAABEFLRL, Addifivefle B Gk Shack, bel ot

For greater stac nore spacers ar USG | esser

stack hei ghbastartdd fesm aphirslity of pReey. SI‘}&rs@a&mM) mé@due a polgrheriqmetedsl; Bat any
enbodi nent, a single spacer 20 is used In ﬁ g assenbly 12 and is
connect ed ©¥ilaHRmgEsial Imy hagsadn SpagATyd0 eB@aéf@reyB faghté REWPE R55d i sidentheno The
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to a base ug cover e preferre i ment t he
connecting demmadksleaghﬂeE&agimaJ stdckpeighentdiet dranomBaNrLdte ubdicinddes t he

channel s 43, which _can be
lesser stack heights smaller or less spacers are employed. In the preferred embodiment, a
- single spacer 20 is used in the plug assembly 12 and is connected to the base 14 and the
plug cover 18 as shown in Figure 1.

20 The spacer 20 p'refefably has any suitable means for connecting the spacer
20 to a base 14 or a plug cover 18. In the preferred embodiment shown, the connecting
means is a mechanical type connection means and includes the channels 43, which can be
mated with tabs 28 of the base 14. The spacer may also have tabs 44 to snap fit the spacer
to the channels 38 of the plug cover 18. Preferably, the spacer 20 has channels 43 and tabs

25 44 on two opposing sides of the spacer 20. Although only one side is shown in Fi gure 15,
it will be appreciated that the other side is similarly constructed.

Disposed within the spacer 20 may be a series of grooves 45 for receiving a
contact assembly. The grooves 45 are preferably defined by a plurality of inwardly
extending partitions 47 which support the lateral ends of a contact assembly.

30 The spacer 20 may also have a plurality of legs 49 extending downward.

These legs 49 rest on the upper surface 51 of the base 14 when the spacer is disposed on



mated with tabs 28 of the base 14. The spacer may al so have tabs 44 to snap
fit the spacer to the channels 38 of the plug cover 18. Preferably, the
spacer 20 has channels 43 and tabs 25 44 on two opposing sides of th& JABAHEr
20. Al though only one side is shown in Figure 15, it will be appreciated
that the other side is simlarly condtir-ucted. D sposed within the spacer 20
may be a series of grooves 45 for receiving a contact assenbly. The grooves

45 are prefierabd y4,dekhdvadinBig@epll Un@B] dnid s@falsb inaéreiowd bexbepainyoripadet 141 ons
47 whi ch sgﬁgort the | ateral ends of a contact assenbly. 30 The spacer 20
may al so hakedaThe inaaen 20hagsuifecgs 53 9vhish aerde Wed@BRRarlen matpdwah theyzasgg rest

on the upp surface 5 f the se 14 when the spacer,is.dis ed..on 19 JAN
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wi ndows 55 when nmated with the base 14, as best understood In Figure 3.
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contact assenbly 16 is _singulated to renmpve portions 57. The plug contact
assenbl y 1BROVE Nogas a7 plTie Rlug spoiet apserablydtipgudes@ Ripglitef3dematigi gnal

contactg, 61. - f C g
contactﬁgségwgﬁé?gﬁﬁggﬁﬁggFggggﬁ'gﬁggﬁ%ﬁgﬁ??mggﬁgéggahgl@%ﬁgﬁgjgﬁgﬁg si gnal
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striped at their ends 63 which are connected to the solder balls as - shown
in Fi gures®Baggrfanmoyedo i nprove wetting of 15 the contacts 59, 61. The

ti ds of th I g kde high
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contacts S5@hidhlar€ ashnbetedtchelsoldbeb 21 ab shqweiempureh @ afd b denmbroaavidtmyedi ng up
the contacts 59, 61. Figgre 8 is a cross-section depicting a plug contact

assenbllp 18icicestactsSd, Pht bha matipg engls chdeenplapts £, hepnstiwvke ghéstEradte3 of the
R R e e
the contactoaaesdle] ahewRickER1aEd & el iR ¥older o Patleling Bp tHek@wase sopt t ed
to a sol degl' Figure 8 is a cross-section depicting a plug contact assembly 16 inserted into the plug
assembly 12 and shows the ends 63 of the signal contacts connected to a solder ball 29 in a
20  ball pocket 25 of the base 14. It will be appreciated that the ends of the ground contacts 59
of the contact assembly shown are in a different plane but are likewise wetted to a solder
-ball in a ball pocket of the base 14. As shown, the ends 63 of the contacts, extend through
the recesses 22 in the base 14 and to the diamond pockets 25 where solder 29 is used to
creaté a solder ball for electrical connection to another electrical component. This is also
25 shownin Figm’e 9 which depicts a longitudinal cross section through the plug assembly
12. As shown each contact 59 is wetted to the solder 29 in a pocket 25 of the base 14.
The contacts 59, 61 can be stamped and then molded to a plastic carrier 65
an embodiment of which is shown in Figure 16. The ends 67 of the carrier 65 are
preferably sized and shaped so that they can fit relatively snugly within the slots 30 of the
30 base 14 and the grooves 45 of the spacer 20. - This is best understood with reference to

Figure 3, which shows a plurality of contact assemblies 16 inserted into the grooves 45 of



ball in a ball pocket of the base 14. As shown, the ends 63 of the contacts,
extend through the recesses 22 in the base 14 and to the di anond ﬁa ﬁ@t@HES
where solder 29 is used to create a solder ball for electrica

to another electrical conponent. This is also 25 shown in Figure 9 whi ch
depicts a longitudinal cross section 2hwough the plug assenbly 12. As shown
each contact 59 is wetted to the solder 29 in a pocket 25 of the base 14.

The cont actig g'éaeer% SRIFiBEreXt MMRAds 28R sd-BeRoma ﬂa%gtme@ | @gtacCass@hbliyer 65
an embodi nent of which i$ shown in Fi gure 16. The ends of the carrier 65

are pref erlémeyrtsdz@dﬂm@ts%p’é@eb@setltﬁiandtthregroew?r pithe epagei A&l y snugly
within the slots 30 se 14 an rooves 4 f t.he spacer
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and grooves 45 of the spacer 20. Then as shown in Fi gure plug cover 18
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59, 61 to crea connectrons. “The di anbn

constructi emuad tidjRrpetdelfshedbnbREHsei8satded biigre. around the perinmeter of the
contacts as described above. If contacts of smaller heights are used, then
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attached di rectl the 14 wit | cover
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assenbly 13a§eqammdttﬁ@pm@¢gveraﬁ§@mp§3g 12 can be nmated is shown in Figures
17 and 18. Figure 17 is a perspective view of the top of the receptacle

assenbly 12, and Figure 18 is a perspective view of the bottom or underside

of the fecept acle assenbly 12. ﬁ&ﬁfﬁ&i@ﬁbﬁwl y 13 generally includes

A preferred embodiment of the receptacle assembly 13 to which the plug
assembly 12 c¢an be mated is shown in Figures 17 and 18. Figure 17 is a perspective view
of the top of the receptacle assembly 12, and Figure 18 is a perspective view of the bottom
or underside of the receptacle assembly 12. The receptacle assembly 13 generally includes

20 abase 14, a receptacle cover 70 and a receptacle contact assembly 72, a plurality of which
are depicted in Figure 19. Although not shown in the preferred embodiment, a spacer 20 if
needed based on contact height could be used between the base 14 and the cover 70.
Figufe 19 shows the construction of the receptacle assembly 13 with a plurality of
receptacle contact assemblies 72 inserted into the base 14, and the receptacle cover 70

25 being coupled to the base 14.

The base 14 of the receptacle assembly 13 is preferably the same base that
is used in the plug assembly 12 and which is depicted in Figures 4-7. Thus, the
construction of the receptacle base 14 can be understood by referring to the discussion
above. By using a common base for the plug assembly 12 and the receptacle assembly 13,

30 manufacturing is simpler and less costly in comparison to having to produce two different



20 a base 14, a receptacle cover 70 and a receptacle contact assenbly 72, a
plurality of which are depicted in Figure 19. Al though not shown in the
preferred enbodi nent, a spacer 20 if needed based on contact height]ﬁ?ﬁh?%ﬁ
be used between the base 14 and the cover 70. Figure 19 shows the 7
construction of the receptacle assembld- 13 with a plurality of receptacle
contact assenblies 72 inserted into the base 14, and the. receptacle cover 70
25 bei ng cougkder the plugenbalsereddptaclhasstablées14 of the receptacle assenbly 13
is preferably the sane base that is used in the pluchssenbl 2 and_whi ch

is depicted in Figurés8Wes720 anql il depled a paietsd b umett of s FePHRHSAVE Bhse 14
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interior 40 of the p cover 18 as best understood wi O reference to
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t he base 14ntordfered ¢rhisodimempthac ae eight channels 80 in each laterally extending portion
78. The receptacle cover 70 snap fits to the tabs 28 of the base 14 to form the receptacle
assembly 13 shown in Figures 17 and 18.
20 The top of tﬁe r'ecepiacle caia 70 preferably has a plurality of laterally
 extending slots 82. These slots 82 are for receiving the plug contacts 59, 61. As will be
appreciated by viewing Figures 1 and 17, the plug contacts can extend down through the
slots 82 and mate with a corresponding receptacle contact 84 shown in Figure 19. Figure
22 also depicts the receptacle contacts 84 which are disposed beneath a slot 82. The slots
25 82 are preferably defined in part by opposing walls 88 which are angled toward each to
direct the plug contacts 59, 61 to a corresponding receptacle contact 84, 86.
Extending longitudinally along the underside of the receptacle cover 70 is
preferably a support member 90. The support member 90 preferably has a plurality of
ridges 92 and grooves 94 for receiving a receptacle contact assembly member 96, as shown

30 in the cross-section of Figure 23.

Figure 24 depicts a perspective view of a preferred embodiment of a



assenbly 13 shown in Figures 17 and 18. 20 The top of the receptacle cap 70
preferably has a plurality of laterally extending slots 82. These slots 82
are for receiving the plug contacts 59, 61. As will be appreciated]lBy/AN 205
viewing Figures 1 and 17, the plug contacts can extend down through the
slots 82 and mate with a correspondinb4receptacle contact 84 shown in Figure
19. Figure 22 also depicts the receptacle contacts 84 which are di sposed
beneat h a skewt®le contust eiserblys Bt can be peash et Bliyingerftiondiorn itgas bedsy
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carrier 100. Although the contacts differ in construction, the general
const ruct | di¥nEEtsiaB be Suieied SrEbL e sEiped isepprepvetbng wihsalder ThuBFst ood wit h
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carri er 180Gonfdag)an alse bk el siipgitbahiel rélabileiane idmwadtiedingdfbideonshdérds The
ends 102 of the receptacle contacts can be but need not be gold striped to
ensur e wet t i0gfithe plastis qgeier 160 wiranieferbbpyzedpnd shapad e dhay shayean s inggrtehown i n
Fi gures 22 . 23 - ' ngds -he. 1 ntacts can also be gold
striped fofgﬁﬁaﬁ§?g¥#§§?5%b%géﬁﬁg¥%8ggg€gl %%ﬁ?ng forces. The ends 104 of

the plastic carrier 10 rRégrRieiirRbhyesbiend andishapesipportiniahbdriogsy can be
inserted into the slots 30 of the base 14, as shown in Figure 19. The

recept acl e ik agshoxgsiaihg roypsestion of Bguisardits ipgbiely mughyeritis a grpevetPdas
MR Tt Ll A RN T A R
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As shown in Figures 19, 22 and 24, one end of the receptacle contact 106
has groups of opposing forks 108 tﬁat define a space 110 for receiving a plug type contact
59, 61. As will be appreciated by viewing the plug contacts 59, 61 in Figure 3, a plug

20 contact 59, 61 can fit between the forked end 108 of a receptacle contact 84, 86 in order to
provide an electrical connection.

The receptacle assembly 13 can be constructed by inserting a plurality of
receptacle contact assemblies 72 into the siots 30 of the base 14, as best understood with
reference to Figure 19. As described above, the ends 104 of the plastic carrier 100 are

25 sized and shaped so as to fit relatively snugly within the slots 30. The receptacle cover 70
snap fits over the base 14 by snapping the tabs 28 of the base 14 into the channels 80 of the
receptacle cover 70, as shown in Figure 19. When the receptacle cover 70 is attached to

the base 14, the support members 96 of the receptacle contact assemblies 72 fit within the

grooves 94 of the receptacle cover support member 50.



As shown in Figures 19, 22 and 24, one end of the receptacle contact 106
has groups of opposing forks 108 that define a space 110 for receiving a
plug type contact 59, 61. As will be appreciated by view ng the plugjj Wn
contacts 59, 61 in Figure 3, a plug 20 contact 59, 61 can fit between t
forked end 108 of a receptacle contact584, 86 in order to provide an

el ectrical connection. The receptacle assenbly 13 can be constructed by

inserting a plural MATING ORTHE BLUG a0ID RECEFSEACDE £SSEMBIIES the slots 30
of the base 14, as best understood with reference to Figure 19.
descri bed above, the ‘&sd@ieoy regepiale %?eé@tlteél%é? @Teéﬂati@)@)yéﬁséﬁ% t%? zed and
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cover sna I'ts p1 ng he ta

into the c higgwredBaddOcofer it rellﬂﬁ)%@ts&hﬁgl@ 1ﬁt@\tﬂéc&ﬂers as oshhewlug covei pRIte 19.
When the receptacle cover 70 is attached to the base 14, the support

nmenber s D6 fem ¢ h]édlfl&é@bk%ﬂéitc Yrheacoupled gpiher shealug pentegts 59.161she™n g ooves
94 of the receptacl e Gpve 90.. 19 J 1" Ho' MATI NG OF THE
PLUG AND. REEPACDR e a P Ot%E%ng[}Edeﬁﬁﬁc?éc‘Bé?{A};‘cﬁ“é ‘%@%‘e"r‘fgﬁ es 12, 13
are mated QMHE&E}%E&BE RébepABlelcBREPL RS E@t&&\fﬁé aK Qlek R éoﬁﬁedtl'ah%‘éf\\cb%n @QchOf the

pl ug cover 18. The receptacle coners 76 of the receptacle cover
rel ativel y cemagtl yhiermbondctre cambe msted2o ofhet hﬂectpbalg:onmvmntﬂﬁtch@s Enﬁt@d mretut

sliding and keyed.fit. Wen couple 0 her lug ¢ acts 59, 61 shown
in Fi gure%gar dg hathdhava cBey s tbﬂgta%gs kag m&ﬂ%tftf@'fffgwgt’%@ﬂ ee’a&ég Fbanghd
mate i id deochOrlE3RARAISA0sS SRARAL Agher £ARHI GhidunBfd iefif cate an el ectrical
connect| on ween eac cont act e connector can mat ed to ot her

el ectrical conponent FiguteB4ads peihemede diagrim of thbeasmkemehi efthéisigsalaindcui t s
that can be placed in electrical contact with the plug 59, 61 and 10

recept acl e ZEPRALepactsin thedirghpyclerad sybedimepty The %at/\ﬁ‘ﬂdcﬂﬁo‘éréfjr SBATE Fhem
Fi 24A t
o sund concutp@ BERRAL HERATEM P GBS A SER R B, (I b RuraRE,

contacts atlgere aveiifdividal g‘romttactoritz&tsrﬂﬂ 84 padithe side cfRach sigial bentsdtréil pgé,ne”
configuration. In this configuratign, there are i nd| vi dual ground, cont acts

59, 84 bh é‘{}tlﬂbﬁ"ansﬁlst?é?ed%ndérélﬂﬁ’dé’i’lﬁ‘n@fﬂ%ﬁﬁ%ﬁtgu@f 3 9d 191 Bsiilile aprreciteh b
under st ood aﬁvetgt ?@J?ﬂfs% dﬁ@ﬁgﬁ&ﬂ&w glgﬁmé 99&9%98%5%%15{;0;35 oARREGSI R &he f rom

Figures 3 gr oufid con cts iI'sposed on either
si de of t heignal contacts 61, 86 to provide an electrical ground reference for the signal contacts and

to provide the electrical stripline configuration. The geometric relationship between the
signal and ground contacts, including the gap H, the thickness t, the width w and pitch p,

20 can be varied to achieve the desired connector impedance and electrical performance.

Although this invention is not limited to such in-line stripline

configurations, the in-line stripline configuration has several advantages (relative to the I-
Beam approach described below) including advantages in terms of costs and
manﬁfacmn'ng. For example, the same contact can be used in all locations, and the

25 contacts can be continuously stamped, which produces relatively consistent contact gaps
(H). This is beneficial in achieving the desired optimum electrical performance.
'Additionally, all connector contacts can be used for either differential or single ended
signals or any combination of these. Molding of the carrier 104 shown in Figure 24 is also
easier because the contacts can be molded in a vertical row with contacts oriented so that

30 the thin width is in the direction of mold closing. Another advantage is that because

ground planes are not used, the connector mass (including its thermal mass) is lower



signal contacts 61, 86 to provide an electrical ground reference for the_
signal contacts and to provide the electrical stripline configuratibadl fie
geonetric rel ationship between the signal and ground contacts, including
the gap H, the thickness t, the wwdth w and pitch p, 20 can be varied to
achi eve the desired connector inpedange and electrical performance.

Al t hough this invention is not limted to such in-line stripline

configurations, the in-line stripline configuration.has | advant ages
(relative t'0 IF]P\ECSFES ﬁeeﬁﬁﬁe%?ﬁ?ﬁl&ﬁ% ta83%?'Pﬁréd1%5’gle(§)\9\})rcqltncqaﬂdéﬁif‘lghz'dvant ages in
terms of costs and nEBWE2ABUELRE: 2 hiBfza8ik8 WPl sthHfEnsSRNE gmANbRG wEidR te used
inall locations, and the 25 contacts can be continuously stanped, which

produces r eligna valtycteyasigownded bp gravod coptpets. This comhgusatian 1p edediageals pn
achi evi ng thﬁ desired gptimum el ectrical performance. Additionally, all
connect or ¢EMAE L8R be used for either differential or single ended

signals or any conbi nati on of A FesenaMEiENgsODIMENSEar ri er 104 shown in
Figure 24 is also easier because the contacts can be nolded in a verti cal

row wi th contacts orilahedus gartdtiats @0tht pmgtaksembly andthe sedeptatieassatimtde tdton of

nmol d cl osing. Another advantage is that because, .ground planes are not used,
t he connectfgwhﬁla%\se qapﬁe|m?dteﬁgg\%3qpﬁam&ef{onﬁ%§plwt§f Ff&déwpr@ogwq&&orﬁi PE, 61'

L0 uhi ch nesiht BxhiloBest i 38Rk GRYLANY BHSLPIRLS PN ABSoRIg Uit Doards

(PCB). Figur mezzanine 1n l'rne str Ine contiguration in

which the mHigna re6@NIAEiSeRbRessuint tigdiingdethdaynig) the Belargemeacd onihbisSvithin
configuration is advantageous in reducing cross-talk. 5 ALTERNATI VE

EVBODI MENT thepsemblies, Hic canfigwatior of the coritemy agssawhins, yheaw@pomh oritbe epiiacdt.
assenbly set . forth abowv wi t hout departing fromthe spirit of

t he inventiatcr)lﬁsth%se}iap?g?‘?ﬁg%éﬁgieg%e”%g%pl es of such variations include but are

not limted to ways tOn&dtenedive eh®odiplectgisaBidfoft e Plghtds @585 eRghtee® and their
conponents, the arrangenent of contacts within 10 the assenblies, the

confi gur at idspictFan srebodomentcl Phugsont J l8xttaghed te agpanet S3ovhichearbabsrels,  and
Forth i n Figip 8t Gt sger BLlaRY, ofdife St AL e BRIRE b 3F o1
attachedst glag sPRESIS brDiheRpader S2N (BEthus@otlf a.few phigboatapl dtgerabIsRBIbYrd12. A
plurality of plug contact assenblies are installed within the
installed, it will be appreciated that the assembly could be filled with plug contact
assemblies 516). Figure 26 iilustrates a receptacle cover 570 detached from a spacer 520
and a pluralitiz of receptacle contact assemblies 572 installed within the spacer 520. The
receptacle cover 570 and the plug cover 518 can be snap fit to the spacer 520. Although
20 TFigures 25 and 26 depict spacers 520 being used in the plug and receptacle assemblies, it
will be understood that etther assembly could be made with or without a spacer 520.
Spacers 520 are used if the contact height dictates their use.
Figures 27 and 28 respectively illustrate a top and bottom perspective view
of aﬁ embodiment of a common base 514 that can be used with both the plug assembly
25 shown in Figure 25 and the receptacle assembly shown in Figure 26. The common base
514 can attach to the spacer 520 used in either assembly. In this embodiment, the tabs 528
of the base 514 are snap fit to channels (not shown) in the spacers 520.
The common base 514 has slots 530 for receiving either a plug or a
receptacle contact assembly 516, 572. As shown in Figure 27, which is a top view of the

30 base 514, recesses 522 are disposed in the top 514a of the base 514 similar to those
described in the first embodiment. A pair of opposing angled walls 524, 526 create each



15 plug cover 518 and the spacer 520. (Al though only a few plug contact
assenblies 516 are installed, it will be appreciated that the assenbly
could be filled with plug contact assenblies 516). Figure 26 ill usty aie8iia
receptacl e cover 570 detached froma spacer 520 and a plurality of
receptacl e contact assenblies 572 inst®led within the spacer 520. The
receptacle cover 570 and the plug cover 518 can be snap fit to the spacer
520. Al t houefess 222 Fidguwrres BSreandh 26 to éqmilibte Sipaipesrsobala beitang endseough thdhe

Could e oW Th BB P Sh o1 8301 SgUEEe Pes0n A bOBR OFR t ho

contact heisght el &lcBSedefiein. Uﬁa%dlfrh&lars% &llpRREs 285 Eﬁ%ﬁﬁéﬁr‘éﬁhé’lrﬂthé ustrate
a top and bottom perspective view of an errbodl ment of a cofmon base 514

that can béirsisatodinéntsotthatttheerl afghassenbbxte®bng Howwghi the Ficgasr3@2 261 1dmade t he

recept ac SsS shown in Figure 26. The comon base 514 can attach to
t he spac%e %ﬁnﬁ‘ég’dreﬁiv%?"cl% 23§§é’1‘?ﬁllT§PelllPP%| s enbodi nent, the tabs 528 of

the base 514 are S“a%I%LPEs %&ﬁ-ﬁif lc%aﬁ”&%o&ﬂm% éfdl%cé Eclé@cﬁﬁ:f‘c‘tﬁss?@@l The

conmbn base 514 has Sl ece|V|n

contact assepbtlye eddptache/chntads aé‘sbxﬁm 37 Hak glpheal&i ,ofmbptacle &oﬁaét@DSNIaqurOf t he
30 base 514, recesses 522 are disposed in the tog 514a of the base 514
¢

similar to of SouedpseyG06ead amairied pastie eard s G808 nd he receptaele PO@ﬁCtﬁ)Q@b@I ng

angl ed wal | 26 cre ch 19 0 17 recess, 5 narr.ow t he
ocess 5o ey THtabR 18 hef Rode oot 1O Bt el R A0 » B BRCHN AP oo
522. Di anords shanfde pRiksions bRPeaRiish RSB0 thsthion hatb aeoheddhdial holke base
514 beneath each recess 522. The di anond shaped pockets 525 are configured

as in the 6fl2ise geavind@latedds, asshawrain Higiwge @Ad of the contact extending
t hrough the recess 522 w || _have 5 cl.ear to receiv ol der. .5 round
its periphery. Fi guré@thfg 2 RHRUEE 2 g flgp Sﬂicg%%a‘?tﬁéﬁfoﬁ?aéssreg@%%at

contact assaNelsppreéidted tha pli@CSps aﬁit@ctsp&mcﬁsé subSERE ¥ BéZediptacR c@hta\ﬁi@' ity
of receptacle con?acts 584, a pair ground plates 606 and a pair of

plastic camnd &resplﬁg)sonta’dﬁesaewepi 1a3cWeuld otiteagiss be the sbme ap (t.iraltrécplhyd st Agpenhg and
(e, bel 0 oL 054 19, LS, Bl Rt L6 CB14 100 < 008, Thc,BLOR! L, SR0 .13 10 08
sl O et oo ok iay e e ancti g
572 in the slots 530 of the base 514 and the grooves (not shown) of the spacer 520. This is
best understood with reference to Figure 26.
The plug and the recepfacle of this second embodiment can be mated
20 together by inserting the receptacle cover 570 into the interior of the plug cover 518. It
will be appreciated that the receptacle and plug covers 518, 570 are sized and shaped so as
to from a relatively snug slide fit. When mated, the plug contacts extend through the slots
in the receptacle covers to create electrical connecti‘ons between the contacts.
| Figure 32 is a schematic description of the configuration of the contacts in
25 the second embodiment. This arrangement is referred to as a stripline I-Beam
configuration. In this configuration ground plates 606 provide the electrical ground
reference for the signal contacts. This is in contrast to the in line stripline approach
described above which uses individual ground contacts. The geometric relationship
including the pitch p, the thickness t, and the gap h, and the width w can be controiled to

30 obtain the desired connector impedance and electrical performance. Although the in-line

stripline configuration has some advantages, which are noted above, it will be understood,



wi |l be appreciated that plug type contacts could be substituted for the
receptacle contacts and the plug contact assenbly 516 woul d ot herw se be
the sane as that depicted in figures 15 29 and 30. The contact asseritl jaqs!iic
516, 572 are nounted within the plug 512 and the receptacle 513 by fitting
either end of the ground plates 606 0f8+the contact assenbly 516, 572 in the
slots 530 of the base 514 and the grooves (not shown) of the spacer 520.
This is beisdt eithetehsinolaet stiiplimerce - @eanceriplmefogfigwa®én cahlte phdig dondn thee

receptacl e of this second enbodi nent can be mated 20 together by inserting
the recept 4&EFEIARFEICAEPHIOHAE T he interior of the plug cover 518. It will
be appreciated that t -5.:5183, I nd
shaped so as to fror%&:a({ragﬁg'? %J\F/lﬁe:% %egﬁgmsaﬁ?aggﬁlﬁa%gﬁ fﬁé‘%&%ﬁ‘%"‘%&%ﬁqﬁg

contacts e¥oeethrniple Fughre BNelepicBlad enibddiniait bEaeplapalr & 10 e tsn bbuset eatdm
el ectrical connections between the contacts. Figure 32 is a schematic

descri ptd ol P#S torrdaplonto RJug atsewhlyofThetidaptont Hheas bepnamictyred Semdanetic or
nbodi ment . Thi. t | red tripli | - B
cont s gur at Bk RRGHE TR b el i Flnshfe B of aSlofble siBybgdits 12

el ectrical wieRUiMber EGRERNG Ard Qledddias BNRE phOY BCth She rEBEFRadIS5IN TRt rast to
the in line stripline approach described above whi ch uses individual ground

cont acts. TFheptgedPean be attathad porshifpts ended dionie plhe Sp? eedatghe other ¢rfd @iéness
t, and the ga ., and_the width w can be control.led to 30 obtain e desired
Connact or S sEST e el e cRaT R St erE SPreTg:

stripling eAndd QUL hhARn §g[l{gha%9éfﬁﬂ%§gﬁsfhe%' I%f 81 PcRANRhadP AWK orl T W | |

be understood, 1 JAN ?It" 6 -1 at either the in-line stripline or |-Beam

stripline ooebrgoreatpacars Ahddyendise apowthebergitinof the conlesiiordesdbd cAmploality
performance,. An adaptor. ¢ e.used wth varjous conbi nationg af plugs and
recept acl eST COHAHS %Jj’a'%?dpggﬁqﬁﬁfjﬁliné t@qgg@gﬁfﬁ%h%ﬁ; e@ﬁﬁgcgi%mg "B?h aHg adapt or 610
that can b%oﬁtﬁag. I&ﬂh&?%ﬂ}j? §m@o@h+egg 5&8%9'@9@ %vhpis%p&e%&fetﬂblkafmﬂ he adapt or

610 can be manufacture omplastic or any suitable material. The adapter

610 i s constnbudineat, Sowdkbe apprataedrhbtthe wdappdried § c5d Bavendiber dnddanentonnect i ons

are needed. than just the plug 512 to the, receptacle 3. . Th adapter 610
can be ]eﬁtg&?ﬁéﬁ“&?"%@é“@f‘“ﬂf”éthé%?jgr%??g?@mtcﬁbﬁ’ﬂl‘”@g «é?!fé‘ﬁ%ﬁhcﬁ P8 Ut her end

614 to an I daps: ek : t a
recept acl egél: \%rr&gggs gf&% 1%I§??e?é?%ﬁg e? %Qre%g{tgfiﬁ%t\%\ngfg%b%u%ltggecfgétgge%nbl y 512.
The adapt oad4pi&r wanl 8 Hemed \ae weilne various other combinations of plug and receptacle

adaptors.

SUMMARY

20 By using the plug 12, the receptacle 13, the spacers 20 and the adapter 110,
if needed a modular connector assembly can be formed that accommeodates a selected stack
height. After selecting a stack height, the proper contact height and contact assembly for
both the plug 12 and the receptaclé 13 can be selected. The plug and the receptacle contact
assembilies 16, 72 of the selected stack height can be inserted into and coupled to the base

25 14 of the respective plug 12 and the receptacle 13. If needed for the stack height, one or
more spacers 20 can be connected to either or both the receptacle base 14 and the plug
base 14. For the plug, the plug cover 18 can then be coupled to the base 14.
Alternatively, for larger stack heights one or more spacers 20 can be attached to the plug
base 14, and the plug cover 18 can be mounted to the top spacer 20. For the receptacle 13 a

30 receptacle cover 70 can be coupled to the base 14. Similarly, for larger stack heights one



one aor nore spacers 520 dependi ng upon the |l ength of the connection needed.
A plurality of contacts can be installed within the adapter that h?ge ﬁ&ﬂf
for mting with plug contacts. Al though the enbodi nent adapter 610 HAMA G s
for use with the second enbodinent, it wll be appreciated that the adapter
610 can have ot her enbodi ments 15 i ndPuding one for mating with the first
enbodi nent shown. Although a plug to plug adaptor 610 has been descri bed,
it will bectappreepaatelD tdndte attacleddptimakeptasieotmce p4,a0t ¢he mcapdchy caoopul@ be
fornmed, as we|l as vaﬁious ot her conbin%ii ns of .rece

2
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t hat accommobdat es”a sel ect ed After selecting a stack height,
t he properlesgthtoditiic dvanhgltionaadhdaptor ath casiseaatlyed torthe feodptadih 3 mhdrde pRigand t he

receptacle 13 can be selected. The plug and the receptacl e contact
assenbl P es! 4%, to1yo @fuas 95 te Feseptadesseid HAtgRRING $iF Beentaciadiresty inths Phkg

coupl ed o1 NeyDBRG S H ol pbl6 LEAEPH Me Rl o2 AdbeaGRRE AR e 1,

| f needed_f0 Oor nore spacers connected to

ei ther or thetdtepfaclemase a6l lkebazbekitadind (& BeoRdWwY anbidseedotricaFesmpdrenp! ug,
the plug cover 18 can then be coupled to the base 14. Alternatively, for

| arger stack hei ght sWoldbobaseddethgspasersst0200vean! &0 and addvsars &0 & mwdglang
base 14, and the pl cover can be unted .tp the t acer, 20. For the
ooept aol st Gt B8Rl SR B D St Dk 8. FRESHAE 1,

Sim | anby, cdn@EctbPfi@fonbl AEKdO B8N ESmARN: Dedddl 3OS givEl stak heRhe BRakers 20

can be attached to the receptacle base 14, and the receptacle cover 70 can
t hen be atadyehiegedus betmist apodukt capacter caathe btk withike piverycdiRpensdtstitp@ny

tacle, 13 ted by attaching the pl 18 tp t . t acl
Cover 70, Iepitpd ekiegle dtion SR Sraisgon o ok Y dERMR Poeh S REREr 130
can be at tagheghdigick AR HEGTRIAALrdSesdBekatites PArtkdy 8f do2nPhedtd cde Pl UGS or

two receptacles instead of attaching the receptacle directly to the plug
12. The plmegnifaserci4o orkic & Nancthof atitnactosdnsteadaoftsdicdted compbrantsefoect ri cal

conponent, and  the receptacle se 13 can |li kew se _he attache 0 boar d
D TR ccbpgstots o Al TS erRb: FonFHIPR o qoauon hve 1 ds B derE iR e ors
18, 70 a“%ﬁ%@%&%ﬁtaé{l%g%nﬁﬁ@#i?@ﬁ3. KON Ofy ﬁ%ﬂebﬁ(ﬁ&ﬂ%%&& §£4h Bmmon
accommpdat e a sel ected stack height. The nodul ar

components including a receptacle cover and a plug cover, and each assembly can use a
common spacer. |

Although this invention has a variety of applications, one such application

20  1sin connectors having a stack height between the range of about 10-35 mm. and contact
quality of about 100 to 400 signal contacts per connector. One advantage of the
connectors of this invention is the interstitial diamond pattern of pockets 25 in the base 14.
This provides for closely packing the contacts to maintain the size of the connector
rclatively small while maintaining a good signal and low cross talk. The diamond shape

25 pockets 25 also ensure good contact wetting or solder attached around the entire periphery
of the contact ends. This as described above ensures good electrical performance.

It is to be understood, however, that even though numerous characteristics
and advantages of the present invention have been set forth in the foregoing description,
together with details of the structure and function of the invention, the disclosure is

30 1llustrative only, and changes may be made in detail, especially in matters of shape, size

and arrangement of parts within the principles of the invention to the full extent indicated



10 connector need only include those conponents needed for the given stack
hei ght. This is advantageous because a nodul ar connector can be built wth
t he given components to any desired stack height. A new type of conaegtor:;
need not be designed for each stack height. This sinplifies the
manuf act uri ng process because a vari-€fy- of conponents can be manufactured to
make a variety of connectors instead of dedicated conponents for 15

connect or sbothdbrbidpanrtal kehgiht S tHeatmaxianiicn tha apsuided clagseard 4xpressaded for
both the plug and the receptacle assenblies 12, 13. Moreaver, an adapter
110 can be used with common conponents including a receptacle cover and a
pl ug cover, and each assenbly can use a conmmon spacer. Although this
invention has a variety of applications, one such application 20 is in
connectors having a stack height between the range of about 10-35 mm and
contact quality of about 100 to 400 signal contacts per connector. One
advant age of the connectors of this invention is the interstitial dianond
pattern of pockets 25 in the base 14. This provides for closely packing the
contacts to nmaintain the size of the connector relatively small while

mai ntai ning a good signal and |low cross tal k. The di anond shape 25 pockets
25 al so ensure good contact wetting or solder attached around the entire
peri phery of the contact ends. This as descri bed above ensures good

el ectrical performance. It is to be understood, however, that even though
nuner ous characteristics and advantages of the present invention have been
set forth in the foregoing description, together with details of the
structure and function of the invention, the disclosure is 30 illustrative
only, and changes may be made in detail, especially in matters of shape,
size and arrangenent of parts within the principles of the invention to the
full extent indicated ! A Nrl 1~16 -20 by the broad general neaning of the
terms in which the appended clains are expressed. 19 JAN TIC6 -2]. = Wiat is
clainmed is: 1. A nodul ar nezzani ne connector system conprising: (a) a plug
assenbly, conprising: (a,) a first common base conprising a plurality of
fusible elenments which are each



di sposed adjacent to the first common base; (a2) plug contact assenbly
nmounted within the plug assenbly conprising a plurality of plug contacts,
each plug contact conprising an end which is secured to one of the Lysiﬁl .
el enents adjacent to the first common base; (a3) a plug cover couple lJé tzﬁ'é
first common base; and (a4) a spacer noidhted between the plug cover and the
first coomon_base; and (b) a receptacle assenbly that mates with the plug
assenbly, coipratss elgim¢dis) a second conmmon base conprising a plurality of
fusible elenments which are each disposed adjacent to the second conmon base
and wherein the first comon base and the second comon base are
substantially identical; (b2) a receptacle contact assenbly nounted within
the receptacle assenbly conprjsj j t : tacts, each
receptacl e contact gg'rrpri si ng %ﬁh&gﬁﬁﬁ%@%i&ggﬁ%ﬁgyﬁéeﬁglﬁ Qt he fusible
el enents adj acegﬂé tﬁ the?@glcond common base; (b3) a receptacle cover that is
coupled to the &N 8 % P& that mates with the pl ug cover. 2.
The nodul ar nezzani ne copnector system of cl ai ., Wherein the receptacl
asserbly further, cong‘ﬂ] ;asﬁgst %Pf%rﬁ%éﬁseﬁe@m@agsemxééﬁo{ ﬁ’éﬁ’ﬂ%‘éﬁ‘ﬁ%l ictkave Focking
25 the second c8ipessd pdideent tp thefisst 4pMIOBDLase2zani ne connect or syst em of
claim1, wherein the plug assenbly further conprises a spacer nounted

bet ween the plug covén) pingcertect hssembly momtedhwitbindhepldg abremblic epnpriding a
assenbl y furt heplucditpof pleg cantspgeech plogiodreabt bepegng tdhend @Bich éceptimd teommier
and the second terfiible eRaentsadjate ordefirsrcommichabiseie connect or syst em of
claim3, wherein the pockets of the first and the second commobn base are

di sposed in an interghydplak c6Verabiiled ©Qhe fightEdthindA bade; indThe nodul ar
mezzani ne connector systemof claim1l, wherein the pockets of the first and

the second common bage AifacdmffiRbetwecdthd P bstdrbh@their RMnon base; and

configuration and the first and the second co n base further conprise a
recess dispos ed(b]]g receptacle assembly that mates with the plug assembly, comprising:

(b1) a second common base comprising a plurality of fusible elements which are
each disposed adjacent to the second common base and wherein the first common base
and the second common base are substantially identical;

(by) a receptacle contact assembly mounted within the receptacle assembly
comprising a plurality of receptacle contacts, each receptacle contact comprising an end
which is secured to one of the fusible elements adjacent to the second common base;

{(b;) a receptacle cover that is coupled to the second common base and that mates
with the plug cover.

2. I'ne modular mezzanine connector system of claim 1, wherein the

receptacle assembly further comprises a spacer mounted between the receptacle cover and

25 the second cornmon base.

3. The modular mezzanine cormector system of claim 1, wherein the
plug assembly further comprises a spacer mounted between the plug cover and the first

common base znd the receplacle assembly further comprises a spacer mounied between the



above each of the pockets through which a contact can be inserted. 6. The
nodul ar mezzani ne connector systemof claiml1l, wherein the plurality of

pl ug and receptacle contacts are disposed in an in-line stripline 19 JAy 7 ;
configuration. 7. The nodul ar nmezzani ne connector systemof claim1, wherein
We plurality of plug contacts and recepitacle contacts are disposed in a
stripline |I-Beam . Confi %ur tion. q15 8. TEe nodul ar mezzani ne connect or
system of cl’&F%R!ACIE FOYTRBE PTHRPI MY RR%Edapt or which is mated to the plug
cover and the récep‘} acl e covgr. 9. A nethod of nmaking a nodul ar nezzani ne
connector system td-a desirdd®FtOLukT REZEFHENE eOWPRIPE FYstem iofi skimilnglgrein the

I lit f., b, | f.irst b ;20 25. . i I
Cover 1ot nd Tt PeTER B i B SeRabichHnBRR® b e i e Piel ol

hei ght att aclhnfigusti®pacer between the plug base and the plug cover;
inserting a plurality of receptacle contacts into a second common base;
coupling a receptacle cover to the second commobn base; and coupling the
pl ug cover to the,receptacl e cover and thereby placing the plurality of plug
contactsSinto el ettrical coARERICALT BE2EARERe sdvacPpLsElan pf eleim deaheisl) Wel 9

JAN MJ V\A‘Fg)cil(gts%?%eaﬁltfand Hﬁ%éec&ﬁg glll;llhfo?f b(a)atsg %rqui’polggc} Pa%r{]'}i'ﬂefr%}% fﬂgfatmo% 0

claim9 , wherern inserting the I'ug™ con
conpri ses i n@affgurgionhad Ml idhotedphigoanhants AirtherBompriké A eecsty dipidsee

above each of the pockets through which a contact can be inserted.
6. The modular mezzanine connector system of claim !, wheremn the

10 plurality of plug and receptacle contacts are disposed in an in-line stripline configuration.

7 The modular mezzanine connector system of claim 1, wherein we

plurality of plug contacts and receptacle contacis are disposed in 2 styipline I-Beam

configuration.
8. : The modular mezzanine connector system of claim 1, further
15 comprising an adaptor which is mated to the plug cover and the receptacle cover.
9. A method of making a modular mezzanine connecior system to a
“desired stack height, comprising:
inserting a plurality of plug contacts into a first commeon base;
20 coupling a pjug cover o the first common base and 1f needed to
meet the desired stack height attaching a spacer between the plug base and the plug cover;
inserting a plurality of receptacle contacts into a second common
base; ,
coupling a receptacle cover to the second cominon base; and
25 coupling the plug cover to the receptacle cover and thereby placing

the plurality of plug contacts into electrical commyunication with the plurality of receplacie



configuration and wherein inserting the plurality of receptacle contacts
further conprises inserting the receptacle contacts in an in-line stripline
configuration. 12. The nethod of claim9 , wherein inserting the plur&dity
of plug contacts further conprises inserting the plurality of plug contacts
in a stripline I-Beim configuration angBwherein inserting the plurality of
receptacle contacts further conprises inserting the receptacle contacts in
a stripline LsBeam configuration. 13. The method of claim?9, wherein each of
the fusible elements The nmethod of claim9 , wherein the first and the
second common baséleach conpht sethpdpifipdaim Oy vdferpockeh sf tisdusibleclgngpodsed in
an interstitial dianond q nfiguration. 15 34. The nethod of claim9 ,
wher ei n coupPiRgSt Aa° cUbagover to the first comon base conprises inserting
a plurality of tabs extending fromthe first conmon base into a plurality
of channels in the plug cover. 20 15. The method of claim9 ., wherein

coupling the receptpcle covepehmdd§ S8609d \GRNTRNLR2E8S %@Fﬂ?ﬁﬂaﬁﬁﬁoﬂ;ﬂ%rf‘i ng
a plurality of tabs extending fromthe second conmon base i'nto a plurality

of channe} s contatsefuttbereqiapises coesng W6 phifhigy wéphaoc wfactd @i an 18-1jnevshrgrlgien
coupling the plug cover t%ﬁt he. re,cegt acl e cover conprises ispﬁe_rti ng the
recept acl e EBVEEIRHPD 2Bh MIFTER IGFT IR 1EhBIUEHITY of B¥FEPtaci P oRtpci R ENFeTOBHEE Y i t .

17, The met bad ale eabllothoie WAREAL B SHALIMRERG RiiigufRiear o the Jc 9

12. The method of clzira 9 ; wherein inserting the plurality of plug
contacts further comprises inserting the plurality of plug contacts in a stripline I-Beam
10 configuration and wherein inserting the plurality of receptacie contacts further comprises

inserting the receptacle contacis in 2 stripline J-Beam configuration.

13. The method of claitn 9 , wherein the first and the second comumnon
base each comprise a plurality of pockets that are disposed in an interstitial diamond

configuration.

15 14. The method of claim 9 , wherein coupling the piug cover to the first
common base comprises inserting a plurality of tabs extending from the first commeoen base

into a plurality of channels in the plug cover,

15. ' The method of claim 9 ., wherein coupling the receptacle cover to
the second common base comprises inserting a plurality of tabs extending from the second

20 common base into a plurality of channels in the receptacle cover.

16. The method of claim 9 |, wherein coupling the plug cover 1o the
receptacle cover comprises inserting the receptacle cover into an inlerior of the plug cover

111 an interference fit.

17. The method of claim 9 ; wherein coupling the plug cover to the



receptacle cover conprises-inserting the plurality of plug contacts through
slots in the receptacle cover and into contact with a correspondi ngd jJAN 7305
receptacle contact. ig A nodul ar nezzani ne connector system conprising: a
plug assenbly and a receptacle assenbly that mates with the plug assenbly,
the plug assenbly and the receptacl e addenbly, each conprising a base which
conprises a plurality of recesses; a plurality of dianond pockets disposed
in an interstiti badman I QL atal i hepeat h
each r ecesssgsegeétﬁgf @g con%1 gjcr% Qgggﬁg@)?fg}lrﬂ%ﬁu@?%ggﬁﬁgﬁgﬁ%? gttﬁrgggggg)gsslggﬁénd
into one of rebeptpaleketa;antiigtoploutaat iy aabrkgRRgERS cbgitnge somssiant i al |y
rectangul ar in shape so that a contact extending through the recess and
into the dianond pocket can receive a fusible -elenment around a periphery of
a portion of the contact extgendi n?d into the(ﬁpoclget. 19. The nodul ar

mezzani ne connect o8- syst em ¢t TOPRIRTEBLFIN T HEP 1RO R R H&ug cover
coupled to the base of the plyg §s%§ﬁ;"5§) a\ﬁdamc%m%&fe%hﬁﬂﬁwﬁfes wakRkedkd 0
t he base of the receptacle assenbly. 20. The dul ar nmezzani ne connect or
syst em ofS clabemb, #e pibgrsiembishand the uereptsEdskamflyreatiecompripng 8 dsseavhich
plurality of plug contacts disposed in an in-line stripline configuration
and the recéptfadt¥Sassenbly further conprises a plurality of receptacle 20
contacts di sposed in an in-lLifg.gt/dMkidg configuration. 21. The modul ar
nmezzani ne connector system of clai'm 18; érein the plug assenbly further
conprises a plurality of plughcehtyachdamdbrshpsddtsidispssad iri gl inmeestitidBdamond
configuration and the r ce%t %C.l e assgn&l y further congri§es a plurali tg/ of
receptacl e é@ﬁﬁl&&f%waiagﬁa% & PPRE&E RACKFIRPARD FECTBEESSBART QAL bIf® 280D, A

modul ar ,xezZaRe oﬂ@@?%ﬁf:es%é’s%x%at&&[%ﬂtﬁé Bk electrically insulative
base that universal y attaches to: 1Y 1A " -25 a) a first electrically

conductive contact to form &geplugliconirectsoes beanglsubstaatigby osntkngb ke tr slepklsy

conductive contact positioned. aon e . . .
thaﬂ a contdct exten mgthougltl t?hc: recess and into the diamond pocket can receive a

fusible element 2round a peniphery of 2 pertion of the contact extending into the pocket.

19. The modular ,mezzarﬁne connector system of claiml18 ., further
15 comprising a plug cover coupled to the base of the plug assembly and a receptacle cover

coupled lo the base of the receptacle assembly.

20. - The modular mezzanine connector system of claim18 , wherein the
plug assembly further comprises a plurality of plug contacts disposed in an in-line stripline
configuration and the receplacle assembly further comprises a plurality of receptacle

20 contacts disposec in an in-Jine stripline configuration.

71 The modular mezzanine connector system of claim 18, wherein the
plug assembly further comprises a plurality of plug contacts disposed in a stripline I-Beam

configuration and the receptacle assembly further comprises a plurality of receptacle

contacts disposed in a stripline I- Beam configuration.
25 22 A modular mezzanine connector system, comprising:

an electrically insulative base that universally attaches to:



base in place of the first electrically conductive contact, the second
electrically conductive contact being shaped differently than the fi§3§=”““
el ectrically conductive contact, to forma receptacle connector. 23. Thie
nodul ar mezzani ne connector systemas claisomed in claim?22, further
conprising a body selected formthe group conprising an insulative cover and
an electrically insul ated spacer, the body being renpovably attached to the
electrically insulative base.

a) a first electrically conductive contact to form a plug
connector; and

b) a second electﬁcally conductive contact positioned on the
~base in place of the first electrically conductive contact, the second electrically
conductive contact being shaped differently than the first electrically conductive contact,

to form a receptacle connector.

23. The modular mezzanine connector system as claimed in claim 22,
further comprising a body selected form the group comprising an insulative cover and an
electrically insulated spacer, the body being removably attached to the electrically |

insulative base.



