; e3e, X6TU A MODULAR MEZZANI | * ~11s. CONNECTOR 'Fiel d 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 generally
. known in the art and a general discussion of such connectors can be found

in Unitewwl\m“mr\ﬁkent No. 5,730,606. In these types of connectors an

i nt egr at nmounted to a plastic or ceramc substrate with a ball
grid array, woeh generally includes spheri.cal solder balls that are 10
positioned on electrical contact pads of a circuit substrate. These types
of connectors can be nmounted to an integrated circuit w thout using
external |eads extending fromthe integrated circuit. Anpong the advant ages
of ball grid array connectors are small er package sizes, good electrical
performance and | ower profiles. In prior nmezzani ne style connectors uni que
conponents were required AVOBUBAGNIAHANGE CONNEGEORNt and gender.
This invention includes a nodul ar nezzani ne style board to board connect or
that can be nade to a sel ected stack hei ght by choosing froma variety of
conmon 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 usi ng EBield efithte Inwergiomd t he same conponents. |f a larger stack height
i s needed, additional l1~~N ~~~w _ -2 Sunxng~y, of . the )<nvention This
i nvention includes a FRUEHRR SSYPS 0 I@B‘Hﬁ%‘%’}foﬂd ttOH’:?Pzdnl?:%gzzé‘mﬁlf’156'-{%15serrbl y
and a receptggkgopassenbly each of which have a cormon base. The pl ug
assenbly and the receptacle assenbly can nmate with each other to forma
nodul ar 5 cBaekgrotwd of tre Invemidexi i Ng a vari ety of el ectrical conponents

including printed cirgcuit hoard cause the plu d the receptacle
assenbl i es each have ﬁ%&ﬂﬁ%ﬁ%?@@%&%cﬁfﬁembgg@gﬂg’ Wiginjke ?’Fgg%‘f?)r oduced

in order to;diRkeREIRIATTEIN EfSectdtli cinibe fAHAR TAGCE YBRECAS Kol §,730,606.
sinplifies manufacturing and reduces manufacturing costs. The conmmobn base

of the pl uginghekertymrspif achrecass anltégmatedraycuitas emoanted tpk piaalic pycapdmicecesses

and a plurality of .di nd. pocket s. di sposed. i n interstitial

confi gur at isélh?%‘f’? gftg%%cf%yewhc ageﬁsréﬁ%fncg%ﬁ%élfkﬁnégcsﬂl‘#ésﬁl?sth%tc?r? hat a

cont act 1ganRiicaed oh Rletzh iRac@badd Y o BCES seStaRd THtOyPAE fRbnidteorpegket s.
The plurality of recesses are preferably substantially rectangular in shape

so that a demewttedia amidtegptedheivangwithmit 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 mezzanine 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 ;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



recess and into the dianond pocket can recei've a fusible el enent, such as
sol der, around a 15 periphery of a portion of the contact extending into

t he pocket. The plug assenbly nmay al so include a plug cover and a plurality
of plug contact assenblies. The plug-Qover may be attached to the base by
any suitabl e nmeans including snaps. The plug contact assenblies nmay each
have a pl urSanhinyro6f Gedunehtind si gnal contacts which are nolded to a
plastic carnet. In order to hold the plug contact 20 assenblies in the plug
assenbly, the plasti cThzamfvr:@ronilsclué@@rm@gulﬁrmlezzgmm sorwieeliar Hat has e, The

pl.ug cover may .have.a pluralit sl pt hrqugh_whi ch _one d gf each of
Phe bl vg- cdmerid 66 fie e o' bmRbade R s abiiheee - ERpita ¥4 DMt “ona o
the plug coBdcatils afkilRREEptdleQU@mbI Carl BERSSitH fhch BebaSRMNtAodIROCKket , and
a solder ball is formed around the end of the contact in the pocket. 25 The

r ecept acl e casresihslr enppeetinga Yrawt of alestqal aomponsoisencleding aripledicatiity of
receptacl e,contact assenbl.ies.. Attached to the base.may be the.receptacle
Cover. "Si AR, Sepfies fraeain B rERetinrrmbhier RRn Ve ETEPeT CBi 200
assenbl i es RAL@a QY e8¢ R IMERILHSTEE Rlor@ia o ele WolnsBndbiR@senRasket . Al so
simlar to the plug contact assenblies, the receptacle contact assenblies

pr ef er abl y adnaitegteuabedauseil sitmplifits mentfactusinghndtedaces nrapufeethring casts! asti c 30

carrier. The plastic carrier can be_ inserted into the slots of the base.
The receptac 6 cover HHeGaTAH §5haLths PIEFH FEpiasle SPORUIGAN PV dcept acl o

-3 cont ﬁ?%ﬁg&;&%&@%%h@agﬁﬁm |ogﬁ'ram-gﬁ_@ ﬁé@&@@@i%sgd geaemiyital gi d the

pl ug asse oupl ed t oget he y mati the receptacle cover and the
pl ug cover .coRfigtretiam| Prefdariidy, than idbepabapbadathicath mcask sd ilrag a contact\aen

coupl ed together, a plu nt act extends through ch_of the.slats in the
F ecept acl o Fspartugiieh AT S PRIERISE B PO PP e Sp T A PPN PAEESE Bot h
the plug ang, faﬁ?erﬁlﬁ?%%s@ﬁti%ll??e%?a’h@@l‘af Fr‘]ssh‘éﬂ@sc?tﬂm Pdontact HTERInS BRGEh tiu@f_
greater stack heights. The spacer can be attached to the base of eithér

assenbl y aneceshend mépthetdianeorl pogkarcan exepadheblelerent anclbes stldeacdreend o t he
spacer.  Any sghtable means can be used fo att t he conponents incl uding

. ch
snaps. & héfm %&fé@om%q{éhﬁm{ 7Y f%ﬁ@mﬂ &°Ftfed bel ow. 10 Bri ef
| Description of the lﬁé}y}hggs%aﬁbg%gy Hsd ﬁlcﬁjdfeg@ﬁ&%g&idca%{ﬂu%}osfﬂhgl ug

assenbly according to a preferred eribodi nent o I's invention; -. gure 2
i s a bottorchzonassemiliasi dlve plugaopbugaybs eftdshyd wabebakedy any saitghleferned

TG RTIERRTEE I TR TR NE R e R

perspective; géi_amxﬁ&ct@warcﬁfa%mme@ PP FlabRNEarfér. an GRRFRMANATR Fﬁmg cbhigetpl ug
assenbly of Figures 1 and 2 and the receptacle assenbly of Fiqures 17 and

18; 20 B guseenslies imthsalumrpserablypile plagéc Garaer pinsgriesd Bteslpvidupsfibasat of a
The plug cover may have a plurality of slots through which one end of each
of the plug contacts of the plug contact assemblies extend. The other end of the piug
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 | The receptacle assembly may also have a receptacle cover and a plurality of
receptacle contact assemblies. Attached to the base 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



common base for the plug assenbly of Figures 1 and 2 and the receptacle
assenbly of Figure 17 and 18; Figure 6 is a perspective view of a pbrtion
of the top of the conunon base of Figure 4; 25 Figure 7 is a perspective
view of a portion of the bottom of thé-cormon base of Figure 5; Figure 8 is
a cross-section taken along line 8-8 of Figure 1; Figure 9 is a

cr oss- sect icontacedieposed bagathicaeh o9 Tfe rE¢captacee dsserkblgané tht@luigaaepblyspect i ve
top view of a plug cover of the plu ssenbly of 30 Figure 1 according to
the prefer <GRPERHiRieE R THin Hhe TPespiets er and ¢ plugsPucry £referaglypdicysadt i ve
bottom vi eW.Qf Bl (ofel f e d I Wel¥]y i to

t he preferrgg gﬁ%o(kzl’di.il{?fleans'(t?l\égif'g ift?[he |nvog)|r11]kJ %oﬁ?geg%’u%/%g%ﬁgétgagﬁgglgggggd téla%ln

t aken al on@fkliewotd 2 the redepfacBubeerkbld nkdtedmweh 3 doir&pandin@ s eptacieiconattaken
along line 13-13 of Figure 10; 5 Figure 14 is a perspective top view of a
spacer atcording to BPhareavenddhpsefcpiaple astembliescanrranoy 8 §OmMEIoRAPeceLS i s
a perspective bhottaom,vi ew. of..a spacer ,accordi tg a ef.erred odi nment
or "thi o i nierErat SRl ard SRR SR BRI i By BLS T S enR e ¥

assenbl y beépeetivegiigolReingetdletetn o ftatkedlié thSspacdrO ArRefusiiele hidk@s Yinew of
a receptacle assenbly according to a preferred enbodi nent of this
i nvent i on; bEuged © afigch Hiegoppraeis PelsiecpR®e vi ew of a receptacl e assenbly

according to a preferted enbodi nent. of .this invention 15 Figure 19 is an
assembl y drawi ng of tcpwtgerr%%t@befé’?ﬁ’g Pt ?feéifscﬁbﬁﬁgg'lgwl? and 18 with the
receptacle cover renoved; Figure 20 is a perspective top view of a

receptacl e cover of the receptacle assenbly of Figures 17 and 18 accordi ng

to a prEf eBrief Resbodiioeef thefDrawisgs nvention; Figure 21 is a perspective

bottom vi ew of a receptacle cover of the 20.receptacle assenbly of Figyres
17 and 18 according 681536,1%?&&1@%“%%3&%{1@185 afﬁleﬂ‘:l??x ?R?Sngi?%ﬁ%aﬁe&Y% 22

IS a Crosseadehinddht bakeinabang; | i ne 22-22 of Figure 17; .
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 23 is a cross-section taken aldng Iine 23-23 of Figure 17; Figure 24
is a perspective view of a receptacle contact assenbly before 25 being
singul ated; Figure 24A is a schematic diagramof a prefen-ed ground and

. signal contact configuration; Figure.34B is a schematic di agram of a second
preferred signal and ground contact configuration; 30 Figure 25 is a

perspective view of @i%g@tlil(?{'a Bérsﬁccﬁ@@l?&%npfli%@v%f;a%g%mgsmg%I%fas&npdlgg

assenbl y; -5 Figure i's a perspective view of "a portion o secon

preferred erdibigliredntcafing to theeptfantdenissimbhtyof thd iguerdioY is a perspective
top vieva of a second. . preferred enbodi nent of a .co n se for the plug
and receptacl e assengilg‘gglgfls FFIQET St aken2lope lips g?ﬂf% Ogglgiuée Hiper spective

bottom vi ew of a secqﬂgjrgrlgﬁgéeﬁgs_%p%{amglggé liﬁ? ?9%25%?@16'” t he plug

and receptacl e assenblFes I gures and gure i's a’perspective
vi ew of @ second prefRigured4endpetspaetive b véew efepiaaed ®cerditigac b pasfeeed! v;

Figure 30 is a side view of a portion of the receptacle contact assenbly of
10 Fi gure Zombodimemtef uis inyenfiofer specti ve view of a preferred enbodi nent  of

an adapter; and Figur L i I 8
pl ane and signal .. c%%‘%%é? §$€:%?1‘%|§ S:ggﬂ)%%&lflgr% t 3052)3%5%%‘%@%%20?? g%%ipe%
enbodi ment .embadeéraiol ads eemtionpt i on of Preferred Enbodi nents The el ectri cal

connector may be a board to board nezzanine ball grid arra%/ (BGA) connect or
whi ch includes a mat Ed8¥§dE&AbH DETRREFINGVIEWAL G es ewitast gssemblybefprafoginged
enbodi t sg{ Jhlgh is shown in Figures 1 and 2, and a receptacle assenbly
13, a 2 pregerred enbodi nent of which is shown in Figures 17 and 18. The

pl ug assenbly 12 mat eggwetil i heprReppitac!evass e rMebytadd atsembBr 4bcardaataect or .
As described in nore detail below, the plug assenbly 12 and the receptacle
assenbl y 1Pre¢fared ambedimsnt fdbis inventighus, the manufacturing of the plug

assenbly 12 and the rgcept.acl e ) | 3 | I 1fie se the. plug
assenbly 12 and the rlgéuergtlgé% aebcgtgosrgﬁgrl%ecﬁe ggerf%fgénljﬁ%g éaC?er%rgr‘]g Y& m¥Bn
base 14. Thé 8 prferdbdembenigkntcifahisheeatiae it reduces manufacturing costs.

PLUG ASSEMBLY
15 Figure 19 is an assembly drawing of the receptacle assembly of Figures 17
and 18 with the receptacle cover removed;
Figure 20 is 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 Figures 17 and 18 according 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 aléng line 23-23 of Figure 17,
Figure 24 is a perspective view of a receptacle contact assembly before
25 Dbeing singulated;
Figure 24A 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;



Top and bottom perspective views of the plug assenbly 12 according to a
preferred enbodi nent of tlus invention are respectively shown in Figures 1
and 2. The plug assenbly 12 preferably includes the conmon base 14, a
plurality of contact 30 assenblies 16 gnd a plug cover 18. The plug
assenbly 12 may dependi ng upon the -6 contact height include a spacer 20,
v~~hich is depicted ip. Fi es 14 and 15 shown in Figure_.1l, .the plug
cover 18 is preferabl lg%%ﬁ?é’gﬁspﬁlwé%&belweg}sﬁ%Orﬁ%og?)%@?y%fwdany

sui t abl e Me@nBediinRft 4G regphidle ASmBIyM ted to the use of nmechani cal
connections and adhesives. The spacer 20 is nmounted to the base 14. This
construction is al so HgterdtiseweBpodtve iopetievenesecondPrefared gnbgdimhniddpi ct s
a portion of the plug. assenmbly .12 with the.pl ug.gcover .18 ached fromthe
apacer 20, gap B TE R BN Areceblayl Aot O FEVE 2 eBaPact  assentl i os
16 instalsled, but it pghte 136s apefspedtAt@dttéMatew bea RicHAd prserdal hbbdirhént
filled wwth a plurality of such plug contact assenblies). Alternatively,
for a | owerofd ehmhe bagetfpr thhplygl ang rewprcle b8sepdilies bEFigptmf2édndi2bect |y to the
base 14, and a spacer_20 need not be. used. 10 (Al fhough.th ] ug assenbly
12 is depicted in Fi gbiesr nzegdﬁa pFﬁBe‘?t’é(Eé(f:f‘t“éﬁﬁ%seg%%‘é?ﬁreg’ef@%ﬁ@é%tBféd in
Figure 17 ag.gagh b&%ﬁd’t‘g QmbAP 12a and 13a, it wll be appreciated that

t hese caps 15%?1 1?3a whi ?:h ngg be the sane cap) are used for manufacturing
pur poses and do not f Bignrgiris acidetviier obapatiboof thesereptzeit doataet ssseriblesd caps
12a, 13% arﬁ,for |ifting the .. assenblies during handling and

manuf act'dr | Piguregh exanpl e, the assenblies 12, 13 can be 15 vacuumlifted
by applying a sucti onplg.d16sGRJpddfve vieWof a frofireli ShiteditdR 08l RALtp! the
common base 14 for thléfng ug gs?engly f‘fé’ and % g recept ac1e asseﬂnﬁ% 6&3 IS

depicted inafd gures 4 and 5. This base 14 is a commopn conponent that can be

used to formboth the_plug and the receptacle. Figure 4 is top perspective
view of the top l4a oF‘gPWg”b‘éééc}ieﬁr}at’& @?@G?QP?f?%EdagTBB‘?‘fBlﬁ?‘g tve

view 20 of é&?%c@géiﬁr%uﬁ'rétfo% fQFthEgé‘%ogag?efMed HiboddAsg 14 may be constructed

from any suitabl erial aa-~ referably a polyneric material.
Mor eoverlS the base can be constructed in a single piece as shown in the

preferred enbodi nent, which is_a fsfi@g{?e i ece of nolded plastic, or any
nunber of pPetadled Descripfiggof hrefery OdI|ENtS oy 143 of the base 14 incl udes

a plurality of 25 recegs@sciacal c&qﬁc%%ay_vdeea%ofaid@H%Fcfﬁemgin%rﬁmgﬁqggfamg

the recesses 22 is shown in the perspective view of Figure 6. Eac
recesses 22(B54) pmatavoawhighdefludesd nmted eserpblyhsving aqupg sisagbbnid), e graferréds

24, 26. The angl.ed |.s 24, 26 approach each of her but. do n ouch so
Chat Cthey | sToshimentat micioie shgn SPBRRR] S5 aid trermicls FeeRBinl T foel ow and
as shownoi NprEfedidl @ndbod it 8/ hieh i @sHIAtn FRsiraCt7 8fd 1@_pf1%1§g)g§s%51ya@fsenbl y

16 fits within each 30 recess 22 if the base is to be used as part of a
pl ug assenbigtes Nithdherepcpptadly assemblyhis tofemn 2 gonnectos. bies desedbedsnandsadetadf a

acept acl | | e.,of t acl t act 7 bl
Can be | neelaat MrolpEmiearaZend s mip E R GTIT 1§ AT S ool eSS PP DT Ly
assenbl i es thud, thefdrduf@huri@sTihdsidg Reepibly 1 SHd Be Becdpiatielabsehity PRIt om vi ew

of the perspective view of the base 14, and Figure 7 depicts an enl arged
view of a pomplifed bécansecthp plugssendly 62 andtheyeesptagle aspgnbly 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



5 shown best in Figure 7, the recesses 22 are defined so that they are
preferably substantially rectangul ar shaped. The bottom 14b of the base 14
has a plurality of pockets 25 which are defined by walls 27. The walls 27
are preferably configured to define the pockets in a dianond shape, as
shown in Figure 7. Moreover, a ball grid array connector, which is

f er abl f | t 10.and f d b
Rt S LSRR E T e R Ty e
el ectrical F@Qﬂ%E}Cihe\ﬁ'lﬁ%;co@excWk%?éfeﬂab@tm@éﬁtaﬁﬁﬁil é&ﬁbQHG@tﬁehﬁaEe@Q@%§ af¢- This

i's best understood Wi th reference to Figures are

Cr oss- sect isviteble meausy thﬂWeng)lblugloahmetn@twthizsmf Imcgmlealronnwlphsear@rbodl ment
shown t he f |b| e &%em&nt %QS sol der balll The term.ball | ant
Lo be | imi CARGIES (56 P 1T isindmicsia it ba° 145 TR APRYEHER Brilr P88 der
As showns i Ryifl QutEiteSo RT3 Wﬁ?ch%k;f&%r aPBlilch Aty dsERBRSE Wity igugpcket s
25 and the plug contacts extend through the base recesses 22 into

pocket s 25.cokacls qzaltzwyed ﬁomﬂhe eghctrd2( (Elghnbe@r ddpédtd o129 aipnrtionenfniespleg tomaact

pocket 25. The has mated to an ctrical nent n . order to
forman el @é%qn?b?l&ﬁ es F?@@? ltb‘lé*ﬁlvbéewpfeﬁ@t%faéke plip pserd! h%lsff itedrgti ¢
For exanpl urtaﬁﬁr daéh %&ﬂa&%sééﬂ&b%@s)t N JReradtiveRRf 2GR hel B, Qgé @Egd

circuit to orm el ectr connect1 ons between the solder balls an
circuit. Asosttoh&ranr’oel%ncgmt@isdlﬁcﬁylcb the baseel 4) enkasmc@3 Oareed geniey wdelly di sposed

in a pattern | ternating rows such that_the ce terline f eac pocket 25
is ali gi{id W‘ﬁﬁ@ e SPRRDIF2 i QAT 41 PdRwE 1284 heseceniag wseaakx
fromthat t e I rably
i sposed i g Tt 1 Parel ?%ﬁ%ﬁn’la%?ﬁéé%%%gda%tﬁ"’fﬁﬁ%épﬁ?lg%%ﬁhﬁt SHed
interstiti akppild, @Ban(vieithtdrsbd the sanatapg b dsed e nrannfactiringgluypgsecieiciontt | e

mai nt ai ni n% standard commerci al pocket  di nensi ons_and usi ng standard BGA
sol der ba||@mrhﬁtefaﬁee@ﬁﬁmtqme&mﬂoa@heﬁlna|1“sfts=s?)?a@§|laesl3ﬁa¥e olftnedhal -

cl earance faﬁéenjilm‘:es ﬁpﬂﬁgﬁénﬁmng%é bhiGthAhe. aﬁnge ﬁ!e%@%&’oli%&’%eﬁ %ﬁ vl
Fi gure 7, ere w |l alfways De clearance roun entire periphery of
t he endlS)f viabeurs difteddy applymigci sugtidrhtodhgbapsidaridepss even if the contact is

not centered within the recess ntrast, Jin rior deS| t he
recess _g_ 22 and t Brﬁﬁﬁqge‘?mb?é“ﬁgfté’ W%ﬂ%@i‘?g&rtgﬁ%@&swlﬁ%
contact if Aainseplfigdaganbr 1BUS BAtRh B Fighhe 2Bl sSTHRGL defiNeni
recess or pocket. I'n such igns, the potéential exists that the sol der
woul d not @mn@ndemnmmalnbélesedw faren peh tiphduy aof the heeeptacieafiguend is topt he
contact was not cent ereg Wi t hi ‘?fh Eecess 22.. | f solﬁger does not surround
the entire PSTHESTYSHAFY © %hett%l‘é@o 1Be Pasgng: ANERE RS ARCHIRi REEPEFRtaT™ ty of
the conpectirene RRHE e bMBe Bedar THeM8sCOMas be dtdtadted Rem alyasithbical

conponent can be degraded. As will be generally understood, the plug and

t he recept aedteridsadpppreterablpa palgmekic materipds g@r@d\m thegrage pmbmnsw@ﬁbm

whi ch d h | d
S0l dor o o P ORERERES THEHar HDERTGT CrRCERE-aT HE Sl ahEes of Ble

benefi ci al pagieUsangRabePbf flec@nt act end whi ch do not have sol der wetting
(solder attached to the contact) are nore susceptible to these stresses.
Theref ore, havi ng sol Aeshoamondiguraé, batipr Hapéﬁhmﬁseﬂ‘lmclmdve agdwreliytolcan

h | | t ent d.T- f 4 d 5,
Che bast 14°F R & HaGE Vi PUF B Rr oG aet B e aon a2t o ahhde ng
S1 des. ThesRrdahe Ao r S8 MBS oThDRGeE] DMt bierdhi) dbinEBNTRl 28

di sposed within the plug cover 18 (shown in Figures 10, 11), channels 43 in
t he spacer oZ@)ppgmmglm Vol 24261 Thapungledvals 24 Rérpploscigeadhrothdrdut ézupt acl e

70 h bed, hel d F 21 d
S0 ot tacn e BadtRT Y mrlyeRe fhesthr 2 aogapiinsd e daulPelof e oo’ °°"
recept acl e §@¥arin Fhurdb!fRYal of 2Pz %%n?a@fjoiq‘ﬁlﬂ@@&rﬁa&%sseﬁfbl%ﬁ@ﬁ?sr\ﬁltl&lﬁ%gc}ﬁs a

connection means in the preferred eémbodi nent, any 20 suitabl e attachnent
means caf becess@d.if thobasers tabrwwsed ot pat oCophgaticomneAltenatavelpef thsddse 14

i ncl udi ng but ot limted to fasteners and adhesives, Slots 30, as are also
shown in Fil§if Beusedipay baseef apgcapiaciioassemit hrssertide Bh teeeplaclgippiactso are
constructed to receive a contact assenbly either a plug contact assenbly 16
or a receptacle contact assenbly 72 (which is discussed in nore detail

bel ow 25 and shown in Figures 19 and 24) so that a contact assenbly 16, 72
can be mounted within the base 14. Attachnent of the contact assenblies,
both base and receptacle assenblies, are described in further detail bel ow
An enbodi ment of the plug cover 18 is depicted in Figures 10 and 11. Figute
10 depicts an isonetric top view of the plug cover 18, and Figure 11

dep| cts an 30 |sorretr|c bottom VI ew. As shown the plug cover 18 is

Y T T



but al'ternatively may be constructed froma variety of pieces. The plug
cover 18 can be _g_ construct ed fromany suitable material, but
preferably a polyneric type material is used. As shown in Figures 3 and 10,
the plug cover 18 may have a plurality.of slots 32 which can each receive a
pl ug contact as best understood with reference to Figures 1 and 3. Figure 1
depi cts th%séé'n‘rlﬂyGQﬂS@ﬁEéte@%ﬁt@'ﬂt@&‘écééQzﬁh'THé‘Q&hstrG&m%'&tﬂ%e @t%tac@-ﬁﬁ!r Figure 3 5
depicts slots 32 being inserted over the plug contacts 59, 61. ﬁn t he
preferred esdzodilicehé lssﬂudhndesdweéhdpsv 32 are arranged in rows and there are

ten tines 35 per row. Ther owever nunber .of slots 32 and the
ti nes 35 can Be arrangl)%‘HerS {;régeo%gélt 3t ad (é:féﬁef fﬂﬁétt‘f Ytgw h}eeQ?ﬁﬁi? si de
of the sl Otaﬁd%?gdrm%@ﬁrbtsraﬁ‘é’nﬁfg%dtv\f% Gpﬁbbﬂﬁﬁﬁ%tr@b@ft@m:ﬂb%? tHhROPYN AL N

Figure 11. Figure 12 is a cross-section taken along line 12-12 of Figure 10
t hrough a fsbewnbesthe Figuot 3, tix2recdisessiPoanm defirred soltimt ﬁae323rfapxefarably lvebspameib By r ed

enbodi nent defi ned ir of opposed sides 31 whig re preferably

angl ed amgeqtrlrﬁrfaéé% <81 HF dpioaldep t%sb@%rc 14 54 aboreliy cﬁ‘ﬂ?@&lﬁtt S wichigre
contact thr h t ally
section of dtgﬁe f’%t%ghs?:%ﬁ J‘?ﬁe‘gg’ S?)%@%Q%frfr%r% Srnti%geﬁaﬁ@ C%ﬁbl ne °6¥‘9§ ?dngs 15 35
whi ch ext eriismasi shiapsyas sirovii @Higee 0 and 12, above the outer surface 36.

These tines 35 provide additional support for the pl ug contacts and further
narrow the slots 32, Marepeeras Ral gibaiFY GPRRFers dhish 1§ prefirably gdusiplg ckenest ed

that a r t t I 32. A
supportyc?lre B)évgrgm%%éfe |S§Q|r1(!,rr1&t ag%%r e%g?%ag‘ﬁmz%%%%r%géﬁsn{&ggéa P)?/ f or med
with the plfugbeeienentd iazlestiivahcontecEvithaesnthit thmckxdds txdeghdthe 2ddess 22.

| ongi tudi nal |y across the m ddle of the plug cover 18 to provide alignnent

f or the pI J&ll%@rheﬁdtn aegoeﬁwth referans iR Rigures Srng §dushgresrefssegions aopgh g
cover d aETely t he base
14 fit |nto %ﬁ@gc ann 12351{3# ?ﬁ}eolr ielrtﬁkt?%lﬁsnapg#tisspg"??l Lbhlgglé%? rﬁgm‘? & ptug
cover 18. Ablder bal.i Vied tgym balbs ndd nebntith ®e SiRaLLY asA0 aghrtexpr geo@etridd bel ow fit
into the channels 38 in order to attach. the Iu% cover 18 to a spacer 20.
Thi s cohst rqefigyationoithespldern AsfBoypan Ergrurﬁgza{r’é dheregiderdiallE2§ reedipposed n t he
preferred nber 37
Phat rmte u P REns 23 AR e R e e s o e 20,
but any s urpbalbdteZﬁuEiumrplmg;s vistted $@al soldéert tellrPdt in viee mnﬁvenmckbezirs @tle base
attach the % ﬂ cover, K 18 t? ei ther the base 14 ? he 30 saiacer 20. The
pl ug cover 2& mptyd 1@ 2 glegHica CO&?@“ﬁP@Pé’F%F% °§‘?12a§(fl%?ﬁbc RYPEEieDd - 10
define an iRhGlchAhe Hdd-Phid ?ﬁﬁid"d dEbudt. 'P%?@:%ﬁﬂé §héBase SARY be RIg@baP! y, the
receptacle assenbly 13 fits snugly within the interior 40 so that a sliding
fit is 20 edvad having andniegraseds2reoit ta foamved¢dirical Gormeetiqus debreghlthe sildedalind
shaped so a{]{ﬁ the ﬁorners of the receptacle assenbly discussed bel ow wil |
snugly fit e walls 39. It will be appreciated that 5 the plug 12
and the recept acl e 1A LBwhiih FIRSQINEId MR HINEB LY %Eh&%[ly‘&%%&édblﬁfa' ons,
and this is one exanple of a preferred way to attach the two assenblies 12
13. One or patiem af@itempidngyowsisucipthatihe serietiing of eashipeckst 28 ds airgr@ﬂabpéda so t hat
t hose corners te wi th onl cific_ coner a,.c S si.zed or
shaped cor fEReieasan Beteke g B e i v Lo Ree F BOTHT o
mated |75 t Read BRPocidid ﬁ&ébf&é}ab %%s’r_)bgéﬂ i8%n MteANHal 2R GlapBEpaRaet i ve
views of a preferred enbodi ment of a spacer 20. Figures 14 and 15 are
respectl vellhis dipmand slaped onerptatial pettern permitsethe corraats torterhore donslyspaked 20 i s
a single nold ative acer 20 can be '
froma pi urdhfey e SaddRimbgo pbof A Slns b re o BEA sio&h
any sui t abhgeetresiddmdRYorRAtat £ diso ?Rﬁ@@e’s%%dﬁfongi Jléﬁﬁlﬁ:@tfopﬁlbgbﬁtﬁct@aih be
used with either the 15 plug assenb 12 or the receptacle assenbly 13 in
order to a(plartwaabrathb ﬂwehamonct;fockbteZSdefﬁlgla"d 7s thacckwilleal gys. bd—'aicargrceat@mdst ack

hei ght s | er . or WEP re used and for | esser stack helf%h

snal | er3%r eee%nrsaale \pe gOntpg) ?‘Wéd‘&ﬁé@%}é eéﬁ‘t?é%lFYFé‘ri
spacer 20 i 1

and the pl J%ngﬁﬁgPbgu%ggmghggﬁﬁﬁiﬁ%?gﬁ?e%%@&ggkg e spacer 2% pre erabe has
any suitable neans for connecting the spacer 20 to a base 14 or a plug
cover 18. In the preferred enbodi nrent shown, the connecting neans is a
mechani cal type connection neans and includes the channels 43, which can be
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 the
spacer 20. Although only one side is shown in Figure 15, it wll be
apprecrated that the other si de |s srntlarly constructed D sposed within

o o o o o Y S aAr- £ o
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the base 14, as shown in Figures 1 and 3, and as al so understood by
conparing Figures 14 and 4. The spacer 20 has surfaces 53 which create

wi ndows 55 when mated with the base 14, as best understood in Figure 3.
These wi ndows 55 serve to reduce the_yeight of the spacer 20 and provides a
flow path for air into the plug assenbly for cooling. The 5 wi ndows 55 are
al so prefe tof i : terlj. Thi.s assists in
manut act ur Poa’t AEERTE ZoLerbbh ARRRRY shibelh A SRR Blact B HYicFediRgle
vibratory bearagitst e@wdils §tHich dfind @R s Bf 8dcker. eth fIvhaddi ) theQfotentinl UY
contact assenbly 16 for use with the plug assenbly of Figure 1 before the
contact as §@ﬁ1§lt¢tﬂ@ joddes iwagld eQteatond arang e Pore poipberof teontctepdidtheact
assenbly 16 i.ncl udes. a urality.of alternatin 0 gr.ound 59.and. si gnal
contacts sroniiyiamsSrRaHe bl udtehn 2 diiigd Do PevatoE g 0o

cont act ;s ?@ﬂﬁleyy of the doMb&f QAT BEh SIFRAGHBRBA] intk Sty B MDA 1iRABeRIBAkhesi gnal
contacts 61 are enpl oyed. The contacts 59, 61 need not be but may be gold
striped at seldei, theengutacad angHiet hleetricalcompenent dan be dégaded| der bal | s as shown
in Figures 8 and 9, t.0 i.nprove tti of , 15 the cpntacts, 59, 61. .Th
mating ends of the C(‘)A‘_r?twa*‘ S gog§?r\g§ﬁ_u5‘£ stapds b“ﬁd%]u%Bli“gthgtrﬁeﬁﬁ‘&letaéseﬁ}b&?f‘ ﬁ% hi gh
reliability3and uh@éx%& 'pES@r_lsﬂ/add%éﬂ?atl t9esd FEBSndubd ehdrBaPsRg uB&t {HeQBn@ft the
contacts 59, 61 can be nickel plated to prevent the solder filomtraveling
up the contadtle soBler.cHavikg golder Boursl the entos pesmmeter ofithd epd of thagontagtiisig

cont act, asse 6 inserted. into the pl.ug . assenbly 12 and sho t he ends
53 of tHo SEge %E)Wéﬁ‘@asc‘tfrﬁfé’éfaéhe&do‘g R g5 ot bayg oS inE (Bep AT Ebcket
25 of the BagR chfltact) brethbie si6cePRPIE 8CRECHr At ThERIRA TRV sbidg: bR e
contacts 59 of the Contact assenbly shown are in a different plane byt are
| i kewi se wentiregetimeter oHthtarontaat ¢anienhanch bkl rgpegioatand T-¢yvée ilgse 14. As shown,

the ends 63 of the caontacts, extend thro the recesse 2 in the base 14
and to the di anond p(ﬁ?l&&?ts&‘ WIR SIS ﬂg%j% ageﬁégg&yta 0 3%1?8{"55%I° er

bal I for ek%%tzﬁieﬁ%dﬁg%?%ﬁ%iﬁg%i&dﬂpwge 18 ESXB A5l & Blaire@ TRRNE Bblow #d With S
al so 25 shown in Figure 9 i ch depicts a |l ongitudinal cross section
t hr oughl & hehpingly 38sBspubtd/witRin the pligewrerd8dbhayonindtgure910,d Iwehawelst 43 mhe

sol der 29 i,n a po t, 25 of .t he se . The ¢ acts 59, .61 can st anped
oo then mifeiRabe 20 g Biribngs PERRLE Y on iinpE R OaR e B outle F Bown
Figure 16. (\ﬂrhi'aﬁ i@d‘é_ﬂéri&?l B%iqvb hed §Rf iﬁfFiéﬁe@Z(ﬁarﬂrﬂf}% iy tosdtiaenltdndss hped
so that they can fit relatively snugly wthin the slots 30 of the 30 base

14 and t hetqeithey g pleg edver b, thp spaser 200t thigieseptaclp esver TAd &iboegiutabs 2Hhand
reference tp Figure,3,..which shows a plurality of contact ,assenblies 16

| hsertod i FEBRERGtp G a0Re fika S BndBoR bRant B RSB RN AT L o i
a cros(sestitddle dephHthtiBednd CaPbeélGsed0 Foafkistansd; OtHet YonkRctiditBedrdah b Qsddhe
slots 30 of the base 14 and the groove 45 of the spacer 20. The assenbly of
the plug adsémmgbutmotlimitgédq fasenern@ed adhssidepy starting with a base 14, as

shown in Figures 4 a 1 fo: , filt..to.the 5
base 14 by snappi ng $ﬂg?§%§g%§%ﬁ%¥ﬂﬁﬁ@ihé%%ﬁ%%ﬂp%?%sgﬁgagﬁgﬁge1gnﬁ of the
spacer 20 assesi0\8lots30Rrgtonstrified tbhecadvdd aditachasenibly éthed b phigreohfaen be
inserted into each of the slots 30 in the_base 14 and grooves 45 of the
spacer 20. ass§BWLaLO ehbiesentaclereiing agsemPlp i gviel isrdiscassed in poredripl belowt o
the sp r 1.5t 4 n S . th be i.nserted in
each paskertd i Ees o B2 E18 08 S Rrustif B R R RIS e
sol der 10 kel Base 0nnAgthétnént of tiR cBhRABDRCeSHIARELP Baderant réd@ptacleQfsenigiepocket s
25 ensures wetting around the perineter of the contacts as described above.
F If cont aéresdeseribpgan fthendeiglbslodt e used, then the spacer 20 may no't be

required. In that event h |.u ovier n be. ached direc to the
bace 14w th I oe badd yaefmni Rk splhr a0 B R felBab B581Y
RECEPTACL E FsosEMBUYiéts lah @dopidtedtopres ofBRiplef cdvBe 8, eee Piasé €1 agsewhhy 13 to
whi ch the plug assenbly 12 can be mated is shown in Figures 17 and 18.

Fi gure 307 issmetpebaipaeviewe As showarthe hlugtcoperol8 is peeferebly st single madded pidop, 12,
and Figure 18 .is a perspective view.of the bottaom or_underside qf the
ecept acl o AeulsiatyPHR R Re Bl P SeSiei e o THEP eI i 8 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 could
be used between the base 14 and the cover 70. Figure 19 shows the
construction of the receptacle assenbly 13 with a plurality of receptacle

contact assenblies 72 inserted into the base 14, and the receptacle cover’
70



25 bei.ng coupled to the base 14. The base 14 of the receptacle assenbly 13
is preferably the sane base that is used in the plug assenbly 12 and which
is depicted in Figures 4-7. Thus, the construction of the receptacle base
14 can be understood by referring to the di scussion above. By using a
common base for the plug assenbly 12" and the receptacle assenbly 13, 30

manuf-acturing is sinpler and | ess costly in _conparison to having to produce

two differ &Apstructed $rom, anesuiigblemppterial. iyt BiséEretie 2 pabBiradyRe malsEns Pess.
Figures 20 and 21 dep ~ ' t t r t cqover 70
which interfaces w t%sﬁ%g@ra:&éfg@%\s/é%n?@?@% gﬁ‘%&o%‘ 1|8:&ﬁ%ly ?%%pﬁpggéﬁgprc?c Vi ew
of' the receptias] ®hieh\éad catf recind dplgytental as Besaulddritosd Wih fEtichée toiFaaresihe
receptacle cover 70 is preferably 5 a single nolded piece, but the

recept acl e 1o Figired depistsdbaplug gentaets exigpded umihiongly the sits p7.and $iguspy
suitabl e. materjal b referabl v r USE, nuf acture the
ecept adl o Evironns? bRBE PR el PR GRS P L Ty bR SRRy (T on
74 that is sphapQHe §6ts32 atdareQigk@5PORE ah®tHecheark Mrtire@B 5 Her Rfw. tTIRrPE DL OVer
18 so that the receptacle cover 70 slide fits into the interior 40 of the
pl ug cover howeny, doysumhedef slots3d and the tigs pe e enarcanged Fi gunaeusiotherd 17. |t
w ll be appre iaﬂgd fromviewng Figure 1 that the plug cover 18 of the
pl ug assenBPY PR fit over the receptacle cover 70 to connect the two
assenblies and form gpeaRIG IR of tHGotE 82 NEsh Fow afe tdeconBRfRIsafie3£gver 70
may be keyed or sized and shaped so as to slidingly engage the corners 42
of the M) ughewssenbigyrelld, Fsgure Rats 4 ¢rosstseotiesiberbilprg ling i 24é2 v6wubel0 i n an
relatively snuq slLidi fit. 15 1n a preferr enbodi t,.the receptacle
cap 70" has tEavE ArevyoEle sl % SPePanbe s FEet SR it SEbodiBRe al 1y
of channel 9efQd13a pREEH aﬁgequtﬁ&% 328yiéh Q@??eférﬁblfy'aﬂﬁl_%d@%ﬂr @loheehcaEbpdient
there are eight channels 80 in each laterally extending portion 78. The

r ecept acl e outev &y fagiitate thie ifiserigon of a dyatachthso2B thdm t Réallp 33 @lsb4lefive for m t he

receptacl e agssenb 13 shown.in Fjigur 17.and 1 20 .The top of the.

recept acl eS¢ n‘i’Gth)?’eéT‘éﬁ ﬁeﬁu?fh%ﬁhg E‘Pﬁﬁér FJE}X? qufis ? sy g‘lu'l%3r i??( B%‘ﬁ?ﬂdrpd' West s
82. Thepe 35 QScrBektddCad HownSh Shigtir&t01 ¢ iR 121, Hishve AR dtbrSsubfee 6. Tifdse ihéd  be
appreciated by viewng Figures 1 and 17, t he plug contacts can extend down
t hr ough t hé5 srotde Biitand! swwpertviprithe nlug sentesp endifrther saeqy Helstote dhtasdt 84
shown in Figure 19, Eiqur, 2. I ; whi ch
are dis posg Benea }Eggrse IggtI% gil %%'ﬁpé)qgﬁq%tg &s %&Dg?{egg gpé)t?ﬁ%‘ <“gorn g‘%‘?@%gé? ?nﬁéed in
part by oppes 6 goreihes1RS83NNAGHpEIremangbieiBal #nRhds BB piefertidrepiodiientpl ug
contacts 59, 61 to a correspondi ng receptacle contact 84, 86. Extending

| ongi t udi n#it¢grally fomged wéthihelphugicgeerdf asiseowrselpentes 1 épd é3. extends pref erabl y

" dges 8 TRERGHna ekl GUBRRIL o TR APl B i RO e

96, as showéntad aksenibe cross-section of Figure 23. Figure 24 depicts a
perspective view of a preferred enbodinent of a -14 receptacle contact
assenbly 72 that canEpendiagdrony pprasing sidesioftheinpervsed dmayibe mpambeedh

si ngul at ed j T tael: 1BGh

i ncl udes aﬁ%g?%a{iégmgg%%%gﬁﬁi 2%2 Qﬁ@ﬁg%ﬁgéqgéﬁ?§g§§ anggzgp a%%f%;%% rier
100. Al t hofigthetbage BotIAEbImgdoh 8. | Alteemnisiely bk dn ontthespgedtedOals egpraiieduct i on

of the receptacle contact assenbly 72 can he 5 understood with reference to
the di Sousbslew fHaptaths shynpele 38 mgrdeninatiech thepdumheayen 58 torhepar@cdot His e
contacts a r. . . I | rrier 100.
Thoy are ¢ FsRLE e Rt LERRER(EREh EISAER BN b0 T BRIt POz o

t he recept aabedigent dohe, rre &€ chit cieads 38 tbnkecignkabet 37 hedmbie vstee
wetting with solder 29 when di sposed in a base pocket 25 as shown in

Fi gures 22¢ighitabg28 qf@tmatherhg%gﬂgr B¢ sparer 19 bubayaritgbleaymbes map de yotdd
striped fon,hi el jabili a I I farge The .ends, 104 of
the prast | A ReaBohay b pRBe b RE Pe PRt aEG e PR 4F W *can e
inserted i sgagettdre slots 30 of the base 14, as shown in Figure 19. The
receptacl e contact assenbly 72 can al so have support nenber 96 '_ which as
shown in the cross-sébeplug coverri&ipsevadly 3piwhich aegrefonably sizedging shanedite a
groove 94 15 defined by two of the ridges 92 in the support nenber 90 of
the receptacle cover 70. This provides stability for the receptacle contact
assenbly 13. 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
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

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

.



receptacle contact assenblies 72 into the slots 30 of the base 14, as best
understood with reference to Figure 19. As descri bed above, the ends 104 of
the plastic caiz-ier 100 are 25 sized and shaped so as to fit relatively
snugly within the slots 30. The recepjpcle 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 Fi gur 9. n the receptacl over 70 is
attached t o&?‘ﬁé%é{g%‘lc‘fgﬂ? %‘PII‘FSC@YJ’BB(?F ?Ceﬁgaﬁééfﬁe\!’%’zy'o]%r efeﬁzéb%’gﬁ%f)ef%@?cge cont act
assenbl i es a8derfihly 19k iR ok RGitdh ARViBERIA4@Eo thhes (RGAPEES LRaGAY The SHRBAT t
menber 90. - 15" MATI NG THE PLUG AND RECEPTACLE ASSEMBLI ES The plug and
r ecept ﬁd e @sﬁs”éh@Wb%JiiZgre ﬂ&fa}a@ymédn®yhﬂpn@ﬁrﬁm%e E@i@elrsexfelmlaeftpéa%@ve; 7ﬁ
into the interigr 40 o e pl. cover 18. e recept.ac corners .76 of the
Fecept acl e "egpay stseysird belpurl pG HatBin e Sl 8P 3N Ee dPBESHR R i g
cover 18st Qh@gfu%rl@aﬂd P i dpeachIB k@y@doddifer vWRSinfePMR! ks lcBBRARBENS, bite Pl ug
contacts 59, 61 shown in Figure 3, extend through the slots 82 of the

r ecept acl e tbisveoné/éxanmple ofet ppefairet vay doeattah portdiorrgsengdeptl dcl e Qonerantre84, 86
to create an elecfri C@]{g connection betweeﬁ@re?gch contact. The connector can

be mated t FOBFRP! Be BRIEESIEROIL BRRRFEFAOT SHPA 48 UK (NOFREPTRETS S1AE WHB P

whi ch have gLLgUI t : : i i i t pl ug
56, 61 ana ‘T6 i eea el e R R A AR BT e PR B b, 1T
surround t leasurefitguthe c@vidds ire matsd ethrapropedordggtaionof t he arrangenment of the

signal and ground contacts_in the first gre,f erred enbodj nent. The si%nal
and grobhd contacts &8st e FePIGHRSIPELIVE 13 E @ Frefered ghbeqipep e
stripline" ihgurdp.i J i i L gl dual

ar ound contBars 2o PgeCLs bl LS kN b Rl bot BB Y S5 1

whi ch can dirsferdbdy, tindspasdr Q0ds asinglermedldedpices. t Altdrhgivebs (1 spackr 29.cadbe i | | be
appreciated fromFigures 3 and 19, indi vidual gro%nd c?nt acts 59, 84 are

di sposed oroBftEusEsd 59ra@ PhTaktpof Picgt| [RERAEE 28 Ty bede Yl GRpplgEala Rut 20y
electrical QHOthARLPARDEE laY daBers hOBRLITRAM Ak RAILE OsclOM] dinet IR

el ectrical stripline configuration. The geonetric relationship between the
si gnal Bhd pugassemblyriRas tilss receptddielzssgmblyel 3gaprddr td dhidvieiacdoneasortaf thdhe wi dt h
w and pitch p, 20 cgﬁré_ be varied to hi eve a}t{he desired connec"grﬂornéjiotnFedance
and el ect r idesiredtagkdicikircRor SPHALURAS herghts, falloeeR 1neRs sPecerviteuse 394°f o such

in-1ine stniQbi ALYk O Aet BN Rss dpaGerk Brel enfiffoy@l! Infth PRAGRA dntéagthéfa has
several advantages (relative to the |Beam approach described bel ow)

i ncl udi ng athglnsprge20iinusedrimsheayplug essembintl arains temweated hythefese tkanpthe, t he
same contact can bg usﬁeﬁ% in all Igcati ons, and the 25 contacts can be
cont i nuous Py &tEiThed?s W&‘Hn%ﬂ%ﬁ&_ es relatively consistent contact gaps
(H. The is beneficifle shitepSObRIEABIYIHAS afkeSiifaBIR ridhk &a%raoﬁﬁ@ﬁhg kedpacer
performance. Additionally, all connector contacts can be used for either
di fferenti @0 tor besni er apidg dovsr ¢ Bals thyrprefared embodimenigghown, thkegrnechibg di ng

of the carrier 104 shown jn Fiqure.24 is al g0 easier becayse the contacts
can be ol GRS 1 bmgAcaLPS BTG R TR e v e Raars R e PR b ¢
Wdth is i mdifiewethtasDisT e ba¥Phd. Thespdier méN Sk BEveASYAY RUBap Ht fedbacer
because ground pl anes are not used, the connector mass (including its

t her mal madsihejchahnpked8 of the plugitiovr F& streferably: theaspiaeqr 280195 chanmelsrf 3tapd tabs

custo ' rinted cir.cui.t, boards (P ) jgure 24B depicts a zanine in
e ot oo TeB e atifter SR Spicerad  alheh S G € B BEFRBG D' By
ground cont@g{iSbe dipriSQIhhOMUE diHePBideSs aVIany aaR@Ustedn reduci ng cross-tal k.

5 ALTERNATI VE ENI I'TODI MENT Nunerous variations of the plug assenbly and the
receptacl e assenbly d¥spdsed withibidespagn2dmapbde saniesafigroaksp b fonrgedivisgat he
spirit of the inventions, set for lﬁj her ei n ) OS,Hj ch.variations
Pl ude buSRRE A hE Foey by SR e BRhGEEh B) pRUE TR R bact <
assenbl i es eﬁ‘f‘éﬂdfn@ aﬁitfbﬂﬁ?%’i@lﬁsup?@ﬁ tiY JaRPA ARV S DdonfRDAREMBIW thin 10 the
assenblies, the configuration of "the contact assenblies, the support for
the comcts, and t hdlshpmer 20 dhayi aiso lfve talpduratyefiddgs 9 . ex@médingl dosmmatrd.v e
enbodi ment _|s set forth in Figures_ 25-30, Figure 25 depicts an.enbodi nent
of plug cotdpseiees 48 restomiberpPs Ypieer! SbHeBRIGH WaeP e S%éalst%%pf)sch?l}n a
pl ug assenbly 512. A plurality of plug contact assenblies are installed
within the



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 illustrates a
receptacl e cover 570 detached froma spacer 520 and a plurality of
receptacl e contact assenblies 572 indflalled within the spacer 520. The
receptacle cover 570 and the plug cover 518 can be snap fit to the spacer
520. Al t hotlgba2d]4;iag sticwdm idFigures P endigpindtas apaardesstb@Dbpedmigaring &dgirss 1he
plug and receptacle assenblies, it will be understood that either assenbly
coul d be wi BsmaeengOtas sirfages pawbichspente widews 35 sign grated poidy thefbagthe
cont act hej I el.r .l Y/ r |
iIIustratequ%ggﬁgﬁg&gﬁgégh$lggigégE?gghgﬁgésggggﬁ%gﬁggﬁgﬁghk&%#%gﬂ%onnon
base 514 t§atecArunderoge aMléw phatibr iihitptheplassesbly facoshopnTher Fi gure 25
and the receptacle assenbly shown in Figure 26. The commpn base 514 can
attach o WHelosisRSeve slsopigiaebly asyappeae Witdsisrmseyto thhcankirine iveassstRIn t he

tabs 528 of .the base.5l 4 are snap fi.t to ch el s (,not . sho bn.th

spacers sog A ORI EER T b eh op S BAAGOSRE DT a IR e 1 g
or a receptacle cont B%r@%@e}tﬂté’p&ﬁe@nediﬂodﬁﬁewbﬂﬂ\@lug RoftagUk&nbly 19Mdrch is
a top view of the 30 base 514, recesses S22 are disposed in the top 514a of
t he base 5ust witliheglug esserhiolyef Hegtiee 1 belgrd e chrtadtiassamblyrb® i sigulateddopai r  of
opposi ng angl ed l1s 52 526 create each._ .- .17 recess 522 and.narrow the
recess 522° VFQ\Q’?[}QHLS a?? eﬁ‘ﬁ@ e fOBIAEY %ﬁe”g@ya{%’&‘fcﬁe&a pi‘ﬁaﬁ?'r?%(%’ﬁa—ﬁatf% recess
522. Dijamopduslapesd Beakiebitadtd 81 aneyGusides §0kueh célifetdoint sed Mxrefte hhe base
514 beneath each recess 522. The di anond shaped pocl cets 525 are confi gured
as in the plugsonieatirssintent In sprefamed epthodizpent,den giound 6 ard eigkixa znadi cerjacts

t hr ough thg recess 522 will have 5 clearance to receive solder 529 around
its periph *?@ﬁﬁé&ﬁes 29 and 30 depict an enbodi nent of a receptacle
contact assenbly 572ThdbshtdRESN6RGE] fAMemt m@? $e pbldystdped dawirdnakgsal ity

of receptacle contacts 584, a pair of gxound plates 606 and a pair of

pl astic cawhichrase go@ectyhto the selderdalle agshivvarind igwes and Jrtadapisye stesting ¢fg and

my have pPBePier and o THRGRRbEAEoF LESPuRRS sp o rlelPrdeG T hpeLd ™ °°

cor r espondpragideati @iiabihigy #hdeRuhely phviahfatieQGorc@S THRQ¥MainthghiogtidEoA8e
Al t hough Figures 29 and 30 depict a receptacle contact assenmbly 572, it.
will be appméwitatd@licanbe pickel nlstpétapravent the sobler fopdrayghng pp theeantasts Phe

receptacl e tacts. and tf . e ra be
{ho sams a8t TRl e R e RERL AR B REPA IR MOULATNE I 286 70
516, 572 afeiblyethdwhbis thetei@s 3 ofthd tignalndntabes doptepidaslagohitBbily29 idd i ng
either end of the ground plates 606 of the contact assenbly 516, 572 in the

slots 380 Bl posketyasef the hasgid. dhwillerppessigterbihatdhe fpds Aithe Fauagermiactssiy .
This is be t i g i 1

r.ecept acl eéiioql E“ta ﬁlﬁéasag%gﬂr?y %%o%ﬁ%ﬁéﬁ?ﬁggagﬁglﬂgé gtdg %kiag‘g%w ﬁggd ;}p ?Otrlghgrti ng
t he receptball @ clollggockatb it iorse hé. Antskowmrthoéndsl68 ofthegcononeesy exddidl thirdugiv | |
be appreciated that the receptac]e and plug covers 518, 570 are sized and

shaped so B8 eessses Shih hedrs |4 #1dodhudiagondeoskets 254bsre salderd® if Hecdioug
contacts extend sbfhrePHQFBotr BRcHcat ﬁmh@ctfoﬂ% hiGh .ei’é"c'tr?cagg&ﬁé&uem ’ﬁl{ig?staqso
el ectrical connections etween the contacts. I gure | a schematic
descri @5 oshod¥n intRigure 9fwigeh aépicma ddngithéinabdrbaaestidnnthtmgh hige sieg assdmbly

enbodi ment, This arrangenent is referred to as a stripline |-Beam
confi gur at 1onAs FheYheachegperiAR intiedrd & Baseldp 2t B mubketZoRfithebasad 4.

electrical ground re £ I | .S 1S, .k st to
the in line stripIingﬁégﬁﬁﬁgéﬁiéggg??Egﬁggﬁggﬁi@%ﬁ@ﬁﬂéggéaﬁ%ﬁb@f%ﬁ%*gground
contacts. dhembedimeht éfowhich ftshows hh Pidurc] 6)dTNgenidB 67 pIf thettaiertthBard hi ckness

t, and the gap h, and the width w can be controlled to 30 obtain the

desired copisEzeRly sizap euhshapedisrithel wey panchi rejrdvely spughy &ithin theslrgh3Q pthe
in-li “%0“6&8'(}'4’11%{1%%“ 'ogb‘és%got‘%’?he[]s%%c?r%? 'l%ﬁé’%%%&%ﬁﬂs%h%‘har%%ré}]%g?g above,
ood; -1 Hat *e t 'i'né“strip

it will"be unders ( 't her e in- _ i'ne” or "I'- Beam
stripline Biutd Yurtdath shovesaplbRlitsettonficOkahblidsh@ iflasted fto Mheegbavras of
performance. An adaptor can be used with various conbinations of plugs and

recept acl es.



For exanple, Figure 31 depicts an enbodi nent of an adaptor 610 that can be
used to form5 a plug to adaptor to plug assenbly. The adaptor 610 can be
manuf actured fromplastic or any suitable material. The adapter 610 is
constructed so as to nate with two plﬁgs 51 2 when | onger connections are
needed than just the plug 512 to the teceptacle 513. The adapter 610 can be
attached at_one of _its ends 612 to the plug 512 and at the other end 614 to
anot her pl Je speser 2fhand figyres, wien ’é&r?r%é'sﬁcg’r?é‘tdreﬁlﬂl%%lthreipl’éﬁﬁ%t%%é%ﬁpﬁb’l e
cover 570 afg i}, erﬁ'dtiﬁgrtheeﬁgtsf?s@rof m%tﬂag'egléy\ﬁﬁdnh@ ﬁﬂ:’oggégg?ﬁmh%e?%& The adapt or
G 10 can al so have none or one or nore spacers ependi ng upon the

| ength of the connectTimussestdeds the phlgasedmtly 10fcat bedt e Ladeatodey stasingl | ed
wi thin the adapter that have ends for mating with plug contacts. Although

t he enbodi M¥dl 2 Ragptders SLHIIASIEHIFSSH F19r5. udeSPaFar 70t Hased 6@hle snap diktodienent
it wll be I - { 0. C [, € iLpents 15

i ncl udi ng ob%ggé %@’ %@glﬁl&q\% {atﬁp? %g{d@??og{e 12‘#8‘0%‘?“%5??’*/‘?%%8‘%? ﬂ%ﬁ %g%(geg& ﬁeazsi pl ug
to plug adapban i®Eubkass. bERcolestidsbabliesilic cah ienlR iagRple ¢itatath 4R slats
receptacle to receptacle adaptor could be formed, as well_as various other
conbi nat i or®d i8fthgbasg 140d grooxps Hreidhasnapeerctds . ThsupnpRwRE Bgugsh aglushe pl ug
12, the recept e 1.3, th cers and. t he, adapter 110, .if, needed

nmodul ar concﬁggr?@rcagsbsees%q @t @02 © #é C?T(Z)ZE) n\flgiata%)ﬁg% a%%@-baﬁﬁ%laég egogers%qnggf%%
stack hei ghhser®f t€6achotiedtiaf@ing 1154 @atach@idadl of thbEoRIAPSY, AAAHLAGE theiahdr and
contact assenbly for both the plug 12 and the receptacle 13 can be

sel ect ed0 T cphugstignd Theedipmerpthape eonstinetian ofdBepoakiiseld cngureywettingt he

sel ected stack i-ght_can inserted. int.o coupled to the base 25 14 of
the res pectairc\’/“e“dgﬁﬁgerirﬁagrrﬁfbtgﬁ8°nr%§cése?ostd§3‘l[']nebef%fggﬁ' needed. for the stack

hei ght, one or nore gpa&eids e0seaRr b gie arRaskedhéotheishdrer 20mahabhbd he
receptacl e base 14 and the plug base 14. For the plug, the plug cover 18
can then bdegwisgl dulthapevdns tggglggp_qyer,dﬁtcém haeitachieq direcdly tp shefease g’& acth thei ght s
one or nore_s e 20.can be att.ach o the plug base 14, and the plug
cover 18 Cgﬁﬁgégﬁggﬁ?QHWEQH%%E@{&%ngggéér 20. For the receptacle 13 a 30
receptacle cover 70 can be coupled to the base 14. Simlarly, for |arger
stack hei ghts one -19 or nore spacers 20 can be attached to the receptac;
e base 1%, and the receptacle d%@éEPTéfadﬁA@ﬁ@ﬂﬂBb\httached to the top nost
spacer 20. Then the p, t t 3 achi ng
the plug cover 18 to,«%ﬁ%f%%%qf;%&& eergtg\%gr{r%r%%p%lc ar?ge elg%gggvz%hgﬁe%l

| ength of tdenthdnneechid bemated iasknon FlglecHhartiel SatRigadedd it @ pelpectioe efenacl e
13 and the plug 5 12 or to tu~o plugs or two receptacles instead of

attachi ng tHhéstep @ﬁfbfc,rp%epéﬁc%ee@ﬁqryblyg%%@ Figwrg 182s a perergstivg Visase! thabetiemt hen
be attache : ] r kb C e
pase 13 can TEEsE B e teplitogRnRAl 1 Bhe FEPRANE Rl ecn R L) PhhcLaf SRR
conpone?® . aWakd114 ercbapselcddyvet e aisparceegaO contant @ssenibBy 77, dndligdepildels 110
a nodul ar connector. can be constructed to accommpdate a_ sel ected stack.

hei ght. Théhe@iHEt MIgeEsnRe tiBovaR BRE HANY P MARIEETFHEPECLHIFPbASRIST AkEded
for the ol ¥RRicliagk: BPLARct ndidhPodufd BAKRALEARAN T AREAYS EndERAVL A,

connector can e given conponents to any desired stack
hei ght. A fegurtypahows theronestustionefitie natplacledesingrie d3 fadth agdatalist @tk hei ght .
This sinplifies the manufacturing process because vari ety of components

a
can be .  rFEGFRIAteoPEAgt psemakes T2 psEriedanfo e bash A dcngrile resertacle coter dedi cat ed
conponeys s t f different heights. For exanple, a common
base 14 %skﬁggﬁ%ggﬁagggﬁt%ﬁilglug and the receptacle assenblies 12, 13.
Moreover, an adapter ThkMaseid bfthy sedpatlesearin ob isoosfeedbdnthe shime bug thg a
receptacl e cover and a plug cover, and each assenbly can use a commobn

spacer. Al thBigghn the Bug asserPhoh? MesVRick irdeptojedon FABHES ¢t | 6h1$; thsne such
applicatio 1S ] } I nge of
about 10 35°finicTehBr BRAARPIAISAE 1A Bfh S SRR L RGRR A aBETS Der
connect or . 2Goee, a8y asihggeomimdntRs€ frRiRcHlog sssemblyhi Bardhe fédeptacliehisdehdly 13,
interstitial dianond pattern of pockets 25 in the base 14. This provi des
for cl o3®l ynasmacturing b sinendr adtlessicesthainforiparisgetodiay@gde pradace brmdidtermt
relatively small while maintaining a good signal and | ow cross tal k. The

di anond shape 25 pockets 25 al so ensure good contact wetting or sol der
attached around the entire periphery of the contact ends. This as descri bed
above ensures good electrical performance. It is to be understood, however,
t hat even though nunmerous characteristics and advantages of the present

i nvention 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 nay be made in detail, especially in

.. Y o - o . r



-21 What is clainmed is: 1. A nodul ar nezzani ne conr:ector system
conprising: (a) a plug assenbly, conprising (a,) a first comon base
conprising a plurality of fusible 5 elenments which are each di sposed within
a pocket defined within the first co n base; (a2) a plug contact assenbly
mounted within the plug assenbly coﬁ%ﬂ?@ing a plurality of plug contacts,
each .plug contact conprising an end which is secured to one of the fusible
el ement s WiCRHS AOIGRE P aA dhgiseRuacee #FCBPEEST i r st conmon base; 10 (a3) a pl ug

| ed he ; .
mat o5 w Lh the pl ug Aoty GAEE bR prd el SEEREA LY BoRaa il et

conpri si ng whigt tedfacésywilh the pliigisdviel £8.64 aren0 $s aMabadonddtec eaebidheRegREtle
wi thin a pocket_disposed within the second 15 conmon base and wherein the
first conmbAVHASeanshiiieimeeldeabation ospraiiorisy . die raqsptaeissere 10ys peedereblzal ;

(b2) @ receniAnl GerRRLASL, ARSRTBLYIRILES (LD b0 NG LES BRRAEEIRRACI! Y

conprising a ceptacl’e contacts,” each recep € Cco

conpri si ng pigteeNAnyVRith]d BateHelue Prefeatie pofyridieart bsudlieo alagiRbtuse thet hi n
one of the 20 pockets of the second conmon base; (b3% a receptacl e cover

that is couptepticlesovere’ s edwrdcaptsironevalprafearbihbas eporiipn W thakispl ug

cover. 2. The nodul ar nmezzani ne connector .system of ai wherei.n the

pl ug assenﬁP%Peg%P taﬁgor Co&eﬁ%?q%stgzhealngeﬁgﬁéﬁoﬁ%‘éﬁﬁ‘&f%@i géeﬁontﬂ]?%ge bﬁcﬁ%ta%%ver and
the first 2gv&omniae Basito tBe intBformMbfiad pliBZ8@R 11D as AN NLddrQboSWRhem of
claim1l1, wherein the receptacle assenbly further conprises a spacer nounted

bet weenl® haelermeptodtigeres d\ead 1andt wHkbsapoerdetedfromrvigeiag Figure 2 that theTieg
modul ar mezzani.ne cor u=ect or emof claim | erein.the plug.assenbly
further conpiiebcoriReyng areSimpt L Em M it e e i o Bvad Soie s ie o
comon basesahtblich 8nd REARE @6hect@s @R RbIhetUTd HRhe FRBREIIS ESved 76 RRGVe KDt ed
bet ween the receptacle cover and the second common base. 5 5. The nodul ar

mezzani ne ©oaEedewt shaped smasap sidiapinengagebe epmensHad of thekdug assemblyel % s¢ st and

the second fOMPRLASEHARS sHESRIEAE ih'hn3aliPhF Ly dilafle Al aTONC

15 In a preferred embodiment, the receptacle cap 70 has laterally extending
portions 78 that each comprise a plurality of channels 80 for receiving tabs 28 of base 14.
In a preferred embodiment, there are 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 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 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



configuration. 6. The nodul ar nmezzani ne connector systemof claim1,
wherein the pockets of the first and the second common base are disposed in
an interstitial dianond 10 configuration and the first and the second
common base further conprise a recessyglisposed above each of the pockets

t hrough which a contact can be inserted. ._ 7. The nodul ar nezzani ne

connect or _SYSLQIDOLorfl Al Wiy eI 1y b S Bl WAL % 0fichl o 300, L Egpt act e

contacts are disposed In an | ne stripline confli gur e nodul ar

nMezzani ne COANEHEOTo LYY EFLAIonE DRI Thd reciiR€tdntddiessédbp! 1 iabhutlys Qferidhivg
contacts and receptacle contacts are disposed in a stripline |-Beam

conf i gur at | &eund84 Fpbsigvd §P apntagls arthi Plasteoraeytlop. ddoesh B contaptadiffer in

further conprisi ap _adapt.or ich is,mated to the plu over _and the
recept acl en%d@%?&%ﬁo{%ﬁﬁ?n%alﬁfl%ﬁ%% Oir@f if%°g°P‘5‘°_%é’8ﬁﬁa t?asf‘%ﬁééﬁﬁ iCh E‘Bnnect or
system t @ aygiRtd R g 18 e diSRBREA flghling the Blugl et ALYy ToE Pl Uug
contacts into a first common base; coupling a plug cover to the first

conmmon bas eregemadlé condandieate poeferally stamwed @sd thed nsaldeskiolzailegtic catriead A9-nidhed

spacer between the base and the plug cqyer:. 25.i rting a plurality
of F ecept acte et §iERa L buie s Yok ¥Red BIFEGhE e fal
receptacl e &RNRE cahDetthEn&RGRNE: AR S SisufNWletE R RithNGIdeN2 Rheg cover to
the receptacle cover and thereby placing the plurality of plug contacts

i nto el ect rdispdsed onmbase patkead @5 ws showrhe Ipgwesald and 2% Theowmingehds afdh¢ acts. 5
11. The thod of claim 10, wherein each.qf .the fusible elenents rise a
ol der BT | ST e aeriol BPSE fof HERGEUSURY 81k HOBTS PR FE"S1 GRAPIEy o
plug contacigy E)HP{: BREHCOMRE 190%rd BSRENIP Sz NS dolidatQheyPd B eGRILRELS TN

an in-line stripline configuration and \p/vherel n inserting the plurality of
recept acl e mbmthactats 3ot the bassddpas Sewnlio Figwset?.i ng t he receptacl e contacts

I e ot ol g onl g sl o ARy Phe el ol m G et i

plurality ofynRhl4g sERnt B0he clods-Sectibf bPFigh: 13 e 2emGay Lot Sadovdes ei n

inserting the plurality of receptacle contacts further conprises inserting

t he recdpt adéfed bytteotof therridges §2 imthe mepplortBeembar G9faf ghe meénsarle cover 70. This
provides stability for the receptacle contact assembly 13.

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 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 slots 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 90.



15 14. The nethod of claim 10, wherein the first and the second conmobn base
each conprise a plurality of pockets that are disposed in an interstitial

di anond configuration. 15. The nmethod of claim 10, wherein coupling the
plug cover to the first common base conprises inserting a plurality of tabs
extending fromthe first conmon base B into a plurality of channels in the

pl ug cover. 16. The nethod of claim 10, wherein cou%;i"n the receptacle
cover to the seconMATINGOBIIE EbMS ADHLREAFRTARE %&EM?IPW of tabs

di f h ' . I | i f.ch [ h
eceptacie cover. 17 RIBEROr cor i iy g Duarar A B RRRHE g

cover to theceptackAcdveCEPInGCIhe IOV TA0GINR plaLSoven I8 TTRGedeRtrcleRHraTs 6f
covex into an interior of the plug cover in an interference fit. 18. The

met hod of dharasentecle apieer @0 it edeplelngpuehanisl thgcarawe f2 pbtheinles ewecepsd &l e

cover copprdses j.nserti t l.ur al it f nlug cqontacts .t slots in
The’s 1 obbrbRinsliRgant Rivea, Sithaphiia feeleh Rl Bibest vty 4 SBefpdhy o
contact. 1%;gte MDSMLRAT thIREAINE £6ts 82BN BfetrOfepfb Rl BNt TOMRIThSE MGth 2 Pl ug
assenbly and a receptacl e assenbly that mates with the plug assenbly, the

pl ug assentsbyrespuddingacreptelstcaniaet s §6 ibErgate as lslecmiepl doghenyioa bigtrgreneh¢lc h
conpnses 10 a plurality of recesses; a,.plurality of dianon ockets. .

i Shosed i foRREk itcneconcan ba g to 2Rt st coRpaRt REes Barie) HoPboket
beneat h eaqRfRGAZS PR lhalitAnQah 86 hlaeadintndh E&Ht&!é%h%@p&fg 56081 and
recesses and into one of the pockets; the plurality of recesses being

subst ani 0 alrkgeptaebt ntpatssi4, Bhashtpeolder Walls 2R athich somuad theext endi ng t hr ough

the recess and into the diamand pocket .can receive a fusjb el enent, around
a periphery of a portll%WeggAtlﬁés A 8fhamﬂﬁ'&‘ﬁé”f“?ﬁe@e?h%}‘g?)élﬁ@g?ango. The

modul ar  NMezzaHNenEeRNE MeMirs Syt ehbsdialent. Ihhe figHal RES oo APEIRIIYard Pl UY
cover coupled to the base of the plug assenbly and a receptacle cover 20

coupl ed t o oriestelais whet is réferredtoapstan Cirelinsgepiie/ copfigurdtive. foduik aonfigwatam ne
connect or aLem ol chal Bk AL 1 AU fRRIb KoLt com [ see
and t hej 4 eGaRtIREdE @ HEeystdddWiEFef&G ORIt $Bfuré Pindr Bl I Adwaf bd fpeRiALd e
from Figures 3 and 19, individual ground contacts 59, 84 are disposed on either side of the
signal 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
manufacturing. 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



contacts disposed in an in-line stripline configuration. 25 22. The nodul ar
nmezzani ne connector system of claim 19, wherein the plug assenbly further
conprises a plurality of plug contacts disposed in a stripline |I-Beam
configuration and the receptacle assenbly further conprises a plurality of
receptacle -25 contacts di sposed inl6 stripline |-Beam configuration.
. AH. An . Ayn% AY. A. A AF. A Aye. A Ay. A Ay. AH. Ay. A, . Ae. Afy. Af ?. AN9. Ay

AS, . A?. Ay ,wihObiestiHg erdilerGBplication to customers’ printed circuit boards (PCB
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Spacers 520 are used if the contact height dictates their use.
Figures 27 and 28 respectively illustrate a top and bottom perspective view
of an 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
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of ground plates 606 and a pair of plastic carriers 608. The receptacle contacts can be
formed by stamping and then being molded to the plastic carriers 608. The plastic carriers
608 may have protrusions 610 extending laterally for insertion into a corresponding hole
612 in a ground plate 606, as shown in Figure 29.

Although Figures 29 and 30 depict a receptacle contact assembly 572, it
will be appreciated that plug type contacts could be substituted for the receptacle contacts
and the plug contact assembly 516 would otherwise be the same as that depicted in figures
29 and 30. The contact assemblies 516, 572 are mounted within the plug 512 and the
receptacle 513 by fitting either end of the ground plates 606 of the contact assembly 516,
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 receptacle of this second embodiment can be mated
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 connections between the contacts.

Figure 32 is a schematic description of the configuration of the contacts in
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 controlled to
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,

10M
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5 aplug to adaptor to plug assembly. The adaptor 610 can be manufactured from plastic or
any suitable material. The adapter 610 is constructed so as to mate with two plugs 512
when longer connections are needed than just the plug 512 to the receptacle 513. The
adapter 610 can be attached at one of its ends 612 to the plug 512 and at the other end 614
to another plug 512. The adapter 610 can be constructed from a receptacle cover 570 at
10 either end for mating with a plug assembly 512, The adaptor 610 can also have none or
one or more spacers 520 depending upon the length of the connection needed. A plurality
of contacts can be installed within the adapter that have ends for mating with plug —
contacts. Although the embodiment adapter 610 shown is for use with the second
embodiment, it will be appreciated that the adapter 610 can have other embodiments
15 including one for mating with the first embodiment shown. Although a plug to plug
adaptor 610 has been described, it will be appreciated that a receptacle to receptacle

adaptor could be formed, as well as 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 accommodates a selected stack
height. After selecting a stack height, the proper contact height and contact assembly for
both the plug 12 and the receptacle 13 can be selected. The plug and the receptacle contact
assemblies 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
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Xy(2) z* Z+29(§In ESr ¢4 constructed to accommodate a selected stack hei ght. The modular

10 connector need only include those components needed for the given stack height. This is
advantageous because a modular connector can be built with the given components to any
desired stack height. A new type of connector need not be designed for each stack height.
This simplifies the manufacturing process because a variety of components can be
manufactured to make a variety of connectors instead of dedicated components for

15 connectors of different heights. For example, a common base 14 is used for both the plug
and the receptacle assemblies 12, 13. Moreover, an adapter 110 can be used with common
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 isin connectors having a stack height between the r'ange 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
relatively 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 advantiages 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 arrangement of parts within the principles of the invention to the full extent indicated
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10HH! * &$10%HHE () - ! * 8$10%0& ( ,-2dllksEl
y#109% A& () - y#109DD& () - 800k -Ieg#lﬁ% PRS- 41006 & () -1 {L- #10%: () -1
3}[9+7 (a;)  afirst common base comprising a plurality of fusible

5 elements which are each disposed within a pocket defined within the first common base;
(a;)  aplug contact assembly mounted within the plug
assembly comprising a plurality of plug contacts, each plug contact comprising an end
which is secured to one of the fusible elements within one of the pockets of the first
cormmon base;
10 (a;)  aplug cover coupled to the first common base;
(b) a receptacle assembly that mates with the plug assembly,
comprising .
(b;) asecond common base comprising a plurality of
fusible elements which are each disposed within a pocket disposed within the second
15 common base and wherein the first common base and the second common base are

substantially identical;

(b;)  areceptacle 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 within one of the

20 pockets of the second common base;

(b;)  areceptacle cover that is coupled to the second

common base and that mates with the plug cover.

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

25 common base.

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

the second common base.
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5 5. The modular mezzanine connector system of claim 1, wherein the

pockets of the first and the second common base are disposed in an interstitial diamond

configuration.

6. The modular mezzanine connector system of claim 1, wherein the
pockets of the first and the second common base are disposed in an interstitial diamond
10 configuration and the first and the second common base further comprise a recess disposed
above each of the pockets through which a contact can be inserted. .
7. The modular mezzanine connector system of claim 1, wherein the

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

8. The modular mezzanine connector system of claim 1, wherein the
15 plurality of plug contacts and receptacle contacts are disposed in a stripline I-Beam

configuration.

9, The modular mezzanine connector system of claim 1, further

comprising an adaptor which is mated to the plug cover and the receptacle cover.

20 10. A method of making a modular mezzanine connector system to a
desired stack height, comprising: '
inserting a plurality of plug contacts into a first common base;
coupling a plug cover to the first common base and if needed to
meet the desired stack height attaching a spacer between the plug base and the plug cover;
25 inserting a plurality of receptacle contacts into a second common

base;
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10%& () - 191e]1ﬁura1ity of plug contacts into electrical communication with the plurality of receptacle

contacts.

5 11. The method of claim 10, wherein each of the fusible elements

comprise a solder ball.

12. The method of claim 10, wherein inserting the plurality of plug
contacts further comprises inserting the plurality of plug contacts in an in-line stripline
configuration and wherein inserting the plurality of receptacle contacts further comprises

10 inserting the receptacle contacts in an in-line stripline configuration.

13.  The method of claim 10, wherein inserting the plurality of plug
contacts further comprises inserting the plurality of plug contacts in a stripline I-Beam
configuration and wherein inserting the plurality of receptacle contacts further comprises

inserting the receptacle contacts in a stripline I-Beam configuration.

15 14. The method of claim 10, wherein the first and the second commeon
base each comprise a plurality of pockets that are disposed in an interstitial diamond

configuration.

15.  The method of claim 10, wherein coupling the plug cover to the first
common base comprises inserting a plurality of tabs extending from the first common base

20 into a plurality of channels in the plug cover.
16.  The method of claim 10, wherein coupling the receptacle cover to
the second common base comprises inserting a plurality of tabs extending from the second

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

17.  The method of claim 10, wherein coupling the plug cover to the
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19. A modular mezzanine connector system, comprising:

a plug assembly and a receptacle assembly that mates with the plug
assembly, the plug assembly and the receptacle assembly each comprising a base which
comprises

10 a plurality of recesses;

a plurality of diamond pockets disposed in an interstitial diamond
configuration and there being a pocket beneath each recess so that a contact can extend
through one of the recesses and into one of the pockets;

the plurality of recesses being substantially rectangular in shape so

15 that a contact extending through the recess and into the diamond pocket can receive a

fusible element around a periphery of a portion of the contact extending into the pocket.

20. The modular mezzanine connector system of claim 19, further
comprising a plug cover coupled to the base of the plug assembly and a receptacle cover

20 coupled to the base of the receptacle assembly.

21. The modular mezzanine connector system of claim 19, wherein the
plug assembly further comprises a plurality of plug contacts disposed in an in-line stripline
configuration and the receptacle assembly further comprises a plurality of receptacle

contacts disposed in an in-line stripline configuration.

25 22. The modular mezzanine connector system of claim 19, 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
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