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,Background of the Invention The present invention relates to electrical
connectors for printed circuit boards, 5 and nore particularly to an

i nproved card edge connector for renoveably connecting a circuit card to a
circuit board. Description of the Prior Art Devices such as con&t ers using
printed circuit boards are exhibiting 30 15 increasing circdiiDdedlties
and operate at increasing frequenci es—For exanple, the speeds of high
frequency digital signals travelingpBetmearionconput er notherboard and
densely popul ated nmenory nodule printed circuit cards on an associ at ed
circuit board are becom ng higher. These trends create problens for

el ectrical connectors such as wwmm are used to
renoveably nount a circuit car . Wth increasing circuit
density, the electrical connectors and the electrical termnals they
include are_smaller. The term nals nust neverthel ess be sufficiently

flexi bl e anBackgreund afdhe\Inventien rel i abl e contact with a circuit card
inserted into the,connector. .In additign, .it is desifrable to.ke smal | the
| npedance of t ho 1BF PEUFE bR saies o clikmical so e e o PEBISH SA P DR nal s
of thg edgeas@hr&RRROALY to MIAPMYdRard QHEE CbANERr ToiSemdedtiP ornRcting

m ni num capacitance nust” be carefully controlled, and crosstal k between

di fferent spghewscardse apizcurt bdand.zed. These often conflicting goals have |ed
to many approaches for connector and term nal design with varying degrees
of success. U. S. patent 5,161,987, for exanple, discloses an electrical
connect or h@ésdHptian Sf HePHPUStW th a plurality of solder tails. A row of
signal contacts 1s [ocated on each side of the ground bus. 2 3DEC
2002 2 U.S. pat eRevBes SRhES 20mputsrausingpriniédcitasidwardsase ekhibigiog connect or

i th tially overl d term nal i | ati vel t d
Fel at vol v FSFera BCHRRE s pof pneratprt L BesnimecioabEnetes” 1R RERE: By ant ages
such 1gs red Uﬁéeﬂﬂofl'ﬁ?h ﬁ%@ﬁerﬁ?ﬁ%ﬂal‘ﬁgﬁﬂé 281G HRiwdeHa ddfHufirtdthdrédrd

characteristics that are not optimzed for higher _ o
and densely populated memory module printed circuit cards on an associated circuit

board are becoming higher. These trends create problems for electrical connectors
such as edge card connectors that are used to removeably mount a circuit card on a
circuit board.

15 With increasing circuit density, the electrical connectors and the electrical
terminals they include are smaller. The terminals must nevertheless be sufficiently
flexible and strong to provide reliable contact with a circuit card inserted into the -
connector. -

In addition, it is desirable to keep small the impedance of the circuit paths

20 provided by the electrical terminals of the edge card connector. Meanwhile,
inductance must be kept to a minimum, capacitance must be carefully controlled, and
crosstalk between different signals must be minimized. These often conflicting goals
have led to many approaches for connector and terminal design with varying degrees
of success.

25 U.S. patent 5,161,987, for example, discloses an electrical connector having a
ground bus with a plurality of solder tails. A row of signal contacts is located on each

side of the ground bus.
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5 Speed digital signals. U S. patent 5,192,220 discloses a dual readout
,socket wherein crosstalk is reduced by increasing the space between
connectors. This approach defeats the goal of increased circuit density.

U. S. patent 5,259,768 discloses an electrical connector having BF(B‘ED%U%O
termnals with significantly |larger surface areas than the signa

termnals. The ground and signal termfals alternate, and the shadow ng
effect of the ground term nals reduces Crosstal k. The ground term nals have
bot h sol der tail & .&unpdtegt 6162002 hemwhile, disdowe aicapkdiRpcongerematd y, whil'e
non-functi onal . Etubs are sized to provide a specifically desired iagpedance.

15 U.S. pat &rtiaBy oxelapped frmmalsdiayingrelatiyely shorte @ne relafivaly topees Goat

arranged in t gnnat | i i ] i | ot .

G reut't deng ot SR AG A SlnBORRN s Villel S asTBIALHEREIORE L1 o
5, 309, 630 dirsettoadsrcarbuthaecéledtted] chaaneastys tidiarehdt optifeaddrfothighiredance i s
obt ai ned by sel ecting term nals having anchoring portions sized to 20

cor r eSpond frref diginb signaly i npedance. Signal and ground term nals may
alternate, and a 9 rga"ﬂls re [ | feet to
reduce i rrpedance.E'T'és'iif.%%}.Hlt ;E)’g? %’ﬁ?é)g{}g‘z?%% glres?gﬁ%tssggﬁ eg\%hggeg%gotéér}alﬁpv\hi ch

enl arged gr mﬂnded@iﬁbfbﬁéiﬁ%&fe%pﬁdﬁ Rewedn dodnPabriss Thls ppesieh deRaRithagslt O
reduce crosstal k. Although this arrangenent has advantages, three different
term nal shapwsreased Giryiiidersity. and t he 25 operation of assembling term nals

o the connect ef s R} 895b 66 QIBILEK SRl cHIRIA ARG TR her

attenpts, there rénalns a“rong-s Ne of 'a ca e connector that
can he made tenidabawiih sighificamdy lardes siirfdde Stead fithnl tBé bigh4l@erntiagls NTHO guAE Ui t
density and perforns well in high speed digital circuits. 3 Sunmary of
the | nventi 8kd sigmal termimlyaitemate, agdjthe-thadewingeffsceafthe grovpd termirals s t o

provi de an | Vv d nect or. her jecis. are tq.provide a
PN e ey R PR T B T
associ at ed edduce/iniped EiR8y, Wikl fudetichad stuB AR GiRM t& provitle a1l ni num
cross tal k between signal circuits; to provide a connector having high
circui t denspecificaly desirediimpedang®nnect or that is robust although small; to
provi,de a nmechanical i I i ) QQE be
manuflgctur ed andU;% gﬁﬁgésﬁ’hg%{es%fsé?évse#'ye{d%gﬁ%ﬂegtog&g@ﬁg}é&%ﬁﬁi rrpr%e@iga card
edge connechtpaltevsimpoitayGldigahelvieduit@es ingértion RIveC Cirttit demstyiindimigishast . 10
I n accordance with the invention there is provided a card edge connector
for intercoRffaEss ofghe alemaingRArEYr cui t board havi ng conductive contact

. q . . - q ! g th
bl ar al £y of connraia 2adiesy aBbiefan R RissR RkaRH aB8R O\
card. The canpedatigeisobtaidiby seledthgdaginaly Rviiggatkstingsonias sigedtousi ng wi th

opposed side walls and top and bottom 15 walls. An elongated slot in_the

top WAl | retersraend todhpdesined impedange. Pigualend groynddgrpinalypeaylismageaandyy v
el ongated c | [ : ] Sc.Lnel ' ermnals for
conducti ng gﬂ%ﬁ%:tﬁsg%ngﬁ\k%hﬁ{rﬁg a%%@&@e&é%@% ooffe%ﬂg r%&?%ﬁ#?%é?% and the

contact regions OfS.tgaeencE)580,257 Bi3aloeesad¢bnhedtor mneleich efilatgedigsoundr maki ng
ground and power connections between the contact pads and the contact

regi ons. A nals arg adipcend tq pairsf signal teapimpledp reduce cipstglke Avihough thist end
bet ween t he_si t I { erm nal s
are nount ed al|$rn Hl\egﬁ{cﬂéa\%i at%ioglstﬁgé%he 5 g@#&?@@ﬁ?@?ﬁ%@ﬁeﬁ %ﬁﬁ%lu%é%’l I Zléé

cont @isni ng epdritici GMakertilimg tomigala itlo tef @naB&6r kaidg ieSomprRkai ni ng only

reference termnals. The termnals include card contacts extending into the
sl ot for contact Dsspitertheseand aeany oshes aempisetheresemang adangtstanding sagdgfor

contacts ex%%ﬁ‘&' eiage connector that can be made at reasonable cost, is robust and reliable, has

high circuit density and performs well in high speed digital circuits.




25 downwar d t hrough the bottomwall for contacting the contact regions of
,the circuit board. The term nals in each signal cavity and each ground
cavity include a pair of card contacts engageable with a pair of opposed
card contact pads and a pair of board contacts at opposite sides of the
centerline. 4 Brief Description of the Drawi ng The present |3§§Q¢C st
together with the above and other objegts and 2 3 D E C 2002 a a@ may
best be understood fromthe foll ow ng detail ed description of the preferred
enbodi ment Sdmitnhaey efithehiviention | | ustrated in the drawi ngs, wherein: 5 FIG 1

I's an isonetric vyiew of Eri nted circuit boar, assenblél | n(gl di ng card
edge connectors éﬂﬁglfﬁ ﬁéh. Héeslf)‘?‘té’é‘éﬁﬁ’floil Koy € AHURREY drrd edger cui t board
and_connect {eLiBiINIHRY Shiedis G b prdidka bhrkbiBr Gih oy indiRile el G 2 1S 2

side el evational view of "one o card edge connectors of FIG |; FIG 3
i s an enl ar grhitveantinpedanse aiatchneith assesiated cirtrdt fszerablies; ab ptdvédecaar d edge 10
connector taken along the line 3-3 of FIG 2 and illustrating a term nal
recei ¥i ng cERANESIONRIVIRE MELUMIHEIPFF2ksrbet s Shignak CTGIHtS: {hBIONKISH GRgnedIIG. 4 s
a sectional )\ Si M . Fl il ' r .nal
nounted in %&%g{r&?{eg&gg{/ ’n§%r§¥HdF g&%ﬁ%}drgﬂﬁt} g)%&lgtea\?&ﬂ g‘%‘l&t ﬁ%ﬂ{} g FIG 3

i | | ustrati ngrosidgnahedhenicalipirki ¢leunitatly reltable ddnne@bribaatan tRatinGfAguredvi t y;
FIG 6 is an jsonetric view of a reference term nal and an adjacent pair of
si gnal t er niKbassemabled meyrpenstvelt ANALE Proyidedn miueYsigraed edescormsciPredge
connect or, | ; [ to reveal the termnals;
FIG 7 is a@t&%&gﬁ%%&%@g&g&?gfg&ﬁ@pﬁﬁ%@ﬁ%‘ﬁg&bai r of signal termnals
in faont 20 of alnrxterenee~itietheiinedntias thdhels prowideda oird@dgercdnnectbofesi ng of
the card edge connector, ;but with the cgnnector  housi ng renoved to reveal

the term nalnéerconneeting gprinted, cigguitbaardhaming eenduct veLontast weiPnypBdaof a

port1 01 Of ek SO B cBTD b iR
board upon ydnitarhpads dligRedchy Spruaitel sirface®ofthe dardiTe carf &igerendciones added to
ard in the ggﬁl%cresl Enf élgrr;gact)gd itn?lﬁatiir?gvfoqlts{n%%ith opposed side walls and top and bottom
15 walls. An elongated slot in the top wall receives the mating edge of the circuit card.
The slot has an elongated centerline. A plurality of terminals include signal terminals
for conducting signals between the contact pads of the circuit card and the contact
regions of the circuit board and reference terminals for making ground and power
connections between the contact pads and the contact regions. A plurality of
20 transverse terminal receiving cavities extend between the side walls and extend to -
both sides of the slot. The terminals are mounted in the cavities. The cavities include -
signal cavities containing only signal terminals and reference cavities containing only
reference terminals. The terminals include card contacts extending into the slot for
contacting the contact pads of the inserted card and board contacts extending
25 downward through the bottom wall for contacting the contact regions of the circuit
board. The terminals in each signal cavity and each ground cavity include a pair of

card contacts engageable with a pair of opposed card contact pads and a pair of board

contacts at opposite sides of the centerline.



Det ai | ed Description of the Preferred Enbodinents 2 3 D E C 2002 Havi ng
reference nowto the drawings, in FIG 1 there is illustrated a circuit
assenbly generally designated as 10 and including three card edge
connectors, each generally designated as 12, constructed in accordance with
the principles of the present invention. The circuit asseanyZQQREPQM¢des a
printed circuit board 14, for exanple, 4a conputer notherboard. e card
edge connectors 12 are nounted on the-circuit board 14 and renoveably

recei ve priBrie®@escrniptiontof¢h Beavlifig f or exanpl e, nenory nodul es with random
access nmenory avagilable to the notherboard 14. The carogm,edge connect or

provi des ci rcui tISATEENEEVENIOn tagstRer With Bg o adftheobiecti gial s 10 can be

transferredgbgt %1‘& i lebst QREH: HEs rﬁﬁ{ . The
pertinent struct%‘%gn f tsﬂseélgrli&re{(’:sttut cﬂ?ﬁl‘%@ﬂgﬁﬁ@%ﬁé‘féﬁﬁéﬁ?t °g§’rf§@14 are
shown i n FIpBSerréd emtodimenhef thainbeiion dlustndted n the dravgnps)twheseis:een in FIG 8,

i ncl ges an edge g}Sbthat, mates with the card edge connector 12. A series of

conduttive cont ddb- Ay BemelicHigw ofia arinisd SHEW Bogsd de¥mbly MSREBERIG he card
16 al t i : >t L4 hi;n th d
To provide SEociiioft dibdfiingdle bHIAMINNo) LSRRI Ao blid el 78 C5

t 0 conponeroandctiag rahevddle difvalt cards toHendiedit®dardhe card 16. A fragnment of
the circuit board 14 is shown in FIG 9. The upper surface 22 of the board
i ncl udes an ar r &iJCo? itdfide elevgtionabyicwrns ong of the carbedgecoareciareaf Blthddi nent |
20 the conduct i oy 9l aN$n24.RL&BhAEHALIVEYA DOhERin IR o6 LaROCTEN! S,
such as conductive pads TOF surface nount soldering connections,”are also
possibl e. Gonnetitdr thkehchongdthe dinel 3B oft FIGL Dand illwtratind o serthirdd rqueirigle power ,
ground and si gnal, paths fromthe conductive regions 24 to other conmponents
(not shown)C2HBYIPHEYTO srountiag of ferminalyipty the hopsngit he card edge connector 12
is mounted on t CyrCULL . r . 1 I i 'S
inserted into t@Gég#%ﬂé%ggf?@ovgeﬁ%gi{rgir}gi&é‘f‘ﬁ?ﬁéﬁgﬁﬁ%@%ﬁ#ﬁiﬁﬁ%?ﬂgﬁﬁl es circuit

pat hs bet wersuritéteincowimiakl ree¢lsing@ading t he conductive regions 22. As seen in
FIGS. 2 and 3, the card edge connector 12 includes an el ongated housing 26
made of an el ecti¥Cecans § viewssimaas todlad dlysapting signal dermingp goyntsddn 2

t enpgeg at ur Ig]ng . i.C,isuch as liquid crystal polynmer plastic. The
housfgng hagea %‘@%ﬁﬂagf%”%, a bottomwall 30 and opposed side walls 32.

An el ongat ed carRIGsbad arBhomstric VASLER Béfdreficd tefminaPantibdrl adfsentgaid ofes t he
mati ng edge, 18 of an inserted card 16. Housing end posts ' 36 and | atches

38 may be @@l isEningls astbeyeig snayntedrin thedipusing of ghe capd edgstqOBRESHRN Putso

i ncl udes stg f | L: f j L E space between the
bot t om wal fvﬁggmgﬁénﬁgdrﬁggé@g?ﬁgvgd%r%kl&h@h&&:ﬂ%ﬁt he circuit board 14.
Hol d downs 42 arRIGgeies side glevatiomiwieivrilltidtematiag ta pairdfsippabermsel ih dront

mechani cal ly, atfach the housing 26 to the circuiit board 14. Nunerous
termthal r é’cféifGﬁteFF@C% tayminad as they arg r@smtsc{] Hyife h?“%?ﬁiOé)l‘ge crndgdee FonieEtopr ovi ceer~

in the hou%'ug%it%‘ihe J:Jhntegkgr g&%ﬁ@’ Jeﬁx%y?@r%ox%h%%e tg%mithFS' invention, there may

be over fifty cavitres n sim er of cavities 46. Every cavity
44 is 10 i mredi &6l § ingjide elvational fragiiehtaryiiewasfad pontidrhef pprérited ciechit

enbodi ment of the invention, the cavities 44 and 46 alternate in position
al ong of t 1§8td elggihat mates it Biecaredes compstasadnd i es 44 and 46 are separ at ed

by internal sep t gr: v ﬁgg - :
per pendi cul ar t ?Itéhg 1%%@385%'311%@%@%% I de % ‘qu;b%g gﬁf}ﬁ\gﬁfﬁ?ﬂu&
25 the edge card is mounted, with reference lines added to aid in the description of the

invention.



cavities 44 and 46 intersect and extend to both opposed sides of the slot

. 34. The 15 bottomof the slot 34 has a stop surface 50 defined in part by
the separator walls 48 and by term nal stop projections 52, spacers 54 in
the cavities 44 and termnal retention walls 56 in the cavities 46. The
separator walls 48 are connected across cavities 44 by spaceréf4 EP%@%
extends only slightly dowmmward fromthg stop surface 50 of sl 3§ : t he
ot her hand, separator walls 48 are connected across cavities 46 by 20

term nal reDemniledDeswaiptisn bf thedreferredBechbddimmaae d from t he stop surface 50 of

slot 34 substantjally to the bottom of the hgusing 26. The side walls of
the slot 34 are BaYingefespea sy fotme drasyges ink1G driBereiik dlusaed 2 gBeult ons 48a

of the sep 48 I r i Vit 4 d 46
nave opposcipty RhorilfGesigfifte 8 A an MO ARG 1BSe P BR¥ghh il eaB T

bot t om t hr ogugbratifpidesi ghedrasEd, Someiyicled inh BcREd@0e Rothithd prifdislecafthei es.
Reference termnals 60 are nounted in the cavities 44. The term "reference

term hal " i Rresfdf inyertione f8e cocwHbassemblydOrinplifes aprinted eitquitdoagt Huder or power
. - o pr o i
tC gp Pn'e(r:\a: 2”2@@?%&&?@3@9@#@%@3? ?é%d%gge %eé}é{ﬁﬂ'gg? éfrj\ba tegl g’P rtnl%ngln'{?1 IS

def i ned her ¢irduit Bmmll@anﬂ&eh@ﬁéﬁbmﬁfecéihaﬁﬁﬁfed\éirdﬁsc:ﬁrdsi16,Cﬂii ¢xapdld) for the
transm ssion of ac signals, typically high 2 3 DE C 200?. 7 speed
di gital si gmamery medwlesyith randeny acgpss HIRPT ayailabigitorthe metheshaard 4r Thae. 1 n

the preferr odi 1 r i cal to
one anot her&g%gggéhcghgi&gé{aﬁraﬁg?%a%ﬁt?a@ séﬁ%ipg??eﬁ §goﬂfnlﬁca§fl%§%ta!)%gg%%ot her .
The tler m natan HRQraasfined batweeh kiRt circpltdbard I0Aideke Sitcuiiiagds 1. uni form

t hi ckness, preferably nade by 5 stanmping from nmetal sheet stock wi thout any

ot her forning orThrpeatingnt siseqtaneiod tee cinmiteapd Hyindethe sirest koasd 14 efeent

manuf act uri (5=} &1 Le rel.i n i
compar 1 son RTRAEFRGS i Tng bath G cSe,20en FRaBkt ik ARl 2168 DAonnddl

st anped andarf @ige®@ thdtmedt€y with Yhetdafi édpeTofitdcorQ. anskried ofEehdutavaahitaef
phosphor bronze and plated with tin and | ead over nickel, with selective

gol d pl at i nepds 80as prelvised onbath enpesetbsuriaeescas the pasd 4 alomedhe mating edgsrl8.
dugt i i 1 E ference terninal
COnIYSL1 ve EBRLRL St Rah? iyl o ity AR B0 DR LRA SRR | orm nel

general |y reatislegdih@fromhabadtactpadé 20 td denpuedits Grot RRYWHDthue Etbluitedx t endi ng
retention arns 66 at both ends. The arns 66 have barbs 68 that engage the

i nternal si®tth@grrdsléss and resist renoval of the terminal 60 15 after the

termnal 60 is | i i 4 Uy i
Term nal insert i%ﬁg‘l%‘f n{;&eﬂhé ?ﬁ?‘flggy%%/gé%ésa%g?@ﬁg I%(I)#}IA? h’gﬁ%ﬁtéé’)?s@ é@'ﬂa‘fg@;g? r?g t the
proj ect i onsthe Bosd iliuds’angerae of caidudtiveriionk 24 panthe dllistated htelidig, body 64

agai nst the_ spacer 54. The reference term nal 60 extends across the full
wi dt RO0of t héeeanductivarpgiong 24 replateditropsh holes.dethepprrangsments; sugh as 20 A paij e~

of spaced r ﬁm [ DH0ady. 64..  These
contacts a?‘geb%?i {é((":tgi%\a/ﬂégs ?o%@@ﬁé&e&é@é%él{dﬁxﬁg%g C(x)@dlgt Fggbﬁjggslﬂgl%stfgf}%f the —
circuit boatrsted 4n bid/6OMNRE tirddicbdagd 14 prdvideddweer ! dreurd areiusignab pathsifrothhe
conductive regions 24 connected to the reference termnals 60 are at a

reference VBFCRMBICHYe BN d44p ofshesmaensplsynpicherm) mounted opdhg it ant t hat
the connectﬁogip% Whak tﬁeo%ﬁfgcggeec%ﬁﬁ%ch\@ 1Ad g}@iteﬁfonztﬁe LOWi{ SREd ﬁx‘gcbwi';gk? use

of two space oard contac for e Sin referencé term nal results

in pasall ela cieshivdedt6 Biinsetet inta thscadd edgdedtnh EI3SCI eeonAedian 12 gbviapposed
spring arns 74 extend upward fromthe body 64. Each spring arm 74 incl udes
a flexi bl e Beathpathsbervesa the eamtachpads Hanrghe penduatiyavgeions 82-sl oped portion

78. The end of the SRG) BHGE I, LN E8eftonBldS: SAAIRALs HCaI88EkdY N9
housing 26 made of an electrically insulating material such as a molded high
temperature thermoplastic, such as liquid crystal polymer plastic. The housing has a

30 top wall 28, a bottom wall 30 and opposed side walls 32. An elongated card slot 34 in



30'a lead-in surface 82 and a contact region 84. Wen the mati ng edge 18 of
the circuit 2 3 DEC 2002 8 card 16 is inserted into the slot 34, an
opposed pair of conductive pads 20 enter into each of the cavities 44. The
mat i ng edge 18 engages the opposed |lead in surfaces 82 and the Zpébng ar s
74 resiliently deflect or separate. Wen the card 16 is fully irseBtedllthe
contact regions 84 engage the pads 20 %0 conplete circuit paths fromthe 5
termnal 60 to the opposed pair of pads-20. As such, redundant paths are
provi ded bet whenor Wwell CB redsives igamatingleded Stdfan tnsered tard d6d HoasinRehe posdtngd
nowto FIG 5, a spaced apart pair of the signal termnals 62 are npunted

0

in each of thed and/iches38may brarqiddedott thaends obthediousipgRé. dhghattomayaki 3l s
62 rather th ' ] : ] j a
ngn cireuit oSt ol ghdbah 8070k ARnlaflil £358e bELDR Ho GloBPL o8
rectangul ar, gldahatop Quirfite22 (KG. bpafth8oirbdybsgd upWalotd yovend 404kt gendrsilyent i on
arns 88 at both ends, The arns 88 have barbs 90 that retain the termnals
62 in the caviiyvnp thaart apd maybeusedigsneshapigallyytach shegmusing264p ke Gruiingd
bar bs 90 engagc%&tﬂg internal side walls 58. At the inner ends of the bodies
86, the arns and barbs 90 engage opposite sides of the retention wall

56. 15 Term nal i NN@fmktddR térinihdl FedeBinHYaveiGa@eBERS. Pind a8 (BRG.ayatest
the projection 52. A board contact 92 extends downward fromthe body 86 of
each of the tRPridsdinthghonsingRe. Emthemyefamed anbedimentnitbe mventin, theremey ved

in the plate ! Lve regions 24 the ¢ireult rg, 14 to
connect the ??aetr%eggi?tg cégl%tg%g%' ﬁ%ggfﬁglffluﬁlﬁgﬁ'%jcfﬁmeﬁ'&é' @8%&%?&%4 1rsegi ons 24
connected to iniiRedistglyaldjdcefittondasitp26,ahe ikl 8RGréferréd eBoARHRhESS the Afvefiig)al S

such as high frequ_e_nc(i digital signals between the circuit r"..... board 14
and the circuthg cavities 46andrifpaliesaatel icpasitian dompofthe lengtrafilbe Beusingsdé set from

th f term 72.in a st . i
arm 94 oxt ends. upnaba T GATH Sart prpanud iR IG R R P idg3 s "
includes a fld dxtendnrmsvemdly Rrpeatdiculato Beklor 34, Beewadnctha bide wa@s dby ThE oped

portion 25 98. The end of the spring arm 94 includes a | ead-in surface 100
and a cont actcaveigs dh and 26 inteeseetondicdtend te bothoppessed sidss of thgisioté2. The | oaded

. . . : . . q or ! Lot
oot her® The GHsHESs B skt $ B8 o Skehdd S00eBhaE i B0PY) g REpefifhaeud 0O
because of t héndrmemsifalostoepiopdctions 52, h?adevsosmnﬂé@&i@d%mr@daéﬁfﬁn% sl ope

toward one another at opposite sides of the slot 34. 30 When the mating
edge 18 of t heteafipn walls 6@ injthecayities A6 rhegepanttor walds 48 are counectgd acrgss3 D E C

26, The mac rer ik 4+ By sBRAS S el xR ol s Pl ar REBLEE sl SuffPede,
spring arms Sfslesul | Onthe/otlef Haad] sepiratr pallloue aréNoRfedtbadiadsctaltties 86 byl | y

inserted, the contact regions 102 enga%e the pads 20 to conplete circuit
pat hs #0om t Hermpiaakseteatian p2lls § thatexispd dowawpul fromthersier sface PROTSIE 36  t v~

di stinct termnals,. i bty 46 m-t S i ndependent ,sjgnal
connecti ons {Qgﬂgtgﬁt%%gﬁreto%eeﬁﬁgngg%%gé usé%g?é'ctfhﬁ%{s% %Efg%ep%‘gts%aéesi des of
the circuit cdefied by tHReiaAeSAgey S dontH-HRepgee poiitiaas 480uf thy séfardtsr willsd, at el y

adj acent to one of the reference termnal cavities 44, the connector 12 of
the present i FeJAWEbPOItiARS olths cavtipidfeandAd havewppesed dntemaleide walls §8.

and ofgnal  SrREARTD G eihes U5 e 336 BARGE R RH el T Wptefef O

shown 2fi FI GSntothaesghvitlesm t h t he housing 26 omitted to reveal nore of the
structure of the termnal set. In the preferred enbodi nent of the
i nvention, each seRefernce teeminalsstOaare muyntedrin thereanities #ér mha tgrmelyefarencan

opposed pair Sl@n Lnal s 62 S but. princi,ples o he i.nvention can
abby to” ot nePmifpaieeith Beftondth mreduigtl rdbd SRekl el Srdna

termnals or @nfedtivhebemeen &ectiRnR bk andehétifdit dafd €6CHigAsterntiRalk B2
preferred enbodi nent, the reference termnal cavities 44 alternate with the

si gnal ter ni réae meapiediie theqpyitiss 6t Abe terpoisigmabierminplEris defireddgredoings®s asuch

f Zr ';nmﬁ (ﬁl de ZS ﬁ?ﬁx@%ﬁﬂ%’ pr})\%rdgsl. A %lrcu(f Iyaltﬁ %oer§he:4 t4ranbsrer;[ilsl\sﬂleoenno a%CsE1 a%', {ypg)cfall{/ gfg%r ence




20" As seen in FIGS. 6 and 7, in each term nal set 104 the reference
termnal 60 is parallel to and close to the pair of signal termnals 62.
"The reference ternminal 60 substantially entirely overlies or zhggﬂyﬁmfhe
signal termnals 62. The reference term nal body 64 entirely overlies the
signal term nal bodies 86. The reference term nal body is enlarged beyond
the extent of the signal termnal bodies 86 by the 25 provision of the
central span portion 70 and by downwardly extending the body 64 at the
bases of t hgpebddigitaCsipias batween dige drRl bodrd-l4andihe Hheuiségdab. t er m nal i nner
retention arnms 88 are overlaid by the retention arns 66 and by the span
portion 70. The Bi@gnaarcferegdambadimentt Gerelsreans termingtscbbare alladantiggl to pae

TN e e A e N S R g

t he ref er engsl 62a811AGIp]1H@r BéHesd MHhéth ZsTSiniforn $hibkriess; p2éferbkOmeddsst al k
bet ween signal paths. The relatively massive structure of the reference

terni Aal 60StPRERIMELEOM metad shees stopk witanetany pizer donming enbendingonesat®Bosof t he

reference ter .1 CO t_cAal: 74 provide a large.surfac overlying
t he ends of ?Wé’?‘g‘%l%e é%@%regﬁﬁgﬁ I%%lrl\l?% n%roﬁgraélgpgﬁgéﬁhg 1e§a\fc¥11§§ree segnent s
are |arger idlablen&ftindl et céiiparisof widrelesHitL QontRRS BV SR termitdlsah@cké | cal
functions of the contact arns 74, they are defined as "oversize". The

oversi ze sebetbstanRd apd surmed. Seafenably thersominats 6G andcd2 wastampedpfi ncr ease

coupling to_ithe, si.anal term.nal 2 wi,t hqut sigpificantly.addi ss to
functi onal Bliq,s{)gorolgowea:ﬁ@ﬁ?cﬁgﬁh glﬁdmsg i P gﬁi}emtﬁédﬁé?:‘ﬁagﬁhgglla{}gg

oper api on. Jthaectida®¥oritget Areab, th6LehDIRer NS GO onbbct v@afatdMals hagbeased he use
of numerous such reference term nals 60 all having oversize segnents in a

symretri cal arr alp HG. Boene of therefesenaeernsingls 90ts segndn pcpienieddshe ncr eased
el ectrostat | G.shigl di of. circui,ts on both sides of the ci,rcuit.card 16.
Aot her - adv eI, B Rl Db deed herpally Bl i, i Wi o 1
segnent s 8064 Bivikeuphadpesktdndimtietéttion &t (R4t botPEHRN The \Whiiehatent er f eri ng
with the operation 15 of the termnal. The segnents could be reduced in

| engt h by hbarbn68 thatengage tednigma) side wate 5B and eesist reveevatiefthghermaepl #8 106 in

FIG ,6. The_gesultin m.nal _would have i mpedance, diff nt froma
ter rrilgal _ asai{iﬁrﬁﬁ%{e g‘@%g@\lstlﬂa#egﬂrggFﬁ%%ﬂh%ﬁggh’gggh gﬁ@@ﬂ%‘f“ﬁ@? 6!'secti ons of
the term naferfialifRetidPOmPELE Biites BY BAsBEmERSI RS armd ¥ 6Sadalit thee permts the
termnal to be tailored or tuned to specific inpedance requirenents 20

wi t hout i nt BiojestipryyS2wn bty engageresnih afik eentral spant fostio70 phidetbedyPhagainstAs can

best be seep _.in. Fl e ref.eren t erm.nal_cont .eqi 10 e at
oo gher o) eisPacsk $4, Tne tetreh E ERRAT iR RSO R I WS MR Aty BT 2 -

mat i ng edgeanBex¥énds hebethrsides bf trstbt38. i s inserted into the slot 34, it
first contacts the reference term nal contact arns 74 and reacts agai nst

the RBad-in surfAdsy d3pacsdepat beasdcpytacts 7deklead downwarherithe bofdy G ns 74w~

curf ages. 1000k aoaF s By Tns bl HAR T porle Rt EPBlom PH B AR By "oz

Peak i nsertbeurd flots eshneétahé RevaRIO0 Hheratwt bodd! TS BondieticORighmk 24
engagenent actions. The card edge connector 12 of the present invention

provi des ancepaoetad tajde meferocaicrmipalsiolaire ata refgyenaesvoliagselegronnreorpaneeyi t

board 14 an i ngl.s. 60 _an FIl G 2 D C 2002.11

illustrat es&QEW%B%@'aﬁf Wrof%ﬂthgtfzthf ﬁ%m}?f:%%rmrpa%otgggfeﬁlcg K%\;ﬁgﬁ& etoﬁe array
of phated t oieedatiee The M6t thossph i KAk Sohtddid fod e sig1e hefBehend boar d
contacts 72 and 92. A reference line 108 identifies the |ongitudinal

centerl i ne ®fminak6Giresalis inqparallsl wednrdant cincuitpathsoangi lowdhdudtansent er | i ne of the
slot 34 and the g¢enter. of tge i.nsert circuit Cci‘rfrd 1@5bA§ égrpgr ant
feature of the ¢ rp_c?tfic’ffoBB?SI‘? SPTRR AT AL YPWANS oM GiPPEY dre ™8 trical
about this geiNgQiti78ndl@&es a flexible beam with a vertical portion 76 and an inwardly

sloped portion 78. The end of the spring arm 74 includes a large segment 80 defining

30 a lead-in surface 82 and a contact region 84, When the mating edge 18 of the circuit



Thé conductive regions 24 and the board contacts 72 and 92 inserted therein
_are located in four lines all parallel to the centerline 108, two inner
lines 110 and 112 and two outer lines 114 and 116. The inner lines 110 and
112 are closer to the 10 centerline 108 than are the outer |ingg ML408nd
116. In the preferred enbodi nent, the Iines 110, 112, 114 and 116 are

equal ly spaced, but if desired the lings 110 and 112 coul d be spaced
farther apart while maintaining synmetry around the centerline 108. The

i nner | i nescarlid6anthsdriéd iafo the sibud4, ansoppesgdopair dtonédutive @adeO/erttéranwont act s
of a single type of termnal_and the outer Iine% 114 an?zél6 receive only

t he cont act §2pidhe ¢ayrics e The yatingredge | §epgages thg oppesed lgaddp surfacgs 82

ar r angenent | i -3 r I ive only
the refer eng%&{Egrshﬁﬁg%oaﬁgs%%%%@%ga%% %ﬁ%’%{éh%ﬁ@?c?@&ﬁsﬁy and 116
recei ve onl jnssitgh) e dotadt reglonb8artgnenhapids 2020 chivpleye ¢itfuitipRiserdng e nal
board contact 72 is transversely aligned with and spaced an equal distance
from fhe cefr@inal AR toths oaposeA petof Padst & ehgauchere t paihs AePreode. A
transverse LE%E}%% ciir@ﬁl‘?‘bgﬁﬁtlﬁ &%hf&?ctu?tcctﬁ ?% and illustrates this

rel ati onshi p. very srgnal term nal cont ac(% 2 also is transversely

al i gned wi th andRsfeE@EneW teBIGS, a dpsdednpart paio 6T the 8igheNkefhinaR&21DS as

anot her signal term nal contact 92. Another transverse line 120 intersects
two cont act Sroynted g each|ofshe cavities i Ihe awsepf prissialidiscrgtesigna] dgmunaleddh arr ay

resulting f Eﬂﬂértt}tfa?l :P&?@g ?etnﬂlrmf @@él%a%r}e%%}xﬁg ?eq'llnliljlatl b $ex%§1t§’ ePHl{gh Qgc&ﬁ :
conductive traces on thé circui oar ' conparrson w conventi ona
asymet r i caberityCBaéh dpmaAYEmindd 62aehldean, geh&all? yévraigtila€ laraf,ipidte like @
characteristic of a termnal pattern that facilitates connector manufacture
and assenbl Yody $6 havingunyadlyeteadingdrieation amms §featibathesnds oA he ames Hobave
contacts 72 . [ 1 1S, . ol e o) I t hr ough
hol es 24 of b%ﬁgﬁﬁaﬁeﬁ?ﬁgﬂgg}%gn#@s @d}l %%asﬁ f/%‘eé c!o © (g"éélrreéltdggﬁ gﬂbggguch as

surface nougé, thetimsERyarldebattsscid englapd BeligeRiaDsidgwall? 58 Bt theGnrd}Radsler t he
advant ages of the present invention. In addition, for some applications, it

may be possthsibedies 8@ the jagas &hrnd arbs 9o engege enpesite sidss of e retentignewalbS6.
t igal s 6 i e o £ \ g f
o tHa det at g Fre G BURRRA Y SHERHAR oD BR RET BN LEBRR 57 g °°

SO rawi ng,
these details are twatd édtiten 92 dxtendDddviniidrd tffeen §2Mddy 86 of B&chi g\t | On as

claimed in the_ appended cl ai ns. 2 3 DE C 2002 - 13
terminals 62 in the cavity 46. These contacts 92 are received in the plated through

conductive regions 24 of the circuit board 14 to connect the terminals 62 to the circuit
board 14. The conductive regions 24 connected to the signal terminals 62 are used to
20 communicate ac signals such as high frequency digital signals between the circuit -
board 14 and the circuit card 16. The board contacts 92 are transversely offset from -
the reference terminal board contacts 72 in a staggered pattern.
A spring arm 94 extends upward from each of the bodies 86. Each spring arm
94 includes a flexible beam with a vertical portion 96 and an inwardly sloped portion
25 98. The end of the spring arm 94 includes a lead-in surface 100 and a contact region
102. The two identical signal terminals 62 are loaded into opposite sides of the cavity
46 in reversed positions relative to one another. The two terminals 62 are at opposite
sides of the slot 34, and because of the reverse orientation, the two opposed spring
arms 94 slope toward one another at opposite sides of the slot 34.

30 When the mating edge 18 of the circuit card 16 is inserted into the slot 34, an



We'claim 1. An electrical circuit assenbly conprising a printed circuit
_board having a plurality of conductive regions, an electrical connector
having an el ongated insulated housing with a | ongitudinal axrleﬁ g?@rality
of generally planar, electrical termnals nmounted in said housing) e

pl ane of each electrical termnal being generally perpendicular to said

| ongi tudi nal axis, and each el ectrical 9term nal having at |east one board
contact extending from said housing for connection to said conductive

regi ons, Bamp%@gmr elgenductiveads %emewmjmhmfdxer@grtwﬁ%dé‘hs matige a

lurality of, conduct th t endi d t b d d
Ponnact o, <0 beaaeas SO PTGl nater TUERR RO st Ry fEtya g~
si gnal pat héeffe@f oﬁs@{aér)ﬂengNﬂéxQﬂBefcﬁx‘ﬁQl‘éﬁQ(erll)slhgé}?édst}ér&Gn@cﬁ%gi%ﬂgléyaﬁgag@l ng

reference paths for carrying ground and power signals, each of said paths
i ncl udi ng othe pads Zhioccopydetd coouit paths framdhe teemofalsed t thonphased par p@m ns,

d th d fall d t hs ed | e |
Two. opposed2i it SIS0 ARt ETORRS S0 SuPervTY Abea T BCROSEA R bei g
general Iy pagmkdtfins @bt Badt Rﬁﬁiletoﬁ‘%ééalcoﬁt)éétspa% 2681 SbpdsissitedoaREbir@ad d path

in one of said inner |ines bel ng aterally aligned with a path in the other
of said inneardlbnes to define ' pai rs of |nner pat hs and each said path in

one of said out e | i nes bei.n I at er . ned a ath in the other of
said outer Ii nes BRUER PRSI ,tgmma (96 15y é)gtlﬂgne\qlé"d y adjageri 49 pre @fthe 5 o
first type ﬁkére&%'t&ﬂngﬁ%a{rftﬁ?@g tfié @ eét%i‘ 9 of ﬂf&gﬁésehf 1ﬂ€§nt{%'ﬁqn§§ﬂé1Apat hs of

said second type al ei ng positioned along said outer Ilnes .
el ectlfi cal wimeng teanmrindty gaerailyaiesigoated a1 G4, each mbledmigrelesalybspacedemd| i nes

|nclude onl ferenepath sai.d .oyter_ |jnes i | ude only signal
ot ho. 3. AP GEToE AL gt ASEURHE OO 284 6.0 Dhe 8T S CTARhISTRHLP n
every pal rod4 k3h&hARk rrc?é I60RaY Witd Bl hoﬂahg%loau&éd a) RYEL mdrk BEfhel S

| ateral |y adjacent an aligned pair of refefence paths in said inner |ines.
4. An el ect stiwtire of ﬂxeumnmaiSerrﬂhyhme&Imdrmﬂbodmmt af theanhn@DBJ gackesgdry pair

of laterall ed si pat hs in ut er es i er al.| t ween
two ali gned}/%g Lglgsrarla c@%@ffeﬁeﬁf ﬁbeﬁ éPPIi’ﬂ?éF PRIRE Slg@sa 1 fegningle8f | cal
connggt or aﬁ&g:?ﬁﬁk%g%ﬁaf%@fnmldn%aﬁ' g%r. t&om'é%‘? ot elafé ﬁ&é&ﬁ gpptacts are

solder tails con ductive r ons are oug hol es. 23D
E C 2002 - refereee aAd two digrdierminals @c bne re‘fmncermﬂrm signel terrginal jordach ed

circuit board onducti ye contac ions and .a r vabl e
circuit car¥t hg\/t}(‘ g%fe’ﬁﬁd‘?rﬂgf’dé’dﬁ%t "'trﬁg‘ﬂéfmﬁgJ a? trrminal Gavifiesy ‘g‘{gmaﬁ?@'ﬁ%d act
pads, said gay ﬂt&ﬂﬂ&l%ﬁﬂﬂ%w%u‘éﬁmdﬂd’& otfér @Jnﬁgﬁﬁhsﬁs HfeHSs RYo f or med  of

i nsul ating nmateri al having a mating surface,; el ongated slot in said
mating sur f adjecent sigral derhunal icagtiesd4 betweeryeach peiriof refetenegyteadipal edvitiesi d

circyjt card, said slat el ongat ed l.i ne.t her alon
coi ngbdr ng with éﬁée%ﬁﬁégoé]g%‘g?dné?& F{‘lnégﬁf’d&%@ﬁ rﬁ@feé’d agﬁgpﬁ ty oM
transver sel ﬁu@l@l?@gﬁd’&o%}@t‘br{h@ ir Bfeﬁ%ia\f kdHhirtAY 63, 'lqr% rbf@re‘h@é @Erﬁm kg, each

cavity extending to bot of sard slot; and a plurality of conducti ve
term nal s nmbaﬁanhlall)mmmeld overlies orshadows ﬂletsegnlai eahmalsre?. Uiengfeféncet and

second groups nal.s, one. of said groups, bej.n ignal .termnals for
conducti ng W&‘ @‘@g‘\rﬁé’é‘ﬁe%&%{h&%ﬁ?é@alp‘&%g‘d“b%dé‘?sgsé' efer¥%fd and said
cont act regreﬁﬁeafr?o@ﬁr? gnl‘éf%&%'e?orﬁocﬁé Qﬁteﬁngteé 88hal Urnifd1bolles BBy NY

BD
ref erence term na ing groun r connecti ons befween others
of sd@bd conprevisionaxfthacshtrahspinporticac0 mgayodmwnvmdld extendingahs béxdi rat

general ly planar and including sprin t in nto.said slot for
contacti ng G858 g’e?cli ab‘ﬁ?&m S&F%S%E? f“gﬂc?% gﬁ'@%ﬁ@l\ ft”élaf therein and
board cont alehigx f ﬁ'ﬂe‘fh {HeRGar® Bodiof 90! act

regi ons of sard C?f?fgﬁ?%‘&goivr@ghﬁ%g%é@ oar ggcaiddrqré ggtgﬁsﬁ?%r ea?l g? tohe si gnal
and ref er enTle tignatieralisal vontatteetams 74 areloveniaki iygthe asfetenes temmimycgeamtr al |y
arrayed solely in tour lines parallel to said centerline saidtour |ines

i ncl udi ng aPFamsmsrexcepidonihg S%”(S’BP@Ft 1egiqas &0¢- e Llif CoRyRCHPN ERKIMiZENt r el i ne
wher g n t wo, t 0% ein both of
sai d oard coﬁéu)llﬁ %) gthgf% @hﬁﬁgﬁ?&o@nééﬁg@%&#&;& rﬁagﬂfromd:rﬁlgﬂga}?r% group of
termnals, said inner lines include only board contacts of said first group
of terminals and said outer |ines include only board contacts of said
second group of termnals. 7. A card edge connector as clained in claim®6
wherein said first group of termnals are said reference termnals and said
second group of termnals are said signal termnals. 8 A card edge
connector as clainmed in claim7 wherein each cavity containing at |east one
of Said signal termnals 2 3 DEC2002 - 15 is adjacent to a cavity
cont ai ni ng at Ieast one of said reference termnals. 9. A card edge

e [ I L Y. Y T N T L e " T . o




an el ongated insul ative housing including an elongated circuit card
_receiving slot having a longitudinal axis a plurality of termnal receiving
cavities extending per pendicularly to said slot and extending to bath
sides of said slot; a plurality of termnals nounted in said vitjes, said
termnals including a plurality of identical term nal sets n%:}?ﬂgecdﬂﬂﬁzn

paral l el face-to-face relation in adjagent ones of said term nal receiving
cavities; each of said termnal sets inctuding a reference termnal in one
cavity ext emolistajk beswbat $igsdl peths ofThe sdlativelyomassng struptire obthe referetéecal  si gnal
termnals in said adjacent, cavity; .said signal term nals being oppositel
oriented arf@THBRRY r&b‘é“ﬁ%é@&%ﬁ Wﬁ’ﬁééﬁ"’?e Si ges of said slot; agd ggi d Y

reference term ngle éﬂ?a\f%&gse%@ﬁ@%b%lé!t% r@%e?é}ﬁéé rﬂli@%hhn‘ﬁ& %H%Wéi ?&Ji%é’& ng a
pair of flexible spring ar extendi ng upwar ?y rom sai o;?an a pair
of board cdafgastufacexirenslieflgingakeevals dif yhef sigiil sstmthab ooktacttahres p4.aBecanke sai d

body bei ng tgeneral |y perpendicular to said |ongitudinal axis of said slot.
r

15. The cartBessdggneissaeduger han rqairad for thieanypptiona] meshagicl andslastiiedls have
a general ly, r I =41 o} = N vefaisat & a single
flexible spf}lﬁér\tgdﬁgpm}gft%éﬁaé %@J%vg%%?{}dc}eﬁg%i ésgiogeﬁéz}y' gnﬁcdg‘é&gi?%gl e board
cont act extsepiemg 80 providy slvgral imyportat finbidehs, They thdvedy chgiling tg ereasignal v
perpendi cular to said |ongitudinal axis of said slot. 16, A card_ edge

connect or figimingls &2 drtheataignifcantlyaddinganass e fHoetienal parthal/the termingl G’é‘g ive
contact regj J i J: havi ig. edge
wtha pl urenplyiBedal GERKANLA BEOMFCTRY e § 0 SuY A Aol O 10,
conpl® si ng:inareacTho@8é 6fnuinercudgich e¢ferbcoferthinglsl 60t dlNighvivg! @rergdide and having a
mating surface; an elongated slot in said mating surface of sajd housing
for recei viSSEMERE in HrimmgiricakgTayrat bathcides of thetcircyit gardskd proides ingesgsady an

el ongated c L0g. . e L LQInci di hth: er of said circuit
card when neg{%@?gagpgpﬁlrlag{gi@fﬁggt{@aﬁé\%g#@%?%%%%ﬂﬁ?%g%ér m nal receiving
cavities in sai dAfmberiadgantegeodt thavvdryizesdgatedisrgY is thdy didsizd afithe sfgnseatsd sl ot ;
and a plurality of_ conductive first and second termpalts unted in said
cavities, < @nbeciangsddo §@B§M€fmlé@1rﬁnﬁa¢%’%&IWQUHPFGF@P@EMIIS% the APSTAlRTE]

saidy¢erm ' [ [ j ' [ into
sai 'l or 1e HRMET TR Sl oBiiThe thdioeR BPMAGH AR HhaRTREN
inserted thenles hrokérdlingalesighnied ac1tH iQFIEN6L The fesaltinga¢rehihal wedud@hdveran
contacting said contact regions of said circuit board, said contact
portions ofimpgdanse diffgrentiiqns ¢ texminal ag Bhgtrated withdprgensagmynts| §0s dhhopgh s aj d
mati ng surf i i . f { irst and
second ter rﬁq %%ISgé,}?o;ﬂgi%gt}%it?@?h?g}rl?ﬁpﬁgpstgEéf%eséé&g%fr?%}:ﬁ%{/ze% tgﬁgﬂrsgu%ai d board
contact s f qrermitd theftertdinalfto bs taikvest creamstdcotspedific ahsedaneatequiremerssii d housi ng
cavities being ar ed solely in faour, |ines paralle] to said centerline,

ra
sai d?9 our |'WitRRNE irererEE vt Hiemgrdanical funclicg of shedstBinal i ne on each si de of ==~
said centerline; nel i 3 .

cavity; wherein %% %@éﬁ%g{%@gg g?qg%?eéﬁ?l{%@ﬁ at§ 8%5(%2?%&??2023%\?% in
sai d i nner dhigks ekvetiGmihan ligedi ghat cetinéreall 8omihct 3egionssst OWlheh etehatirigsedgee onl y
in said outer lines., - 17 17. A card edge connector as clainmed in claim
16 wher ei n Sfdhe pircit qagd b9 idnseried intp dhesyl it fEptRoRtacs kPR second
term nal s S ﬁ-EfE'- ) . oAl : inmed in
claim17 vﬁé&réllﬁ%@eag{caﬁ{ cavi7'?';a/dn ?5%%25. arﬁ?f1 r?gﬂgltg l%gggts onegg qééél’%glegllhgnal

ternkhal s ideflact crgepuratt thecarfdVidt \Thereafter, thengatirig daehedgedideconfacsahel ref erence

termnals. 19. A card edge connector as clainmed in claim18 wherein each

cavity contsigna tegmimal leadun syfacest 0anddedlests o sensratesthe signal tearinglen t wo
cavities caq i N t / ' ' A card
cdge connoc bl R pelR flseld0R Bloo S Red BLEbE RERrd o ThelB oo coltace,

pl anar st arepgagdment 8ionk. metal . 21. A card edge connector as clainmed in

cl aim 20 wherein said board contacts are solder tails. 22. A card edge
connect or as cl alheedrd edgelcanpgci® Il tg preeant nvention Bioyidss ap adYAnEREOUSHC| udes
one sai ri e.of . sal t : o] { d

Si gngé ter %%&Ioggg?lg{ %sﬁ?e Q&nthgﬁggﬁtgﬁ???ﬁ\%n {iﬁ&c}%%ﬁlo? ﬁ;&gia%)ﬁglzgfggﬁ?é
termnal on each side of said slot. 23. A card edge connector as clainmed in
claim 16 wherein each said reference termnal includes two of said spring
arnms and two of said board contacts and said reference termnals are
nounted one to a cavity with said spring arns and board contacts on
opposite sides of said slot. 2 3 D E C 2002 . AY. AFF. Ay% Af. A A, . A s. A3. A
LA AY.A{s2. A .A5 AEA3T.AY



n! 5Q93+6- | wr mhc”Y] ca] ca] ca] c: a] cLa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
.a]jca] c*a] ca] ca] ca] ca] c*a]c”alc™halc(alUc(ajcaUc a R ]o

- 0@ ~o*{L| wnhc”~Y] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] ca] ca]ca] ca] ca]ca] calca]ca]calcalcalcalcal<// b sL@&=[7& w 0

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]%é] ég]zgﬂgl] ca] ca]
cMalcalcalcalcalcalcalcalcalcaljcalw 11

Tibldl T ${$$% WRME} &&! ' t' u' () h))*T*** |, v, {vqgl gb] X] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]lmld}asa]fc@m}mbm]om]fu&] drhiit dbad] iasheaimpthe atrepbplagedal cal cal
caljcalv,,-h-- /000 1X2n22373344

A 45f 556V\7117ﬂl% ﬁﬁendnqlﬁafecgée@a?}“dalj%lalp @’él}@’a‘ixéﬁ]déé’]a%‘}@éﬁ%sa]%ﬁ]dc% cal cal ¢

gﬂugigﬂggLﬁk&&%ﬁ%&@%@g@%@%ﬁ ﬁ%fr]l C a?‘le_ﬂﬁ? X] %4 mle% f\ﬂtc ajcalc

a] ca] ca] ca] al@e} aitadisdcemba ik of kieadiordacaliand Cehldrlf ¢ted Iﬁﬁdrfeﬂldh@ﬁfl ¢allqg] ca! &ZG
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112 of through holes 24 receive only the reference terminal board contacts 72 and the

outer lines 114 and 116 receive only signal terminal board contacts 92.
Every reference terminal board contact 72 is transversely aligned with and
spaced an equal distance from the centerline 108 as another reference terminal contact
20 72. A transverse line 118 intersects two contacts 72 and illustrates this relationship. —
Every signal terminal contact 92 also is transversely aligned with and spaced an equal -
distance from the centerline 108 as another signal terminal contact 92. Another
transverse line 120 intersects two contacts 92 and illustrates this relationship.
The circuit path array resulting from the present invention can facilitate
25 routing of conductive traces on the circuit board 14 in comparison with conventional
asymmetrical circuit arrays. In addition, the symmetrical array is a characteristic of a
terminal pattern that facilitates connector manufacture and assembly:.
In the preferred embodiment of the invention, the board contacts 72 and 92 are
solder tails that are soldered to the plated through holes 24 of the circuit board 14.

30 Other types of board contacts such as surface mount feet may be used, while retaining
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ql xis. and each electrical termina havmg at
lcast one board contau c'(lcndmg from said housing for
connection to said conductive regions, said board contacts
and said conductive regions defining a plurality of conduc-
tive paths extending between said circuit board and said
connector, said conductive paths being of two types, a first
tvpe being signal paths for carrying high frequency signals
and a second type being reference paths for carrying ground
and power signals, each of said paths including one of said
board contacts and one of said conductive regions, said paths
being arrayed as follows:
said paths being arrayed solely along two opposed inner
lines and two opposed outer lines, each said line being
generally parallel to the longitudinal axis of said hous-
ing;
each said path in one of said inner lines being laterally
aligned with a path in the other of said inner lines to
define pairs of inner paths and each said path in one of
said outer lines being laterally aligned with a path in the
other of said outer lines to define pairs of outer paths;

and -

said paths of said first type all being positioned along said -
inner lines and said paths of said second type all being
positioned along said outer lines.

2. An electrical circuit assembly as claimed in claim 1
wherein said inner lines include only reference paths and
said outer lines include only signal paths.

3. An electrical circuit assembly as claimed in claim 2
wherein every pair of laterally aligned signal paths in said
outer lines is laterally adjacent an aligned pair of reference
paths in said inner lines.

4. An electrical circuit assembly as claimed in claim 2
wherein every pair of laterally aligned signal paths in said
outer lines is laterally between two aligned pairs of reference
paths in said inner lines.

* 8. An electrical connector assembly as claimed in claim 1
wherein said board contacts are solder tails and said con-
ductive regions are plated thrbugh holes.
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for receiving said mating edge of said circuit card, said
slot having an elongated centerline therealong coincid-
ing with the center of said circuit card when mated,;

a plurality of transversely extending terminal receiving
cavities in said housing, each cavity extending to both
sides of said slot; and

a plurality of conductive terminals mounted in said
cavities, said terminals including first and second
groups of terminals, one of said groups being signal
terminals for conducting signals between said contact
pads of said circuit card and said contact regions of said
circuit board, the other of said groups being reference
terminals for making ground and power connections
between others of said contact pads and said contact
regions;

said terminals being generally planar and including spring
arms extending into said slot for contacting said contact
pads of said circuit card when inserted therein and
board contacts extending from said housing for con-
tacting said contact regions of said circuit board;
said board contacts for all of the signal and reference

terminals mounted in said housing cavities being gen- -
erally arrayed solely in four lines parallel to said

centerline, said four lines including an inner line and an

outer line on each side of said centerline;

wherein two of said board contacts extend from each

cavity;

wherein both of said board contacts extending from each

cavity are from the same group of terminals, said inner
lines include only board contacts of said first group of
terminals and said outer lines include only board con-
tacts ot said second group of terminals.

7. A card edge connector as claimed in claim 6 wherein
said first group of terminals are said reference terminals and
said second group of terminals are said signal terminals.

8. A card edge connector as claimed in claim 7 wherein
each cavity containing at least one of said signal terminals
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reference terminals.

9. A card edge connector as claimed in claim 8 wherein
each cavity containing at least one of said signal terminals
is between two cavilies containing at least one of said
reference terminpals.

10. A card edge connector as claimed in claim 6 wherein
said terminals are flat, planer stamped plates of metal.

11. A card edge connector as claimed in claim 10 wherein
said board contacts are solder tails.

12. A card edge connector as claimed in claim 6 wherein
each said signal terminal includes one of said spring arms
and one said board contacts and two of said signal terminals
are mounted in each cavity with one of said signal terminal
on each side of said slot.

13. A card edge connector as claimed in claim 6 wherein
each said reference terminal includes two of said spring
arms and two of said board contacts and said reference
terminals are mounted one to a cavity with said spring arms
and board contacts on opposite sides of said slot.

14. A card edge connector comprising.

an elongated insulative housing including an elongated
circuit card receiving slot having a longitudinal axis;

a plurality of terminal receiving cavities extending per-
pendicularly to said slot and extending to both sides of
said slot;

a plurality of terminals mounted in said cavities,

said terminals including a plurality of identical terminal
sets mounted in parallel face-to-face relation in adja-
cent ones of said terminal receiving cavities;

cach of said terminal sets including a reference terminal
in one cavity extending to both sides of said slot and a
pair of identical signal terminals in said adjacent cavity;

said signal terminals being oppositely oriented and being
disposed on opposite sides of said slot; and

said reference terminal having a generally planar, plate-
like body including a pair of flexible spring arms
extending upwardly from said body and a pair of board
contacts extending downwardly from said body, the
plane of said body being generally perpendicular to
said longitudinal axis of said slot.

15. The card edge connector of claim 14 wherein said

signal terminals have a generally planar, plate-like body and

109@& () -, L109%& () - $s109%%& () -
10Z 10Z

1092& ()- y109@Z& ()-109Z& () - eeei Njj xkzY7mbC 10! !

109@2Z& ()-1!" 109%x& ()-'! 109%&z& ()-'!{
10%>& ()-' F109&Z& () - xkkl | mOnnwU3nbC 1!
1092Z& ()-! ( 109®Z& ()-! ( 109%s& ()-T# "10%} & ()-nnnnnoooMp_= 1!!(0
10965& () - 3&10%& () - 940%& ()- 10Z 10Z 10Z

109228 ()-! ( 109%&z&' 1 §DEC @00

10



10986 % & ()-3! (0 10%"& ()-3!#0 109%00& ()-3!#0 10965& () - 3uvzwwwwx} oM= 1! 0
10%<<! SMLO% h h& ()- 10<< 10<< 10<<! 10%<& ()-3! 10%<& ()-3!0

" 10%<<& ()-3xTxyyyz| zX6M= 111{ y10% h h& ()-2!{ y10% h h& ()-2! y10% h

h& ()-2! y10% h h& ()-2'h y10% h h& ()-2 y10% h& ()-2|)||}H}~wU3ME 110
y10%&h&h& ()-2!'0 y10% h! h& ()-2!0 y10%, & ()-2! yl0%h& ()-2!0

y10% h(h& ()-2!0 y10%s1s& ()-2~~, }oP1 £ Y&09&' ()-f10%&' ()- 10713 BECLICh h

| 0 () 2! 0 ; ! - 21 ! - A
100 ()" a1 100 (JgF IR oficRatifuphinth o SakPoFt 12

dy and a sir}gle board contact extending downwardly from
said body, said body being generally perpendicular to said
longitudinal axis of said slot.

16. A card edge connector for interconnecting a printed
circuit board having conductive contact regions and a
removable printed circuit card having a mating edge with a
plurality of conductive contact pads, said card edge connec-
tor comprising:

an elongated housing formed of insulating material and

having a mating surfacg;

an elongated slot in said mating surface of said housing

for receiving said mating edge of said circuit card, said
slot having an elongated centerline therealong coincid-
ing with the center of said circuit card when mated;

a plurality of transversely extending terminal receiving
cavities in said housing, each cavity extending to both
sides of said slot; and

a plurality of conductive first and second terminals
mounted in said cavities, said first and second terminals
being differently configured, said terminals including’
spring arms with contact portions extending into said
slot for contacting said contact pads of said circuit card
when inserted therein and board contacts extending
from said housing for contacting said contact regions of
said circuit board, said contact portions ot one of said
first and second terminals being closer to said mating
surface than said contact portions of the other of said -
first and second terminals, said first terminals being
generally planar;

said board contacts for all of the first and second terminals
mounted in said housing cavities being arrayed solely
in four lines parallel to said centerline, said four lines
including an inner line and an outer line on each side of
said centerline;

wherein two of said board contacts extend from each
cavity;

wherein said board contacts of said first terminals lie only
in said inner lines and said board contacts of said
second terminals lie only in said outer lines.
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is adjacent to a cavity containing at least one of said
reference terminals.

19. A card edge connector as claimed in claim 18 wherein
each cavity containing at least one of said signal terminals
is between two cavities containing at least one of said
reference terminals.

20. A card edge connector as claimed in claim 16 wherein
said terminals are flat, planar stamped plates of metal.

21. A card edge connector as claimed in claim 20 wherein
said board contacts are solder tails.

22. A card edge connector as claimed in claim 16 wherein
each said signal terminal includes one of said spring arms
and one of said board contacts and two of said signal
terminals are mounted in each cavity with one of said signal
terminal on each side of said slot.

23. A card edge connector as claimed in claim 16 wherein
each said reference terminal includes two of said spring
arms and two of said board contacts and said reference
terminals are mounted one to a cavity with said spring arms
and board contacts on opposite sides of said slot.



