WD 01/-06603 PCT/ US00/ 19490 12 JAN 2004 | NTELLI GENT | DENTI FI ABLE CONNECTORS
Backgr ou I nvention The present invention rel ates rally to
connect o?‘g)gﬂ;{%wfmre particularly to input-output style cdﬂ‘ﬁz&"&?g, 0

i ncluding connectors that are used to connect signal cables, especially 5
hi gh- speed signal cables, to an electronic device, such as 3 ﬁgﬁﬂuter
Many el ectroni c devices, such as conputers, include t r ans itk lines to
transmt signals from pefﬂﬁh@L@NTd?NﬁWFIABﬁ.‘ECfDmECPOR\Si deo caneras, conpact
di sc players or the like to the 10 not herboard of the computer. These
transm ssion lines incorporate signal cables that are capabl e of

hi gh-speed data transnissions. |In nost applications, the signal cable

ext ends BXgkgreup@ecLli RASHAE BR8N device itself or a connector on the

i pheral deyi | o h her hoar d. h
Ponnoetors ar Lhe Cobs@nf PRRFERP] SHOURN EH NG IE 091 UL BOREnet R ot R Rhe, L

of el ectuicare cpaleviealarThetsi zapot -sueputcenpet ebanaBY ok ¥pi ¢akhyudiggabout
8nm by 6mm thereby | eaving a connector designer onlg 48m?P of area in
whi ch’™ t FURRTEPL S apPRrbpRFatL BSEBnhecFERNEEEUELERBL aRBPEBApoRERES 1Rd 1oT der
achj eve pailesiied Leyshy OLaPELLOT EBNGR BlcbREARBNAELREe SLUBA Jca0l &
construction may use What are known as one or nobre tw sted pairs of wires
t hat ar ecampistesd. t oget her al ong the |length of the cable, with each such
tw sted pair being encjrcled b¥.an assocj at ed groundi ng shiilg. These
twisted pair Wt?i?ﬁﬁf??l?e@% VE®EonplF ﬁFaFngPIjﬁEF'vbPF YE§, i.e., one
wre ofetfigsmessi BAY1 $REs fitd‘thaMQJni;Ség?ﬁblsV\htbﬁ pbeiphBerIWieeieks the
pair may see a -1.0 volt signal. As signal cables are routed within a
conput ersugtheds nayvpaee ymeramearo@pactr 8hFe PHayeresosnthielésgpivethe
mof er b?ﬁc{&%’@%&&&rc‘é‘?t @h%hgérﬁplgt\f\@r?’o ShEELT LEahLflds1dResEndEYi ces have
t he" potential to create -

incorporate signal cables that are capable of high-speed data

i 7 e

transmissions. In most applications, the signal cable extends
from either the peripheral device itself or a connector on the
peripheral device to a connector mounted on the motherboard.

15 These connectors are quite small in keeping with the trend
toward reduced size of electronic devices. The size of such
connectors may typically be about 8mm by 6mm, thereby leaving a
connector designer only 48mm’ of area in which to develop
appropriate connector structure and components in order achieve
a desired level of performance of the connector.

Signal cable construction may use what are known as one or
more twisted pairs of wires that are twisted together along the
length of the cable, with each such twisted pair being encircled
by an associated grcunding shield. These twisted pairs

25 typically receive complimentary signal voltages, i.e., one wire
of the pair may see a +1.0 volt signal, while the other wire of
the pair may see a -1.0 volt signal. As signal cables are
routed within a computer, they may pass by or near electronic
devices on the computef motherboard which create their own

30 electric field. These devices have the potential to create




12 JAN 2004 electromagnetic interference to transnission |ines such as the
af orenenti oned signal cables. However, this twisted pair construction

m nim zes or dimnishes any induced electrical fields and t ﬁpggm
elimnates el ectromagnetic interference. 5 In one current on

" these- s&]geatrolabgaetaCe intemfexenceetoi transmd sdibheldniass @g@qhs depnepse
wth p Qﬂg& C t hr eeds 1600 -gnd 3200
negab|%gf peréé%%gﬁ%B ??99%2 é%gzgs RQQ§SEVe ﬁésk Hﬁﬁth PR&Tel ect roni ¢
devi ce,canft gevt tenrmuynimizes bo damnnmshesnhaynahdaceaueléctﬁlbﬁlﬁatCh t he

h f d bl
| heor paa e HEE(ChEbaty Elindhatf E8kfrompobiitashEeritsenne. connector
i 9sel f. Unitld Sratedrranbnappbication, 7tbedessigead eabkkschrica
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term nal s, and a neans- provi de errin
bet weeReviiGiag and th@%ctbrgeoﬂpeh@St@nec&@meslsmntemda3290omeghblts

t er mi ngeed gildithd Thuse ¢he W%Prtﬁé%&ﬂf@%%wﬁ? %gﬁ Eggggl—oh‘?c

715 c QVv.,acon” in Y& faned Pat-- 4,41
Vilge, |the r%ﬁv1%dm¥éwiat%hgwa|vqmu@am@%rm& oShhcuitsrbo cabl e

wothl Nmiateh? @ o eaisii HEien Spedd é&ﬁé@ilf@ﬁﬁ%%ﬁ@ @%bi@e cepnegt or
t hr oug econ %blﬁ In order to naintain electrical perfornmance

i nt egr Fpﬁ RS &P tIRFXRIALY A Freate bR viekermine sther speed.
desi rablfethbocahﬂaﬂ rua;csuim ardnrdtor asdelf . | npedance t hroughout the 25

b coont ool PoisE SeARL Santde W Ol A4, AL 4G de i Rlectricatn
t hat |con§ecrtpm baviing toentsapandte mqtﬂc@wc:muﬁrmnrmmrmtt corasadch as
ihe i npedaRag1af rey %&r@a%racewgtgf - & sffér'ltyrgég%"éthfo D-f0Sg

connect Qr and acr oss e i nt e connec
conponEAEEalpt %W dnstiyigusl anngluctermioft dihe £wiestatddes mpedance

t hr oughBterhA21¢OBFeEHY tMhidated PIREL | Gl W Ydridt U hclosed
in United States Patent No. 4,412,715 discloses a connector that |
modifies a signal that passes through a first ecable within the

- 20- connector prior to it traveling outside of the connector through
a second cable,

~In order to maintain electrical performance integrity from
the cable to the circuitry of the device, it is further desirable
to obtgin a substantially constant impedance throughout the

25 transmission line, from circuit to circuit and to avoid large

. discontinuities in the impedance of the transmission line. It is
i known that it is difficult to control the impedance of a |
connector inasmuch as the impedance of a conventional commector

typically drops through the connector and across the interface:of

30 the two mating connector components. It is therefore desirable
to maintain a desired impedance throughout the connector and its
connection to the circuit board.

The present invention is therefore directed to a cable
connector for providing & connection between high-speed cables




The present invention is therefore directed to a cable connector for
providing a connection between high-speed cables 2 12 JAN 2004 and a
printed circuit board. that provides a reliable connection wth a high

| evel of performance. Summary of the I'nvention Accordingly, 1i2tJANSIH

gener al ] ; thd Nt i : d o) tor f
R iy i P L A RSt L Rt

di sconMifdy & highupiehof RRRERXMANGS. nini m zed so as to better attenpt
to match the inpedance of the transmission line. . 10 2A WD 01/ 06603
PCT/ USQO/ 19490 12 JAN 7004 Anot her object of the present invention is to
provi dEuEMaEy ofcthe JrgRliont | nterengaging first and second connectors
wher ei n _theAfddo&uie@lp,qc,tm 196 Wit TRPHedt) S8l i dlenS ! flvention

i nfornmation, ch as for ex | e, the transni ssion speed 5 of a high speed

S

cabl e, EANBIONE A8e 8 d THAYRD SOMBALRF £01 HahrAPacd (v L LARFMES SR
i nf or nebhABCtd oReCiin wWhich tiee ingladdtide iaddbntieividly [dh@siehebj ect of
t he present invention i,s to . provide an input-oqutput connectqQr assenbly
havi ng®PRPEFERFagEn L TiPLAGH Sth@s &K Refdsd AhHfaRtoto mahe engaged,
pr ovi dempedanegec bifothze thwasinnd sedldre lan@k .a printed circuit board, wherein
_ P e of the connectors is termnated to the cable and the other connector

term nated to the circuit board, the one connector having neans for
conveying status information of the cable 15 through the other connector to
the circuit board, such as the speed of the cable, the one connector
including a nest fornmed in the housing thereof, and the nest having an’
el ectroni ¢ conponent
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for interconnecting a status information termnal with an associ ated

term nal ‘g{}“ﬁ/ﬁfﬁ {;jne connector, the conponent 20 affecting a signal
transmtt 8ligh the other terninal in a manner that iPI/E54048490he
status information to circuitry on the <circuit board. In rfﬁé“?[ﬁ obtain
t he aforerrentl_%noncq,ge&pb' ect s Cgt_g I n one ri nci pal .aspect of _ &/ention
that is exenptitied By Sie R PERES t HeYeRF1°8 LFatBsPrAVAARARI on
det ect | eorimaiioe dssantly ¢ Middenddeisgnf ings QhaasblbEgacaBpaeLekkhat
identifies certain information on the status of a cable, circuit, or other

conponefh st &hed figFathepmartconntee budes oa t hears r tui debeaminiog t he

el ectrory Vi . t l.hfo o) ertain_to 30.the speed af

t he cablryet%tég%mlg%oer q-'g't e%dl}g %%r@r@%t%’r‘éﬁ%%% ey Ejé?{}ﬁmfﬁsilagnFP?ﬁgone
of & hr eeft ypiltiah cyisled] spddds: HOD,tHE00econd 32OneeE8bi havpag second. In
this type of caqnstruction, one or nore termnals of the plug connector are
dedi cat é& qaﬁetﬁé'tqﬁ"é’qyn 151G B pEeformat igmn o4 08603r Pt USO0L 18490
12 JAN 20QL%Ehe thpysi ng of the plug connector may be provided with a nest,
or recess, that extends between a term nal dedicated to status information
and anot her tYetmistalll smofthas tdig geonwesf griveinpresentm iaventfbenngst tbol ds an
el ectronic ¢ Qnent__such %3&%5 resistor, a capacitor or the like in an

ori ent aB"EN 25§ ERarBE ~ < ST RTRET I U RRVIDY IRBRTENIRELINE W0
afior eneplienesd reidiptakie ERRIrRicAdisSs EHAE Nthe Pl eddogPh UG FOPDGET QT 1S

engaged by an opposing status terminal |ocated in an opposing mating
connect ENIEgitd oxt Pekyeesr gi fablies angd m retisred checweit cdard 1 Owherednso

(Dot S, By R A9.L Sl P 01 e SSOREE g A SRR
i s usedcamntele o iidgitegmiaapedento tHee citccil thdoat d €he Conhé r YonByctead
VO'tageh%%i%%dnég%%u%grtEgnveying status information of the cable
15 through the other connector to the circuit board, such as the
speed ot the cable, the one connector inciuding a nest formed in
the housing thereof, and the nest having an electronic component
for intercomnecting a status information terminal with an
assocliated terminal of the one connector, the component
20 affecting a signal transmitted through the other terminal in a
manner that indicates the status information to circuitry on the
circuit board.
In order to obtain the aforementioned objects, and in one
principal aspect of the invention that is exemplified by one
25 embodiment thereof, a status information detection feature is
provided within the confines of a plug connector that identifies
certain information on the status of a cable, circuit, or other
component connected to the plug connector, to the circuit board
of the electronic device. The status information may pertain to
30 the speed of the cable terminated to the plug connectors and may
serve to identify one of three typical cable speeds: 800, 1600
or 3200 megabits per second.
In this type of construction, oneé or more terminals of the

plug connector are dedicated to the status information aspect.
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15 status termnal and read its value to determine the speed of the cable.
When the el ectronic bridging conponent is a capacitor, the circuit board

circui triwoignedsse to read the voltage rise over time trangiinidosgodolr ough
the status termnal and thereby determ ne the cable speed. 20 These and

other objects, features and advantages of the present invdtlAddlii|| be
cl earl )E‘hmchmsihmgi ohrohghplognsbdeeatioonmafy tlee prohMicdsdgricdt & ekt ,
description. UPS on o=rne_Lr

i th f th |1
Getsi | BF qEcsssy Dnst PErepaRBerrrRng harmiggl %§%&5@&%§{ao s ngs

wher ei rlﬂﬁé&%natrfé&rﬁﬂﬁeaﬂéﬁﬁé@ gehrfgRhnf Y sicke sRakthe g%d-‘rta FIG 1A
is an el evational view of a cabl e connector assenbl y of the I nvention in

pI ace dremnuialkui tThoandsdf hahds3enekderropng cdevimpenientusiucit iam an '
internal". environnent _in_ _which he%ﬁgesent nventl%n has ut| i t%% FlG 1B

an éie%faﬁ Brral & v f‘t?\rcgﬁl Ehgo ct of agss?é:&i?ln act):f “he'S tc?h in

pl ace QLecittdrcilt tcmpéﬂeﬁt Biidgkect benshodew Céth&n(im@('fa@&ﬁ:léwarttﬂdr{lﬁi
exterior of the device to -4 WD 01/ 06603 PCT/ USQ0/ 19490 12 JAN 1004
i |1 ust e lext eFRal Stakver ERFEADALNOR TSRS PHET COIRRCE A \icghtigRFRIRe

tilit f f
util| 3&386 nnecﬁﬁ%%é%ﬁﬁsg%gkﬁgege%?ma? ééc‘é%@'cflglo%h'i‘ae%?‘i{oél gmf‘aee; iH tO a

socket tructed I n accordance wt rin
pr esentcomesritdown thaisi statiubabkerfioal reutEnmg narttea atq)ltlhiﬁt enmumu t

board and openin ej ther the terior or exteriaqr he el ectronic
1 oo Dm0 €hal Ehe SERbUS 1rluehrting CorrEraty fiodtt | nner
shi el d Qfpdda&onnest 9Fr8ELF Gomplet@sFhGeed cick e RREIRAC I M WA OW Oft e

cable with a plug connector term nated thereto for engagenment with the
socket circuit board.

When a resistor is used as the bridging component, the

circuit board circuitry may read voltage passed through the

15 status terminal and read its value to determine the speed of the
cable. When the electronic bridging component is a capacitor,
the circuit board circuitry is able to read the voltage rise
over time transmitted through the status terminal and thereby
determine the cable speed.

20 These and other objects, features and advantages of the

present invention will be clearly understood through

consideration of the following detailed description.

Brief D s ¢ the I .

25 In the course of the following detailed description,
reference will be made to the accompanying drawings wherein like
reference numerals identify like parts and in which:

FIG. 1A is an elevational view of a cable connector
assembly of the invention in place on a circuit board of an

30 electronic device illustrating an "internal" environment in
which the present invention has utility;

FIG. 1B is an elevational view of a cable connector
assembly of the invention in place on a circuit board of an

electronic device and extending to the exterior of the device to
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connector of FIG 2; FIG 4A is an enlarged end view of the plug-style
connectouwo%ﬁmg%éi 4, with a portion of the connector cover broken away to
15 better I'I'f'u ate the termnal structure and | ocation tHEFESI/I9NG 5A
is an enlarged detail viewof a "triplet" group of te(rjrri lnaizn@ﬂ%i%:‘n t he
connect ok 4 of 2.1k ratiRg the. relative size and pla t t wo
si gnal tgé%%lﬁg#éﬁgn hongﬁksg%l&gd FEV TR gD M5 BhE PIgsahtan

enl ar gedine¢ationi rasofitabather type of termnal triplet that may be used
in the connector of FIG 2; FIG 6 is an end view taken along |ines 6-6 of
FIG 3, but iFf8stfatfngRoRkPleAgd Niewn&If iansabdie vonmedyoof irthehe form

receptache zCOHREEE OkofRbeEl Ponl: I+ cross-secti.onal_.view taken
along 1|i nesa7- 7 of Ié?G ES{,:%)PI Sg?lrggﬁ’l%eﬁhel%r gggﬁtr angecgﬁﬁ‘ e body and
theS sepprim¢itples ¢hetheoprewenof iheenicians ther aef sufkGb18A fioyr a
perspective view of a ground tgr m,nal .utilized in the receptacle

connect oPFUF2RY TS 3 BRYNESY: C3FCRLE PeBrds apdoopsping o widhest the

signal teredppbr Ubk|é2eEribp bRechecepbackengenpecioes of FIGS. 2-3 and
6-7; FIG 9A is a schematic end view of the connector$ of FIGS. 2-4, 6-7

and 12 gener &1§. i3 | i8t 2 apéngprehbiver ungwnelt the tbhekeb WOnAECHGG0ZNd
PCT/ US00 0 0 various term ls relative to each ot her, and
i bre s Qpattiot el 1R

illustrating t use of S F’i'oﬁ"term'nals; FIG 9B is a

schematic endFG ew of s thepepspect o0& Ohiekl 68 a £3b144Hi8nBaapdyud? ... .rally
illustrating the arrangenent and 5 identification of t . term nals and
showi ng THERPHILHTRINESE USheREBP nhPF oRNBEPRMEEL; WELL the Bocket

Cross- segdd il ovi g wigt Wo. pl ug and receptacle connectors shown in a
position prelimnary to interengagenent;

FIG. 4A is an enlarged end view of the plug-style connector
of FIG. 4, with a portion of the connector cover broken away to

15 better illustrate the terminal structure and location thereof;

FIG. 5A is an enlarged detail view of a “triplet” group of
terminals used in the connector of FIG. 2 illustrating the
relative size and placement of two signal terminals and one
ground terminal thereof;

20 FIG. 5B is an enlarged detail view of another type of
terminal triplet that may be used in the connector of FIG. 2;

FIG. 6 is an end view taken along lines 6-6 of FIG. 3, but
illustrating only the internal insulative body of the receptacle
connectoxr of FIG. 3;

25 FIG. 7 is a cross-sectional view taken along lines 7-7 of
FIG. 3, illustrating the receptacle connector body and the
separation of the two rows of terminals thereof;

FIG. 8A is a perspective view of a ground terminal utilized
in the receptacle connectors of FIGS. 2-3 and 6-7;

30 FIG. 8B 1is a perspective view of a signal terminal utilized
in the receptacle cconnectors of FIGS. 2-3 and 6-7;

FIG. 9A is a schematic end view of the connectors of FIGS.

2-4, 6-7 and 12 generally illustrating the arrangement of the




10 FIG 10A is a perspective view of a ground termnal used in the

pl ug-style connectors of the invention shown in FIGS. 4 and 12-14; FIG-
10B i s a Y&rypéesi ve view of a signal termnal utilizedi rp(t;hgsdhl,lgggostyl e
connectors of the invention shown in 15 FIGS. 4 and 12-14 2 jis a
diagramillustrating the typical inpedance discontinuity exg r enced wth
a hi gh- sp@ed s teTuiRRks | el atnive at g ocadie oedect i andi A ltihiss rditsioantd i ty

that woul d ber %er%@%gg Orma%]o? gt_pector%}of the present invention; 20

FIG 12 is a perspective re vi'e §fe of the invention with

two status |nfmmat9mmgearncﬂeé@a@§c|@n@h9y€wl@f EhEScohnR AN JF @rds. is
a perspective rear view of a plug-style connector of the invention having

a singl elsratdd inordhd ibh 25243k kY nbl lugtrat thgwhhien aEr@ngeBler® @nd 4A
fot t t f FIG,. 13 dified
'S 3 Per 9aeekiive Jfflon I O LE-R Ml e Sf000 Egog%ggélﬁt 85 Shd o o n'ge

to incorporate a nest recei ving an electroni
two t er mstatsisofinficemadnivrettearmirll 71 G 14B is the sanme view as FIG 14A,

but ill ustrat'hrig;tt% electronic co Oneaglf in place; FIG, 15 is a schematic
di agramil | us i %tlrr’e 2 U HIGRRY wray (RE| B8 RAMEoAMEY using a

resi st or ragephactlee Qdri ¢t MR ldHWReNS Y ®
Por! Uso0T SeshRactel Cdih ol P Tl T foreien'y F%g%}ﬁﬁ%”%ﬂ‘jﬁ’gstrau ng the

det er ni nantenesgagemars i nf or mati on by using a capacitor as an electronic
S..a pers ive view_of nulti

Sother- sty e TECOMBLL 4 (PASREGONE G I (1 SEP B g SFMY R Tprissehin
I nvent1 obhe plug-style connectors of the invention shown in FIGS. 4 and
12-14;

FIG. 10B is a perspective view of a signal terminal i

utilized in the plug-style connectors of the invention shown in
15 FIGS. 4 and 12-14;

FIG. 11 is a diagram illustrating the typical impedance
discontinuity experienced with a high-speed cable connection and
also the reduction in this discontinuity that would be
experienced with the connectors of the present invention;

20 FIG. 12 is a perspective rear view of a plug-style of the
invention with two status information terminals as is shown in
FIGS. 4 and 4A;

FIG. 13 is a perspective rear view of a plug-style

connector of the invention having a single status information
25 terminal as is shown in FIG. 9B;

FIG. 14A is a perspective rear view of the plug-style
connector of FIG. 13 modified to incorporate a nest for
receiving an electronic component for bridging two terminals of
the connector;

30 FIG. 14B is the same view as FIG. 14A, but illustrating the
electronic component in place;

FIG. 15 is a schematic diagram illustrating the

determination of status information by using a resistor as an

electronic status sensing component;
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FIG 18 is a top plane view of one connector of FIG 2 in a partly

assenbl eqﬁs’t ate; FIG 19 is an end view of the connector of FIG 18 taken
10 al ong qL/266p3_ 1 g thereof; FIG 20 is a top plan view oPCTRISMGZIM¥HeCt Or
of FIG 18, illustrating how a circuit board is attached to the two
shields; FI Cif“f% i 5 a.%l an_vj ew of the circuit board of FIG1 20ANEIE 22 is
an end view of -t helRohReRt BFR8T2E & 9289LRBLAG USET ath@Scith®Ii t boar d

att achedidteRpi Hashbg! 88 sChCus 28nt PLEN Kk f : tor, of
FIG 22 show ng the neans of at%é%ﬁrrrgﬁg:gggl é? 5%&?1? g‘ r?fagﬁc\cllﬂgegv%e%fsognrret al
bl ank (iglgHareBhy akaty® sepshmancompeyeak ;i nner and outer shield assenbly

for use with C ectors._of e_lnvention; _Fl 25.1s a top plan view of
the bl ank of %?% 01212 &(’Sr;l r‘cl“q;l%] “HhVGoubrY B @}%tégégnﬁwﬁﬁ%@t)@@ is an
end vi ewainddtor 2in t ikedrpboagi ndg nehe 26r2ficiphesest théSrle@erd’ 1S an end

vi ew of another enbodi nent of a double shield connector assenbly of the
i nvent i oMVERY3IOBB s a perspective view of the inner shield used in the

assenbl y of 247 K | Nnd cVj ssenbl f FI.G _27
inan 30 as?é%)'l ed aﬂ%d%l%géag g?%?e@?ﬁeggrgggngg{l%ggﬁ Foﬁ,rg)féée)'xﬁl dihéd
above, irmutilnecdssernlpledinstaipe pved connector that is particularly useful in
enhanci ng -73%3%01{ 6603 PCT/ US00/ 19490 1 2 JAN 2004 the performance of

hi gh- speed ¢ 5, %a:’rsfi?:rbl%ﬁ WISV fbuthe otppueEcter) ef) Fafpl il8attiads® as

weld as [Qidiey Imes ofo- appin&eaddons. Many peripheral - devi ces associ at ed
with an electronic 5 device, such as a video canera or cancorder, transmt
di gi t al FIG. 20 is a top plan view of the connector of FIG. 18,

illustrating how a circuit board is attached to the two shields;
FIG.21 is a plan view of the circuit board of FIG. 20;
FIG. 22 is an end view of the connector of FIG. 20 showing
15 the circuit board attached to both shields.
FiG. 23 is a top plan view of the connector of FIG. 22
showing the means of attachment.
FIG. 24 is a plan view of a metal blank (in phantom) and to
form an integral inner and cuter shield assembly for use with
20 connectors of the invention;
FIG. 25 is a top plan view of the blank of FIG. 24 formed
into a double shield assembly;
FIG. 26 is an end view of FIG. 25 taken along lines 26-26
thereof;
25 FIG. 27 is an end view of another embodiment of a double
shield connector assembly of the invention;
FIG. 28 is a perspective view of the inner shield used in
the assembly of FIG. 27; and
FIG. 29 is an end view of the assembly of FIG. 27 in an

30 assembled and closed state.

Detailed T {oti £ pref ) Embodiment

The present invention, as explained above, is directed to

an improved connector that is particularly useful in enhancing
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signals at various frequencies. Qther devices associated wwth a conputer,
such as the CPU portion thereof, operate at high speeds for data- -
transm sweo/oebdgh speed cables are used to connect thesepciRusgAseh0 t he
CPU and may al so be used in sone 10 applications to connect two or nore
CPUs together. A particular cable may be sufficiently constlrlidhledilk o
convey bhghpspéedmagicgnalfs hdrghrapeedctaidbed) fharehtubirppi is Dhpst gnal
wires, _ejther as ,w,sted-pairs or_ individual pairs. One key consideration
in hi gh°‘§§8‘é§ 433 (05 pER G Ao a9 wel b e %}@‘?’édfaYP%nc.’gThi s invol ves
crosst ahkpdndasional. reflection which is affected by the inpedance of the
cabl e an connector. Crosstal k and signal reflection may be controlled

easy enough Wang pepliphgyadhidgvdigas aasbeticatesd withli dfheebattudnipairs of

si gnal re byt th re.harder. to control in 20 connector .by. viytue of
t e varl ﬁ%é%hdgafzbe(r%egrrgftlgfqoalcsa%es"é%l th Ce{rﬁcec’%%%‘ec?ﬁ??s'ﬁh’bn %’t

consi degddrhals. atheapliysisC Freghistidifes | heotennegdvicdd AsgbcspeLd with a
applications limts the extent to which the connector and terni nal
st ruct FERBYehe FHEN! PEdtDE O RAFelpurthennel. Preratreart pekdlr nance.

25 | npe, ' S¢l T, ] SSi0) Lgn
ol orsachs ESRPUARES cranEn SN O RIE Xgb AR LRSS a2 WA o
Accor diaghyect t thesdedevabkes to kéep AMe andpedantess dnsissedt 10vesme he

signal path.in order to maintain the integrity of the transmtted, signals.
A e oeel 54 088 hire CIOPRG oA 4 Taray SR OFRE T ah AT LR TAE

nMeans ofabTOMNMLYI B8 BHEfhiEaBHIH @bridtditited & &1 dsdy Ynh thSedd i Nted

circuit board of the device is usually not very well controlled insofar as

i npedarsignal somedr mad andlbdendi ifanenfrisd: Ippiromt tskgnat wvikezable. A

IaN 2004 BFE R O EE = BobHEEY K ARG RRtR " i ed bandwi dth

and the |ikeone key consideration in high speed data transmissions is

15 signal degradation. This involves crosstalk and signal
reflection which is affected by the impedance of the cable and
connector. Crosstalk and signal reflection may be controlled
easy enough in a cable by shielding and the use of differential
pairs of signal wires, but they are harder to contrel in a

20 connector by virtue of the various and diverse materials used in
the connector, among other considerations. The physical size of
the connector in high speed applications limits the extent to
which the connector and terminal structure may be modified to
obtain a particular electrical performance.

25 Impedance mismatches in a transmission path can cause
signal reflection, which often leads to signal losses,
cancellation, etc. Accordingly, it is desirable to keep the
impedance consistent over the signal path in order to maintain
the integrity of the transmitted signals. The connector to

30 which the cable is terminated and which supplies a means of
conveying the transmitted signals to circuitry on the printed
circuit board of the device is usually not very well controlled

insofar as impedance is concerned and it may vary greatly from

that of the cable. A mismatch in impedances between these two
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Turning to FIG 11, the inpedance discontinuity that occurs through a
conventional plug and receptacle connector assenbly 5 used for signal

cabl es | WOsHHEHODy the solid line at 50. The inpedance t REBALH0/1H480 si gnal
cabl e approaches a constant, or baseline value, as shown to thﬁ\ % ht of
FIG 11 _at 51. The cable |npedance substantially matches th iImpedance of
the ciGEREHAPW aFeSol s It FNERESFEPR BFFRFE, 1imahedt BapRwifsht 10 of
the "PCBaTaryd npfjion” axis. That vertical axis "M represents the point of
term nati on between the socket or receptacle connector and the printed
circuit boaﬂﬁ;rmmmgetQHEIGvelljcaheaimpedahceeﬁissentinUEEyinhetfaceurhat

t the t tl d ket t dth ti |
T N e AR

t@e CaMééd'@kaéﬂ%ﬁbixbéﬁlé%(isléhéﬁﬁrﬁ§eﬂh§ tbeibypifal atmeedangge
“di scontinuity" i eved wth conventional connectors and indicates three

peaks ma@an@q/stlﬁmwglmc@m sygnal cozhleuepproaghak ar conbtapthaeing
respecilug Al ol Aers. (s VALLES) & ¢ nd2 s anfl EE Fram the pagel ing,gs shown.

These ances are nkasure i n"oh € basSé’'o fie vertlca axi s

t hat imﬁﬂfﬁﬁchﬁpdw&ﬁbetiubﬁxﬁmﬁiﬁnrw itshesc&heaxmﬁeaancagoa zhéo (0) ohm
value. In these conventi onal connector assenblies, the h| 3ﬂ§§5

25 replAEitidd BRATE 2k T3 ?Rﬁﬁ%aﬁ?yt¢%c}%55eoﬁopagou§1186

tige | owd npedanses ape fRSSEMedakys H #hkt ¢/¥P{:Eé£hYax§j§C"‘ﬁase to about 60
ohnms. This wde discontinuity between H and H2 of about 90 ohns affects

t he eIemmmaﬁﬁnqmwﬁhﬂrpnmmtcﬁfttmrmnnm@n@nrbemwehnrehpeeDCKQttng printed
circuit board d the 30 cabl The present inven n rtain
Comnecrstanradls dmhe At in ol RPIRCER L BERIL BBPET BhiTei Bn8 |
has anvéﬂﬁﬁd&@*biﬁéLwﬁ*”fbéf@%eﬁ&%r&ﬁé iﬁ@etﬂ@@daﬁﬁatOBCEHESCﬁéaﬁébﬁr to
be set so that it enmulates the cable to which it is mated and -9 WO

01/ 066Gt ISUEY img grlug and socket connectors, and the vertlcal axis

15 “P¥ represents the point where the plug connector is terminated
to the cable. ,

The curve 50 of FIG. 11 represents the typical impedance
“discontinuity” achieved with conventional connectors and
indicates three peaks and valleys that occur, with each such

20 peak or valley having respective distances (or values) H;, H,
and H, from the baseline as shown. These distances are measured
in ohms with the base of the vertical axis that intersects with
the horizontal "Distance” axis having a zero (0} ohm value. 1In
these conventional connector assemblies, the high impedance as

25 represented by H,, will typically increase to about 150 ohms,
whereas the low impedance as represented by H; will typically
decrease to about 60 ohms. This wide discontinuity between H;
and H, of about 90 ohms affects the electrical performance of the
connectors with respect to the printed circuit board and the

30 cable.

The present invention pertains to a connector particularly
useful in I/0 (™ input-output”) applications that has an
improved structure that permits the impedance of the connector

to be set so that it emulates the cable to which it is wmated and

-9-




12 JAN 2004 reduces the aforenentioned discontinuity. In effect,
connectors of the present invention nay be "tuned" through their design to
i mprove tWwe @lggedsri cal performance of the connector. 5 Turﬁjcq?%{?@ | G 1A,
one "internal"” environnent is depicted in which the present At48n
finds significant utility. In this environnent, the connect ars)fiitihe

present rederisisonha &fdbhaRaserbrddi ditsnd 1Yo, £ er i Py %?kécﬁ9808£n%gtors

el ectroni ¢c device, such as a conputer 101. Hence€, the reference to
"i nt er naP" TR PESHRRG drvesit ko e det “tunadit | Unroegh atkeibedesserd Ep an

"ext ernalr [ [ , 41 1u in. Fl B whereji n one of the
connecto?'rsnp%%(%bi gﬁtr?o%gtee tloéaltlh?é(’:%%%fatnceboc% oé.i%fom?c'é‘ifends partly

t hrough Linpedaneei Munadilli#38 of the device 101 so that it may be accessed
by a user fromthe 15 exterior of the device 101. The connector assenbly
100°i ncl udes THTRAPE &P £ilGst Ind Wecoidbenrnaleh gy prneneci ordepicted
descri bedn Qerenl S prRHeeR! i 8C | . Socke connectors 110 and
pl ug connecto?g 185lé &e of thlgﬁgdfv%o%qiﬁrﬁgdcét ggrlsg%%l%u’fgsn%oﬁﬁ%ie:ﬁtyto Ke
printed thisuenvboanment? t¢he heomedtoersl@f o |wrdden20inidet i6anaest or

104 is typi Ly term.nated to a_cabl.e 105 _that |eads to a peri pheral

devi ce. %ﬁéﬁgge%{slﬁﬁlg?pf:%dé%‘e\/ie &5roF Maddptlhd é?facﬁ'n SEREETORYPnect or
110 cons@eugted bicRCaer daremplitih ha privgidd e rdferdnesent

i nvention, The connector 110 is seen to include an 25 I nsulative connector

hot®i ng 1ipterBeli § f SheegoNNGRters Gifedhe Enement dinventidre remposl senbe

depi cte e; housi Q as Jeaf. portions-.114a, ,114b,t extend out

froma g%(sj%la [l)%r#ﬁong?ﬁ%}glﬁqt hee&)ﬁ@ﬁgl%%é 2.asrﬁ§‘s]‘é‘lﬁdﬂ&o]{?sq%% Jr’é;k?]t'cbori ons

support wheteial ohy of theduchineetbesninal sl hagkahaw. thd SDrdhis ,

regard, the Io¥$% | eaf gortion 114a _has_ a series of grooves, or slots 118,
n-tha

formed tRRFER t PUF e SXHEPESI PRS t e PRI th@ @xtiteoniwakle EdhdeEti ve

terim nal end 18 Hiescioy sINEnERPSE k9! ROGHCAskifby WAL £ An A0V eS

15 exterior of the device 101. The connector assembly 100 includes

a pair of first and second interengaging connectors, described
here in as respective receptacle (or socket) connectors 110 and
plug connectors 104. One of these two connectors 110 is mounted
to the printed circuit board 102 of the device 101, while the

20 other connector 104 is typically terminated to a cable 105 that
leads to a peripheral device.

FIG. 2 is an exploded view of a receptacle, or socket
connector, 110 constructed in accordance with the principles oﬁ
the present invention. The connector 110 is seen to include an

25 insulative connector housing 112 that is formed from a
dielectric material. In the embodiment depicted, the housing
112 has two leaf portions 114a, 114b that extend out from a body
portion 116 of the housing 112. These housing leaf portions
support a plurality of conductive terminals 119 as shown. In

30 this regard, the lower leaf portion 114a has a series of
grooves, or slots 118, formed therein that are adapted to
receive selected ones of the conductive terminals 119 therein.

The upper leaf portion 1l4b, has similar grooves 120 (FIGS. 6 &

=10~




WO 01/.06603 PCT/ US00/ 19490 12 JAN 2004 7) that receive the remaining
termnals 119 of the connector 110. In order to provide overall shielding
to the coMAdE06603 housing 112 and its associated term nal sp¢TisobRoo
connector may 5 include a first shell or shield 123 that is fornmed from

sheet netal having a body portion 124 that encircles the upper 004 ower
| eaf pOI’7[)I oﬁsamr@cemabt%q: Yéa boiyg poerinonal 6 11PhicE  thier sioqm?’m?@dd’g 123

may al soll clude foot portions 125 for nmounting to the surface 103 of the
printed Cirtcuit board 102 and which 10 provide a connection to a ground on

the circuit hharerdePepensiagi d@otvesall 08Rid04imeY tal tab@didmemi th the
shield as i|lustrated_in FIG 1A for use in through-hole nounting of the

connect dIPUSHNT al 1hod@ LS ragecrbared ngeEPpnRi st iLldfs ahe oemefesryosd mathe
First shigld,d23 nf’i’r?]@ﬁsﬁ J':n?]lll:i&d 12%57:&1?%' 'iig7f %n% t'f%ﬁ:n{ gj‘%eerts 126

that are received wt engage” s

connect metiaidma)mmgoan Hddby dduet sdm ur4r ehat éhels*eﬁléet t(h@n
iIIustr ed| ermts it to be used in the "internal' ppl|cat|on

shown %% %%r ps aﬂsl‘%% exttP ref Bppl Pedyi aﬁ§tep|ncallfa) Whdse 20
the CO”T%%&H sHiki$ IPUNhBH éfbérmhﬁ ﬁ&@'fogea grlggnsbﬂgﬁmfaf m&dﬁ%lng

connector 110 extends particularly through and s accessi rom an
exteri ortQ/vafIhe 08 iFce 0kl et thoni pr detved ec 1 Asuntenbbemdd 162r langr whard of

Obj the resent _invention i ovi de a.connect.or having an
#g)edan %H'a %c%*%e‘ﬁ/ ?e%%?‘?‘b’?‘iso?hgh Flfﬁb"‘gygf’@ﬁd( such as the
cabl e) Inémm”ms tmbt | Sottyqueal 107 frgandal 8o NBEt EoehkaUWE tEORMRCIei®14 The
present invention acconplishes this by way of what shall be referred to

herein &8 dltld*%ﬁﬂ%‘ie% rHpIBEG ' hikor iwseninakhapyehehelef momnsdngi stfi nct
;(raur:lmagals own I n %t@f‘&id‘ Eéucc:ih 1?3 %’flsfhl nvo?gﬁ\'/lgts:1 %bé?’é’?i:a tlg’r%tn %grl%:emo
141 andpxeferred. The first shield 123 may, as shown in FIG. 2,
15 include retention members 126 that are received within and which
engage slots 127 formed in the connector body portion 116.
The structure of the socket connector 110 illustrated in
FIG. 2 permits it to be used in the “internal” application shown
in FIG. 1A, as well as in external applications (FIG. 1B) where
20 the connector 110 is mounted to the circuit board 102, but where
the connector 110 extends particularly through and is accessible
from an exterior wall 108 of the electronic device.
As mentiocned earlier, one of the objects of the present
invention is to provide a connector having an impedance that
25 more closely resembles that of the system (such as the cable)
impedance than is typically found in multi-circuit connectors.
The present invention accomplishes this by way of what shall be
referred to herein as a tunable “triplet,” which is an
arrangement of three distinct terminals shown at “A” in FIGS. 2,
30 BA, 5B & 6. In its simplest sense, and as shown in FIG. 5A,
such a triplet inveolves two signal terminals 140, 141 and a
single ground terminal 150 that are arranged to mate with
corresponding terminals of the plug connector 104 that are

terminated to the wires of a differential pair of wires
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single ground term nal 150 that are arranged to mate with correspondi ng
termnals of the plug connector 104 that are termnated to the wires of a
di f f erentww@bisgbs of wires -11 WO 01/ 06603 PCT/ US00/ 19490 éég{{@N ?004
(preferably a twisted pair of wires) TPA+, TPA-, shown sch U0 | 1
FIGS. 9A & 9B which carry the same strength signals but which?aid 2004

conpl emgpirefefradeh Otthelstéd Spaitlof w¥PLLES 2BH.; 1oBavOl LhH@s Wel | as a
ground conpl enent. 5 As shown best in FIG 8B, the two Signal term nals

140, 143chep@dtiged ly dantFIGYerd &e8B gvhivhbr cavaghther samal stA@ngbhl has

f t i on. 14 t .bl ad tion.143, and
it or coRaBrIRg hoay R i T R TR R & dedfG Phhe " doPminatls t140, 141

may be walitlsyastiamied amsltfora@dve Thead Oatgroinal sohplemdht .are received
wiLthin slots_118 of the |lower |eaf 114b of the housing body portion 116
and may i ncl (i§eShQ¥n O%Rn 3 Fi@&s 8B, ghe eWat abgnadstarminals ddlendd lof

the cophgChabbade cRAEHIIRAAAS ddW R Ehd £5 6 ' h1Ngg o1l 44f Q1Ed
in the co%(r:lector hgusi #g body 116 atgthe en%sé%?gt%%rlﬁgﬁgpotgéoiléﬂl (r%la?rader
to "tund" suféagckemprinfalf aarpetsidnst143, i coheaconhiater pand imor @ 4¢l,0sel y

bl he_ it f _t.h t . si ngl termnal (150 i
o ovi deginda. BEARREREen i B e SiSh Prd, SHHER LRGRLARamR nibe
140, l4gertiénads 1tbe taMmdy ind elasiAP SHCInAr pYPlelier Mopal , as

shown in detail "A" of FIGS. 5A 5B and 9A, 9B is associated with two
dtPf er eREFRENALGNALO ¢ ddH TS Tl vethanbiitn dsberantlsf of| EBe dawsrd 9B

il lustr L hent Kiepkgt ' qgg;_s‘p . A - B n. odi_ments
i1l ust rgtégg, ? %}8 SFohglg 16'.HeCIrﬂrrEl1'?L ?ﬁ 1 &Ssoﬁq%lc%l?e]df%ﬁa?(ﬁemﬁ%pébggg(a]ggag S
porti onshowh oh FEESreCem atl emtratectnrs bhorlyt Hd 6f seel eh@swe€nthee two

signal termnals,140, 141.. In the schematics shown_ in FIGS. ,9A & 9B, t wo
sugh tr?ﬁpg%ggagéaéﬁoﬁﬁ’,r P (e §hfh AR STt e Rat® BRERGPBEeAti’f i ed

with eifbeme@ninAthel coBnector housing body 116 at the ends of the

15 slots 118. In order to “tune” the electrical characteristics of
the connector and more closely resemble the impedance of the
system, a single ground terminal 150 is provided in association
with each set of differential signal terminals 140, 141. Hence,
the term “triplet.”

20 Each such ground terminal, as shown in detail “A” of FIGS.
S5A, 5B and 2A, 9B is associated with two differential signal
terminals. The schematic diagrams of FIGS. S9A and 9B illustrate
the triple terminal concept at “A” and "B". In the embodiments
illustrated, the ground terminal 150 is located on the upper

25 leaf portion 114b of the receptacle connector body 116 and
between the two signal terminals 140, 141. In the schematics
shown in FIGS. SA & 9B, two such triplets are shown, with the
individual terminals being identified with either an “A“ or “B”
suffix. Thus, TPA+ and TPA- represent the terminals for the

30 differential signal wires of the “A” pair of wires, while TPA(G)
represents the ground terminal for the “A” set of wires.
Likewise, TPB+ and TPB- represent the terminals of the
differential signal wires of the "B” pair of wires in the cable,

while TPB(G) represents the ground terminal of the “B” wire set.
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suffix. Thus, TPA+ and TPA- represent the termnals for the 30 differential
signal wires of the "A" pair of wires, while TPA(G represents the ground
t er mi nal QPR3 " A" set of wires. Likewise, TPB+ and TPErCT/ESUIIESERt t he
termnals of the differential signal wires of the "B" pair off aigeHlin the
cable, while TPB(G represents the ground termnal of the "B'" wre set.
-12 WD 01/ 066B3Spesrosderesusrornd Aeuonl THG &S oshewrdingrBIhd 8%&7 ni nal

150, as LN F nt.i l.ever design with a surface
nount f%gf@gg?téi gnbg?ggéegﬁﬂ%g%%é atq@r}t;{oc?y $Horton "i%‘if“an{?%t R

bl ade Po2tian i68ermediiatle thelysipgnalidrervinalrd 4 heogaiaa ade 5
portion_ 153. of ][lgs grgund,t rmnal 150 lies in a different plane than that
of its PAtetRBdiafe bbFy YibH: the f58nads tea@nsdst. ithe magact WedsB, and

9G t he soRt86h D530BEPRKE! RSBt dBd B ke 15ianal, aﬁ‘%ﬁf{)ﬁ%\;&gﬂ% glrgr{%a' S

lie in different, but intérsecting planes than their respec m nal
body po¥hRamnshad @fi4itgsAntArmedigh et frodyr goartriech artndi mentsddrd usdgtatias

t hese pl aneg, as_hei ng .general | r pendi.cu) ar horj zontal and _verti cal
pl anes,ﬁlvf)si/vi‘?i %‘%' uRger ?ggogrét ﬁg‘F’ éﬁ’p a5 ag@?{gﬁe&?‘?ﬂon%é’*&er perdiul arl y
i nt er semié ngignal yang Roaxact hainzQRt alieansd MeHdcalc plianes to effect

t he advant aggs of the_invention. The 15 term nals shown have fl at

cross- SEFOMRCTFBENBLIAPPE thAAT Fhgla tespersyival seuminaedddy meations
N orher 18417 ATERPREY. SproPLBYPrd Bhbdi el RN B 3R 20
si gnal twel plawes aerbenngsgédérally, pbafemdy ciler hoxipictal gereral |y
ot or T GoE BERnERe. S6r A0S BPRnARTS OOGatTe Sl S IgRsindent rtgnal
O ound ol e I o RE A e e PR for
mount i ifprtical planes to effect the advantages of the invention. The
15 terminals shown have flat cross-sections. Round wire
configurations may also be used in the connectors. It is
desirable, however, that the two planes intersect with each
other.
Still further, the surface mount portions 142, 152 of the
20 signal and ground terminals 140, 141, 150 may lie in a plane
generally parallel to that of their respective contact blade
portions 143, 153. The interaction between the surface area and
location of the ground and signal terminals is explained below.
The mounting portions of the signal and ground terminals may
25 also utilize through hole members 195 (FIG. 1A) for mounting
purposes.

By this structure, each pair of the differential signal
terminals of the cable or circuit have an individual ground
terminal associated with them that extends through the

30 connector, thereby more closely resembling both the cable and
its associated plug connector from an electrical performance
aspect. Such a structure keeps the signal wires of the cable
“seeing” the ground not only in the same manner throughout not

only the length of the cable, but also in substantially the same
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purposes. By this structure, each pair of the differential signal

termnals of the cable or circuit have an individual ground termhal -
associ at MOWNE08 hem t hat ext ends through the 30 connect or pcthgogiodor €
closely resenbling both the cable and its associated plug cor@e t []Ufrom
an electrical performance aspect. Such a structure keeps the'si M res
of the cevrRer"theeugh the plugndndotreoapyaiiet honsanit oramee rt Her@iehoin
not onIG% %]p(g | ength of the cable, but also in substantially the sane -13
WO 01106603 PCT/ US00/ 19490 12 JAN 2004 rmanner thr ough the plug and
receptacl e corsecpoeséncée hef CahCHbsbochaaed. gFRanBr §3eRCe HY sai’bx?POCi ated
ground with the signal termnals i rrportant‘[:"7 I nparts controlled capacitive
and 5 i ricRETIRNRLE olpPPHEABEL Ve dAPRKESt ﬁ@@érpi&ﬁﬁnGBEacﬂtésm @npl i ng
pargmnet | L.ape C t knal s.and _their. .
consﬁect g{I.ﬁiT tteff(éeségtﬁ%ir\l%rtéé, n?%?‘r”né%gl gﬁgt glrl?é g‘%é&g{éﬁ o n&%ﬁsfnc%oﬁle”ﬁ so
conponergarametens fetiecthetbwenat imetpeimpedanoé bBetienfednind NS Hml as
the triplet.of termnals is 10 concerned. |In the enbodi nrent shown in FIG

5B, the WeHth B The gt BandSELFRARSE. bFEUBIRBLt MBReTER] ang @ajd enough
so that jdducdidsatyes1 foresd hen £t 9 r ghpa 1 it egantile
| ar ger v:\; dt% D2 of the ground 1?2?%1@{115% g?éa%eggg?%?ogh%Sgﬁe%ég’l é'ﬁlbz]ier%a&&
sur f ace off dhaascyvmried inseharsagnaheterhphat obntertmind3 sbliade portions

143" an es | arger.contact mating ea_[n e regjqQn _above
tﬁ% Si ggca ern%ac{h'al gﬂﬁf&}?& %?Iﬁgdlm?ﬂ 0 ‘?mtbnpfgéeréé'tﬁigesﬁ’dﬁt% D, of
"f oot privie gfout® tdemcapncBag@npest 0on 1193 0nisheaehecrnbuleald e
present _invention reduces the width of the ground plane in the ground 20
t er mi nall D SHERAT iU RPTrEEoRe| PL akhe nsigeakyEeEBEnAbENL 4000t 1430t i ons

152 . Byrredunidur theiel din ot e RO A piRfe bOrE18aP9GY has
portion 154' in the second plane tHereof so
a larger surface area as compared to the signal terminal contact

15 blade portions 143' and hence presents a larger contact mating
area in the region above the signal terminals 140', 141'.

In order to preserve the small “footprint” of the
receptacle connector 110 on the circuit board, the present
invention reduces the width of the ground plane in the ground

20 terminal body portion 154' as well as in the surface mount foot
portions 152'. By reducing the width of the ground terminal
150' in its body portion 154' in the second plane thereof so
that it may fit between the differential signal terminals, the
distance between the signal terminals (TPA+ and TPA-) is also

25 reduced to maintain a like coupling through the connector by
maintaining a preselected substantially constant impedance
between the ground terminal and the signal terminals. The
impedance of the connector (as well as the coupling between the
terminals) is affected by the spacing between the adjacent

30 signal terminals 140', 141' as well as between the signal and
ground terminals. Still further the material used between the
terminals, such as air, the housing material, or a combination

of both, will present a dielectric constant or a composite
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that it may fit between the differential signal termnals, the distance
between the signal termnals (TPA+ and TPA-) is also 25 reduced to nmaintain

a like coYQ0I/A03 hr ough t he connector by nmintaining a prpeﬂq_yg@{p@dgo
substantial ly constant inpedance between the ground term nal gan et

si gnal term nals. The inpedance of the connector (as well as t e coupl I ng
bet ween %ﬁéepérﬁpnatos}sq@tammem e ttvreee s ptod Ny dued Weend t §ecad@acent 30
si gnal f: E.mé s 140', 141' as well as between the signal and ground

term na U further the material used between the terni nal s, such as

air, the houﬁyngedmioe‘hgalt;heom:.aitcpmﬂ nd Groutd RdFmind] | LEASSEREt don
di el eCtﬁ-éC constg@t or. conposite -14 WO 01/ 06603 PCT/ US00/ 19490 12 JAN
2004 diefectfi %@%ﬂ &t & -wedh tthe S\grial appitngraspect er ni nal .

Bys r edugkpgekbhie t Wedidd @l Ctth%]_glr r lc body, port 154' in.the
enbodi ment of FI'G 5B, the over %lllntgoaiﬂssgeict% 1‘{?wee‘1hf)ﬁ’n‘é € FRTEE Bhdde
porti onsigisal, tezBingfl s lseogr dind dhdstsipladle t@HOWHR S HEPizdnal) | St

pl ane (g8 hori zaont al,) but . no | onger overlap i n the second,

i nt er se? €n80a38pﬁlefalo)ver&|a§né REENSECNEL 1 Hind e a ‘ée%"hhcﬁ bund

term nabrindy Rathed) 1pA'this @Eb%%d ol e . 903a LI AP Jd44y 1N an
10 edge-to-edge arrangenent. Althoug tphere I's | €ss cross- sectlona ar ea

of the BPBLAEN: &BA' ndlS ﬁﬁlgﬁ@:ﬁewer-hlnebe shgnagr cumunirerld ned4 | simaan cl oser

t_pothe éagga# -?ﬁglengﬁaﬁg%ngﬁﬁce Alll gk,l%bl.gglu(ﬁ:gfl | n et en the termnal is

nai nt ai n r&gi on-o é firs of°%He ground 15

and si geattienal naireaontfacheblgad&nﬁmt'etr:ﬁtﬂﬁalt he Q;\Hersﬂﬂ e, shae of the
ground term nal 150 &s i ncreased relative to that of the S|gnal term nal s

140", 199°9R FﬂEV‘éB?‘ séFeBPPyVELPSBENLRI Shet Ibd dnededariinal kavid dienee t he
second Piﬁ@ecoﬁﬁfyﬁéegetgéegotﬂetE@rﬁ%ggﬁligeﬁgFQﬁgﬁﬂﬁQy portions 144",

154", the 20 spaci ng between the grou term and t he signal
In the region of the first plane, namely that of the ground

15 and signal terminal contact blade portions, the overall plate
size of the ground terminal 150' is increased relative to that
of the signal terminals 140', 141' to thereby selectively
diminish the impedance. Likewise, in the second plane, occupied
by both the signal terminal body portions 144', 154', the

20 spacing between the ground terminal 150' and the signal

terminals 140', 141' is reduced so that the ground and signal

terminals are brought closer together to thereby reduce the

impedance of the connector. The signal ground terminal contact

blade portions 143, 143' of the triplets are preferably

25 maintained in the same plane as illustrated in FIGS. SA & 5B,
and along the lower leaf portion 114a of the connector housing
112. This notably permits the impedance of the connector to be
tuned from a spacing aspect but also facilitates the mechanical
engagement of the two connectors. By providing a ground

30 terminal with a larger contact blade portion, the mating contact
between such terminals and the opposing ground and signal
terminals of the other (plug) connector is improved without

detrimentally affecting impedance.
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termnals 140", 141" is reduced so that the ground and signal termnals
are brought closer together to thereby reduce the inpedance of the ‘ '

connect ohyo §il6es8d 9nal ground term nal contact bl ade portio 43" of
the triplets are preferably 25 maintained in the same pl angé'ﬁéégqq%%“[rat ed

in FIGS. 5A & 5B, and along the lower |eaf portion 1l4a of gg ?@ ect or
housi ng 112'-I‘h5hé§f€§i:a@fyt@ﬁrdnﬂﬁléﬁ'h?li&f?’eﬂs?‘r@:@piﬁiﬁ@& ﬁﬂnﬁg .égu, ipe

tuned from a spaci ng aspect but also facilitates the nechanical engagenent
of the whdcBoanvedvesioBy ipr dlhiadionprzaly oumpkdoncerdisednwinbiayl ar ger

cont act _hl .partion he,mating cantact between such termpal.s a t he
opposinggggggﬁggakhggPahaﬁh%eﬁQ#ﬁﬁﬁs?%ﬁaﬁﬂgﬁﬁﬁﬁe+s( ?@@ﬁSEBﬂﬁggtorQﬂg

i npr ovedmpetihnoe distbnranudldy taidtectd nekpdPESRNES . ocddr Wh 04186603

PCT/ US00/ 19490 12 JAN 2004 The effect of this tunability is exgl ained in

FI & 11°°PReGRPER afr EBgcPrepant thwesieran |1s nphemndey df ke odeshait yine
i h t ] hee |
occurrigg Lerpugh ghe cerngghar @m&.ﬂﬁatﬂﬁ@%%%c}% ch ’Fﬂgegégﬁg

discontinuity that 1s expected to occur in't con resent

i nvent i endi ¥adheym, bH,,hé dashddH];i ne gteasfl yFrédutked.| t Td Ipdeeserof ed t hat
the magnitude.of the aks and valleys, H11 H22 and 3 is greatly
FeducedinYREE PR, PBESTRel i 1<E St To ToQire | i PYeFebibce ¢ he
overal | gidbsaehi eyt ¥xPERIERREEA H M SORMAN MR c SNEELPT a3s8sRBDLY. 10
In one application, it Is believed that the highest level of discontinuity
wLPl belbbene apslésatiear ALl s Welieverk thatkesthe (kighest Hevednefnuity

w il be A 2)_. e r b I, ne, i pedan o]

connect grggeg#ltﬁﬁlel?%g%? ?orﬁi%vmaﬁo-u% ylésiacf*ﬁils b Stgbdﬂt) 1%lg%néﬁﬁ/i ﬁﬁ’“’g st
tol erantevel abodis¢bnt2huibyohninl |He isbaontesmpeied(dthangf or eThigat the
connectors of fhe lﬁrlesent i.nvention wll have a total discontinui t‘Xl(the

di f f er ehREIBEL RRBGLEPE IRReASPCe R TP ThRE e nyerbier wi
typically be about 110 ohms with a tolerance of about +/- 25

15 ohms. It is contemplated therefore that the connectors of the
present invention will have a total discontinuity (the
difference between H;, and H,,} and about 50 ohms, which results
in a decrease from the conventional discontinuity of about 90
ohms referred to above of as much as almost 50%

20 The tunability and impedance characteristics may also be
affected, as stated earlier by the dielectric between the
terminals. In this regard, and as shown best in FIG. 6, the
lower leaf portion l1ll4a of the connector housing 112 may itself
be slotted, as at 160 to form an air gap 161 between halves of

25 the lower leaf portion 114a. Likewise, the signal (and other)
terminals 140, 141 or 140', 141' may be separated from each
other on the lower leaf porticon 114a by a similar air gap 162
that is defined by a chamnnel 163 formed in the lower leaf
portion l1ll4a. These channels 163, as seen in FIG. 6, extend

30 only partially through the thickness of the lower leaf portion
ll4a so as to preserve the structural integrity of the lower
leaf portion.

Turning now to FIGS. 4 and 4A, an opposing mating connector

104 is shown in the form of a plug connector 170 that has an
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In a decrease fromthe conventional discontinuity of about 90 ohns
referred to above of as nuch as al nost 50% 20 The tunability and i npedance
charact eQ@ 01803y al so be affected, as stated earlier bycgiSuobgpectric
between the termnals. In this regard, and as shown best in FIG 6, the

| ower |eaf portion 114a of the connector housing 112 may itsdl§ JADHEID

sl ot t edingylativeo qeerfestinrafosisi ngap 716 F distesk efir dial & esi @f e @bride | ower

| eaf po 4 | t he si naI and ot her termnals 140, 141 or
140° P %tggl%&bgn%gbar éthFgﬁfgé FRL] MEAQi?Q |ty Pleath %ortlon 114a
by a si mabaptak:ﬂega:@rﬁﬁ%tdxhauul sodabi red f%)éﬂfﬂ%lé'%nci%é&f%% &n the

e

| ower |eaf portign 114a. These channels 163, as seen In xtend 30
only paPFPB?FymPﬁﬂéﬁgﬁhﬁﬁ@bﬁﬁw@ﬁﬁessIﬁftbh@Inmﬁﬁrdﬁxﬂhqxndnmﬂntdﬂ4a S0 as

t t he .| |_eaf t
o Lo B e P RS el BBk Xa 15 Bt PRGATHE b AE { ng

forn1ofeatphdgthemaémbmraﬁﬂOwhhah hee aBpal6 W@ Bl QEGRD inadl@ldyve
connect or _housi ng 1; d from naterlal in a conplinentary
confi guPeFYSH B85 2 Eé'ﬁﬁé( ercbhfeke6RPEEG 180 copnes Yo iNausiing hedpdrey

mat i ng i@@VEbﬁﬁﬂﬁeﬁeﬁeQBEhb§ Eﬁgaichgggi?éogg%%%%gc$2§%ﬁw Zootmfyitﬂés a

dielectric that of and ensure t € connéector

base poth¢owrneg2 hieall poutponti eassnaﬁnt hat FIest.er2d Ghersefdrmn"arﬁi“m ch are
for the receptacle

igﬁﬁ;gtﬁgyﬁ%ﬁs{f%agﬁégénigs 1§§é¥$ Fa kB?r’igﬁ’nofthFH@Orfe@@ptsi’&‘@ ddhnect or

my be Foe®d 90 ahfie1WpperhkenbubOhli 08, has18hoWRd RIFGEnL si3nd and 7 or

't ground and other terminals held in internal cavities of the
housing 171 (not shown).

Two terminals are shown in FIGS. 10A and 10B which are

15 representative of the type of terminal structure that is
preferred for use in the plug connector 110. FIG. 10A
illustrates a ground terminal 180 having a flat body portion 181
that interconnects a contact portion 182 to a termination
portion 183. The terminal 180 has a free end 184 which is

20 received in a cavity 175 at the end of the connector housing
171. The contact portion 182 is bent at an upward angle so that
it will project ocut of a contact opening 176 in alignment with
and in opposition to a corresponding ground terminal 150 or 150
of the receptacle connector 110.

25 The signal terminal 190 (FIG. 10B) is likewise structured
and has a body portion 191 with a reduced width compared to that
of the ground terminal body portion 181 in order to effect
coupling between the signal and ground terminals. The body
portion 151 interconnects a contact portion 192 with a

30 termination portion 193 and the contact portion 182 is also bent
at an angle to protrude through a corresponding opening 176 in
the connector housing 171. These openings and the terminal

contact portions appear on the bottom surface of the connector

base portion 172 as shown in FIG. 9C and they are aligned with
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10 may be fornmed on the |ower |eaf portion thereof as shown in FIGS. 9C
and 17. The housing is hollow and contains signal, ground and ot her

term nal gyl sedd) i Nternal cavities of the housing 171 (%@Q@\g@l T\./\?
| 0
PAg

termnals are shown in FIGS. 10A and 10B which are 15 repreéesem
the type of termnal structure that is preferred for use in t

connect gheltBrmihGl ¥he idddiddwltese # OFouneht 558 Ndhot§0; RavhROrRchtat

body portion 181 that interconnects a contact portion 182 to a termnation
porti onfage. ofhsheeaanisictBO s ind r¥8l end 184 which is 20 received in a

cavity 175 at,th nd Qf, t connect or usj| .. dhe _contact portion
182 i s bent gpgaﬁr‘é’ﬁ\?\}adr%(ﬁl anéneaolso%%%“g nahf% %\#‘?1 %{%j%%tt ‘Etpﬁﬂ“ga cont act
openi ngcdRfietboal igOMEEs Well ANdHd QRO téoidLl &) ChsyeBR0BghBIagrednd
termnal 150 or_ 150" of the receptacle connector_ 110. 25 The si gnal

t ef ni nafsS18@°oVEPES "1 GBREASYS KidhitdR StvhrY (3eR) dehkeeed atevaydpbhei on 191
wth a dpi r t : t ' b L.on
I e o Sl e A B R ey
The bod¥70pést engaget wittdr ddrn estce st axdid andnpertowmn 192 wWrhé grd(inded
term nation portion 193 t he contact portion 192 is also bent  at_an
angl e t3*Brd rEﬁé-mllWiﬁgﬁqg) 'cg'r s&o%ﬂi H’%’ db%lri]rfbs 1t7lBei?ithfﬁet66ﬁﬁ€€i-6?
housi Ngmd¢1lpe THERS iCRGRIANGS aFd kD LM 1s AL Asde PORL{ 088 ABPCALVEAN
the bottom surface of the connector base portion 172 as shown in FIG 9C
ab@ t heguningaengagemanth anty dAG Y EFEEINPCETT UStD/ A a0ongedpihr20041Int he

termn r Vi L / e sh in.,the front_face of the
connec?%}ﬁéhggglg'ﬁgtigl%‘?h%% gjgorfiuftn ed g%naaqcﬂtl%’m% FIstf E%‘E)é%?g?ﬁa pl ug
connect peptéfefiisthel I"masradle otdaimileilE il Soribed kbseasi Writd theas

“novabl e" contacts in_that they are deflected toward the center of the plug
connect 3*ShedsFRgtarglffe AARE UG Ffifd tigpresent the "fixed

terminals described above.

15

In another important aspect of the present invention, a
status information detection feature is provided in the
connector assembly 100, and primarily resides in the connector

20 104 terminated to the cable 105. As mentioned earlier, high
speed cables at present may be manufactured to operate at three
distinct data transmission speeds of 800, 1600 and 3200 megabits
per second. It is beneficial for the electronic device or
computer to know what speed cable is being used so that it may

25 utilize appropriate circuitry to handle the data transmitted in
the most efficient manner. In this regard, and in the broadest
sense, the connector assembly 100 of the invention is provided
with a feature in place within the connector that permits it to
identify and convey information to the circuit board about the

30 status of the cable, such as its speed. It is contemplated that
such status information not be limited to only the speed of the
cable, but may include other information as to peripheral device

and/or circuitry on the upstream side of the connector 104.
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170 is engaged with the receptacle connector 110. The grounded signal
termnals 140, 141, 150 (as well as the other termnals) may be considered
as "fixedwoteamgémal s because they do not nove 10 during eng@gﬁmmgg@d

di sengagenent of the two connectors. In the schematic views of F . 9A
and 9b, the solid rectangles represent the "novable" term nal 3 JARSei bed
above, whi| e Irheonedasiles iesitangt eshasd] feenirép thamuEeBhesant nt beg" f bxed"
term nahstggs i bed above. 15 Status |nfornation Aspect In another

i npor t afPt8s Pdctt GMPFT TR vt bhO are spapvsdpdf wiiklit Ronadst et i on

feat ur esiatRisOViriRA-mdt 1 £ HHMBLIOr BIS Ysg0 PphMaELLY JLesides
in the connector 20 104lterm' nated to ?ﬁeé{:%%lseﬂlgg. ?;g'n%%fi (E)ﬁgd gggﬁger,
hi gh spetgctalfl edmithy esmaptanl decommedtant ur 2o thaopesameuatetinteethe

di stinct_data transm.ssi.on _speeds of 800 600 and 3200 negabits per
second. PFEIFE§% S albofatﬁ‘f)t %'el%? rhi [d1%1 e 2EUSr IREABURBACRO know what

speed cabimings1kewia 1sRd cemrididted tedBY grdund | 1hZEn8PRE PRGE At Bog'ﬁ&?“i try
to handle the data transmitted in the nost efficient manner. In this
regar d, WAhde fhehetheza@dstthes drwse status oimfaetat hes enbryiddDs ofil hebe

i nventi | rovi.de ]  J llace wi thin the connector that
per mi tseﬁ?htégeelgdlgg)t%fygt#}%%\%ﬁlﬁ#o%nrgﬁ h T et c]??%ﬁgt b]gﬁrﬁu%}%ut

the 30 shatasteb teemizlle, asidchhas rdcersrad: ddnhéceont 1P| atedohiatas
sngéh status i.nformation not be limted to only the speed of the cable, but

i ncfutengbfér tPnFECsRvico Ak TERTEER thd1en StRf cinfprmatienr E¥0mry on

t he upstreagh shdecaheldtercqpie¢tonh 4+ ’,_gg% 6 S00/ 19490 12
JAN 2004 Inﬁ%ng enbodi ment of thi st fe;}:tlur;céﬁt\é? ascgsﬁgﬁ%g} nﬁgl G 9A, both

of the connedt plygleoramedtdr0 280 using darthnid two pettatwé tsiainsl

i nfor i terninals, | abe SD.in E.G 9A for "speed _detect.,"” In the
recep?g%: ‘ggggﬁnéét 8?’031'1101%&?% s Tount'dtf t&athdace 201 of the plug

connector 200 is illustrated to show the arrangement of the

15 terminals. On the top row of the connector, a pair of status
information terminals 202, 203 are held within and project
rearwardly from a series of connector housing terminal-
receiving openings 210. In this embodiment, the status
information terminals 202, 203 are flanked by pairs of signal

20 terminals 140, 141 that in turn, are positioned above associated
ground terminals 150 and two power terminals 205, 206 which are
respectively a power out (voltage) and a power return (ground)
terminal. In this embodiment, a nest is formed (not shown) in
the interior of the connector housing 171 that receives an

25 electronic component 207 which is applied between the two status
terminals. Also, this two-terminal status information
embodiment is particularly suitable for instances where no power
terminals are incorporated in the connector.

The component may be any suitable component such as a

30 resistor, capacitor, resistor-capacitor, fuse, etc. that is
‘suitable to modify a signal coming from the cable in a manner to
indicate its status. This is further explained by referring to

the second embodiment of this aspect.
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5 printed circuit board 102, one of the status information termnals wll
be connected to a ground in the circuit board, while the other of the two
status | Woowededdn termnals will be connected to a speci PCTUS00/49G ON
the circuit board. As such, these two termnals and the receptzaﬂhqﬂm
connector 110 act only as 10 a conduit to receive and transmt the status

i nformati on FIGM. flBe AHABg scdiectldustatie arvelodr quiug boandecktortuRbpy. A

pl ug connector _200_using,such a t st at us .t erm nal ature i.s,_shown in
& SoRATRES, aapirdle SRt A S o IR L G P FPELEFERed o
show t henareagrnganent of the 15 termnals. On the top row of the connector,

a pair of status information termnals 202, 203 are held within and
project reaFRardPP Fehematdadldy sthavenida ArIvEawRNE P Ri harminadsi ¥ing

opgni n 210 his.enbqd) fe L %FHE . 1.nf | 1 pal 2,
20% ar gé?%nﬁg%gg;nlﬁgﬁtfs 0 egigg}naaugz]gmt%té)rm najldsrpl%,wlﬂﬁft%g?%ﬁgt %F"%g are
posi t i osdedbeave taesathatredoug rofune idnElzaland 5 anidl waorpogdr aser m nal s

205, 206 which are. respectively a power out (voltage) and a power return
(gr ound¥RteEPRERE| Pebieem SheniaisTe AUt APﬁ@sttqrgmfftﬁim%s% n‘?JPgsﬁB?m?ol"’ﬁr

the intfé't% of Ehﬁrﬁ‘&%‘?‘:t@fc&h%@mﬁ%a]ﬂ%5t4h.at ALcBings AR PBael eghrogic
conponent 9 wﬁlc I's appli1ed between the two status termnals. Al so,
t hi s t vwoeser Bbhahmagt deusormiest nat itdre compedittenthdauwss ey t25Ul asl ¢ saceabl e

for instances wher o . power .termnals are ingorporated in the connector.
TH® conPBnBRENTEY BE T alfiBaby e & GRS ORER. AL AE FhSPPUsE ophpund
capaci t trmh 881 Sben- gaBa¢h0lst ftise i rflcimdtidin itertdind b e2t 0 TRAES yieat
signal comng fromthe cable in a manner to indicate its status. This is

furt her28gphai Aédely tPeF@CEiVE B8 SlRCtIaTvif MRANIHREht28F ERRS Befetts

anot her AP UG CEANReRPEr IE0 Navi g a0 e IArneS NTBYIat Sn ToPntanl 252

associ adkdctrically contacting the two terminals 252, 254.

15 The electronic component 260 may be a chip capacitor, a
chip resistor, or a combination of the two in order to form an
RC circuit, a fuse or the like. The component 260 bridges or
shorts across the status information terminal 252 and the power
ground terminal 254 in the embodiment shown so that signals

20 transmitted through the status information terminal 252 may be
modified to indicate a particular status. In this embodiment,
the speed of the cable is the status information being conveyed
to the circuit board of the device. In instances where the
electronic component 260 is a resistor, as illustrated in FIG.

25 15, the status circuit 199 can read the resultant voltage as
seen at through the status information terminal 252. The
voltage signal for each speed cable will display a different
resultant voltage at the status information terminal 252, in
predetermined percentages based upon the value of the resistive

30 component 260 incorporated in the plug connector housing 250.

Similar information may be read when the component 260 is a

capacitor as shown in FIG. 16 and the time it takes in the
voltage passing through the status information terminal 252 to

rise to a certain threshold level may be counted by the status
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therewith. FIG 9B schematically shows the arrangenent of termnals in 5
this enbodi nent. The status information term nal 252 has been noved to the
ot her rowofi1pesesi nals and is illustrated as interposed bpEygRhuiddsy Power
out (PV) termnal 253 and the power return, or ground, (PG term nal 254.
As shown in FIG 14A, a nest 256 may be formed in the connekl dANBBusi ng

251 as @ireeiss]22006r thpenimgu2b7bbhatd avtendDilfrarean by afahes pover
and the status inforpmation_term nal 252. This nest

gr ound tﬁ;?lnal éSg A
256 is %t ?%er QLEfGEERE ERREEr GRFC TeaRPaRent sy thrashald M@l tasriuct i ve
porti ons 261rn@62repentnt $5AW8_akePROY! LRSS U 1L G 1Y

contacting the two term nals 252, 1 el ectronic conponent 260 may

be a chipasabee’ t opmpanephi psedsist bhe plug combieratdon @ fidre two in order
to. form an Ci.Icui fus r the_like. .The conponent 260 bridges or
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term natoRbdnplat 88 €HROILHBNprePOMBgea bRathel ¢RalsemO itfaRsMdd Ghy hrough

the status information termnal 252 may be nodified to indicate a
parti cidbFo 2RgeErass Ehesusabedi aenf'actine” spéedtaforntite coatpomarg: titre

t at | [ | ' it _boar.d of the device. |
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status J&f OFsme | ORESERAEDBh , 252n HBenPLAART %@t%%e%erggfélt %Q{%;tl}%ased upon

the value of the resistive 30 conponent 260 | ncor por at e plug
connectimfdmnst pn 268 rmisa i farpant oofiegi ohromy thé oreed wheh ithe heondarent

260isc§1 C citor_as shOV\H'n.FIG 1 nd the time it takes in the
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certai Ryidh eahadsbdeiel, Byt beg cognhedtby hheishabhusomgd ;WEnRbr966Q3tus

PCT/ US00/ 19490

15 information terminal that is terminated to a status circuit on
the circuit board. As such, the present invention removes the
status aspect from the circuit board and moves it into the plug
or cable connector. Such a status information terminal is not
terminated at all to any component of the cable in that it is

20 provided to complete an off-connector circuit. Such a terminal
will be incorporated in the connectors at both ends of the
cable.

The embodiments shown in the drawings illustrate the status

information terminal 252 being bridged to the power return

25 {(ground) terminal 254. Certain benefits are obtained by this
structure, such as the isolation of the status information
circuit on the circuit board and the minimization of radiated
emissions off of the overall connector assembly which would
occur if the status information terminal were shorted to the

30 connector shell {ground}. By connecting the status information
terminal 252 to an internal ground 254 of the connector 104, the
signals on it are entirely contained within the system and are

less susceptible to the inducement of noise.
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12 JAN 2004 circuit 199 of the circuit board 102. Different speed cables
w Il have different tinmes for reaching this threshold voltage. The : :

af or emrentwonedssoses are exanpl es of the use of a "passi ve"PEQR%g&moused
it

in the plug connector 104 for 5 association with the status I on
termnal 252. It is contenplated that the privileges of the

i nventi on magneaksolénadmoasshdite ulse ofatans "Befb¥eAt £bECEE SR 5a00BRONEAL
in order to iggrease t he range of status information recognition by the
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both such i nstances, the status T nformation term na ar Cuit
formed @LeHEntehatplegstornsalsife tdennbici trrdamtaial ssopnpl gpetirshehetrbeit

copnect gk i it h Qppasi.ng, .mati.ng connector having a
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circui tbesh bbether dlffeberrdalApasuch, Hdwieseitid rb/@:&\é&?ﬂcE?BHVESu%fie

e

status aspect fromthe circuit board and noves it _into the plug or ca
connectBf. UGEn1E IPELARCERT HheXS &P ROAMATIUNGoS presemttad whaal | to

any co t 1, of - I Rt hat. J.t.4.5 2 [ ete_ap.
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connect ors abd@ibthopatisyof byhdocadliing tHee sardme nanfcrnsolsn i ngbheand

dr awi ngs iIIuﬁ*at G he statu i.nforrraé.i on termnal 252 being bridged to

t%g pO\?\B?W?EtU '2§ EgFﬁﬁW&f’aﬁér Hn QRS8P AP SiRN 125 B obt ai ned by

this stoneéeter BUGEiAg YRBereOldl QRraGN dH1G: IRMs i'é.“fPirﬁ‘Pééapf Cigc%']glt on
0 e

the circuit board and the mnimzation of radiated emssions o
over al | Pe@phete ofC aBEERE| {heh Al feaend 1adc suronidl towe st atlasénf cogathen |

e koK ORI LES 05RO A A o Bl B0l 0 e
104, thehisighatsnessipeametentieekcynteritainiedvddidnglies!s isheit agdaas e
Ifgs SLE&E éigﬁg éfngggmiggggggﬁ@%logt@gé?%re and maintain the size of

the connector.

An example of this signal isolation and of the
incorporation of multiple connectors of the invention is shown
generally as 300 in FIG. 17, wherein three individual receptacle

20 connectors 301, 302, 303 arranged in an inline configuration
within an external shielding shell 304. Each receptacle
connector 301-303 has two leaf portions 305a, 305b that support
conductive terminals 306. The signal terminals of these
connectors are arranged in two discrete and differential pairs

25 of terminals 308, 309, 310, 311. Each such terminal pair is
separated by a key 312 formed as part of the connector housing
body. The ground terminals 314, 315 associated with the signal
pairs are located on the upper leaf portion 305b and are aligned
with their associated signal pairs as previously mentioned. The

30 remaining terminals on the upper row may include power ocut and
return terminals 317, 318 that are disposed between the ground

terminals 314, 315 and a status information terminal 320 that is

shown interposed between the power terminals 317, 318.
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-21 WO 01/ 06603 PCT/ USO0/ 19490 12 JAN 2004 One could al so short the status
I nformation termnal 252 to one of the signal pair grounds 150, but to do
so woul dwWw émgseehe signals transmitted through the stat uspdmfigfiedohOn

termnal 252 close to at |east one of the differential si gnﬁl2 ﬂgizw wher e
it 5 mght affect the signal integrity by inducing noise int ol bot h

of the Chridexrtamt | hfopationHowever, this construction could be used in
i nstances V\Gere no OV\BI‘OSI’OUDd iiypresent as_what m ght be experienced in
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and row of the connector housing (Where the avail e space Is limted),

it is fxumithe extérnal shiedidf 128ehyi ah shyaaivepangs idcdseort ogelieer
a ke hem,"qui et” froman "electrical noise" perspectiyve. hi s
c[‘%sene 56'peﬁﬁ$§et%ec%h%?éi?ﬁsaggaﬁtegﬁﬁl FEnSPhEi A S'Gé’leé f@”ﬁ’-sgleng t he
M ni minKRChR Gt Bhctiton ¢ pod sRbRpALN hheosmaRieht ihbe cderreslan. An

exanpl e of this signal isolation and of the incorporation of nultiple
connectRIIK 1y | bR epstabplishedopt wgenekhel ynasr3end puted shieldser ei n

three ifitlyidiAli JCRGRL aGLe G FOPRCCIQLE, 30y 3064203 .al Latagy bn an
I nline configuration wthin an external shrelding shell 364 “Eac

r ecept gotedietcommiontdre BOdE B0Sahasel abibaahipobétwaen30he, idbel thdt support
conductive ter megllag 306. The signal term nals of these connectors are

& ang PGS Si rete and differential pairs 25 of terminals 308, 309,

310, 311. Early edimdBE 1 aé PPéErtScatCRAEALER B¥uBakay 1312¢f grmed as part
of the connector housing body. The ground term nals 314, 315 associ ated

with tepAgtar and rereyide oz aneanonfoheAdpperrenaf tpofiicenbe0sseantdhar e
oot 41 825014 80 9081 L hpdopr EiEgUAL Y, oL oned, The 30
ter m nallxex¥hat 348 + hadn RE@ wkisposiedebaldepe tbel grednlaving a resistor
15 to dissipate ESD charge and the capacitor to shunt AC noise
currents to the outer shell and subsequently to the conductive
case of the equipment, thus minimizing radiated emissions.
In other applications other electrical components such as
metal oxide wvaristors (MOV's) could be employed to provide over
20 voltage protection and controlled spark gaps could provide a
predetermined arc-over path for extreme voltage transient
conditions. Other components and variations of components could
be employed to provide a wide variety of additional functions.
Traditionally, these functions have been undertaken by
25 circuitry on the printed circuit board which takes up valuable
space on the circuit card. 1In the case of high speed and
extreme speed interfaces, this circuitry increases path length
and thereby typically reduces the quality of the function.
Turning now to FIG. 18, one embodiment of such a double
30 shield structure pin 400 shown in plan view. As shown in FIG.
19, the inner shield 402 jis essential within the outer shield
403 and is separated from it by an intervening insulator 404.

Each shield 402, 403 may be provided with connector tabs 406,
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termnals 314, 315 and a status information termnal 320 that is shown

I nt erposed between the power termnals 317, 318. -22 WO 01/ 06603 .
PCT/ USOO/ w@¥fHdedo3 JAN 2004 As nentioned previously, and as _illustrated in
FIG 2, inner shield 123 on the receptacle connector 110 PSETSHWAMM from
the external shield 129 by an intervening isolator nmenber 5 13Q.JANHEMe are

di sti ncl oydwhilc30 Sy bSUYELL \Y hi nstruction. For
exanple, a connunicé%ing elecfg?éﬁiegﬁggtg% n%géggggg?gﬁgi%h&dtﬁﬁimeen t he
i nner af#igddsr tegetiher. that may include one or nore electrical devices

to effect a ,p el ned. el ectrical relationship between the inner and 10
out er shieldé.%%%%k% lﬂﬁzab§rﬂ§%§1§9r+%%ﬁr?@EQﬁﬁ thel shielfdpzsogether.

capaci t Theamgdthodd dgswrcHeans fp G ol reat I i r and
outer shields while bl ocking DC cpurrent. N?%@%%t?%?@%g\gﬁp&égﬁ&eﬁggg’
codl d b&OHt FrAIRd ha it sk e disstidgre 1BWe oshiiskdpat elESEhe hamhedanenthe £

capaci t prgk0 suRy AGHQY ?%rn{:‘br{ et s, | é?ﬁhgg%f%ﬁh%%fad subseguently

to the conductive™ ‘case of the equipnent, aBr 4PEq

eni ssi oAsrchatobbardpEil gatimmresl atheineg|wedrd cado coOFPERENt sksugh as  netal
oxi de varistors coul d be enployed to provide over 20 voltage

pr ot ect 6ﬁe§ﬁﬁlyc%hﬁ/£\|£&iﬂ)e§d topdhe g%ﬂgg‘ 5| Eﬁrcg\ﬁ‘?jéﬂéﬁ preelesbinlded488¢- over
path fologxthe#BhyOlshddeg! EpATeln anditians: KIai LePonsnts and,
variations of conponents could be enployed to provide a w dé vari Sf‘ygof
adfi t i onbecrahealopathTlgtiotbondiusy inmese rfairittd ansahiame deeshandert aken

by 25 ghhgHipgry on the printed circuit board which takes up val uable
space on thé Circuit card. In the case of high speed and extrene speed

interfaces, Thesctircaiitt Mgmbeer a29emaiatihdlemd utitkd eI £byayPERAL! Y |
reduces tfﬁ ﬁual i t\égof ﬁ)he function. Turning nowto FIG 18, one enbodi nent
of such"i'totibF¥ t3§ LAPS 4%t r d&uE fihe 400 shveids 402 492w, Peeshown

in FIGeircuit member 420 is shown as having solder pads 425 to which
15 either the tabs 406 or the electronic components 428 are
attached.

In the embodiment of FIGS. 23-26, a metal blank 400' may be
used to form the two shields 402', 403' as an integral assembly
that provides a direct electrical contact between the two

20 shields 402*, 403'. As shown in FIG. 25, the inner shield
portions 450' are folded in the manner shown so that they lie
interior of and spaced apart from the side walls 452', which are
folded from the dashed line position of FIG. 24 to the final
configuration of FIG. 26. A rear plate 454' with tabs 456' is

25 provided for further connection.

In an additional embodiment of this invention, shown
generally as 500 in FIGS. 27-29, the inner shield 502is formed
separately with mounting feet 503 (shown as surface mount feed).
The inner shield 502 is positioned interior of the outer shield

30 504. 1In this embodiment, as well as that of FIGS. 18 and 19,
the two shields may be connected discreetly to the circuit board
or other structure and thereby give the system assembler a
choice in the type of communication between the shields to

obtain a desired level of control. A shorting plate 510 may be
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19, the inner shield 402 is essential within the outer shield 403 and is
separated fromit by an intervening insulator 404. Each shield 402, 403
may be pmavoriestoai th connector tabs 406, -23 WO 01/ 06603 Pgﬂdg&%&@490 12
JAN 2004 407 which may be used to electrically interconnect .the

shields together. A network may be used to interconnect t he ! IhiAd 104

t oget heappl i@ tet bhdsoisuehshseadcapasichiel 0b Bieigd URANENLY cted,
5 for exanple, directly. . to_the two shields. In the énmbodi nent of GS.
20- 23, %‘bc?rrg £ i3% i BReF é?ilﬁfl@sci rcuitry, rigid printed circuit board, 3D
printed wring board 420 or the like is directly attached to the connector
and to the two shields 402, 403 thereby saving space on the circuit board
102 ands CDgnoN becPowerafTepatt ngth thus inproving the quality of
th‘tfe functi%ﬁ The circuit nember 420 may _include cutouts 422, 423 that
wWiTl view t he? t3BIT08E, 1HBITbRREhasSPRBtshfebhs ROZSeRU3 inMant i cund
menber #A2QtSmshoMedShirayi I 2 e 15 either the tabs
406 or the el e%t ronic cgn%%ﬁglﬁtég %@%Og%gégtét g}é%ggw'l rt'}ht%e YeniodiStent of

FI GS. ZRrmeinaglsetBY andnRG408renegpheitisellyt oofipled hedarheahivaltds 402",

403' a | enb]l hat . pr ovj des direct electrical contact
bet men%ﬁeé%ﬁmrg%%é%ﬁlﬁélfﬁﬁnﬁoa%,e eT WiC RLWE FRVEFELOIS 104h@T e
shi el d rquept arise Axfhin@teot ol ded ihidHecHBPNShaSPOW SRl hale TREMHLS
interior of and spaced apart fromthe side vval?s 452", which are fol ded

rm t 7F Yitle positrdh bherfallowing adeantages :cddfi guration of

FIG 2GiAreds MM S 404y s tht 456. J vided for f.urther
connect ilon. lI n San ad%t?%%%%ﬁeﬁ%o n%lrf? SofAfh‘lgcgllgéggﬁt i(%gr(‘-i’,m ?ﬁd\ﬂg general ly
as 500 tnard G ray-29omt tiee | oihecushibdar§0Phicudnr ghe coep@icdical;y (it Rt

mounting,.feet, 503 (shown as surface unt feed).
é%téﬁilékes(a common ground reference f%r parasitic coupling

Qicna ool OthecPhwe Tepainal

from the signal terminals in order to minimize any AC voltage

15 gradients occurring between ground and power terminals, PV and
PG; and (3) it protects the connector from induced voltage
"noise” from exterior electronic devices.

Noise voltage induced on the power terminals PV, PG will

tend to affect the differential pair terminals TPA+, TPA-, TPB+,

20 TPB-. By placing a capacitor (220) between the two power
terminals PV 205, 253 and PG 206, 254 it is possible to keep the
power terminals at the same AC potential in a dynamic condition
of high speed data transmission. The effect of this coupling is
to minimize any noise voltage between the voltage power and

25 ground terminals PV and PG in order to minimize noise coupled to
the signal terminals.

Although the description has largely been described in
terms of a cable to circuit board connector assembly, it will bé
understood that the present invention is not so limited. The

30 connectors of the present invention may be used as “docking”
connectors, such as those used to connect an electronic device
such as a computer to a base station, or to connect two

computers together. This invention may also be incorporated
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The inner shield 502 is positioned interior of the outer shield 30 504. In
this enbodinent, as well as that of FIGS. 18 and 19, the two shields may
be connecywerhiscar eetly to the circuit board or other strtl;grm ?&g?

t hereby give the system assenbler a choice in the type of CO H¥2ti on
between the shields to obtain a desired |evel of control. Ajghontng plate
510 may ikgo Hbatd-Ad Mkl Ridy 1500648480022 AR 209fHaRRKEM Taecéﬁ?zlgo.lgrer
shield in order to bridge over the outer and the inner shields. orting
of the PHREMSTeNRErat PN g dbrednport ant aspect of the present

invention, and a e | t her enbodj nen er eof he t ower
terninals, PV and Efg arék%&paé?%?@%?ygﬁgﬂg}%ﬁnt598%héEemﬂPﬁﬁﬂklPﬁeg% ©
connect bleetousiong afndeiddwerrithed pl i1g wOhDesé OsppRdent tBernbaeeBkathed
connectaqr 110. This _coupling provides the connector 10 assenbly with at

| edst t A& 519 GRitndhady > gnd mediticarions mayskecmadedtberepari ous
AC vol teag%d‘dtomeeﬁmnglt i AR E b { PR thE ghé%%ene%g t@hguggogﬁeof
connector; (2) it establishes a common ground reference fobr parasrtic
coupl i nghifohorhst He fsingdalbyt dihe eppendedrcbait®. mi ni ni ze any AC vol tage 15
gradi ents occurring between ground and power termnals, PV and PG and (3)
it protects the connector frominduced voltage "noise" fromexterior

el ectroni c devices. Noise voltage induced on the power term nals PV, PG
will tend to affect the differential pair term nals TPA+, TPA-, TPB+, 20
TPB-. By placing a capacitor (220) between the two power term nals PV 205,
253 and PG 206, 254 it is possible to keep the power termnals at the sane
AC potential in a dynam c condition of high speed data transm ssion. The
effect of this coupling is to mnimze any noise voltage between the
vol tage power and 25 ground termnals PV and PG in order to mnimze noise
coupled to
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the signal termnals. Al though the description has |argely been described
-in terns of a cable to circuit board connector assenbly, it wll be
understood that the present invention is not so limted. The 30 connectors
of the present invention nay be used as "docki ng" connectors, such as
'those used to connect an electronic dedrce such as a conputen z maghase
station, or to connect two conputers together. This invention may also be
[ ncor@bﬁ&ﬂ&l -25 WD 01/ 06603 PCT/ US00/ 19490 12 JAN 2004 into
board-to-board style connectors where i npedance matchi ng or status
information is desired. Wiile the preferred enbodi nents of the invention
have ) beena s peyinaRdo 88 fifo a ¢dnn¥tioh beRv-RR B ARG MandRissiopesdlekidd ed 5 in
the art that changes and noditications nay be made therein wthout

depar ting difcainbold Wnvdy ¢f sfintefvening vemmettonmotited scthpeirafit boskd add fos  def i ned
by the appended clains. -27 CLAIM5S 12 JAN 2004 An 1/Q connegtor f.or

provi di ng detesting sletus drfobaatieashout thaeable; Faid sHleBPvine atdeasttwafisupct HEpal i ¢
board by way of .an interveni ng connector nted to the.ci L.t ard and
for det ectIHANSORE GLOYNGAEETFRES R0 “Pﬂ?‘k”&ﬁi%‘f‘-‘o ‘gg?sdﬁ'ﬁsgéﬁdégcﬁgﬁﬁng at

| east two di.Skl ' ] 3 : icakled Wi th
the two si%r‘% l"‘v}?\jﬁf:‘grs’e@,3 g@ %g?waﬁﬁéggﬁ%?\%%gg{vgkﬂ%ﬁgg??ﬁ he fuigﬁg?agower Wre
bei ng a widnd thesecshdpdyérigire/bidpgeoliage cangrin vaisd, thecabhheztoranohptibiegsecond power
wre being a voltage return wire, the connector conprising a connector
housi ng; the conerseeeler bpsiighg i ncl uding a pair of distinct signal

t I nals f t 1 nat j to .sai bl ' (Y . : 1 nal
for "t orm nati ngF GPREH Baws irbinE R e PLPERR el i G RE HEhub LR, 0
ter m nal's Qg GERSALIY Gl L ShTA R K (5ififidth Sud bt groahd second

power wires; sald cohnector ing further including a status information
terninal dicfpasedirst ik setdnd power Gxmitialsyfot wspeatively trmmatipg teevaidiiable firshi d
status information term nal and said

and second power wires;

said connector housing further including a status information terminal disposed
therein in proximity 1o said second power wire, said status information terminal and said
second power terminal being shorted together by an electronic component capable of
modifying voltage transmitted across said status information terminal, said status
information terminal, second power terminal and electronic component forming an open
circuit within said connector that is completed when said connector is mated to said
intervening connector such that the status information at said cable may be read by a

circuit on said circuit board.

2. The connector of claim 1, wherein said status information terminal and said second
power terminal are disposed in side-by-side order and said connector housing includes a
nest extending adjacent said status information and second power terminals, said nest

receiving said electronic component therein.

3. The connector of claim 2, wherein said status information terminal and said second
power terminal extend longitudinally through said connector housing and said nest

extends transversely to said status information and second power terminals.

4, The connector of ¢claim 1, wherein said status information terminal and said second




second power term nal being shorted together by an el ectronic conponent
capable of nodifying voltage transmtted across said status information
termnal, said status information term nal, second power term nal and

el ectroni c conponent formng an open <circuit within said connector that is
conpl eted when said connector is mateekgto said intervening connector such
that the status information at said cable may be_ read by aj xigxnupg on said
circuit boRPWer termingkare spased ansHt ftmnéﬂcéaiqﬂaexpn&h‘@ra@gne%w%e@mﬁ@ i nf or mat i on
term nal and said second power term nal are disposed in side-by-side order
and sai d connector housing includes a nest extending adjacent said status

el cot Poni ¢ TEoRaBRER? of ARPLFrrASHR AT henfl oSt PERGA ASNEPET oo o

status infeiggfthon termnal and said second power termnal extend

| ongi tudi nal'ly through said connector housing and said nest extends
transversely to said status information and second power termnals. 4. The
connector of claim1, wherein said status information term nal and said
secon® - 28The cennertespf alpimn Liydicerin spjd conreconinsludes aplircoamgstalr e al i gned with
each other. 2004 5. The connector of claim11l, wherein said electronic
conponent includes a resistor or a capacitor. 6. The connector of claim

I't, wherei TheabithesRPBLELRN 1, ierdif 88d JomW@r ﬁ%’i&?ﬁx% es'a ;flﬁﬁﬁtf?ﬂﬂ@ﬁfeﬂ of

claim1l1, wherein said connector housing includes a plurality of cavities

f orned t heforined theaeih, edch séisald caitidsiraivieg eicvifisgidaliginof sigml termhirils, nct  si gnal
termnals, ground termnal, first and second power termnals and said
status i nf goRad tgmine, istmdsecond pewenteraingls apd sajd sutshoioanatinn tomeigals

term nal s Vi.n SPI I armwith contact. port.ion_tha rojects

par 11 a1y DR o B il e Eiapta Bttt inefating Seb AAbeRSRRE: i ng
W th an oppsrondh4t pRIJIE&E PartiAlly dift OF k4R sdidc@wBect i on  between an el ectronic
device and a circuit board, the opposing connector being termnated to the

circuit board and the el ectronic device being termnated to the connector,
said jntelligent,. connector conprising: a copnnector body, a plurality of
conduft i veAR i iEERLCCBHETR PEHSRE WHE 58 GRROIEFONBE Y 10 PHa <A frsstoh

i ncl udi NG BdwleERaA elebMbhi QWL A8/ Birddit B 8 dofPe RPMR]ngt €7 M nal's

bei ng a power out fgrrri rllal arfcf}‘t ﬁe ot h%?&%esg?%bﬁm peovver tngirri nal s bei ng
a power r eteoninatedrtnithatircuitdbotrdgad flor elegenitdenige beinigderalieatéd wthe devi ce

being transmtted t e_re}p via said power out termnal and _returning from
sai d. el ectIRBRFIET.Jaid intelligent connestorspaprisiagy psornactar hady, agdwalityfel [ gent

connect or %dgggl‘.% t@gnﬁmﬁts@]glﬂﬁteg &l %J@oﬁﬁé&%&d?f& P&Jmn%&ﬁ%&‘hhﬁ% Pleaiial d

connect or
two power terminals, one of the two power terminals being a power out terminal and the

other of said two power terminals being a power return tcnﬁinal, voltage for operating
said electronic device being transmitted thereto via said power out terminal and retuming
from said electronic device via said power retumn terminal, said intelligent connector
including a status determination terminal supported by said connector body for
displaying the status of said electronic device to said circuit board, said intelligent
connector further including an electronic component connected to said status
determination terminal and one of said two power terminals to form an open status
circuit within said intelligént connector, whereby when said intelligent connector is
mated to said opposing connector, said open status circuit is closed via opposing
terminals and a status circuit on said circuit board so that said status of said electronic

device can be determined by said circuit board status circuit.

9. The intelligent connector of claim 8, wherein said electronic component connects said




di splaying the status of said electronic device to said circuit board, said
intelligent connector further including an el ectronic conponent connected
to said status determ nation term nal and one of said two power termnals
to forman open status circui.t within said intelligent connggt@r Y q{]‘\her eby
~when said intelligent connector is mnBped to said opposing conn ytg , said
open status circuit is closed via opposing termnals and a status circuit
on said ciinduding ableasd osesighaltersanal, (ePower smisal andeine gravwwd \emiRpsRide can be
det erm ned bﬁ‘ said circuyit. board status circuit. 9. The intel Ié{eg%nt
connect or 18telligent sangectopipslading ableast ape diatus Aflerminsoe e SHAREEE P¥ai d - 30 1

2 JAN 2004 incl udi | . ' | i nal -m nal d

one gr ound ERRSER DBy for IfGeiaia g BRE: Shirieargrn M e e RiLL one.

status detgp 0aht AR EE bRk ABRE iRl S toRRUBRE bRt BAgheciber
status o |

i ndicating t said electronic device to said circuit board,

sai d i nt elfetvisritone O 846 bighall péwdreind izfdind tirghah Andedabibitrl east enecstatponent
connected between one of said signal, power and ground termnal and said
at |east olstermination terohinad tnforatan open setys piagvit withia sad aptelbigent coreCis circuit
within said intel]igent, connector, . wher when sai.d intelligent connector
is mated t¥<E Yd‘”g"ﬁ‘p‘@ﬁ Wbc?l&fﬂﬁ'é@%?t?“é‘g?age%éﬁéﬂﬁ ORPAT AU F LS ?alfj PH osed

Vi a opposi 4 AleUSmEhAIs & il G Grdpabskase  that
i d ot at Gty AAELR AV S Bilermihi b At Brclitid M SIARTRERS
boar d st atthg saidi sttt &F saliBelech¥onid dovite RaebE ddteririfiedyal diingitdoadrsratet | on
between a data transm ssion cable and a circuit board by way of an

i nt er veni marcgdnnect or nounted to the circuit board and for detecting
status information about the cable, said cable having at |east two distinct
signal w.res and one ground reference associated with the two signal

Wi regg they copg lifPa cohneQSelyden AQUE thihsmiRRncaRBGS4 87 housi ng
i ncl ugi ng %I?Eai rﬁggtﬁ%’gﬁﬂs?%%%n ter%fena eg for ter"'g% na’?i ng to said

cabl e si grefdeuivibb&d yrwhayeofgihdntetlehgromadctdr aouhed g thetdingit board andi farabl e

ground reference; said connector housing further including at |east one
status i nfdstesting satusaptermation apoutshe eable. aid sebie having atleast (o diskingt sighpbn

term nal RQein hort ed t.0_gone 1 d.S) nd reun ] s by an
el ectronic (r:%sgrap%r?gﬁtgfglggirﬁfgﬁng%)%sgg‘ﬁ%tg%wﬁggﬁé ow%tsgn m H’grleg’q}één%rn%{@ct ronic
conponent dogfpiisi@: an open circuit within said connector that is conpleted
when said connector is mated to said intervening connector such that the
st at us a connector housing;

the connector housing including a pair of distinct signal terminals for terminating
to said cable signal wires and a ground terminal for tenninating to said cable ground
reference;

said connector housing further including at least one status information terminal
disposed therein, said status information terminal being shorted to one of said signal and
ground terminals by an electronic component, said status information terminals and
electronic component forming an open circuit within said connector that is completed
when said connector is mated to said intervening connector such that the status

information at said cable may be read by a circuit on said circuit board.

19.  An intelligent connector for mating with an opposing connector to previde a connection
between an electronic device and a circuit board, the opposing connector being
terminated to the circuit board and the electronic device being terminated to the
connector, said intelligent connector comprising: a connector body, a plurality of

conductive terminals supported by the connector body, said intelligent connector




information at said cable may be read by a circuit on said circuit board.
19. An intelligent connector for mating with an opposing connector to
provi de a connection between an electronic device and a circuit board, the
opposi ng connector being termnated to the circuit board ang?tag 2004

el ectronic device being term nated tosthe connector, said intelligent
connector conprising: a connector body, a plurality of conductive

term nal Fat ol 6O susitirdd blsal Icomiesator odnfeet or 12
JAN 200453{1%1\%%'2%;'%%%& a Sgc?rrm%f steglgg{sa)édsg?%’rm ngti on term na?ys] support ed
by sai d atispledhgthelasys 6fmid décephiaylenige tdwiddirtitdoatl, siad utadligant r oni ¢ devi ce
to said circuit board, said intelligent connector further_including an

el ect r oniconoentprobiether incndiag tae €] ep@onie eomperient conngotes bepweearstid#aMon terni nal s
to formanp open status circuit within said intelligent connector wher eby
when sai AStIanatiogdsrmingpm o an Pgwtéﬂmf‘ﬁmé’ﬁﬁlﬂn E?E%B%?lﬁge“éﬁwe%r, sai d

open status.cireuit.ks Ggl.osed vi ] r.m : circuit
on said g%l?céf}ﬁwg%?%a %&ilﬁw ¥ O?gﬁapgﬁ@@%d;gg%%_soﬁ %qu]e%s (‘é@?rg%ﬁll- Eglgtgyiénce can be
det er m neghrbycifditds iosEdiih opRRTTE teinfihals andh Etattls tircdion AN dif Qitcoardant or for
provi ding a connection between a data transm ssion cable and a circuit

board by thatsankstatns bhiadd electionis doviveean be detemminebbyt wid disudiboerd tatboar d and
for detecting status information about the cable, said cable having at

| east t w4t i nct signal wires and one ground reference associated with
the two signal wires, the connector conprising: a connector housing; the
connector housing including a pair of distinct signal termnals for

t er mpnat | Mg/ @oBddtdr foR Pvidih PR BbnnétticiSbedeenth dbtOlEmi Riof daBle 2hoh
termnating to said cable ground reference; said connector housing further

i ncl udi ngrimmuip doarddy wawdfia inteheEningt doonedtermdeuntddgo thii cinguis bdardlaed &, sai d

status information term nal s being orted foget.her an .el.ectronjc
conponentdeteslipg stafusiglormation shopt TS‘ﬁ cgl'gp, 2 leg’ﬁﬁmﬁl" 5% S1stiBrHSmaNt

Lo .08 A P T A SRRSO e 0 5y AT s W 5o
i nf or mat icampeisingai d cable may be read by a circuit on said circuit board.
a connector housing;
the connector housing including a pair of distinct signal terminals for terminating
to said cable signal wires and a ground terminal for terminating to said cable ground
reference; _
said connector housing further including a pair of statns information_tcmlinals
disposed therein, said status information terminals being shorted together by an
electronic component, said status information terminals and electronic component
forming an open circuit within said connector that is completed when said connector is

mated to said intervening connector such that the status information at said cable may be

read by a circuit on said circuit board.




