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DUAL OKI UN TAJ ION ELECTRONIC CONNECTOR WITH 
EXTERNAL CONTACTS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

(00611 This application is a eonSmtdition of U.S. Application* Ho. t 3/607.366. filed 

$ September ?. 20! 2; -which claims the txmefi!. of U S. Provisional Fateft Application No, 

fifiSS6s0^j. fued November 7, 201 L U.Sl Provhaomd Patent Application No, 61/365.372, 

filed November 3th 201 L and U.S. Provisional Patera Application No. 61/694,423, filed 

August 2% 2012, which are commonly assigned, the disclosures of which art hereby 

incorporated by inference fe their entirely, 

10 

BACKOROIIND OF" THE INVENTION 

(0002! The present irtvsntfcn relates generally to electronic connectors such as audio and 

outa vcaa iv'X-i'Ot > 

(6003) Standard audio connectors or plugs arc available m driee sLes awarding to the 

If outside diameter of the plug: a <>.!$ mm (1/4") plug, a 3 A mm (1/8") miniature plug and a 

20 mm (302") suhmimatum plug; The plugs Include multiple conductive regions that 

extend along the length of the connectors n: distinct portions of (lie plug sach as the tip, 

sleeve and one or rnoffc middle portions between the tip arid .sleeve resulting ife the connectors 

often being referred to as TRS i$i% ring and sleeve) connectors, 

20 }00041 Figs, IA mtd IB illustrate examples of audio plugs 10 and 20 having three and four 

conductive portions, rcsnecdully. As shown in l:KT (A, ping 10 Includes a conductive tip 

12, a conductive aieeve 16 and a. conductive ring Isl electrically isolated from the tip 12 and 

the- sleeve 16 by Osulatmg rings 17 and 18. The three conductive portions 12. 14, ;6 are for 

left and right audio channels and a ground connection. Plug 20, shown in FIO. 18. includes 

23 tour conductive, portions; a conductive tip 23, a conductive sleeve 26 and two conductive 

rh;gs.24, 25 and is thus sometime referred to as a TRES (tip, ring, ring, sleeve) connector. 

The four conductive portions are electrically isolated by insulating rings 27, 2$ and 29 and 

ate typically used for hit and right audio, microphone and ground signals. As evident fern 

Figs. 1A and IB, each of audio plugs 10 and 20 are or ientatlon agnostic. That is, the 

| 
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conductive portions completely encircle the connector fern fug 360'degree contacts .such that 

there is no distinct top, bottom of Side to the plug portion of the correctors. 

100051 When plugs ! 0 and .20 are 3.5 srw* rmnmtttrfe connectors., the outer diameter of 

cffiidketi ve sleeve 16.26 and conductive .rings 14. 24.15 is 3.5 mo; and the inserbo'o length 

oft.be connector is 1 <1 -mm. For .2.5 mm shbmhi|i$me connectors, the outer diameter of the 

conductive sleeve is 2.5 rem smd the insertion length of the connector h > 1 s# long: Such 

TRS and TR'RS connectors are need in many commercially available MF3 players ami tor,art 

phones # well »s other eloctfotne devices. EiecteiHic devices such as MP.3 players awl smart 

phones are continuously being designed to be thinner and smaller ami/or to include video 

d-splays with screens that are pushed out as close to the outer edge of the devices as possible, 

'The diameter and length of current 3.5 mm ami even 2.5 mm audio connectors are hnhtmg 

factors tn making such devices smaller and dormer and m af Raving the displays to be larger 

for a gives loan factor, 

10006| Many standard data connectors are also only available in that ere limiting 

factors. In making portable eiectumio devices smaller. Additionally, and la contrast to the 

TRS connectors discussed above... many standard data connectors require that they be mated 

with a corresponding connector in a single* specific orientation. Such connectors can be 

referred to as polarized connectors. As an e.fsmple of a polarized connector. Figs, 2 A and 28 

depict a micro-USS connector 30. the smallest of the eun&atly available USB connectors. 

Connector 30 Includes a body 32 md a metallic shell 34 that extends from body '32 and cat? 

be inserted into a corresponding receptacle connector. As shown in Figs. 2.A, 2.8.. shell 34 

has angled corners 35 formed at obe of its Isbttom plates. Similarly., the receptacle connector 

(not shown) with which connector 30 mates has an insertkm opening: wit.lt matching angled 

features that prevents shell 34 from being Inserted into the receptacle eormectarthe wrong 

'way. Ttilf is. It can only be inserted o-;e way - m. cm orientation where the angled portions of 

shell '34 align With the matching, angled portions |g the recepta.eie connector. It is sometimes 

difficult for the use? to detCrmme when a polarised connector, such as connector 30 is 

oriented in the conect Insertion position. 

10007] Connector 30 also includes an interior cavity 38 within shell 34 along with contacts 

36 formed within t he ca vity Cavity 3$ is prone to collecting ami Oapnn-g debris within she 

cavity which may sometimes mtetlme with the •signal commotions to contacts 3b. Also, a.mi 

U addition to the orientation issue, even when connector 30 is properiy aligned, the insertion 
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a.no extraction of the connector is nox precis, as^d amy h&*e an jncosisisteH fees. FurtUex, 

ever; when the. connector is fully inserted, it may have as undesirable degree of wobble that 

may result in either a fealty connection or breakage. 

Many other commonly used data cenneen.a s, Including standard USB emtnoetorv 

mini USB connectors* Fire Wire connectors, as well m xmny of the proprietary eonneetots 

used with common portable media electronics., sutler firdm some or all of these deficiencies 

or Iron'! simdar deficiencies, 

BRIEF SliM.M AR V OF THE I'MVBHTION 

(0009j Various embodiments of the invention pertain to electronic connectors that im prove 

c-pon some or af of the above described rkdkienclm:. Otter embodiments of the invent ion 

pertain to methods of manufacturing su,s© electronic eonsiectors as well as electronic dsvic.es 

that include such connectors. 

In view of the shoetcomings in cmrsotly available- electronic coonectom as 

described above, some embodiments of the present mvemiot) relate to improved plug 

connectors that h:sv<-: a reduced plug, length and thickness, an intuitive insertion, orientation 

arid § smooth. consistent test! w-ten inserted and exlo'c-ted fro;?1, its corresponding receptacle 

connector. Additionally. .some emhodhnstjas of ping connectors according So the present 

invention only include externa! contacts and do not include contacts positioned within an 

internal cavity that is prom to collecting, and trapping debris.. 

|8Hl F| One particular embodinsent of the invention pertains to an unpoiariised multiple 

orientation ping connector having external contacts carried by a connector tab. The 

connector tab can be inserted into a corresponding receptacle connector in at least too 

mfien.-n; insertion orientations, Contacts are formed on fust trad second surfaces or the tab 

and arranged in a symmetrical layout so mat the contacis align with contacts of the receptacle 

connector in cither of at least two insertion orientations; One or mot#, individual contacts in 

the first plurality of .contacts are eleciriediy coupled wbbm the tab # body of the connectot 

to a corresponding contact in rite second plurality of contacts. Additionally., the connector tab 

itself can have a symmetrica! cross-sectional shape to fiic.il hats the multi-orientation aspect of 

this embodiment. 
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jOCn.2] Another ^rnbtMauenlpertains to a <laal orientation plug coasectoi: that includes a 

body and & ISO degree symraeitiesi metal tab connectedto and extending longitudinally 

away'fern the body. The tab includes ftni M.<S second major opposing' surfaces and-third and 

fourth minor opposing, surfaces that extend feMwe-en the first and second major surfaces. A 

first contact region formed at the fits* major surface of the tab includes a first plurality of 

external contacts spaced apart along a .first row, A second contest region formed at the 

.second major surface of the. tab mchides a second plurality of externa; contacts spaced apart, 

along & second row that mirrors the jfirsf row. Each individual contact in the first plurality of 

contacts k electrically con&octed within the tab or body to a corresponding contact in the 

.second plurality of contacts. %niI dielectric material Is filled In between ad jacent contacts m 

the first and second rows and between the contacts and the brefai tab. in some embodiments 

first and second retennon features. adapted to engage with retention features on. a 

corresponding receptacle connector ate formed on the third and fourth on nor surfaces of the 

tab. 

{001d| Still another embodiment ot the invention pertains to 0 ping connector that -ncludea 

a body and a tab connected to and extending away from the- body. The tab inchsdes fuse ami 

second major opposing surfaces along with third and fourth minor opposing 8iMfac.es that 

extend between the first and second major surfaces. A flop contact region that includes eight 

sefpiennady numbered external contacts .spaced apart along a first row -s formed at the first 

•major surface of the tab. The sequentially munbemd contacts include first atui second 

contacts designated tor data signals at locations 2 and 3, first and second power contacts 

electrically coupled to each m:her and designated for power at. locations and 5, and third and. 

fourth contacts designated for data signals at locations 4 and 7 In «me endxidnuents the 

plug connector ft.nl.hcr includes an accessory power contact at one of locations-1 or 8 and an 

ID comae? at the other of locations 1 or 8. in some, embodiments the plug connector also has 

?t second contact region formed a? the seconci major surface of the tab that Inc.hides eight 

sequentially numbered externa,! contacts spaced apart along a second row. The second row is 

directly opposite front and mirrors the first row, and each individual contact in the second 

fust row is electrically connected to a corresponding contact in the second row 

f00.I4| Still another embodiment of the invention pertains ;o a reversible plug connector 

that includes a body and connector tab coupled to and extending away horn the body. The 

tub including first and second opposing .surfaces along with third and fourth opposing 
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wti%i£&$ {hat&x&oci between ife ilrsrand sscorrd • surfaces, A first contact regiou is formed at 

the first surface of the tab thai includes eight external contacts spaced apart along a: fixst row, 

A second coatectffcgksa is formed at fee second surface of the tab feat iaeSudes eight externa! 

contacts spaced apart along & second row in contact locations that fsfet contact locations in 

5 the first row. i • t one version of this embodiment, each of the first and second rows includes a 

single ground contact designated for ground, a first pair of data contacts that caa be Used to 

carry data signals according to a first corns* «n/cation protocol, and a second pair of data 

contacts that can be used to catty data signals according to & second communication proto-xd 

different than, die first protocol Additional versions of this ensbodsment may further include 

10 one or more of a power in contact designated to earn- a first power signal at a firs; voltage., a 

power out contact capable, of carrying a second power signal a; a second voltage lower than 

the fet voltage, and ;m ID contact capable of carrying a configuration signal that identifies 

the communication protocols used by the first and second pairs of data eosUacts |?i various, 

additional versions of this embodiment, the corcaess arc arranged according to one or more of 

i 5 d;e following rules; (i) the das! pair of data c.o.tuact» in the first and second rows are 

possdoned in a rnirrored relationship direct iy 'Opposite each other, (ji) the ijeptatdpad of data 

contacts in the first row and second rows are positioned in a mttrored celftt'iooship directly 

opposite each other, <h'i> the ground contacts in the first and second rows are positioned in a 

rater corner relationship with each other across a centerhne of the connector; Civ; the first 

20 power contact, in the .first, and second sows ate positioned in. a. cater corner relationship with 

each other across a centerhne of tits connector; (v) die ID contacts in the first and second 

rows are positioned in a cater corner reus ionship with each, other across a firs; quarter tine of 

the connector; an<i (vi) tine second power contacts in the first and second row are positioned 

in a eater corner relationship with each other across a second quarter fine of the connecter 

25 pRfIS] To better understand the nature and advantages o; the present invention, reference, 

should be made to the following description and the accompanying figures. H is to be 

understood, however, that each of the figures is provided for the purpose of illustration only 

and is oof intended us a definition of the Ila;i;s of the scope of the present invention. Also... as 

a general ode, and u.niess it is evident io she conbary from tfte description, where elements in 

30 different figutes use identical reference nambejr.v. the etemeatts are genesally either identical 

or at leas; similar ra function or pujpdse. 
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BRIEF DESCRIPTION; OF THE DRAWINGS 

Figs. 1A and IB show perspective view* ofpravtSHiSty tenowis TRS ao<! T.R.RS audio 

plug connectors respectively:; 

10017) Fig. 2A shows a perspective view of a previously known micro-US?} plug eonneetop 

while Fig. 2B shows a Stent plan view of the mic«MJSB connector shown fn Gg. 2A; 

fCMilS] Fig, 3-A is simplified lop view of a plug conucetor40 according: to ouc embodiment 

of the present invention; 

[001 $j P%. 3B and 3C are simplified side and front views, respectively, of eocpoetw 40 

shown m Fig. 3A; 

{00201 Figs, 1ST are front views of alternati ve eorhodimcnts of connector 40 according 

to the prpsesft hwsnOhft; 

{0021) Figs. 5A and SB are amplified top and side vim$? of a plug connector 30 according, 

to another e*nhodnneot of the present ittveotlom 

{0022| figs. 5€ and SD arc simplified top and bottom perspective views of one 

eir-boiintsirt of a gonosd rmg that cae be included m some embodisnftnts of the present 

inveMion; 

[0023] Figs. .6 A is simplified top view of a plug connector 60 according to atsoiher 

embodiment of the prwwnt invention: 

{0024) Fig. 6B is a snnpfifed perspective views of another embodiment of a ground ring 

scaordmg to the present invention, 

{00.25) Figs. 7A-7H arc simplified top views of cotuact layouts, within, contact regie?? 46 

seconding to different embodiments of the invention; 

)002<>! f igs. OA ;vod 8B are simplified 'ftfcwp ol an embodiment ot s plug connector SO 

havnig four contacts on each m.ujor opposing surface of tad 44 according to an embodiment. 

At'the prcsen' invention; 

(0027| F ig ;8€ is a simplified on)sWsectiomu schematic view of plug oonneetor SO sho wn 

in Figs. 8A cad -KB tafeett:along line A• X" 
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{002 V Figs, ^ \ iU > 9B ( i O i< < V A tii^ « •. „»!!).) it. I - <)! pi' O Q* < ^ 

80 ^ an --a contacts ie receptacle connector 15 m different ••, ^non orisnh#Ais 

aoeofilln g to one em bods mens of the mveofcm; 

10029} Figs. I OA «.«d MS are Simplified. views of another ernbodffsht of a plug connector 

90 havmg .four contacts m each opposing surface of tab 44 accord-rig to a» embodiment of 

the preseM invention; 

j 003?* | EI§. 10C Is a simplified crcsss-scctional sehotoatio view of: plug connector 90 shown 

in Fig.. ; OA i.akcis along itae b * , 

{003! | figs?, i {A and 1 IB are diagrams depicting the alignment of contacts in ping 

connector 90 with corresponding contacts m reccpiacls connector 85 in different mseribn 

oriariafiotts according. to one embodiment of ifeiovtoiion; 

100321 Fig. 12A Is a simplified view of another embodiment of a plug connector 99 having 

three contacts on each opposing imrfaee of tab 44 according to and embodiment nf the present-

ioYertt.ion; 

10033) Figs. 12B ami 1'2C are diagrams depicting the alignment of contaeis in. ping 

connector^ with corresponding contacts in receptacle connector 95 h> different insert ion 

orientations according to one emfeori-ment of the invention; 

{0O34| F;g 13A is a simplified perspective view of a. plug connector 100 having eight 

contacts formed on each opposing surface of tab 44 according to one embodiment of the 

present invention; 

{00351 Figs, i 1B iitid 13C are simplified top and hottort; views of ping connector 100 

shown in i ., ) 3 A; 

1003f>| f ig, S4A is B diagram iikmratmg a pinotn arrangement of connector 100 according 

to one embodiment of the invenvion; 

!003?| Fig. 14B is a diitgrasp illustrating a psnoutarrnn|;entenf of connector i 00 aecoiding 

to another ernbociinsem of the .invention.; 

{00381 Fig. 1.5 A is a schematic ^presentation of a receptacle connector' 140. according to an 

embodiotert of the ioventinn; 
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{OO30] fig, 150 b a front plays yfevv of seoepiaek: connector 140 aeapdi&g to one 

embodiment of she invention; 

] 0040] FigS, 1 $C and 150 ar& diagrams ih nitrating; & pinout arrangement of connector \40 

according to two different embodiments ofi.be invention configured to mm® with ping 

connesors having a pinout 106a and J 06b, respecdveiy, as shown in f igs. 14A and !4B; 

do j 5 i , i - V >k - s s ^ U ^u^s i \tn;* a, <. • v. t v.' f v \ ^ tit 

tnating plug connector 100 to receptacle connector 140 according to one embodiment of the 

invention; 

f(H)42] P-g. s"' is a •schematic representation of receptacle connector 140 coupled to 

switching circuitry PH) wubm a host device according to an embodiment of the invention; 

|0l)43j Pig. }8 is a tdmpliiaod perspective view of sj USB charge'-^Soto? cable 161) tejPsng 

a USB connector at one <?nd and a cotmeetoraccoo.bng to an embodiment of the hxymuon at 

the other end;: 

}0044| Fig, 19.A is a diagram depleting pm locations of plug connector J 62 ahowo m Fig. 

18 according to one embodiment of the invention where connector 162 is compatible with the 

pinout s|ioWI4 in Fig. i 4A; 

{0045} Fig. 19B is a diagram depicting pin locations of plug connector ?C1 shown in Fig. 

I >5 according io another embodiment of the invention where connector i(>2 is compatible wills 

the pinohi shown in Fig, MB: 

;004h{ Fig. 20 is a simplified schematic representation of USB charger/adapter ibO 

according io an embodiment of the invention; 

|004?| Fig, 2i i-;, a .simplified peo.peciive view of a dock-tig station IV) according to an 

emhod i me nt of the tnve nxi on; 

100481 Fig. 224a a sgiij?jslaed fop plan view of a video adapter \ 80 according to an 

gmbodlinSpf of the invention; 

OMKpi| } > , a si- j no t |no o<. v ocs t o i p t o H vio ^ ^ shown n> I 

'M according to one embodiment of the invention where connector Ui2 k compatible with the 

pinout shpvfO in Pig, MA; 
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[Q05ft] .1%. 23B f<; a diagram depleting pin locations of ph.; g coBnecfcsr I $2 h\ Fig. 

22 accord-tig if.; on& embodiment of the invention where- canned ox 182 is compatible with the 

pmoui shown In Fig. h+B; 

f (*6511 ! ig. 24 is s simplified whunaiK: wpj-e<n5;rih>n <>f\ ide>> ;uiapisr ISO tkeorgrngto >ut 

S emhe Jimen: of the invention: 

|00S2| Fig. 2$ k a simplified top plan view of an SO card adapter 190 accord big to an 

embodiment of the invention; 

[00831 Fig. 26 A is a diagram depicting pin locations of plug concede? 102 shown in Fig. 

25 according to one embodiment Of the knteot ion: where counselor 192 is compatible with fee 

1,0 pinout shown in Fig, I4A; 

10054| Fig. 26B is a diagram depicting pm locations of plug connector 192 showu >n F ug 

25 according to another embodiment of the in vent! op where connector 192 is compatible with 

ths pinout sbov.-n |-;g ] 4'B; 

f«Mj Fig. 27 a simplified schematic ^presentation of video adapter It?) according to ao-

15 cinbocihnent of the in vem ion; 

|(I056J Fig. 28 A is a amplified schematic representation of an accessory adapter 200 

according to an embodiment of the invention; 

{0057} Pig. 28ft Is a diagram depicting the pinout ofconn&etor 205 included s#lnn adapter 
v>0 -W.„o m '•. one ^ \v!iiinii, t\ invention; 

20 -00$?t] Fig. 29 is $ flowchart depicting steps associated with manufacturing connector 100 

shown «y Figs, 13A--BC according to one emfeocfmumt of the 

I0059J figs'. ;0A-30!: depict various views of connector 100 a.; different stage-sof 

manufacture discussed with respect to Fig, 29: 

*00601 F% 31 is e flowchart depicting various sub-steps associated with attaching contact 

25 assemblies to a printed circuit board as done in step 1, sOghowd in log. 29 according to one 

emboshioeiH of the invention.; 

|00<>! | i ie. 32 is a simplified ihastrative block dragrpnt ©fan electronic media device suitable: 

in which embodiments of the: itmsSl?ar> may be owotpomied or used with; and 
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KMM2| F?g, 33 depicts sn illustrative ?«:ndem?g of one particular siytfeodbneM of an fjee-trome 

media device suitable tor use with «s?ibodi«ie»ls of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

}00431 The present invention wdt m»vv he <ksc.nfoed in detail with reference to seftsm 

embodiments thereof as illnsb&ted in she accompanying drawings, la the fbliowotg 

description, numerous .specific details are- set forth in order so provide a thorough 

tmdersta«din.g of the present- lr.iveni.ion. H will, b© apparent, however, to om skilled hs ihe art, 

that die present invention may he ps'stctioed without some or alt of these specific details, in 

other instances, w«H known details have not been described in detail in Order not to 

unnecessarily obscure the present invention. 

[00641 In order to better appreciate and understand ihe present invention, reference is ikst 

made to figs. 3A-3C, which a;e simplified top. sick; and front views, respectively,; of a dual 

orientation ping connector 40 according to one embodiment of the present invention. 

Connector 40 includes a body 42 and a sab portion 44 that extends iongituduially away from 

body 42 in a direction parallel to the length of the connector 40 At shown in Figs. 3A and 

IB, a cable 43 oan optionally be attached to body A2 at an etid opposite of tab portion 44. 

Tab 4.4 is sized to be inserted irno a corresponding receptacle connects- dating a mating 

event and includes a first contact region 46a formed or* a first major surface 44a arid a second, 

contact region 46b (not-shown in Figs. 3A -3C) .formed at a second major surface 44b 

opposite surface 44m. 'fab 44 also includes first and second opposing side surfaces. 44c, 44d 

that extend betweettthe first and second major surfaces 44a, 44b. 

|00651 Contact i-bgkitts 46a mid 46a are centered between the opposing side surfaces 44c 

and 44rf and a plurality of externa? contacts snot shown in figs. 3A-3C) can be formed at an 

bitter surface of tab 44 in each contact region, the contacts can be raised, recessed or Hush 

with the external surface of tab 44 and positioned within the contact regions such thai When 

tab 44 is inserted into a corresponding recepiaoie connector they can he electrically coupled 

to corresponding contacts in the receptacle connector, in some embodiments, the plurality or 

contacts, are self cleaning wiping contacts that, after initially coining into contact, won a 

receptacle connector contact during a mating event, slide further past the receptacle connector 

contact With a wiping motion before reaching a final, desired.contact position The contacts 

withal regions 46a and 46b can be made front copper, nickeh brass, stabbess steel, a metal 

fCi 
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alloy or any other appropriate conductive material or combination of conductive materials hi 
some smbodlm«|i!s contacts can be primed on savfaccs #4a and 44b using kduuqoes slajfe 
to those used to print contactsisn printed etmuit boards. '& some other embodiments the 
contacts can be stamped from a lead frame. positioned within regions 46a and 46b and 

5 surrounded by dielectric materia! 

|0d66J In .some bmhodo'tmnts, one or mors gf&tiiid contacts can be formed oo of tab 44. 
For example. Figs. 3 A and 3.B show a ground contact 47a forotgd on first side *mfkce. 44c 
and a ground contact 47b formed on second side surface 44d opposite ground contact 47s. 
M another example,, one or more ground contacts; may be formed est end surfeee 44s as the 

10 distal up of connector 40 in addition to, or instead of ground contacts 47s, 47b. In some 
embodiments, each of the one. or man: ground contacts ear; be formed on or form part cf an 
outer portion of its respect;vc side surface. In other embodiments, the one or more ground 
contacts can he formed within anther as parr of a pocket, indentation, notch o? similar 
recessed region formed on each of the side surfaces 44c. 44d that; opemtiveiy engage with a 

15 retention mechanism s« a Cviresponding receptacle connector as described in detail below. 

£0067} Tab 44 can have a l§0 degree symmetrical,, double orientation design which enables 
the connector to be, insetted into a corresponding receptacle connector m both a first 
orientation where surface 44a Is facrag up or a second orientation where surface 44s is 
rotated j-80 degrees and facing down. To allow tor the orientation agnostic feat-ate of 

20 connector 4(K connector 40 is ilot. polarized, That is, connector 4h doss not include a physical 
key configured to mate with a matching key in a correspond tng receptacle connector and 
ensure that mating between site two connectors oeeno; only in a single orientation. 
Additionally, contacts can be eositioned with in contact reaions 46a and 46b so that mdividtKii • • !• ' V--

contacts in region 46a are arranged symmetric with the individual contacts it; region 4db 
25 located .on the opposite side of tab 44, and ground contacts formed at the tip or nn the sides of 

connector tab 44 can also he arranged in a symmetric manner. The symmetrical arrangement 
of contacts allows the contacts of the plug connector in either region 46a or 46b to property 
align with the contacts in the receptacle connector regardless of orientation. 

j006§t in some embodiments, tab 44 is shaped so that it the tab is divided into top ami 
30 bottom halves along a horizontal plane that bisects the center of tab 44 (as shown by place, 

PI, in Fig. 3C}: the physical shape of the cross-section ofupps* half of tab 44 is substantially 
the same as the ohvsicai shane of the crossmection of the lower italC Similarly, if tali 44 is 

H 
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divided into left ami right felves donga vertical pirns that bisects the center of'tab (as sitowrr 

by pia«es P2, In Fig. 3C), the physical shape ofi.be. Sets: half of lab «4 is subsiaMi&lly the same 

as the shape of the right half. h\ other dual orientation embodiments, Uhs cros^ectiomu 

shape of tab 44 »£ed ;%1 be fully symmetrical as long as lits connector does'no? m©ksde a key 

S that, prevents the corrector from being inserted into a eofrespotulmg receptacle conseetot it; 

two different orientations and the contacts align properly is either orientation with contacts m 

the corresponding receptacle connector. 

81069) k> addusoft. So the .1 SO degree symmetrica}.. dual orientation desigta plug; «ooo«.oiof5 

according to somfe embodtoi&M$ ol the invention eleeoioahy connect each coniact formed at 

10 surface 44a of the connector with a corresponding contact on surface 4# on the opposite .side 

of the connector. That Is. in some embodiments of the invention, every contact ht contact 

region -ton is electrically com;ec;ed to a coitfssposiding contact in contact region 46b. Thus,, 

any given- signal that is to he carried by the plan connector h sent over a contact within 

contact region 46a as well as a contact within region 46b, The offset of this aspect of some 

IS embodiment;; of the mveralotl: is thai She number of different signals that cast be carried by a 

given number' of er-macts is reduced by Haifa's compared to ft the eoidac&s formed i# semens 

46a and 46b were electrically isolated from each other end designated for different signals. 

This featnre provides a benefit, however, m that the corresponding receptacle connector need 

only have contacts on one surface within its cavity (for example, a sop surface or a bottom 

20 snrb.;ce.r The receptacle connec-ot car; thus be made tl Artec than a receptacle connector with 

contacts on both the top and bottom surfaces of its cavity, which m tarn, enables an electronic 

de vice in which the receptacle connector is housed to be thinner as well. 

|OO70| Body 42 is generally the pmiion of connector 40 that 55 user will hold onto when 

inserting or removing connector 40 from a corresponding receptacle connector Body 42 cae 

2S he ntade out of a variety of materials and in some embodiments is made front a dielectric 

material, such as a thermoplastic polymer formed in mx imection melding process. While not. 

show!) irt Figs, 3A or 38, a portion of cable 43 and a portion of tab 44 may extend wfthm atai 

be enclosed by body 42 8.feetrka.| contact loth® cot-tacts its contact hegiona46a, 46b can be 

made to h?<f v-dnal \\%m '•» cable 43 wUhm body 42 In one embodiment, cable 43 includes a 

>0 plurality of individual insulated wires, one for each electrically unique contact, within regions 

46a and 4.6b, that are soldered So bonding pads on a printed circuit board {'PC8} housed 

within body 42. Fact; bonding pad on the PC8 i% electrically coupled to a corresponding 

12 
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individual cohiaei one attomscct f&gim& 46s or Abo, one o.t more integrated 

few its (\C%) car; be opetaiivofj coupbd within body 42 to the contacts. within regions 46s.: 

46b to provide mfdrtnaikm regarding sonnector 40 md/at m acesssory the coooefctof is pm 

of orto perform other spceifks functions && described in detail bdow. 

5 |0O?ij in the embodt^m ilhssbaSod in Figs. 3.4 and 3B» body 42 has a rectangular erws 

section that generally matches i» shape bui ts slightly larger than die gross section of tab 42. 

AH. discussed wish respect to Pigs. 4A-4E, body 42 cm. be of a variety of shades am! slims, 

however, for example, body 42 may have a rectangular cross .section with rounded or anghti 

edges (referred So herein as a "generally rectangular" cross section), a circular cross secoofr 

\0 an ova! cross section as welj as many other suitable shapes. In some embodiments, both die 

body 42 and tab 44 of connector 40 nave the same sspss-actional shape and have the same 

width and height ($nckim&% As one example, body 42 asai tab 44 may combine to form a 

substantially Oat, annoon connector where the body and tab seem as one. Is; still other 

eodiodunciOs, the cross section of body 42 has a different shape than the cross, section of iah 

IS 44. for example, body 42 may have curved upper ami lower anrt'or curved side surfaces while 

tab -14 is substantially flat., 

[00721 Also, da: embodiment shown in Rgv 3 A.-3C includes connector 40 as par: of a 

cable connector, la some embodiments, plug connectors according to the invention are used 

m devices Nueh as docking stations, clock radios arid other accessories or sfctmsw'. device's. 

20 In such embodiments, tab 44 may extend dheetly out of a beaming associated with the 

docking staoon, cioch radio or other accessory or electronic, device The bousing associated 

with the accessory or device, which may be shaped very differently than body 42. can then be 

considered the body of the connector. 

f.6073| White tab 44 is shown in Figs. 3A-3C as having a substaatjaliy rectangular and 

25 substantially Bnf shape, in soma embodiments of the invention first and second major 

surfaces 44a. 44b may have-nsaicbing-conveK or concave curvatures to thism or may have a 

matching recessed region centrally located between die sides of tab 44. Contact regions 46a 

and 46b may be formed in the recessed regions: a«4 the mcosggd regions may, for example, 

extend from die distal tip of Sab 44 all the way to base 42 or may extend along only a portion 

30 of Use length of tab 44 (c g., between % to 2? of she leng-ir of the Sab) ending as a point short 

of base 42. Side sur'ih.ces 4% ant! 44d nmy also have match mg convex or concave 

curvatures. 

13 
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100?41 Centrally, the shape md curvature of surfaces 44a and 44b mirror each other, as do 

the shape and curvature of surfaces 44a and 44b, l« accordance wjth the dual orientation 

design Ofconnector 40 as described below. Additionally, while Figs. 3 A-1C show surfaces 

44c. 44d m hiving a width sigmficantly less than that of"surfaces 44a. 44b te.g, less than or 

equal l.o one quarter or one hs!.f the w idth cf surfaces 44a, 44b)s in some, em beds meats of the 

invention side surfaces 44c, 44d have a width that is relatively close to or eves; equal with or 

wider thm thai of surfaces 44a, 44 b. 

{©975} f igs, 4 A>4 E are simplified front plan views of embodiments of connector 40 m 

which body 42 and/or tab 44 have different cross-secdonat shapes, for example, in Fig, 4A, 

etajor sarfaees 44a and 44b are slightly convex, while in Figs. 4B and 4C, side surfaces 44c 

and 44a are rounded. Fig. 4C depicts an example of ft connector ha ving recessed regions 45a 

and 45b fboned at major surfaces 44a and 44b. respectfully, of tab 44, The recessed regions 

extend from the distal Hp of tab 44 along a portion of the length of tab 44 and arc ce-atmlly 

located between side sendees 44c Md 44d. Fig, 41) depicts an example of a eonnector m 

Which tab 44 has a dog-bone shaped erossmeeboa where ridges 4fx: and 45d are fboned at the 

sides of the tab. A corresponding receptacle connector may include a cavity shaped to match 

the ridges so that: ridges 45c, 4id help align the connector into the cavity during a mating 

event. Fig. 4E depicts an example of a connector In which body 42 has approximately the 

same width as tab 44 but is larger than the tab- in the height direction, A person of skill sn the 

art will understated thai. Figs. 3C and 4 A-4P are but examples-of suitable cross-sectional 

shapes for body 42 and tab 44 and that many other cross-sectional shapes may be employed 

tor each of body 42 and tab 44 in various embodiments of the invention 

{6076) Tab 4s may be made beat; a variety of materials including metal, dielectric or a 

combination thereof, f or example, tab 44 may be a ceramic base that has contacts printed 

directly on its outer .surfaces or cart memde <5 frame made from m daslomeric material that 

.includes Hex circuits attached to the frame. In some embodiments, tab 44 includes an 

exterior frame .nntde primarily or exclusively from a rne-al, such as stainless steel.,, and contact 

regions 46a and 4ob see formed within openings of the frame as shown, for example, m Figs. 

5A-5C. 

(007?) fig. 5A astd SB are simplified top and side views of a plug connector 50 according 

to an embodiment of the invention. Hug connector 50 includes many of the same features as 

ping connector 40 hut .bather includes first nan second retention features 54a and 54b that ana 
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adapted to engage with retention features ort a corresponding receptee connector to secure 

the connectors together during a mating event Addjf.iona.lly, a frame 52, Which is sometimes 

referred to as a shell and cm be referred to as S ground ring wte made from aa electrically 

conductive material, provides structural spppoit for the connector and defines the exterior 

5 shape of tab 44, 

jOOTSj As shown in Figs. SC.: ami 3D, which are simplified: perspective top and bottom 

views, respectively., of frame 52, the feme may include first and second opposing sides- 52a, 

52b extending in the. w'idth and length dimensions of She fmnje, third and fourth opposing 

sides 52c, 22cl extending between die. first and second sides m die height and length 

1.0 dimensions, and m etxl 52e extending in She width and height dimensions between the firet 

and second sides as well as between the third and fourth sides at the distal end of the frame. 

Sides 52a-S2e frame a cavity 55 that can house portions of connector SO, Opposing ope,'dogs 

56a and 56b to cavity 55 are formed in sides 52a nod 52b, respectively Opening 56a define;-: 

the location of first contact regton 4da, while opening 56b,. which in some embodiments has 

i 5 the same size and shape as opening 56a, defines the location of second contact region 4bb. 

Tons, as shown in pigs. 5C &«d 5D, each of the contact regions is completely su:m -ended in 

the X and V axis by the isrhfr sorfkif; of frame 52. Such it configuration is parheulady u:lehn 

when frame 52 is made from an electrically conducive material, such as stainless steel or 

another hard eondoebve me»f In such embodiments, frame 52 cars be grounded (and thus 

20 can t?e refer;^# to m ground ring 52} in order to oihnrniee interference that may otherwise 

occur on the contacts of'connector 50. Thus, m some embodiment ground ring 52 may 

provide electrostatic discharge (PSD.? protection and electromagnetic compatibility (EMC) 

ami act as a single ground reference for ah skoals carried over the connector. 

jlW?9| First and second retention features S4a ami 54b can be formed oh th# opposing sides 

25 of tab 4-1 within frame 52. Retention features $4®, 54b are part of a retention sysfe.tr; that 

includes one or more features on the ping connector that are adapted to engage with one or 

more features on the corresponding receptacle connector to secure the co-mecfors together 

wiien the ping connector is Inserted into the receptacle connector. In the illustrated 

embodiment, retention features 54a., 54b are semi--clrctnar indentations hi the side surfeees of 

30 tab 44 that extend from sutfaee 44;s to surface 44b. The retention features rosy be widely 

varied sod may include angled indentations or notches, pockets dsatare formed only at the 

side surfaces and do not extend to either of the surfaces 44a. 44b upon which contact regions 

15 
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46a. 46b are tanned, or other recessed regions. The relation teanuesare adapted to engage 

with a retention meehanlstn OH the receptacle connector that can fee similarly widely varied. 

The retention nmchanisog.s) may tee, for example,. one or omfe. springs that inc locks a tip or 

sur&ce that ills wifea> htdehfetffins 54a. 54ft, one or more spring loaded detents, or similar 

5 latching mechanisms. The wt&n&M system, including retention features 54a, 54b and the 

corresponding retention mechanism on the-receptacle connector, can be designed to provide 

specific insertion and extraction forces snch that the retention feres required to insert the ping 

connector into the receptacle connector is: higher than the extraction force rerjubed to remove 

the plug connector iknn the receptacle connector. 

10 fOOSO) While retention .features S«1as S4b are shown in Pigs. 5.A-SC as having a iemaie 

mating characteristic and the retention mechanism associated with the .receptacle connector 

was described above as having a male chsmereristic that, is moved into the retention features 

54a, 54b, in other embodiments these totes may differ. For example, in one ero'bod Iroeht* 

retention features 54a, 54b may be spring loaded projections that engage with a female 

i 5 retention tnecb&msm OH tlie receptacle connector. In Still other embodiments., cne of festores 

54a, 54b may be map-oriented while the- other of features 54% 54b is female-otiemed. la 

other embodiments, other retention mechanisms can he nsed snch as mechanical or magnetic 

seiches or orthogonal Insertion mechanisms. Additionally, while retention features 54a and 

54b ate shown in Fig, 5.4 as being formed in frame 52. in endmdintenJS crf'the invention that 

20 do net include a frame, the retention features car; be tdrrneri in whaisver structure or mater-si 

makes up tab 44. 

10081| Retention teannes 54a, 54b can also be located at a variety of positions along 

connector 50 meluding along the side surfaces of tab 44 and/or top arid bottom suriaees or tab 

44. In .some embodiments, retention features 54a. 54b ear! he located on a from surface 42a 

25 of body 42 nod adapted to engage with a retention mechanism located on a front exterior 

surface: of the receptacle connector, in the embodiment illustrated in Figs. SA-SC, retention 

teatares 54a, 54b are positioned within the last third of the length of tab 44. The inventors 

have determined that positioning the retention features and corresponding latching 

mechanism in the receptacle connector near the end of'the pfagewmeciof helps to better 

30 secure the connector sideways when 4 is in ah engaged position w aim; the receptacle 

Connector. 
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(0882 { Reference is now made U> figs. 6A and 6B, Kg. 6A. JS a simplified top view of a 

plug connector 60 according to another«mfeod«m*at of the hive-nikm, while Fig. 6B .is a 

Simplified perspective view of *5 frame 62 fh&t form part of tab 44-of connector 60. Frame 

62 is a u-sh&ped frame that extends from the &ta| tip of cormector # along th& side of the 

5 connector towards body 42 and has a thickness that is equivalent to the thickness (T) of 

connector 60. frame 62 includes side -pottiom 62a. 62b that may have varying lengths jjp 

ddterem cmkmdim&nts,. In win* fcmbMimexttf sides 62a. 62h extend past contact regions 

46a.. 46b ad the way to the-body 42 of the connector. To other embodiments the sktes may 

extend past; contact regions'46a, 46h but not si! fhs way to body 42 (as: shown in fig. 7B): 

•10 may axteud exactly to the end of contact regions 46a, 46h or may he relatively short add 

extend. dtdy partially along the length of the eontaot regions. Contact regions 46a, 46b lie 

between the opposing sides 62a, 62b, As with frame 52. ti'ame 62 can he made out of an 

electrically conductive material and referred to as gxonad ring 62. 

|0O831 The contact regions 46a, 46b in any of connectors 40, 50 or 60 discussed above (as 

I5 well as connectors SO, 60, i 06 and others discussed below) may include any mmdoerof 

external contacts, from one to twenty or more arranged in a variety of different patterns. 

Figs. 7A-7H provide ddferem examples of coahtci arrangements within a contact region 46 

according to different embodiments of the mv®at&n. As stfeh$f in Fig.. 7A, contact <egion 46 

may include two contacts 71(1} and 71(2} that are centered and symmetrically positioned 

20 whiun the con tact region. Sum tarty, fig- ?B depicts a contact region 46 having three 

contacts 12(1). 72(3 > cantered and symmetrically positioned wuhia the contact region, while 

f igs. 7C and 7D depict contact regions 46 having tbnrsuch contacts., 73(t 4). and sight 

such contacts, 7 4 (I).. ?4{ 8), .rsspectivejy;. 

}*Hi84j In some embodiments, individual contacts may he smod muerently fhis may K 

25 poo 'Vdssb s.wta! h<s evemvs. ^.mn. <>ne \ more o>ut tots are >,edraad u-^arr. Inch 

p.'.wr .<r :-mh, m.om ft • "I doome1 m \rc S emtwbrxn! whoi<. smm- e*m i-m 

7.5(7} are arranged in » single row whhin contact region 46 and a center contact 75(4) 

w ! .-s - N I , ! -. v mN <. n K 

ftOBSf Whhe each of figs. '7A-7E include a single row of contacts within region. 46. some 

30 embodiments of The invention may include two, three or more rosvs hi contacts. As 

examples, contact, region 46 shown in fig. 7F includes two TOWS of una contacts 76(1! ,76(4) 

and 76(5).,76(8 • Wi th eceb row being centered between the sides of the contact region arid 
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syrmrmtrioally spaced with respect ffca center Une feversijig the length of the contact region; 

Fig. 7<5 shows a contact regie.;; 46 having a first rosv of three contacts ?/(! and a 

second row of four contacts 77(4)..77(7') positioned within lbs contact region; and Fig. ?H 

depicts a corsiaet region 46 having three. rows of three contacts for a tola! of nine contacts; 

5 7g:i)..78(V). 

f.OOMjj Each of the contact regions 46 shown In Figs, 7A-7.H b representative of both 

regions 46a and 46b according to particular embodhncnis of the invention, T hat '% according 

to one embodhnewt of."the nwention. a ping eora-ector may include two contact regions 46a 

and 46b sash of which inc.lodes two contacts as. .shown'»regson 46 in Fig. 7 A. in another 

10 fcmbodirasm., a plug. connector may include contact regions 46-a and 46b eae% of which 

includes three contacts as shown in fig. 7B. Still other embodiments of the <nventio.fi 

include: aping connector havingcontaci: regions 46aand 46b as shsmfi in region 46 in Fig;. 

7C; & pingcoimector h&vi»g contact regsons 46a and 46b as shown in region 46 in fig., 71); a 

ping connector having contact regions 46a and 46b as shown m region 46 in fig, 7E; a plug 

15 connector having contact regions 46a and 466 as .shown fet region 46 in Fig, 7F: a ping 

connector having contact regions 46a and 46b as shown hi region 46 in f: ig. 7t.V. a«d a 

connector 40 having contact regions 46a and 46b as shown in region 46 in Fig. 7H. 

f#0S7| Contacts wiithm regions 46a. 46b may incinda contacts designated for a wide variety 

of signals- incinding power contacts, ground contacts., analog contacts and digital contacts 

20 among others. In some embodiments. one or more ground contacts ate fanned in regions 46a 

and 46b while in other embod'hhSktts, ground contacts ate only, located Si the tip 44e. and/or 

ors the side surfaces 44c, 44d of collector 40, f: tr; bod is n etas that employ ground contacts at 

one or more positions along the peripheral side arid/or tip surfaces of connector 46 instead of 

within contact regions 46a and 46b may enable the overall footprint of connector tab 44 to be 

25 smaller than a simi tar connector that includes ground contacts in contact regions 46a or 46b. 

H)668j Power contests within regions 46a, 461? -nay carry signals of rmy voltage and,, as on 

example, may carry signals between 2-30 volts. In some embodiments, multiple power 

contacts are included in regions 46a, 46b te ea.try power signals of chfiexem voltages levels 

that can be used for different purposes For example, one or more contacts for delivering low 

30 .ciurem power at 3,3 volts thai can be used to power accessory devices connected to connector 

40 car, be Included In mgioos 46a, 46b as well as one or shore contacts for delivering high 

x.ument power at 5 volts for charging portable madia devices coupled to connector 40., At; 

IS 
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discussed wit!) respect so Fig. ?£, in some or«s or more power contacts within 

regions 46% 46b can be larger than other contacts to more el'Fosendy enable the larger 

fcotwaets to carry high power and/or high c^W»t hi other embodiment v tmfitipfe contacts 

Sum he electrically conpied together to provide one or more "largest contact*" for carrying 

high power &«d/o? high cumsik For example, in one embodiment contacts 74(4) aad ?5fi) 

shown >'?; Fig.'7D tmy be electrically coupled together to act as a single power contact, 

I0089] Bxirapfes of ana log contacts that may be included in contact. rcgicM 46a, 46b 

include contacts tor separate left and right channels for both audio oaf sod audio i« signal* as 

well a* contacts for video signals. *uch as RGB video signals, YPbPr eoioponent video 

signals and otters. types *>f digital be carried by 

contact* in cegsos® 46as 46b including data sfgosls suck as, OSS signals (including USB 1.0, 

2.0 and 3.0,. ioreWrte (also referred to us IBII; i .>94} signals, OAKI signals, Thunderbolt 

ssgnatej SATA sigttals .and/or any other type of high speed serial Merfkee signal or otter type 

i >k signal. Digital signals wtildo contact ' < > >m 46b m ay al so tnclade signals •. 

digital video sock as DV; signal^ tiDMI signals and Display Pott signalss as wet! as oifoef 

dtgkai signals tfeat perform fimctioos that enablethe detection and identification of'devices or 

gceessMies to connector 4Ck 

j'W90J (a some embodiments. dielectric materia! is filled in between individual contacts n'i 

contact regions 4fias 46b by, tor exarnpie, using injection molding techniques m that it is 

Hush vv;th the npper SMrface of the contacts. The dielectric material separates adjacent 

contacts, from each other ami separates the set of contacts in the contact region from the frame 

or the incus! surface of the ground ring that surrounds the.contact*. In some embodiments the 

dlekctric materia! and cor,tacts form a Imsh outer surface of tab 44 that provides a smooth, 

consistent feel across the surfaces of tub 44. while Iti other embodiments, each of contact 

regions 46a, 46b, including the dielectric materia! and contacts, may he recessed a very small 

amount (e.g... between 6.2 and 0,0; mm) io help ensure that none of the individual 

protrude above the outer surface of frame .52, which increases the suscspubHity that, over 

1000\s of use cycles, the protruding or "proud'' contact will somehow be mechanically 

dislodged irosr? the connector. Additionally, to improve robustness and reliability., connector 

40 can he fully scaled and include.* no moving parts. 

(00911 4o better understand' and appreciate the i S6 degree Symmetrical dual orientation 

desi gn of uome embodi'mes% of the invention, reference is n reie to Figs, SA-8C wlsieh depict 
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a ping tWK.ii ^ f v a \|:\ ; t v jr of the invention thai iucihdos ou 

individual contacts formed within each ofcoasaet regions 4& m? k*<\ Specifically, Figs : 

IA iMIS iic - '?V .(<• i ;i ,JV - a s» , >< \ov 44b; 

respectively, of connector 80, wln'ie Fig. fiC k a simplified crosv-sectional view ofconnector 

SO t&ken along Hn& A-oV (shown in Fig. 8A) that also. includes & schematic representation of 

electrical congestions fe»*vveeo the contests of the corrector. As shown m Fsg. 8C\ each of 

contact ?3(iy>73(4; at: surface 44§ of connector SI) & eiecuioaily co'siplsd io a contact 

directly opposite dsclf at surface 44b by m esedtical connection 82(f}.,82(4) thai is 

represented in schematic form For ease ofmfereice, contacts that, arc; cSeciricaily coupled 

together mi two different sides of the connector arc referred to by the same contact number 

and five sosn&thns* referred to herein as a "corresponding paid" of contacts or "matching 

connectedeoBtaets'f. Electrlcsd contact between eorrespoiking pah'S of contacts can fee tnade 

ih | variety of ways. I n some et«l>odIatenis electrical oontdct between contacts in a 

corresponding. pair is made within tab 44 > tody 42. As one example, a printed cironp bonrd 

(OCfJ) fhat kelcdes cotdaot: pads; printed an its tippet ask tower surfaces cSn cxten J witftin 

tefe 44,. imn or vlas may be formed in the printed elreutt board directly bofween 

contact pads so oppOsinp sutfeces and Ik s With an oleetrleaiSy conductive \i o K ^ 

•. !V> -n to c •. i. t\dh connect M i contact pod formed on the appgf.surface so a 

corresponding contact pad on the opposite s&:rfa.ce; tndMdnal contacts at surface 44s of the 

connector soldered to contact pads on one side of the PCE east thos fee electrically eonnseted 

to «mtehmg connected ooBtacts at snrtoce sokkred to contael pads on the otter side of 

the PCS, 1r other eadseditocnts where n ground ring doss net surround dse contacts at die tip 

of the. eonneetoo the contacts can he coupled together by wrapping around the tipof dm 

connector fens serfage 44a to surface 4dd instead of being electrically connected through tab 

44, 

|M.P>2{ Turning now to fig. 8.\ and she du&S onenUtPwi aspect ofconnector $0, contact 

region 4da may incltide tour evenly spnccd cotdacts '7S(1). J3(4> iorfttod wdhk tte region. 

With respect to a center plane 50 that; is petpeiMlctdsr to and passes through the middle of 

cooneetor SO along its length, contacts 73(1) ;.u-u ? 'H2) ssrc i ">> i o relationship wdfi 

contacts 73(3) and 73(4) across cepter line SO, That is, the spacing Oom center line 50 to 

contact 73(2} is the same as (fee spacing irons center line 30 to contact.73(3),. Also,, the 

spa-ong n<isn ^ >Yi line ;o evi mil "Mx *s the a-- !he -pM^ng src>n ^enttkuw n-

OiU.C^d t f< 0 c v O mep4i\> v I n U "s t4>UU "3i„C >' i.UvH 

20 



WO 2013/070767 PCT/US2012/063944 

spa Md equally from ftfe- Skies 44c sod 44 d of the connector with $^peet to each other and axe 

spaced along the length of tab 44 an equal distance from sin! surface 44c. 

f{H)|?3»i SiirijliU'Ks m fig, SB contact region 46b includes the same number of contacts as 

region 46s that ue also spaced -according to the same spacing as in xeg'ton 46a.. Thus, contact 

5 region 46b includes fair contacts 73(1).,73(4} spaced vyiihm region 46b according to the 

same layout and spacing .as contacts 73(1 within region 4;>a. Because She layout and 

spacing of contacts In regions 46a am! 36b are identical, absent .some sort of indicia or mark 

on one of surfaces 44a or 44b, the surfaces and contact layout, on each of surfaces 44a., 44b 

may look identical or at least substantially the same. 

ii) |0094| As mentioned above, connector SO can be mated With a receptacle connector the? 

has a single set of contacts, not cosMfog ground- contacts, on an interior smt&ee. As art 

example. Figs. 9A and 9.8 are almpjffSed diagrams that depict, plug connector 80 mated with a 

receptacle connector HS in two itetferent possible mating orientations. Receptacle connector 

S3 includes ;* housing So that defines a cavity 87., Contacts 88( i). .88(4) are positioned along 

15 a firs? Interior surface of"cavity BJ and. ground contacts 88(a) and 88(b) are positioned on the 

side interior surfaces of the cavity There arc no contacts on a second interior surface 

opposite the first interior surface. 

J90.9SJ As shown or Figs. 9A and' 9BS when tab 44 of connector 80 is lully asserted whhm 

cavity 87 each of contacts 731 i)., 73(4) aligns with and is in physical contact with one of 

20 contacts SS(!). 88(4 ? regardless of which t>f the two possible orientations (referred to herein 

as "up- or "sdwjfi" for convenience hot It is n> be appreciated that these are relative terms 

in tended to connote a 1B0 degree change in the orientation of the connector only) connector 

HO is .inserted Into cavity 87. When connector 80 is inserted within cavity 8? with side 44a up 

(fig, 9A). contact 73(1) a%ns with contact 88(1). contact 73(2') aligns with contact 88(2), 

25 contact 73(3) aligns with contact 88(3), and contact 73(4) aligns with contact 88(4). When 

connector 80 is inserted within cavity 8? w-hb side 441) up (Fig- 985»- the contacts align 

differently such that contact 73(4) aligns w ith contact 88(1), contact 73(3} aligns with contact 

88(2). contact 71(2} aligns with contact 88(3), end contact 73(1). aligns with contact' 88(4) 

Additionally, when plug connector 80 includes side ground contacts 73a. 73b. each side 

30 contact aligns with one of side ground contacts 88a, 88b from tecepuicie contactor 85 in 

either r-f the two possible insertion orientations as shown in Figs. 9A and 9B. 
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Thus,. whether plug connector 80 is mserted'into receptacle cormscror 85 in either 
the or "'down" posit ion, proper electrical contact can he made between the- contacts in 
the plug connector and. the receptacle co»t;»ctor. Some etebodhaents- of the invetidoa further 
pertssn to an electn'nnc host device that includes & nseeptecle connector and eircniuy that 
switches the functionality of the receptacle connector contacts pins based on the insertion 
orientation of the ping coun-eetor. In some embodiments, a sensing circuit in the receptacle 
connector or the host -electronic aeviee in which the receptee!e connector k .housed, cats 
detect the orientation of the plug connector and set sodware ami/or haid worn switches to 
switch internal connections to the contacts in the receptacle connector and property match the 
receptacle connectors contacts to the plug connectors contacts as appropriate. Details of 
various embodiments ofsueh circuitry are set forth in concurrently filed'and'comroonfy-
owned U S. Application No. (Attorney Docket No. 909: i-82518:1), the contents 
of which are incorporated herein in their entaety fera.li purposes. 

OO''5^! . some em bodiments! the orien tation: of the ping co nnector can be detected bused on 
a physical orientation key (different flpm a poturssation hey in :li\i i» • t '<> i key does : 
not present the plug connector from being Inserted into die receptacle connector in multiple 
orientgdons) that, depending o . the oncruanon nl the plug connector, engages or docs not 
engage with a corresponding orientation contact in the receptacle connector, Cireuiby 
connected to the orientation contact ciin then detent;me which of the bvs possible 
orientaliom the- ping connector -was Inserted into the reoepande epnngitjy In other 
embodiments,: orientation of the ping connector can he determined by detcepng a 
characteristics (e-g., voltage or ens-mnt level) at one or more of the contacts or h}e$gcdlnganb 
o.>.vni v Hv tMiv s > i> to<. >. nit> •> n\ a i n« 1 h 1 inp leo sn <. unK>\ 
<w N m,e!v-aOcw ^ * et t\ >p<.moe\ .c o i 0 n i \ h .emvet^i^ tbnj ^ 
software and/or hardware switches to properly anarch die receptacle connectors contacts to 
the contacts of the plug conn actor, 

|0t'nlS| While each contact in contact area 46a of connector 80 k electrically connected to a 
contact directly opposite insert -n contact area 46b, in other embodiments. contacts in contact 
•area 46a can be electricahy connected to contacts in contact in atea 46b that are not directly 
opposite each other, pigs, ! OA-lOC, which ars.smuiar to tugs. 8A-8C ami depict a connector 
90 having four contacts spaced identically to that of connector §0, are illustrative of me such 
hn esnbodhncnt where each contact in contact arte46a is connected to a corresponding 
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contact In v !. « <. < <<>, thai are y < <. m * -. < „teo < d < »>. sp n p each dthec 

As shown in Fig, i:9As the layout of Soptaets 73(t),;73{4) if* contact regions 46a ofvanmn®# 

90 - identical to die layout of the otintmts 5* *NC4so 46a otconnector 81). r connector M, 

however contact 73(1) m contact area -16a Is electrically coupled to & correspoiuIiBg contact. 

5 hi contact sma 4-6I>, contact 73(f), that is on the opposite side of eenterplaste 59 and .spaced 

ike same distance from the centerplape. Sisrifetty, contacts 73(2), 73(3) ana 73(4) m contact: 

area 46a are each electrically con pkai to a matching contact 73(2), 73(3) and 73(4) in contact 

area 461? located in a cater cornered relationship iU the opposite side of and spaced the same 

distastes frosn centerhne 59. 

II (00991 Electrical contact between contacts m a corresponding pair of contacts its connector 

99 can be made in any appropriate way. In one embodiment, curmeotsons bctoccn matching 

cositacts are tnsde within the tab arid/or body of the conncctor. As one example, a FOB with 

comaet pads printed on its upper and. tower snrfsees, one for each, of contacts 73(1}...73(4} Irs 

each of regions 46a and 40b, can extend through the interior of tab 44. A series of conductive 

f5 lines, through holes and vias formed on the PCB cast electrically connect each contact from 

&0&CI region 46a to its .marching co?i««cted contac- Ir- region 46b according So the schematic 

In Fig,. I CC, 

10 i00| Electrically connecting ski contacts between sarfaces 46a asid 46b in the tmtnner 

shown In fig, I DC provides the benefit that., regardless of which of the two possible 

20 orientations connector 90 is mated with the .receptacle connector, the contacts in the 

receptacle connector align with the same contacts in eosesector 90. Figs, I IA and 1 I B, which 

are; shrmliiled diagrams showing connector 90 misted with receptacle connector 86 in two 

different possible mating oriesttatsons, iiinsisate this aspect of the embodiment or!: ig. IOC, 

in Fig. I i.A. connector 90 ;s inserted Within cavity 87 of connector 85 with side 44a up. In 

25 this alignment, phsg connector con,tees 73(1 f ,is ir; physical contact with receptacle connectos 

contact 8>F I }< plug comtectos contact 13(2} is In physical ftoptactwith receptacle connector 

contact 5?2>.. ping connector contact. 73(3} is In physical contact with .receptacle connector 

contact $8(37 and plug connector contact 73(4} is Irs physical contact wish receptacle 

comreeser contact 88C4). 

30 | As shown la Fig 11B, wheo plug connector 90 Is Inserted within receptacle 

cod'nectdr 85 with side 44b tip, the contacts' align exactly the same way. Thus, a .receptacle 

eormector SS designed to mate wit It costneetor 90 does not -seed to include circuitry that 

23 
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switches the contacts hased an the or mutation of connector 90, as whh 

connector 80, If connector 90 includes side contacts 73% 73 h. «<icb side contscs aligns with 

one ofvhe sidecontucts M% Mb regardless of the insertion orientation, 

|'0i02| In still other embodiments, s&mp of individual contacts. ?t> contact region 46a can he 

5 connected to -matching contacts in region 46b directly opposite gash other as shown in Figs. 

SvViC, while oifser individual contacts in contact region 46a can he connected to matchmg 

contacts in region 46b positioned m a cater -corner r^'ktfoaship to each other as shows m Pip. 

I OA-IOC. For example, ceotet contacts ?3(«) and ?3(3) can be connected together as shown 

in figs. HA-&C while outer contacts ?3(!) and 73(4) can be connected together as shown in 

U) Pigs. li.)A~10C. 

HO 103 j To fspshtate the deal or fentstksn festtsro of certain embodimeots of the fewentioa, 

some or af) of the contacts within contact regions 46a, 46b of an connector can be arranged 

such that similarly pus-posed contacts are positioned within each of the contact, regions in a 

mirrored relationship with each other with respect to a piano 50 (center piano) that bisects the 

15 connector along the length of tab 44. for example. referring back to Fig, 8 A contact 73{ I) is 

in a. mirrored relationship with contact 73(4} as each contact Is within the seme tow and is 

spaced the same distance from plane 59 hot on opposite sides of the center plane. Similarly, 

contact 73(2} is in a mirrored relationship with contact 73(3 ,! with respect to center line 59. 

Similarly purposed contacts are contacts that arc designated to carry similar signals, 

20 Examples of similarly purposed contact pairs rosy include, .first and second power contacts, 

left and right audio out contact;;, fu st arid second ground contacts, a pair of differentia! data 

contacts or two differential data contacts of the .cone po!*rity (e.g., two positive or two 

negative aiffhrgasu'ai. data contacts), .a pair of serial transmit .and receive, contacts, and/or other 

general first and second digital contacts 

25 |0104j The symmetrical mirrored relationship between similarly purposed contacts Within 

each of"regions 46a. 46b ensures that for each pair ofssinifeny purposed contacts in a 

mirrored relation shsp, one of the similarly purposed contacts -A-id be electrically connected to 

a contact is the receptacle connector that is either dedicated to the panicula.! contact or can be 

readily switched to the particular cr.mtact. fins in tent simplifies the switching csremtry 

30 required within the receptacle connector, As an example, where contacts 73(1) and 7.3(4} are 

similarly purposed contacts that are dedicated to a pair of differential data signals, whet; plug 

connector 80 is inserted into receptacle connector 85, one of the .differential da ta signal 

24 
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coinaets w0$ be in physical -contact with, receptacle contact §8(1 )-&n.d the other of lh&. 

differential data signal contacts will be in physics! contact with receptacle contact 8-8(4} 

iegardies? of whether the plug connector is rested wish lbs receptacle connesior in %i\ "'op" or 

"down'' insertion orsentatson. "rbiis; both the re&eptacfccontacts S8(i) and £8(4; can be 

differential data contacts (or can be opcratively coupled via a switch ox multiplexor to 

circuitry that supports dittereniial data contacts) ensuring that they wall be electrically 

coupled to a differential data contact ia the plug connector regardte of its insertion 

orientation. Switching circuitry within the receptacle connector thus does tsot. need to take 

into ae-eomu that a power contact or aaothet contact that, 'has internal connections very 

different than thOs-e required by a differentia! data c ontact may be at one of the locations that 

aligns with contact 880) or 88(4), 

[9185] While t ips. KA-rlC ami i OA-IOC depict particular ethhodiniails of she invention 

•with an even number of contacts in each of contact regions 46a and 4oh, some embodiments 

of ihe invention may include a« skid number of contacts in each of regions 46a. 46fc. In sneh 

embodiments. one of the contacts on esah aide ofthe piug connector is a centtai contact thai 

is cornered around bisecting plane 59 ami thus aligns with a centrally located receptacle 

oontaet in both the "up" fcOd '"down5" positions. The central contacts are no; id a mirrored 

relationship (with respect to centerhne 59) per m wilh another contact, other than the left and 

right. halves of die center contact nnrror each other, and thus are not paired with another 

•sindlariy purposed contact in the same way that other contacts might be. 

(0I-06J Figs. 12 A-} 2€ iih.tr,trate this aspect of certain embodiments of the invention and 

depict a plug eo.n«ector 99 thai has three contacts 72(1)..72(1} farmed on the upper surface of 

tab 44 of the plug connector that are electrically connected to .matching contacts on the lower 

surface as with connector SO and big. 8€. When connector 99 is inserted into a 

corresponding receptacle connector 95 in an Atp" position, contacts 72(1)..72(3} align with 

contacts 9S( ] 08(3} of the receptacle connector. respectively. When the connector is 

inserted into receptacle connector 80 in a "down" position, contacts ?2i3)..?2(l} arc reversed 

and align w ith contacts 980 } .98(3) of the receptacle connector, respectively. In both 

orientations, plug connector contact 72(2} aligns with central receptacle contacts $8(2). Also, 

in each orientation.. each of side contacts 72a, 72b align with side core-acts VKa. 9Kh. 

101071 Pekn-eme is now made to Figs. 13A - i 3C which depict a dual oriental-on connector 

100- having eight contacts spaced apart in a single row in each oif contact regions 46a and 46b 
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according to of lbs-. fig. 13A fe a simplified perspective view of 

connector j.00 and figs. 1 3B ami 13C am simplified top and bottom pfem views. respectfully., 

of connector 1.00 As shown in Pig. 13 A, connector 100 includes a body 42 and a tab portion 

44 that extends longitudinally awsy from' body 42 in a direction parallel to ihe length of the 

5 connector. A cable 43 is attached to body 42 at .an sod opposite of fab portion 44. 

fCm>8J Tab 44 is sized to be insetted into a corresponding ieeepmcle connector during a 

mating event and Inciodes a firs* contact region 4Sa formed on a first major surface 44a and a 

s&cond contact region 46b (not .shown in fig. 13A) formed at a second major surface 44b 

opposite surface 44a. Surfaces -14a, 44b extend .from a distal tip of the tab to a spins .109 than 

10 when fab 44 is Inserted into a. oooespoodin}!; receptacle connector, abuts a bousing of tha 

receptacle connector or host device the receptacle connector is incorporated in. Tab 44 also 

includes fust and second opposing side surfaces 44c, 4-P4 that extend between die first and 

second major surfaces 44a, 44b. In some embodiments, tab 44 }§ between 5 -10 mm wide, 

between I -3 mm thick smd has m insertion depth (the distance bom the tip of tab 44 to some 

15 ) 09) of between S-15 mm.. A Iso \tt some embodiments, tab 44 has a length that is greater 

than its width, which is greater than its thickness. b| other embodiments, "the length turn width 

of tab 44 are within 0.2 nun of each other. In one particular embodiment. tab 44 is 0,7 rem 

wide. 1.5 mm thick and has an insertion depth (the distance from the tip of tab 44 to spine 

109) of 0.6 mm. In other embodiment*, tab 44 has the same 6.7 sum width and 1.5 mm 

20 height but a longer length. -Such embodiments may be particularly useful for mating with 

receptacle conuectosrs with at? opening in the side of an electronic device that has a curved or 

otherwise highly stylized enelosnre. |n such devices, the length of the tab can be increased 

by an amount that is determined by the slope of device enclosure and a height of body 42, 

That Is, tab 44 may have a length A to operate properly with a,receptacle connector housed 

25 within an enclosure having a vertical edge or face a: the opening of the receptacle connector. 

However, to worn properly with a sloped device enclosure, an additional length 8 may be 

added to compensate for the curvature of the device enclosure and additional length C may be 

added to compensate for the thickness of plug connector bousing 42 to ensure that contacts 

within regions 40a, 46b are able to mats with contacts in the receptacle connector in the 

30 curved enclosure just as they would in an- enclosure having a flat <4; vertical face. As the 

curve of the. enclosure becomes shallower, Ota vaine of B may be eorresnonehngh Increased, 

Similarly, as plug connector housing 42 becomes thicker, the value ofC may be increased, 

20 
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|01if| fhv stmcture and shape of tab 44 is doSned fey a ;n i': 105 .that h ; h« .>s 

ground ring 52 shown in Fig. 5C and ear; be made from stain less stfce] or another hard 

conductive material. Ground ring 105 also focdikfes a flange portion m spine 109 thai 

kdadss surface ! 09a and 109b ihat extend from -be spine to the surfaces 44a and 44b, 

5 respectively, of the groamJ ring. Connector 100 includes retention ieaferes 102a, 102b 

fbtmed as curved pockets m the safes of growtid nng i05 that do not extend to eiilw-r of upper 

surface 44a or lower surface 44b. Body 42„ wmch if candied to ground r:r?g 105 at spine 

199, is shown la Fig, 13 A in tftmsparent fcimi (via dotted lines} io that certain eoutponents 

inside, the body are visible. As shown, within body 42 is a printed circuit board (PCB) 104 

10 that extends into ground ring 105 between contact regions 46a and 46b towards the distal tip 

of connector 100. Orte or more integrated circuits (f€s), such, m Application Specific 

integrated Circuit (ASIC) ships 10?la and 108b, ear; be operstively coupled to PCB 104 to 

provide infonnahon regarding connector } 00 and any accessory or device that connector i 00 

is pari of and/or to perform specific functions, Moh as sntheMscadon. identification, contact 

15 contlguouson arid current Or power regulation. 

piiof As an example, in one embodhrnm.t an ip module Is embodied withm an 1C 

operalively coupled to Ute con.fe.eis of connector 100 The ID module ear: be programmed 

wait ideiuificatioa and configuration information about the comactor and/or its associated 

accessory that can be communicated to a host device during a mating event. As another 

20 example, an atnhenbeabon module programmod to perform an authentication swtme, tor 

example a public key encryption routine,, with circuitry on the .host device eaa fee embodied 

within an IC operatively coupled to connector 100. The ID moduli &M authentication 

module can he embodied within the same IC or within different iCs, As .still another 

example in smb«dimerits where connector 109 is part of a charging accessory ,, a current 

25 regulator can be embodied within one o f I Cs lOSa or fOS-h, The current regulator can he 

opemtiyely coupled to eontaotathat ass able to deliver power to: charge a. battery m the host 

device and regulate eurreat delivered sive.rtho.se contains to ensure a constant current 

regardless of input voltage and even when the input voltage varies by & transitory manner. 

}bl J1{ Bonding pads ! 10 can also be formed witfon body 42 near the end of PCB 104. 

30 im.eh bonding pad cars be connected to a contact or contact pair wbfeiO regions 46a and 46b. 

Woes (no! shown) vvithhi cab It: 43 can then he soldered to the bonding pads to provide an 

electrical connection bom the-contacts n> the accessory or device that connector 100 Is 
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assocmtsd with, Generally. there one bonding pad and one vv.;re wnba c&fckr 43 forest!; 

set of electrically independent contacts (e.g., a pair of matching connected contacts, ow. in 

region 46a and one in region 46b (hat are-electrically coup-led to each other through PCB 104} 

of connector ! 00, Additionally, owe of mote ground wires- (not shown) irorn cable 43 ea.n 

also be soldered qs otherwise connected to ground ring i 05 for a ground signal 

ii?H2| As shown in Figs. 1VB, KK. eight external emitacts !06(1 ).d06(8) arc spaced apart 

gkmg a single- rosv is each of eomact. regions 46a, 46b, Each contact in contact region $€& is 

«JectrfcaHy connected to a cotrespondinc contact in contact region 46b on the opposite side.of 

the connector. Contacts106(1),. 106(8) car: be used to carry a. wide variety of signals 

inc hiding digital tdg.nids and analog signals« svell as power and ground as previously 

discussed, la one. etnbodiment, each contact 106{ 1).. 106(8) has an elongated contact surface, 

Its one embodiment the o verall width of each contact. is less than ' .0 mm -at the surface, and us 

another embodiment, the width is between 0.?5 jmn and 0.25 mm, in one particular 

embodiment, a length of each contact .106( 0 is at. least 3 times m long at the surface than its 

widths and in another embodiment a length of each txwuasi 106(1} is at least 5 times as long at 

the surface than- its width. 

[Ill I3'| big. .(4 A depicts one particular implementation of a pinout 106a io.r plug connector 

100 according }:o one embodiment. oi the invention Pinout. 106a includes eight contacts 

ii)6())..10618) that can correspond to the contacts in Figs. I•; A- I3€. Each of contacts 

106(1106(B) in pinout 106a are mirrored contacts rnesningan individual contact 106(1) Is 

coupled to another contact iOdli) directly opposite itself ou the opposing side of the 

connector, 'Thus, each of contacts !06(!}-., 106(8) is in a mirrored relationship with an 

identical contact, which for convenience is represented by the same reference number as its 

counterpart or a-Stored contact. 

|M34} As shown in fig. 14.A. pinout 106a inch ides two contacts 016(4). 106(5) fett are 

electrically coupled together to function as a. single contact dedicated to carrying power; first 

and second accessory contacts 106( •} and 106(8} that car; be used for an accessor/ power 

signal and an accessory I D signal, ami tour data contacts 106(2). 0)6(5). 100(6) and 106(7). 

"Outre is no dedicated contact, for ground in any of contacts 106( I).. 106(h) on the upper or 

lower surfaces of fee connector. Instead, ground is taken between the ground ring (not shown 

in Pig. 01 A) and -contacts in the side of the corresponding, receptacle connector as discussed 

above. 
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|011Sj: rBow&r * Otx »> 1 06(5} can be S:isad \>" rnd b 5 o% e power 
repasrentetTt for a portable electronic sfcva, «nu for examp le, can. be designed to carry 
between 3-20 Volts an accessary to charge a host device connected to connector !60,: 
Power contacts 106(4), 106(5) are positioned in the center of contact mfiot^ 46a, 46b to 

5 Improve signal integrity by keeping power as for away as possible fsxm. the SKIS'S of .groeM 
rimi 105. 

| 0! 16} rVecessory power contact 106(1) can be used tor an accessary powersignal thai 
provides power from the host io an accessary. The accessory power signs; Is typkaUy a 
lower voltage signal tfeafc the power in signal received over contacts 106(4} ami 106(5), for 

10 example, 3.3 volts as compared so 5 volts or Mghar, The accessory I'D contact, provides a 
communication charms! that enables tire host device, to authenticate the accessory and enables 
foe accessory to contra nnlcate information to the host device aboet the accessory's 
capabilities as described in mmc detail below. 

Til 11 ? J Data contacts 106(2), 106(3), 106(6).aud 1.06(7) can be used to enable 
15 comunmicaOon between the host arid accessory "using OSC or facto of several dn\ c 

comnnmieation protocols. In some embodiments, data contacts 106(2} and 106(3} operate as 
a first pah of data contacts and data contacts 106(6), 106(7) operate as a Second patrol data 
contacts aHowmg two different serial communication interlaces to be implemented over the 
data contacts as discussed below. In pinout 106a, data contacts 106(2), 106(3) are positioned 

20 adjacent to and on one side of the power contacts, while data contacts 106(6) and 1 Q6(?) are 
positioned adjacent to but on the other side of trie power contacts. The accessory power and 
accessory ID contacts sue posidoncd at each and of the connector. The data contacts can be 
high speed data contacts that operate at rate that Is at least two orders of magnitude taster 
than any signals sent over the accessory I'D contact which makes the accessory ID signal look 

26 essentially like a DC signal to the high speed data lines. Thus, positioning the data contacts 
between the power contacts and the ID contact improves signal Integrity by sandwiching the 
data contacts between contacts designated for DC signals or essentially DC signals. 

|#l !S| Fig, i 48 -depicts a» jmp}eme»fMk>H of a pmowt. 106b for plug connector 100 
according to another e m bedim erst of the invention. Similar to pinout f06a« pinom 106 b also 

30 includes eight contacts 106( i)',. 106(8) on each side of connector 100 that ears correspond to 
the contacts in Figs. 13A-13C. Pinout I0ba differs from pinout 1.06b m that some of the 
contacts are mirrored contacts while other contacts are fn a oaior corner relationship with each 
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other aero.fet either a #«ten'.i«e $9 of the connector-or across, o-*e of two quarter lines 59a.. 59b 

of the connector as described below (as used herein,, the term "quarter line'" does not 

encompass the cemerlinej. Also, pinout H>Sa includes a single power contact 'instead of two 

power contacts on each .side of ihe connector arid adds a dedicated ground Contact. 

5 |0n.9] Specifically. a$. shown in Fig. 14B, pmout 106b includes, a first pair of mirrored' data 

•contacts |Q6?2)» 106(3} and a second pair of mirrored date contacts 106(6) and 106(7} where 

ouch individual mirrored data contact is electrically connected to a corresponding data contact 

directly opposite stscif on the opposing side of the connector. The power contact i 06(5) 

indndes (wo contacts positioned in a cater corner relationship vvhh each other across 

10 centerhne 59, while the ground contact 106(1} includes two contacts, positioned In a cater 

comer relritfemiMp with each other acorn centime 59. The accessory power contact 106(4) 

and accessory ID contact, on the other hand, arc positioned hi a cako corner (elanonship with 

counterpart contacts across quarter Ones 59a and 59h,. respectively. When connector 100 

includes the pinout 106b, one side of couneetor 100 may have contacts \06; f)..(B) ordered 

15 sequentially as shown in Fig. i-<B, while and (he other side of connector 100, includes 

contacts ordered as follows: 106(d), |C6(7f H>6(6). U)6(8), 106(5i, >06(3), 106(2), (06(4) 

where each individual contact i06(l) is electncjuSy coupled io a contact having the same 

reference number on tin; opposite side ofihe connector as shown in fig- !4B. 

m 20J Power contact 106(5) cats he s'o:ed to handle any reasonable power requirement for a 

20 portable electronic device, and for example, ess be designed to cany between 3-20 Volts 

from an accessory to charge a host device connected to connector 100. Ground contact 

106(1} provides a dedicated ground contact at owe end of the row of contacts as far away m 

possible from power contact 106(5). Ground it? pinout K?6b & also pmvukd through the 

ground ring 105 via contacts in the side of the correspond tag receptacle connectoras with 

25 piuoai iOda. The additional, dedicated ground contact 106; .0, however, provides additional 

• ground coverage aud provides a benefit in that the contact integrity of ground phi 106(1') can 

be specifically designed to carry the electrical ground signal i'e.g... using gold plated copper 

contacts) without being constrained by the hardness or other reqohtnneins associated with the 

contacts in the side of ground ring 105 that ensure the ground ring is sufficiently robust to 

30 withstand multiple thousands of use cycles. 

101211 Data contacts 106(2), 106(3), 106(6} arid 106(7} in pinout i 06b can be identical to 

rise data contacts discussed with .respect to pinout .106a, In pinout 106b, each pair ofdata 
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contacts 105(2), !:8|(S}and i06(6j5 106(7) is positioned between either power contact 1€6(3) 

or ground contact % mch of'which carries a DC signal, arid onfe of the accessory power 

or accessory ID contacts \06(4) and 106(8), respectively, which cany either a« accessory 

power signal (a DC Signal) or a relatively Sow speed accessory ID signal As discussed 

5 above., the data contacts can be hiftfe speed data contacts that operate at rate that h at Se&sttwo 

orders of magnitude faster than.&e accessory I'D signals .making it look, essentially like a DC 

signal to (he- high speed data lines. Thus, positioning the oats contacts between cither the 

power contacts or groaml scon tacts apd the ACC contacts improves signal lakcgnty by 

sandwiching tbc data contacts between contacts designated fox DC signals or essentially DC 

JO signals. 

(0I22| irs one embodiment, pinout 106a represents the signal assignments of a plug 

connector 100 in a plug eonnecror/hiceptacfe connector pairing that can be the primary 

physical connector systers tor an ecosystem or products that ir,etudes both host electronic 

devices and accessory devices. In another embodiment, psnoat 1Ohb rcnre.scnis such signed 

C assignments examples ot host devices mckide smart phones., portable media players, tablet 

computers, laptop computers. desktop computers and other computing devices. An accessory 

cat) be any piece of hardware that connects to and commimkates with or otherwise expands 

tire functionality of the host. Marty different types of accosstgy devices can be specifically 

designed or adapted to communicate with the host device throngl? connector 100 to provide 

20 additional functionality for the hose Plug connector 100 cap be incorporated into each 

accessory device that is part of the ecosystem to enable the host and accessory to 

commcrceine wish each, other over a physical/electrical channel when ping coHwctor i 00 

from die acee;sso.:y is mated svkh a corresponding receptacle connector ir* *jfe host device. 

Examples of accessory devices inek-ds docking stations. d»arg«Ay«c cables and devices, 

25 cable adapters, clock radios, game controllers, andio equipment, memory card readers, 

be&dsets: video equipment ataf adapters, keyboards, medical sensors suc-h as heart rate 

mormors and blood pressure monitors, point of sate (POS) terminals, as well as nnmeroos 

other hardware deviecs that can connect to and exchange data adds the host device. 

P23J t i can he appreciated that some accessories may want to communicate with the host 

30 device using different communication protocols than other accessories, f or example, some 

accessories may want to communicate with the host using a differentia! data protocol, such as 

USB 2,0, while other accessories .may want to communicate with the host using m 

II 
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asynchronous serial coons ameatlou protocol lit <m% embodiment data contacta 106(2^ 

106(3;)., i{l6(S) and I06(f}ean he dedicated to two pail's of difijreiitlal data contacts,. two 

pairs of serial aanvno v^ooe contacts, or one pair of differential data contacts arid one pair 

of serial trass® ii/reeeiye contacts depending on the purpose of connector \ 00 or fooctioo of 

the a&eessosy feormectoir 100 fe part of As as example that is particularly useful for 

coosumeooFieuted accessories and devices, the ibim data contacts can accommodate two of 

k blfow os com anicaii * Ids SB N MIk ^ Bis ! l ve d 

.synchronous receivsrc/tmnsmuter (1T.ART) interface. As another exa-nple that k particularly 

usefully for debugging and jesting devices, the. set of data contacts cm accommodate two of 

either USB 2.0, DART or a if AG communication protocols, In each case, the actual 

toirmmk-atim protocol that is used to som»?u^fcate over a given data contact can depend on 

the accessory as discussed below. 

i0I24| As mentioned above, connector ! 00 may pelade- one or more integrated circuits- that 

provide niformatioo regarding the connector and ^ay^cc^ssCtry or devise it is part of and/or 

perform specific f motions. 'fhe Integrated tikmhs may include eionuny that participates k a 

handshaking algorithm that communicates die (m&iion of one or more contacts to a host 

device that connector 100 is mated with, for-example, m ID mod die dill be embodied within 

IC I0Sa as discussed ®&v<t and opcmtivsly coupled to the ID contact, contact ;06!;i) ir; each, 

of pinonts 106a and 106b, and an siUhentioation module can be embodied ?« IC 108a with the 

ID iTsodubor tn a separate IC, such as IC 108b. The I'D and authentication ambles each 

inc.lode a ppm paten-readable nsemo:y that can be prngnmuned with idemifioabon, 

configuration and authentication ird'oroiation relevant, to the codtector and/or io; assoft^-ted 

accessory that can he communicated to a host device during a manna event. For instance, 

when connector 100 is mated with a receptacle connector l» a host, electronic device, the host 

device may send a command over us accessor)' ID contact {that is positioned to align. whh tM 

ID contact of the 'corresponding plug connector) as pari, of a h;undsh<ik?ng algorithm to 

determine if the aeeesso-y is authorised to eommnmone and operaae with the host The: ID 

module car, receive and .respond to the command by sending a predetermined sesponse back 

over the ID contact, The response may mcinde mlmmutiou uau Identifies She type of 

accessory or device that connector 100 is part of as well as various capabilities or 

•unctsonahdes of the 0ev<ce. ! be response may also communicate to the host device what 

communication hnerfbeeor eotnnmoicauon protocol the connector 100 employs on each of 

dnt.a contact pairs .106(2), 106(3; and 106(6), iOOffr ft connector i 00 is part of a USB cable., 

12 
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lor example,, the response .sent % the ID rnodu1® may mcltide hdormahosi tharielis tte hast 

dsodoe thai contacts 106(2) and 106(3} am USB dllfereMial daieeontaeis. 'If connector 100 is 

a headset eottseci#, the- response may Include mformatfen that tells the host that eoaiicts 

106(6) ami 106(7} &rs Mikey Bus contacts. Switching ekcahry within the host can then. 

5 configure she 'host Cireniua operatlvely coupled to the contacts m the receptacle eof5«ector 

u„v> •} Jtn -> as discussed below, 

!®12S{ Ouriog the ;::ur;-dvd - ;p fvno-.e dv sMieatbatio^ moiiolc c;ai alsmaathejmeaie 

oopnesior 100 (of the accessory it is part of)mid ueternunc If connector ISO (or the 

accessor) is an appropriate connector/accessory for the bos!' to interact with using any 

10 appropriate autlieMwtioa routine, tn one embed imeoi authent iestion oc&asa oyer th e IO 

contact prior Io the identdkatfcm and contact switching steps, in ahotheJ embodiment 

authentication occurs over one or mure of the data contacts after they arc configured 

according to response sent by the accessory. 

|0:I 26] Figs. ISA and i5B depict one endmdimentot'n receptacle connector 140 according 

! 5 to the invention that cart be included in a host device to enable an accessory having a 

connector 100 to foe physically coupled to the has! device. As shown in Figs. 1SA, \ SB, 

mceptade connector 140 includes. eight contacts Mot .1).. 146(8) that, are spaced apart, in a 

single row. In cue embodiment. reeept.ac!e connector 1.40 the pmout of contacts 

S 46(!}.. 146(8) is compatible with a pkg connector havmg pinout 106a, md in ancthet 

20 embodiment the pinout of contacts 14611}.- 146(E) is with a plug connector having 

pinout I06b, The contacts are positioned within a cavity 147 that: is defined by a boosing 

142. Receptacle connector .140 also includes side retention mechanisms ]4Sa, MShthat 

engage with retention features ?02s, !02b in connector 100 to.secure connector .100 within 

cavity 14? encethe connectors are mated. Retention mcchanisrns !45<p 145focan be, for 

25 example springs. %&). ean be made horn an electrically eondoaive miUeriul to double as 

ground contacts. Receptacle connector 140 also bn: h;-des two contacts- J 480) and 148(2} 

(sometimes referred to as ^connector deuvf contacts; thai are positioned slightly behind the 

row of signal contacts and east be used to detect when connector 100 is inserted with Irs cavity 

i40 and detect whemeo.nnector 100 esus cavity MO when the eoonectois are disengaged 

.30 Don'! each other. 

pir~| In one esphodimeot, receptacle connector !40 has a pinout as sh;:mn in he leC that 

a hs stii t ' s tit in another c < \lmm t receptacle eooneetor 140 has a pinoaf as 
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showo us fig, 16B t!M nmdtes pssont lObfe, la each of Figs. ISC ap4 ISO, v.hc ACC1 and 

ACC2 pins are eoniigtired to vm vthh es&sr i\ accessory power > accessory ID pins >' 

the plug eoMeclor depemhslg on Ore > of plug <. > <K< ; o USJ? pair of Data, 

A cooiicts is configured to mat# wish sifter tte pair of Data 1 contacts or tfe pair oittam.2 

eopbaets A. h<. phig v >. 1 and th& P IN s «t to) pin or pins ate eoAltgutod u mate 

with the Power contact or contacts of she plug connector, Additionally, in the pinout of Fig 

13D, (he. GND contact is eo«flgu;xjd to mate with the GND contact in th« plug connector, 

pi28| kefereeec is now utsde to logs, IdA-A6K, which show simplified seofbuafviews Of 

ping connector 100. associated with an accessory device (not shown J being mated with 

receptacle connector 140 incorporated into a host: electronic device (the housing or enclosure 

of which h pajtisify Shown in fesch figure). Bach time a user interacts with an accessory 

device or host electronic device, the user may .make an evaluation regarding .hs quality. Such 

an interaction may occur when a user inserts a plug connector sect: m connector 100 into a 

corresponding receptacle connector, such as receptacle corrector 140. If the ping connector 

is easy to utsert into dsc receptacle connector, .the user may gain the impression that the 

electronic device that includes conuccto.r 100 or conuecsor 140 is of high quality, and that the 

company that roams facts; red the electronic devtoe is a company of qualify as well that can be 

trusted to masmfscfere reliable devices. Abo, soch ease of tnsmion may improve vise user's-

expersen.es and simply make the device more enjoyable to «§», 

|0l 29} Accordingly, ensbodimesns of the ptesetrl invention srsay provide plug conr.ectots 

and receptacle connectors openings that provide lor the easy snsatkm of the plug euneedtor 

into she receptacle connector. An example is slfewn in f ig. l&A, which :s.a. simplified top 

view of plug conneeipr 10.0 a.sxl receptacle connector 140 in alignrnesit with each other prior 

to a mating event according to ao embodiment of the invention, in this; example, plug 

connector 100 may have a csevec leading edge 1<)I. Lead i eg edge IDs may he rounded lor 

approximately 1 -.rut; of its length at eae'b of its ends as shown by distance fand ir; sense 

csr bod in seats ss rounded Or.- between 0.dour; m4 1.5 mm at ssseh #strf. This rosmded front end 

may snake it easier te insert plug connector 100 into receptacle connector 140 when the plug 

connector is rotated off sixssv that w when the plug connector o inserted at an incorrect pitch 

angle. Also in this example, a snuhi-tlered opesnng may be provided by the device csmlosure 

(and its associated parts) so .receptacle connector 140 into which plug cosmector i00 is 

inserted. 'km \, s. v to > § Mm „ as m ^ t so snv, c ou> sw »uP 0K 
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Tujul ShennU§ Og t <! ! NvikUCf Oil' 515 t PO gift 1 fK 

ope run::, in the X direction. 

jO }Jt)f In fhfs spechk example, m opening of receptacle connect# 1.40 may be formed by 

an edge of a trim ring 492 that coofjemt.es with receptacle housing 142 to form an insertion 

5 .emit/ into which plug connector 100 is inserted during a mating event. Trim riftg 492. Which 

can be connected to (he device enclosure 490 at a location not shown in Fig. 1 f>A. may ha# 

ehamtered leading edges 494. Receptacle housing 142 may fee offset behind trim ring 492, 

and m# have an aogied-surfaes 405 at the sides of trim ring 402 that Father narrows the 

ji&btkm cavity,. In some embodiments chamfered edges 494 and angled surfaces 405 aie 

10 each angled between 110-60 degrees and in one embodiment are angled at &ppmsmmte!y 45 

degrees. Also, in some embodiments chamfered. edges 494 are between (hi and 0.5 mm wide 

and angled surfaces 405 are between two and four tirn.es the width of chamfered edges 494, 

in one panienlar embodiment ehatnterod leading edges are chamfered by ^proximately 0...3 

mm and angled surfaces 495 narrow the opening of the insertion cavity by approximately I 

[ 5 ram on each, side of Che trim ring. Thus, srs this embodiment fhenuufotkred opening may 

provides .2.6 rnm tolerance in the placement of plug connector 100 relative to the opening of 

receptacle cormeckw 140. Tbis relatively large tolerance (given the overall width of 46 mm 

for The plug connector) combined with the curved edges of plug connector KKl may male it 

relatively a.yy fo a uset lo ser the p eooncci r into e ecepsack onrmcto* \an 

20 this ease of insertion may inform a user's opinion as to the £|oabry of the accessary device 

andfor host oteciroinic device, 

|901| Fig. 058 is a simplified cross-sectional view of plug connector j 00 arid receptacle 

connector 140 in. the same- alignment po.sd.ion with each other prior.to a mating event shown 

ir; f ig. I OA. As the plag connector is inserted into cavity 147 of the receptacle connector the 

25 first point of contact between the two connectors will be ground ring 195 contacting metal 

trim ring agT which surrounds the opening to -cavity 147 and is grounded.. Thus, any static 

charge that has bruit up on the ping connector can be discharged open contact with the trim 

ring. As the plug connector is inserted further into cavity 14?, different poroons ot the plug 

connector may first come into eo.ntact with or engage with various portions of the reeepnmie 

sO connector as shown In Figs. 16C-R. For example, Fig:. I6C depicts the respective positions 

of the two connectors when indwidnal contacts ! Out is may come in contact with torn ring 

492. in one embodiment, this k approximately 1.5 mm after leading edge 101 of connector 

35 
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100 has entered c&vipj I4 7 or 6.35 mm from a itdly mated position. Fig. 1SO depictsthe 

iespeciive positions of the two connectors whext individual contacts l%(i) may test c-ontael 

the trim ting. In one srnbodhrient. this is appfoxkn&iefy 4.1 mrrv after leading edge 101 of 

connector i00 has enteooi cavity' 14'7 or 3.75 trim from a tuiJv sxi&t«d position, 

|0I3J| Figs, I6.D and I6P each depict connector 100 at a position prior to plug connector 

contact;; ] 06 coming into physical contact with receptacle connector contacts 146. As show® 

in f igs. IbDand 16E, sash receptacle connector contact 146(1) iseiedos a tip M<te> a beam 

portion s 46b and m anchor portion 146c. Plug connector contacts-106 &tt- wiping contacts, 

that, is each contact l.06(i) moves laterally wills a wtpHig ssotkm actoss the tip 14Cte of its 

respective contact 146(t) during a mating svent until settling into a fully mated position 

when; a c«n*aal portion of the contact suifkee of contact iOb(l) h ir; physical contact with tip 

] 46a of receptacle cos-tact I The process in which the contacts of a plug connector ami 

receptacle first come in contact with each other causes wear ami tear on the contacts dmt may 

result in degraded performance after thousands of repeated fee cycles. Embodiments of the 

Itsvemtoh have designed the contacts to reduce such wear and tear and thus improve device 

lifetime. To better understand Pi is aspect of certain embodiments of the invention, :ceforence 

is made to Fig. I &E, which ir an exploded view of the portion of Fig. 169 SIKAW.: m dotted 

fines: 

jff.!33| As shown m fig. IpE, die interface between leading edge 101 and top and bottom 

surfaces iOSsaad 105b of connector 100 may form edges 10 la and I0lb; respectively. As 

plug connector : 00 is inserted, further into mceptaele connector 140.. edge 101 a (or edge 10 lb 

if the connector is inserted in a reversed orientation) of contact fSe(i) may engage or come 

into contact with receptacle contact ;46E) as shown in Fig. I6G. Embodiments of the 

Invention may torn; surtaces litis, 103b of ground ring I OS such that edge 101 a is located at 

a height X that mduees wear of receptacle contact. 106f i ) aval improves device lifetime. 

Specifically, as surfaces lOTa 103b are angled more steeply, height Z may Increase This, in 

turn., may cause edges 101a, .10lb to engage contact 146(f) near top surface or tip Elba But 

when plug connector 100 is engaged In receptacle eonnector 1.4th contact 106(1) on the plug 

con-motor -nay mate w ith receptacle contact. I46(i) at too surface 146a (as- shown in Fig. 

16K.):, Accordingly: if smiaoea 103a, 103b are sloped too sharply., edges 10.1a. 101b may 

wear the metallic plating near the tip '146a of receptacle contact i46{i)s which may degrade 
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di 'it i 01 n <.ncn ^ v,<n x losm contact V > > is-{mrmlm mceptaole 

contact 1 4(s(j). 

|0!34l > shoj.iki , en J i J . large height / could be - t K J for by IK, MI; -

height of i^stee|tae!s corsiact 1.46(f). But this would. require a larger deflection of receptacle 

5 contact 146(5} during insertion of the plug connector. A larger deflection of receptacle 

contact !46(i} may require a longer contact, beatn and resulting greater rsoeptacle length In 

the m&rtiott direction of cavity J 4? to avoid fatigue and cold-working of receptacle contact 

146(0. Conversely, when Z is too small, udges lOSa, 10 J.b may gnco-jwter contact. 146(1) at a 

location much S.owet Shan top surface 14ba, shown in tins ex.anrple as location 1464 

10 Engaging contact l.4(s{>) at location i.46d may increase the force placed upon reoeptaole 

contact 146(1} during insertion of the plug corrector, thereby increasing.the wear to the 

plating of contact1 460). Trass. embodiments of she present Invention may provide a ground 

ring ! 05 having edges \0 fc®, 10! b that are positioned to engage connector receptacle contacts 

146 at a location away from top surface 146a iti order to protect plating at this rusting point; 

i 5 Edges 101 as 161 b may |\irth«r be positioned to avoid excessive force being impasted to 

iigcoptac le connector contacts ! 4 6. daring the msert ion of the plug connector, 

iUT'^f ht, 4KN O5- md ie.i pti . > y ^ nn ^ ot 

•"Lit t.,ih <m t 1 nod* ventwn H .r vme 1 >> 4 o BOON m; > ^ont^r \s nl > lis ̂  

14$h, wh ich also act as gron.net contacts; (Fig. I IF) and later each of contacts 146 slide p« 

20 the gsterlaee between the front portion of ground ring 165 and the begins i% cT one of contact 

regions 46a, 46b (Tig. Ihlft, In one particular embodiment, initial contact with latches 145a, 

145b-occurs 2,6 mm from a felly mated position and contacts 146 first touch the dielectric 

soaterial m one of contact regions 46a.0 46h 1.4 mm Irdrh a fully mated position. Then, at 

shpwo in Fig. idh jusl 0.2 mm after contacts 146 are .no longer in physical contact with 

25 ground nog f0'5 .(1,2 mm from a fe lly mated position},, connector 140 contact connector 

detect, contacts 14S« I) and 148(2), and just 0.4 nun laser, plug connector contacts 106 begin 

to corns: into contact wub receptacle connector contacts 146 8P« a fitby sauted position -:s 

achieved Q.H rain later. 

|0.06j Hg. 16K depicts the completion of a mating event between the plug and receptacle 

30 connectors where plug co.noecka 100 is fully inserted within cavity hP of the reccptacle 

connector 140. fn the fully mated position* each of contacts 106(1 >..106(8} from one of 

contact regions 46a or 46b arc physically coupled to one of contacts i46(f}J46Sa) 
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dependnsg on the tm.e;tion orientation-of vonoea a SOU y, sth reapei.t to cannee-Of 140 11K-, 

when pStsg connector 100 bass piitotit 106a, contact hi l v«H be physically connected to 

„ ' v c< ir KI HV iV{S* d-pen hugon 1HJ J uih o nten\.fn n -nu >vntsx s ' to: ^ 

146s ?} will cooneor with •• utter data contacts 106*Z), ) o<Vt or wtrh dais contacts 10?>{ \ 

106(6} depending on the insertion orientation, etc. 

(0I37| Prior to a siting event, the host will generally not km>w the insertion orientation of 

ping conncctor 100 or what communication protocol will be transndtted over data contacts 

i 06(c ), .106(3 K 106(6} and 106(7). Switching circuitry within the host device include;; 

switches that operativcly connect circuitry on the host side necessary to support signals and 

communication interfaces used by the coniaets Of connector 100 to the receptacle connector 

contacts 146i 1}..! 46(h) as appropriate Pig 1 ? depicts one cmbodnnent of switching 

circuitry 150 configured to allow a host device to Implement pinout 106a shown in Fig. 14A, 

Switching circuitry 00 includes switches 1.5 i aa<USS thai are operativejy coupled to 

receptacle contacts 146(1} and 146(8}, respectively, and switches 1 S3. 153, 156 and 15? that 

are operativefy coupled to contacts 146(2), 4 146(6) and 146(7), respectively, ir; one 

ernbodnnem, switches are not required for contacts 146(4; and 146(5) as, regardless of the 

insertion orientation., these, contacts always align with power contacts 106(4) and 106(5) in 

ninont 106a which are electrically connected to each other. In another embodiment there Is a 

switch IS 1-158 tor each of contacts 146(1yd 46(8; and the switch is n-tiuaily in an open state 

until circuitry connected to contacts 548(1), .148(2} detects that connector 100 has been fully 

Inserted within die receptacle oowsector sod the accessory is authorised to operate with the 

host at which time lite switches connect the cnonhry as described below. 

10138! Each of switches 15.1 and 158 enables circuitry that provides an accessory proves 

signal to a feeepiaeis connector contact to he switched onto either contact 146(1} or 146(8) 

depending on the Inygftioo orientation of plug connector 100 Additionally, some 

etnbodnnsms ot the invention allow data signals (e.g., a pair of I? ART transmit and receive 

signals ot JTAG clock signals) to he transmitted over contacts )46(i}, 14<><S), Switches; 151 

and 158 can also operativeiy connect the circuitry required to implement suol; UA.RI or 

,1TAG connnumcation to contacts ;46( 1), 146(h) as determined daring the handshaking 

routine and/or communicated by connector 100. Shodany, each of switches 152, 153* 156 

and 157 switch the necessary circuitry to support communication interlaces (JSB 2..9> Mikey 

Bus or UART onto contacts; 157, 15.5, 156, and 157 as instructed hy connected 100 
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P'l:39| Sw its !mri ceca>tr> 150 also allows the commtmieation interface erspi-A ce by the 
data contacts to be dynamically switched while coseeeior 100 is conpled to a host device. 
The dynamic switching can. be initiated, fhr example, by a message seat from the ID module 
within she accessory to she host device over contact 106(8) informing the host that a new 

5 romnttinieauon interface will be used m the contacts. As m example, in response to an 
hicUi haodshakiog serfuenoe when eonnechst 100 is mated with a corresponding eo«oeetor 
on the host dcvice,, the ID ojodide may send a response mfbmting the host that data contacts 
106(2), 106(3) and !06(6);. 1.06(7) are used for two pairs of USB 2,0 differential data 
contacts, As some point later during opmitoti of the accessary thai zmmtm 100 m 

10 incorporated into, the accessory may require the use of a U ART serial iinterfsce to 
cotrii k w With K host device over the same two contacts previously dedicated for USB 
signals. To do so, the accessory seta internal switches coupled to contacts 100(6), 100(7) that 
switches the confess irom being operativeiy coupbd io USB circuitry in the accessory to 
instead' be coupled to UART circuitry1 and sends a message to. host 100 noting the new 

IS cetilsgoratioo of contacts 106(6), 100(7).. 

|#14Sf As previously stated, many different types of accessories. may employ ping 
connector 100 to physically couple to and communicate with a host device that includes a 
i^eeptaole eonneetor 140. Figs. 18-28 provide several specific examples of snob accessories; 
Fig, 18 is a simplified perspective view of a USB charger/adapter 160 recording to an 

2d etobodh nent of the iiwgntton. USB adapter 160 tnefades an eigh t crmtaet d na b oriental ion 
inline connector 102 at one end and a USB male.connector 164 at tits other end. An optional 
cable 163 couples c«mmetor 162 to connector 164. In other embodiments footh connectors 
162 and 164 extend from opposne sides of a siogie compact housing. Connector 102 can 

have the same physical form factor as connector 10(1 shown in Fig. 13A and Includes contacts 
23 166(1),..I 06(8) that correspond in size and shape to contacts 106(1),. 106(1),. 

Ill m USB ehergeohdaptsr U>0 is specifically adapted to be used us data-^yncluonizatjon 
applications and ch^rgmgapplications. To tins end, connector 162 mcksdes two USB 2.0 
differential data contacts at locations where the pair of differential data contacts, Data 1, are 
located (locations 160(2). 166(3)). Figs. 19.A. and 198 depict Ssvo different pieouts of USB 

30 charger 160 where the piaout in Fig. 19A is compatible with pinout ! 60a end the pinout in 
Fig.. 19B is compatible with piuout 160b. As shown in f ig. 20, the USB contafets are coupled 
through BSD protection cireoitry 109 to the USB contacts in connector 164. Connector 162 

so 
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also melu&'S pow&r comaetis) coupled & a current regulator i «>8b to provide a. power out 

signal from the V&& j lie of USB connector I 64 that can be used, to charge the host device. 

The accessory ID contact Is connected to an ID module, 168a within connector 162 to enable 

w initial handshaking routing between the connector and its host 4 memory within ID 

5 jsod.ub 168a stores inibnnation that informs the host that contacts 166(2). 165(3) are 

dedicated for USB 2.0 differential data signals. 

10142} Adapter 160 aiso includes an authentication module (cot shown) to authenticate the 

adapter to the host m discussed above with respect to Fig. 14. in one embodiment the 

authentieatioj: module h embodied within ID module I 68a and; authenticates adapter 160 

10 over (he I D contact. In another embodiment the anthem icat-on module '%$ connected to data 

contact* 166(2), 166(3) and authenticates the adapter over these contacts after the 

handshaking rc-uone between the host and ID module opexatively connects USB cueuitry 

within the host connected to the receptacle contacts thai align with contacts 166(2) and 

i66(3). Ground is provided at the. sides of connector '62 via. contacts in the side of the 

13 ground ring, and in the embodiment of Fig. : 98 at ground contact 166( I). Since die I iSB 

adapter does not require other data signals nor does it xeqyirc- power to be delivered to it from 

the host, contacts for accessory power and for the second data pair. Data 2 are not required 

and, in some embodiments arc left unconnected to circuitry. As configured, connector 320 

allows tor USB 2.0 synchronisation as wed as 5 volt. 2 amp charging when USB connector 

20 .164 is coupled to a charge; 165. 

f©14Sf fig. 21 is a siio:pf find perspective view of a docking station 120 that includes a ping 

connector 172 &ceo.rdbsgto an embodnnem of the invention similar to connector 100 

discusser- in Figs.. \ 3A-C and 14. Conncetor 172 extends upward from a surtace \ 73 upon 

which a portable electronic device may be placed when docked in station .170. When docked,. 

25 tab 172 is mated with a receptacle connector incorporated into the portable madia device ;md 

a second surface 174 can supports hack of the- electronic device. The 1.0 contact of 

connector 172 is connected to an ID niodnie within de conn.ect.or to inform the host: thai, two 

of the data cos-tacts are dedicated for USB 2.0 dtBemsdai data signals, fhiehihgstalfen 170 

also includes an .authenticate module lhat can amheaocate the docking station to its host M 

3(.) discussed with respect to US? adapter 16(1. "the docking station can charge the portable 

media device over the two ee.otra.liy located power contacts that are coupled together and 
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easfMlo - ut e n v t o i<> provide, power signal a M is p}X>Vid©rf M h sides of 
connector via contacts is: the side »nfp ground jing, 

fll44J Dockmg station I IS allows a portable; media device, such as m IPod or MP3 player 
or ao ipbone or otte smart phone to he connected to a computer via connector 1 ?*:. In one 

5 embodiment, cOnaeetnr 172 supports the full eotnplentent of eight comets set forth i'a Ftp, 
16A ami I SB docking station 170 esse connect;!® die eompnisr with a USB cable. M 
another embodiment no doefelrs|p station iool tales a receptacle connector having the same 
pmout m connector 140 and can connect to a computer also havfcga reeeptsele eotmector 
i 40 With a cable adapter thai includes two plug conaeetors \ 00 coupled together vis a cable, 

HI [01451 Fig. 22 |g a simplified toe plan view of a. video adapter ISO according to an 
embodiment of the mvsptioo, Video adapter 180 includes a plug connector 182 similar to 
connector 100 discussed i« fogs, I3A-C, 'Hi© p»(K>!.st of adapter 180, shown in Figlf 23 A (for 
a version-compaddle with psiout !€0a) &nd 23B (for a version compatible with pinout 100b! 
iichtcies pipe set: ot'USB 2.0 ditleresuiai data contacts and & set: of HART tmnsnnt/reeeive 

1.5 contacts. The aocsssory ID contact is coupled io ;>» 1,0 module {88a within the connector 
that includes a memory that stores information to inform the host that two of the data contacts 
ate dedicated for USB 2.0 communication while the other two data contacts are dedicated to 
UART signals.. In one embodiment one of the sets of data contacts (enher the USB or OART 
contacts; can be connected io an authenticalton module ISSc to authenticate adapter 180 . 

20 while m another #d30dirnent the authentication module is connected to the ID contact along 
with the 11) module as discisssed above with tespect to other accessories. 

|'01.4$! Adapter 180 includes an adapter housing 1f?4 within which is a video connector 
185a lor any suitable Ibrmat oi' video Signal. In one embodiment video connector ISSa Is.a.a 
HDM1 receptacle connector. in another embodiment connector 185a is a V'CiA receptacle 

25 connector, and in still aaothe? embodiment connector tSaa is a component video connector, 
A. video processor i 8? t shown in Fig. 24).separates audio and video data sent over connector 
i 82 .in US8 2,0 t'ortmu. and converts the data to the appropriate format for output over 
connector 18:1a. 

{01471 in some embodiments video adapter 180 also includes a receptacle connector 185b 
50 that includes the same pn-out and physical form factor as connector 140: Any plug connector 

that can mate with connector 140 could also mate with connector I Sab, Connector 1850 
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0Msl#s other accessories to be edapifeci to the same boss device that connector I§2 is eonpled 
with vk a a&scadcd conneotkm, A controller 188 is coapi&d to connector i 85 h and provides 
all rh«. funcbonahty (aushsntieaboa contact switching etc.) that the host device provides wuh 
respect ha ooxtaecfot 140. *lliass controller IM can set §® sight soptacis of coaneeior i f5b in 
the same maPder that the switching circuitry 150 cats set contacts 146(1),! 146(f), Penvcir 
boosting circnitry 1 St boosts the accessory p^vir signai received Item the host device «S% 
contact 186(4} and provides the signal, as a power out signal through cotProlier iti to the 
appropriate contactio connector ;85h. AdditiPmbfjc in this embodiment adapter 116 cap 
provide power regulated by current regulslor! 886 16. the bost device oyer the power ooouah 
(contacts 186(4} and 186(5) in die eodxxhment of fig, 2sA or coo&ct \ 86(5} l» dm 
emisodi'snem of Fig. 236) when connector 185b is connected to so accessory or other device 
that enables charging. 

{'01.48} f ig. 25 a simplified top plan view of a SD (secure digital) card adapter 190 
according to aw embodiment of the Invention. SD card adapter 190 includes a plug coaneetor 
192 similar to cosmecter i Off discassed in Pigs, I3A-C and a houibslj 194, Hoasmg !94 and 
glu v . v o 192 arc connected by a cable i 9~ 'C Ss > |§4 is at? SD ca;d render 

191, 4 mieroeotvhTdier 197, an SD eard iotertace 198 and a. power converter I99 that is 
operatively coupled to convert the power provided by the host over contaot 196(4) to a 3 volt 
power oat signal that is provided to an appropriate contact on the SD card reader. 

J)!M9f The pinodi of ebsoector 1.92 includes otte set of USB 2.9 different sal dais, contacts 
and dpc set of U'ART >' s ̂  u .. nt ^ N as sitewn io each of Figs, 26A (for a version 
compatible with, plnoai S 60 a} and 26 B dot a version compatible with paiota 160b).. bower 
contacts (contacts 196(1} and 196(5) in tbe embediafont cf fig..26A of contact 196(SVi.n the 
embodiment-0 Fig. 2611} are pel used. The lit contact Is coupled to as ID module 198s that 
lacledes-a ntefpory that w mo - o i * ^ beet that two of the data contacts are 
dedicated for USB 2.0 communication white the other two data eontocis arc dedicated to 
U ART sigaaic in one embobnnent one of the sets of data contacts (either -lie USB or HART 
Contacts) can be connected to an authentication module 198c io atehemicate adapter ;90, 
while to another enibodimem ?k- i?U(heabeat;on o'sodete is connected to the ID contact along 
with the Ml as discussed above with respect to other aceessoriss. SD card interface 
198 is coupled to SO east! reader 1:96 to read data stored o as SD card inserted within the 
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card read aad transmit* the data to the .test, device over the twti USB data contacts under the 

control of nvicmcontjfoller 197. 

10 i S#'| la another embodiment of the invention, % camera adapter Is provided dvat is similar 

to SD card adapter 190 but c-omt&cts to & camera over a USB connection. This emboduaexa 

5 includes a USB connector instead ofan SD card reader and also provides power boosting 

circuitry to supply a 5 volts ont signal over the USB power contact, t he USB camera adapter 

does .IKH include- an SD card mter&ee sad Instead buffers data received directly over the 

eaoter<rs USB contacts and provides the data fo the host via the two USB data contacts. 

I'M 51. | Fig. 28.A is a simplified schematic representation of an adapter 2M according to an 

10 embodiment of the invention. Adapter 200 includes an externa! contact plug connector 202 

sad a receptacle connector 205 each of'which include multiple contacts that can 

accommodate seme or all o.f v-deo. audio,, data and control signals along with power and 

ground. Plug connector 202 is compatible with a receptacle connector .2 i 6 ot a host device 

2!5 that can be, for "example, a portable media player. Receptacle connector 205 is 

• 5 compatible with a plug conneetor222 of an accessory 220, which is -shown to be a docking 

station/clock radio but can be any electtonie accessory that includes a plug connector Chat can 

be coupled to adapter 20(1 Plug connecto? 222 is incompatible with receptacle connector 216 

(and duis rcccpSitek; connector 205 is also incompatible with plug connector 202}. The 

incompatibility snay be either a physically incompatibility between the. two connectors (e.g. , 

20 plug connector 222 has a siee or shape that, does not. enable it to be mated with connector 

2.16) or an electrical incompatibility (lac, ever; though plug connector 22 ear* be physically 

connected to receptacle connector 216, the connectors carry one or more signals or power 

supply output* that are incompatible in frequency, voltage levels or some other electrical 

parameter With each other). Adapter 200 allows accessory 220 to communicate with host 

.25 215. In some embodiments connector 202 is similar ;o connector 100 discussed ir. Figs. OA-

C and has a pinout as discussed with respect to fig, 14 that enables the conncctor to he 

coupled to a host device: In which receptacle connector 216 corresponds to com lector 140 

shown at Fig, 15. Also in son-e embodiments connector 205 is a 30-pin connector, such as 

the 30-pin connector employed ot) Apple: iPod and iPhone devices, that has a pinout a* shown 

30 in Fig. 2SB 

1-0.152] As shown in Fig. 28A„ adapter 200 includes conversion circuitry 201 within housing 

204 that converts signals and voltages received front accessory 220 over contacts of 
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connector 205 to signals -and voltages thai ism bs treosrodfel over cmmctw 202 and 

processed by host device 215 The converters also convert signals and voltages *mt by "host 

215 oyer contacts 2:0h(I },.20§(8) to signals an J voltages tkp can be fmns^utted ov«r 

connector 205 and processed by accessory 220. in one embodiment, conversion circuitry 20 ? 

Includes anaudioAodeo con verier 20'?, a data converter'20$ and a power converter 209. 

Other emhodiroeftts include otby one or two of converters 207, 20B and 209 or ieoliaie othei 

types of converters al together. 

(OiSJl Aisdio/vkkio converter 207 cm he a one-way converter (e.g., only converts video 

&nd/of audio data Sent from the host to a format that can be received and processed by the 

accessory or only converts Video mdfor audio data $mi bom the accessory to a format that 

can Be received mti processed by the host} or a ovo way convener (i.e., converts video and/o* 

audio data sent between the host and the accessory is; nodi directions). In one particular 

«mhod!n-;£flt, audioA/ideo converter 20? is a one-way converter that converts digital audio 

and digiial video data sent over 1MB data hoes of connector 202 Into analog audio and analog 

video signals, in another embodiment converter 207 only converts audio Oata and adapter 

200 does mt .support, da- conversion of video d&ta between host 215 and afceeasoty 220. 

ib.1541 Similarly, data con verter 208 can be a one-way or two-way data eoaverter, In one 

embodiment, data convener 208 is capable of translating data signals received over a first 

communication protocol used by accessory 220 and conncctor 205 m either a USB protocol 

or HART protocol used by connector 202 and host 21S la another embodiment, connectors 

202 and 205 each support USB and UART communication protocols and data converter 20S 

passes USB signals between Use two connectors without conversion bat converts the HART 

signals: recei ved from each of host 215 and accessory 220 to a fbonat appropriate for the 

other-of .host 215 and accessory 220. Data converter 208 can also process control and 115 

signals received Over connector 205 as atay be required to communicate with the accessory. 

Power converter 209 can convert a fast DC voltage recewed fern accessory 220 over 

•connector 205 to a second DC voltage that can be transmitted to host 215 over connector 202, 

and ran convert a third DC voltage racesved Stan the host 2 i 5 over connector 202 to a fourth 

PC voltage provided to the accessory 220 through .connector 205. 

10.155! The pinout of connector 202 molades one set of I 'SO 2.0 differentia! data contacts 

arid one set of UART transmit/receive contacts as shown in Fig. 23, The ID contact is 

coupled to an ID module 208a that includes a memory that stores information to Inform the 



WO 2013/070767 PCT/US2012/063944 

host that two sithe d&ts e&ataess dedicated !df USb V; fJ oommunidaiioo wtdfe the other 
two data eontoels are dedicated to UART sipals, A., mrt to regulator 208b Is opennive>•• 
coupled to the two centrally located power contacts 206(4), 206(5} to regui&fe current to the 
host when connector 306 Is connected to so accessory or other device that eaables-ciiargmg, 

HH5»| hi some emlXKlimcMS adaptor 202 eon: mclude two lovsls of'aoltetiiosftos. I a 
first levsl, adapter 202 authenticates Itself i& host MS through its connection to the k>st via 
connector 202 and con&s&oior 210. As described above will? respect to oilier accessories, in 
one. embodiment this level of authenficaiior, can be performed an authentication module 208e 
over one of the sets of data contacts (either dte USB or UART contacts) after the contacts' m 
she host's receptacle connector am configured, and so another embcdi-aeaf it can be done by 
an aut.hentfcgtion tnodn'fc contacted to the ID contact as an initial part of the harH.lsha.kinn 
•algorithm between the host end adapter 2 Of After the adapter is aythendeafod end in 

una, (<> = with On host over ooJMcts 202.. a second level ol-'&utimniic&bou ,IA » 
11 i % t ji processor 210 in adapter 200 authenticates accessory 220 connected 

to it via connector 205 anO connector 222 according to an authentication protocol that 
accessory 220 would normally employ whsn Oonmetfog io « best tiM ihe acsessosy 220 was 
designed to opfuute wnb. 

|0t57) In particular embodiments- where connector 205 has a pinout as §hown in Fig. 25B 
arid adapter eonveos digital video data tceeived over connsotor 20? to analog video data not 
sett; ovtr coaoector 205. the circuitry of adaptor 200 can be connected to contacts within 
connectors 202 and 205 as shown in Tabid 'I ( tor an adaptor in which connector 202 has a 
pinout compatible with pinont 106a.) or as shown in Tabid, 2 (for m adapter io which 
connector202 has a pinout compatible with pinont = 06b) below, 
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I Conmciar 202 
Contacts 

Adapter 200 Clhxmity C««a«mor 205 Contacts 

fifSBr 202(21 202(3} Audio/Video Converter 
20? 

Con»C 2 22,23^2228 

USB: 202(2), 202(3}; 
UARP: 202(6;, 

202(2} 

Data Converter 208 Contacts4. 6, 10, IS, 19,20., 
24. 30 (used as device 
detect) 

Pwr: 202(4 j, 202(Sp 
Aec Pwr: 202(1) 

Power Converter 209 Contacts 8:t \ 3 

GND: Ground ring 
via side contacts 

Ground Contacts 1,2, 15, .10, and 29 

N/A Ho Connection Contacts 3,5, % % J h !2S 
14, 17, 25, 26 

TaMe ] 

; Canape tor 203 
| C&w&sets 

Adapter 200 Ciresrttry •Cmmet®rZ§5 Co a tacts 

[ USB: 202(22 202(3) AudioAfideo Converter 
202 

Cootaats21, 22, 22,22 28 

i 202(2). 2043 P 
1 AK'I 202(6),. 

202(2) 

Data Converter 208 Contacts 4.. 0, K)s. f'% I0.: 20, 
24, 30 (used as de vice 
detect) 

Pwr: 202(5); 
Aec Pwr; 202(4) 

Power Con.vc!te.r 209 Contacts R, .13 

GND: 202(8} and 
side contacts 

Ground Contacts L15. 16, and 29 

N/.A No Commotion Contacts 3, A 9, !i, 12, 
14, 17,23,20 | 

Tsible 2 

h*- another i where adapter:20O does sot support Ov ,vr\> i\ < ;> of vlsfco In the 
S cooOa;t4o-adapter L i iw * connections set forth s \ abL ) can Oe used expect that contacts 

21,22 and 2.3? are left in >.o opes; stale and not connected u> active o>f within Hw 
adapter. Adapter 200 car; also ineinde a microcontroller (not shown) that, can communicate 
With accessory 220 using a protocol that the-accessory Would oormally uxi» to oormnunicas.e 
with a host devies that the accessory b compatible with. For example, m one embodiment 

10 adapter 200 includes a microcontroller tint supports communication with accessory 220 
using the iAP protocol employed by m Apple iPod or {Phone device. Some or ail of the 
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conversion circuitry 200 can foe part of the micxoeoMrdi&t or it ears he septate drc-nitry. 
Ths fo fcrocontroUer can also set selected cootacfs of connector 205 ip g., contacts 13,. 18-20 
and 30, which is used as ilhxi detect) to an open state so that the accessory docs not recognise, 
that, h Is connected t» & host until after adapter 200 authenticates it.seif to the host u&d the host 
tonVigium its contacts to Allow communication between the host, and adapter 200.. Once the 
host and adapter are operahvely connected and m full eommwmcadoo with each otte, 
adapter 200 can connect fee previously opest/ftoating eofe&cit with >. \ p opt uo oirctdtfy so 
that tho accessory reeogufees it has been connected to the adapter and can respond to any 
anfeptication requests fen) adapter 20# to initiate and complete a commptdeatldu Iltffe 
between fee adapter and accessory and then ultimately fee host to the accessory via adapter 
200. 

I'OlSSj Reference is mm u?ade to Figs, 29,30A-.30T and 3 f. regarding, the steps associated 
wrlh the mamdaciure and assembly of connector 300 (see- P Ig. 30T). fig, 29 is a How chart 
that iilustrates the genera! steps associated with the mamdaensre and assembly of connector 
300 according to ens endsdinwrn ot ths invention. Figs. 30A-30T demct connector 300 at 
the various stages of set forth m Fig. 29. Fig. 3 ; is a fkw/ char; that further 
details the genera; step of attaching the contact assembly to. ths-PCB, ident ified as step 130 in 
the genera! manufacturing and assembly process illustrated in Fig. 20. 

[01591 Now referring to Figs. 30A-30D. the nnmnfmnnti of connector 300 may be initiated 
•with the fabrication of ground ring 303, the construction of printed cheap beard (PCS) 304, 
and the construction of contact assen-hhes .3 lOn, 316b fFig. 29. steps 122, 124 and 120}each 
of which can occur independent of the others io any order. I.n step 123. ground ring 305 (see 
.log, 30 A} may be fabricated using, a variety of techniques snch as, for example, a mete! 
mjection molding process fMIM), a cold heading process or a billet machining process. A 

.MIM process may psovide a great deal oi'Hexibihty in achieving a desired geometry ami can 
• result in & pari that is close to the final desired shape with minhna: post machining 
opemdoas. In seme smibodsments, alternative processes such as plastic inject-on tnokllag :md 
plating may be used to form ground ring 303. Pockets .tiffin 302l> and window 30? may be 
machined or molded into the ground ring and the .surface of' the ground ring can be smoothed 
using a media blasting process. Further, it may be desirable to grind or machine surfaces of 
the ground ring such as flats 310a. 319b on the top and bottom of the ground ring. Grinding 
and machining operations can be used to create tightly tokranoeo features. For example, feus 
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319% 319b rauy premsfen $xnmi to form a pair of suriheM that $tt substantially flat mid a 

precise distance apart. Tightly tokmnce-d component gee-welry may be beneficial for 

sub$eQ?ieat assembly operations and may further benefit the performance of parfictdiriy 

sttsall connectors. I» one embodiment, foe perimeter o f the connector body is loss then 30 

5 tone v x ot iJ ring 305 may fog planed wdh < <u or more metals to achieve the desired t,o v 

PCB 304 (see Figs. 30B-30C}, which h fabricated m step. 124, may be a xm&tuonal 

epoxy and glass combination or may be any equivalent structure capable of routing et«otrbai 

signals, for example, same embodiments may use a tkxihte structure comprised of 

ahernabng layers ofpolvimi.de ana conductive traces while other &mb^»m«iats'i?«ay use a 

10 ceramic material with eoramchve tmces ore plastic- material processed with laser direct 

structuring to create conductive traces. The PCS rosy be formed with a set of conductor 

bonding pads 310 diseased at one end and a set of contact bonding pads 312(1}. .312(8) 

disposed at the opposing end in one embodiment the contact bonding pads are each split 

along a transverse direction into two separate bending pads. The FCB may also be equipped 

i i- with one or mors ground spring bonding pads 30 ; to electrically connect one or more ground 

springs 320, as ihmUmtcd m f ig. 30D. Addhfonahy. a set of cesnponcrs? bonding pads 3M 

pay be formed OR the PCB to electrically connect one o; .more active or passive efeiroofc 

components such aa for example, integrated circuits (ICs), resistors or capacitors, ffi« 

embodiments depleted herein ace for exemplary purposes only, other embodiments may have 

30 a different aos.ngemem of bonding pads 301, 3 i 4. 3! 0, 3 1 2(1 V.312s K), more or less feondiag 

pads, as well as bonding pads formed on either or both ot the opposing sides Of FCB .304. and 

fewer, more or different electronic components. 

jlbHHJ Bxee;psary decUome components 308a. 308b are depicted on obher side of PCB 

304 (see Fig, MC), In some embodiments a conductive epo.xv ts ussd to electrically attach 

25 the electronic components to FCB 304. In other embodiments a solder alloy may be 

employed using myriad technologies such as, for example, through-hole mounting, stencil 

prim and reftow, chfommboani, flip-chip or other appropriate connection method. In one 

embodiment a stencil printing process is used to dispose solder paste on composer;! bond 

pads 314. Bk-ciromc eosnponents 30Sa. 3081? are then disposed on the solder paste arid a 

30 eonveebve heating process can M nsed. to re! boy the folder paste., iPaehmg.the electronic 

eracponems to ths PCB. Tiki solder alloy may be a lead-tin. alloy, a tla-silver-copper alloy, or 

Other suhable metal or metallic alley. 

41 
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|01'C£| The same solder retlow attachment process may be used to auaeh & ground 
320 to PCB 304, Ths ground spring is depicted in snore detail ir; Fig, 30D. Ground spring 
320 may t® comprised of s phosphor-bronze aliov or othei metal and optionally plated With 
mete; and gold. The ground spring may further have one or snore spring arms 322a, 322b 
and one or more prot.ute.ra8C.es 324a, 321b with o«e or 0>ot» pertbratioju; there between. The 
perforations between the protuberances may improve the aseenaoica! strength of the 
attachment of ground spring 320 to PCB 304 which help center PCB 304 within ground ring. 
305 during the assembly process as described below and provide an additional grotmd contact 
between FCB .304 and the around -og, 

|0163) During the electronic component attachment process, solder paste may be deposited 
cm contact bond fog pads 312(i ).,3 I 2(B), and redlowed, Fig. 30C depicts solder bmnp&. 
313(1)..3 \30} t.hat are formed on the contact patfe durs«g sreflow processing. The. bolder 
paste formu s bump during retlovV processing due to the .high surface tension, of the voider 
when io its ikjuid state, 

f0M4J In some embodiments, after the eonsponents are attached to PCB 304, the asserehly 
m s i e o< hed and dried i loweveg & othca t, nbod rnents P e, ssen 1 K e sj 5 t be wsshe ! 
and! sn'bsequesd processing. la other embodiments a uo-cban Oux is used to aid tlte 
soldering process and there Is no wash process. In further embodiments a no-clean or a 
eleattahle tlua is used to aid the soldering process and the assembly is washed. Finally, some 
or all of electronic components 308a, 308b may be sncapsnlMed with a protective material 
sncb as, tor example, an epogy, a. urethane or a silicone based material, in some embodiments 
the protective encapsnlant may ptxsvida mechanical strength lor improved reliability and/or 
mn homra-nud pmfecrme "m n o <mn for e s f ^ > u* em> components. in u fv 
embodiments die protective eacapsulaut may improve the dielectric breakdown voltage 
performance of connector 300, The encapsuSant may be applied w ith an automated maobrne 
or with a manual dispenser. 

j$l dS| The neat step of sssem hly may involve insetting FCB 304 through a bach opening 
of gtooncl ring 30S so that solder bumps 313(1 )„31 3(1} are positioned, within window 303 
(fig. 2% Step 128; Figs. 30E and 39F}. fig. 30F depicts PCB 304 inserted into ground, ring 
305. Fig. 3 OF depicts a longitudinal cross-section view of the assembly shown inflg, 30E 
taken through line A- .-V and contact pads 3 13(2). Pig. 30F depicts ground spring iurns 322a, 
322b in contact with the top and bottom rurtacos of ground nag 305. Also,, it can be seen that 
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groatd rhtg proiahsatmces: 32:4a, 324b define the maxhrnsn olFee*s«p»sifc«?« FCB 304 can 

•occupy within the gtemid ring, Mofe speeMcaliy, PCS 304 can only move vertically within 

ground ring 304 m far as the- protuberances dlow. Further, it ego. he *&m that solder humps 

313(1}. 3 \ 3(8) disposed on contact bonding pads 3!2( 1 }.3.12(8) arc aligned within window 

5 307. In some embodiments the next step of assembly compress depositing. fibs on solder 

hampx 313(1 ),3 i 3(8} through window 307.. This cm fee done, for example, 'with a« 

automated #toi,uii«d spray noezle, or by ae operator with a dispenser, 

jOJ 661 Next, contact assemb;!es 316a, 316b (formed in f ig. 29, step 126) mM? be 

positioned within window 307 on each side of ground ring 305 tor attachment to PCB 304 

id (Fig. 295 step 130, Fig 300.}. The contact assemblies employed in soms embodiments are 

illustrated in Figs. 30F1303. Fig. 301:1 shoe's a top perspective view while Fig. 301 shows, a 

plan mew from the bottom and Fig. 301 shows & side view. Each contact assembly 31 ha,. 

316b may seclude a molded feme 315 that can bo darned from, a dielectric material such as 

polypropylene, in other embodiments ths frame is made of a liquid crystal polymer that, may 

15 be partially idled with glass fiber. One embod iment has eight contacts 306; I-..306(8} that 

are insert molded md secured by frame 31 5. Frame 315 may be equipped wish one. or more 

alignment posts 323 that protrude from a bottom surface of frame 315 as shown in Fig,. 30F. 

Alignment posts 323 may be -apered and may have a beveled distal end lit within alignment 

rales m PCB 304 ami are designed to align frame 315 with PCB 304. In some embodiments. 

2ft the frame may have alignment late 3 18 disposed ort ths perimeter of the frame that align each 

frame 315 within openings 307 Further, the frame may h&vfc one or more crushable combs 

325(1). ,3.25(8) that protn.de front the boimni sorface of the contact assembly 3.16 a, 3 16b and 

help ensure correct spacing between frame 315 and PCB 304 in the vertical direction. 

|i>167| Each contact 306(3}..306(h) in comaot assembly 316a. 3 16b ears be m<k-. from a 

25 variety of conductive materials., for example, phosphor-bronze, copper or stainless steel. 

Further, the contacts can. he plated to improve their perfonnance and appearance with, for 

example, ssickd/gokt, muUidsyer nickel/gold, nickel/palladium, or any other acceptable 

metal. The contacts may be cot to sh.e in a progressive stamping arm forming process from a 

metal sheet arte lr.tse.rt .molded in frame. 315. bach contact nary be comprised of more than 

30 one metallic component and further, each comaet tmn have cue or more metallic protrusions 

321 (I).. .32 i (' 16) disposed on the bottom surface of the contact assembly. Fig, 3 Of depwts 

the bottom view of one. embodiment with eight contacts, Where each contact has two 

SO 
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pxsitmsfeas. Fig, 301 shows a s.&lt: viep of in oxemplhty eoolact assembly 31 6a, 316b wbere 

itestifec seewthM ecasbabfe combs 325(1)..325(8) ppe^fed® a greater di stance from the 

febitom > {.IK „ ,m J assembly tl aoo eontaoi: > oo > mfts •> If , wb o> 

|C!!6S| Reference is now made to Figs. 30K. and 301... to Hlusirate the contact assembly 

5 attachment process for one particular embodiment The detailed steps m the flow chaft 

di-pk'tod in Fig. 31 will be used to illustrate I he process employed i« this emfcodimeut. 

<Jr08ad ting 305: end PCB 304 may be placed in o fixture to hold the components in place 

(Fig. 31:! step ! 30a; Fig, 30IC), Contact assembly 316a can he positioned in window 30? of 

ground nog aO:'* and ahgmuem: posts 323 may be engaged with guide holes 326 m PCB 304 

10 {Fig. 3!:, step 130b), The contact assembly alignment tabs 318 may precisely position, eon tact 

assembly 316a in wmdew 307. Crusfeable combs 325(1 ).,325(8) may be in physical contact 

with PCS 304-

|01691 Now referring to fig- 30K, a hor bar tool 32S with a step 31:9 can be used to fel bar 

solder contact assembly 3 i ts?, to PCB 304. In step 130c, the he; bar tool may be heamd to a 

15 temperature above the melting temperature of solder bumps 313( I).313$). For example, if 

the solder hemps am composed of a tin/si leepeeppcr alley emnprisod of approximately three 

jxreua ?ih <r ont-f ot p* to ns eoppe^ wm-i rhe <.ema;ndo :m, the hot b «• t-»ot may be hoikd 

above 22 S degrees centigrade, The higher the temperature of the hot bsrloof the foster the 

solder may relieve Ip step 1300, the hot bar tool may towel down, m tile direction of arrow 

20 331, towards the comnet assembly antd it physically touches the top s»?flme of comacts 

.?06()'}. .306(8} io step 139e, the hot bar tool may posh the contact assembly farther in tbe 

direedoe of arrow 33.1,, partially deioomog erashahie combs 325(1 ):.325(Si against PCB 304. 

The cnsshahle combs may be designed specifically lor tins purpose ;md |?iay nnpari.a 

controlled amount of force resisting movement of contact assembly 31 ha in the direction of 

25 anovv 331. Alignment tabs 3 I 8 and alignment posts 323 may keep the contact assembly 

ecutemi in window 30? (see Fig. iOA) during the assembly process. Step 329 of he? bar tool 

338 may be precision formed to maintain the top surface of con£aeo;..306{1 >..30600 eoplanar 

and at a controlled height, durmg the attachment process, in step ! 30e, the contact assembly 

may he further pushed m the direction of the arrow until comae? protrusions 321(1)..321(16) 

30 come into contact with solder bumps 3 } 3( i}..3 13(8), Hot bar tool 328 may be eonfigtned to 

impart a control led force in lite direction of arrow 33 i at this time so no damage to th« 

contact assembly results. 
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pfWJ As nmotiooed above, solder bumps 313( !),,3 13(8) may be coated wjtfe'flax. in 
some c>obojb\TO the coating of flux may not only improve -IK H v-n ng <.>* the solder to 
sconmct pronmjons 15' ( O .351{b':d„ it may also enable nwc clbciem heat transkn Conn 
contacts 306(1}.306(8} rotho solder kunp. Is step 130#; hot bar tool 328 msy tr&ssfe? 

5 thermal: energy through the cors tacts and into ths solder bumps, Ones aft adequate anioant of 
thermal -energy has ihmi transferred kt» the solder bumps, they may trambbon to a liquid 
slate when heated above their melting temperature, Once in a Ikjuid state, tbe solder bmrtps 
offer lltle resistance to additional movement of contact assembly 316$ in the direction of 
arrow 331. In step I30g, the contact assembly may then be pushed further by fee hot bar 

10 tool, eacsiog increased deformation of erushable combs 325(l)!J25(S), tmtil the hot bar tool 
"steps" on flat 319a of ground sing 305, Fig. SOL depicts the stop position of the hot bar tool. 
In th is figure If can he sees that step 329 of hot bar tool 321 may be used to precisely position 
ths mp surface of contacts 306( 1), ,.300(8) a kno wn distance below flat 319a of ground ring 
305. in some embodiments, step '529 has a height between 0.1 and 0.0i mm ana thus 

1S recesses the contacts 306( I}..306(8} that same amount from surface 319a of ground ring 305. 
in other embodiments, step 329 is not included ?md the contacts ate pressed flush whh s-).rf«oe; 

319a, Also, during step 3 39g; contact protrusions 321 {f), 321(1o) on the bottom surface of 
congmfassembly 31 barney be wetted by the liquefied solder hemps 313(1 ).,313(8}. Is step 
130h. the hot bar tool may then be cooled until the liquefied snider bumps cool to a 

20 tempmmure below rhe btpudus tempensture of the solder alloy and solidity. In step 1 M)g dm 
hot bar tool may then be then retracted and the assembly can be removed mom: the flxturing. 

|i>l 711 In some embodiments the contact aKanhrnest: process is performed m one side of 
ground 305 rmgsta time, while in other embodiments the process is performed 
- i;\uh'm<.\ -wh on both sides of the ground ring. In some end>od:itasefs erushiibio combs 

2S 32S( 1! 325(8) may de&am between 0.02 mm and 0,1:2 mm. is other embodiments the 
ertssitable eoitrbs may deform between 0.05 mm and 0,09 mm I < some embodiments the 
heating of the crushahk combs by bot bar tool 328 makes them easier to deform, The 
partiahy assembled connector may leek like Fig. 30.M with contact a,s'semb!ies 316a, 31 Oh 
inst&Ked in either side of grou nd ring 301 The partially assembled connector may then be 

31 cleaned, 

{0.1721 The neat step ef assembly racy Involve plaoirsg a partially assembled connector (see 
fig, 30M} in an insert molding tool and forming a.thermoplastic or similar dielectric 

52 
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overcook! 33S srpnod eont&els 306fi.};>3lM{S) and whhm window 10? ofgmund ring 3QS 
(Fig. 29, step 132; Figs. 30M-30F). This process may provide a smooth and substantia!iy flat: 
mating surface 34! in tbe contact: region of ground ring 305. Fig. 30N ilhistrates the insert 
molding process of one embodiment. An insert molding tool 335 may be configured to seal 

5 e.gain«t the top surfaces ground ring305. A step 336 on mold tool 335 may simukaneonsly 
sea! against die top surfaces of contacts 306t 1). ..306(S). The mold tool :»my further'be 
equipped to Seal against FCB 304. To simultaneously seal all of these surfaces and protect 
against dielectric overmold bkediug, the insert mobi too! may be equipped 'with spring 
loaded -hisens to accommodate dimensional variations of connector components. The insert 

.10 mold tool may also be configured to inject diekctrk, cvetmofd 338 uom the rear of the 
connector, shows gsneraliy :fey arrow 337. Its one embodiment the insert me id tool has a 
recessed gate for injecting the dielectric overmoki In sows embodiments, ground spring 
promOc; anees 324a. 324b {see Fig. 30F) irtay accurately maintain the position of PCB 304 
within ground sing 305 during, the dieieev.de overmoki -me-: ?«•>•: pnx^sn. Ip some 

15 embodiments. dielectric oveonoid 3.38 may be poiycxym ethylene (POM), in other 
embodiments, dielectric overmold 3fS may be i nyiom based polymer. 

pi??! Pig. 30O depicts one embodiment after ths insert molding process. In. some 
embodiments, a netting surface 34] msy be disposed below the top surface of ground ring 
305 end be substantially eoplsmarwitb the top surface of contacts 306(1). .306(8). Fig. 300 

20 shows a simplified cross-section of Fig, 300 in she region of mating surmcc 34 ?., from this 
iliustndion it can be seem that mating surface 341 may reside 'in & depression below the top 
snrkme of the ground ring. IK some embodiments the depression may be between 0.01 to 0.1 
mm below the top surface of grctmd ring 305. This depression may protect the. contacts from 
touching snrfa6os> such as that of a mating device, potentially caus ing damage to the top 

25 sorfhec of the contacts. In some embodiments the recess may extend around dm cm ire 
perimeter of window 393 (see F ig:. 30M),. hi further fimhodhnems the recess may be deeper 
in .some areas and shallower in others. In other embodiments tbe recess may be deeper 
towhrds tbe rear of tbe. connector and substantially coptoaf With tbe- top surface of ground 
ring:305 towards the distal end of the connector. In yetibnibsr embodiments, mating smmce 

30 341 of dielectric overmold 331 tony be sabstaniudly ebfdanar with Oat 319a of ground ring 
305, In some embodiments, dielectric overmold 338 may be uscdlto aid in rctainmg the 
contacts within the emmeotor. 
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|il74] When compter 300 Is partolhrcsMes "• v a \ "• a-oc< •>N rco eatl>priae 

afechfog a cable bmtsfte 342 to tl»paedi-dly assembled connector {Fig, 29, step 134; Fig, 

><fV The eabU bundle may have >rdo m d coodyctom (o..g>; whes} 343? for c t ohm m :• 

conductor bonding pads 3 b) of PCB 304, The. individua! conductor may be CUE and stripped 

and the jacket of tbe cable bundle may also be cut and stripped. Each conductor may be 

soldered io its respective conductor bending pad using an automated, s, scmi-automated m.a 

manna! process, bi one embodiment the conductors are aligned in a fixture and each 

Qtsdtffitor is atposnatlcaily soldered to each conductor bonding pad. in another embodiment, 

each conductor t§ welded to its respective conductor bonding pad. In some embodiments, 

where connector 300 is part, of an electronic device or accessory that does not attach a cable 

to the connector, for example, a docfebag station, individual wires, a ties, check or the bfee 

iT-ay electrically connect bonding pads 304 to circuitry m thedev;ee. Myriad conductor 

a.ttaehmsut processes may be used without departing ftom the Invention, 

f*H ?5{ The •. M several figures 'foe n Ihrtherexampfe assembly sEegs when connector 

300 is part of a cable as shewn in log, 30Q, in. s»ch instances, the .next step of assembly may 

Involve overmokling a portion of the conncctor, including electronic, exponents-attached to 

PCB304, and the cable (Pig. 29, step 136. Fig. 30b). A first insert maiding operation may be 

performed, encapsulating PCB 304 in plastic at annul. ami formi»g a connector body 34'?. A 

second insert voiding process may he performed afterwards creating a strain relief sleeve 

348 attached to the rear face of connector body-347 and extending over cable 34'2 for a short 

•dhiasice. In some embodiments the connector body may be made partially from insert 

•molded plsstk and partially from other materads. The first and second insert, molding 

m aterials may be any type of plastic or other non-conductive material. In one embodiment, 

both o>ater.nds am thermoplastic elastomers wherein the "second insert mokimg material is of 

a lower dnouneter than the first insert molding material. Pig. 30R depicts an embodiment 

with a two piece conductive metal shield 345a, 343b that may be installed over a portion of 

e(sw.«ecctcr body 34? insd electrically bonded to ground ring 305 wn.h Mil Inn. in acme 

embodiments, shield :I45a, 345b may be mstabed first and connector body >4? may be 

molded in a Subsequent operation, in some embodiments, shield can 346 may be mealed to 

ground nog 305. In some embodiments shield 345a, 345b may be made from steed while in 

other embodiments copper or fin iUqys may be used. 
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{6176} The most step ot'a$$ex»bfy snay involve -attaching an eodoxaxc 349 to tody 3<17 (Fig 

29, step 138; Figs. 30R-20T-. In F'fg. 30R, euKdosore 349 is ilhMfateo in a preassembied 

position., located on. cable hoodie 342. The enclosure may he sized appropriately to slide over 

connector body 34?,. substantially enclosing the connector body within the enclosure. The 

S enclosure can be mamdaetnred from any type af plastic or other aori-so«duclEive material and 

m one embodiment fe made from ABS. 

19177) A eross-Hgebonfl view oi live enclosure 349 is shown in FIG.. 305. This figure 

further depicts bonding material 3 50 deposited on two loeaikms on an inside surface of 

enclosure 349. The bonding materia! may be deposited with n syringe and needle assembly 

10 351 as shown, or it. can be deposed with myriad other techniques without departing from the 

invention. The (ins! assembly step is shown 'in FI.G. 30T and coin prises sliding enclosure 549 

ever connector body 347 trntil the enclosure substantially encloses the connector body. 

|01?£f Bonding materia! 350 may to meed, sobering ihe inside surface of enclosure 349 to 

die outside surface of corwector body 347. in some embodiments die bonding material may 

< 5 be a cyanoaoryhus feat cures in the presence of moisture. Irs other embodiments the hooding 

material may be an epoyy or methane that is.heat cured. Other bonding materials so- weft 

known in the art. and may be employed without departing from the invention. 

PI 79] Embodiments of the iavsrg.h&t are amiable for a multiplicity of electronic devices, 

including any device that receives or transmits audio, video, or data signals among others, hs 

20 souse rnsiances, embodiments of the inventlpp are partic-idarly well suited for portable 

electronic med;a devices because of ffeed potentially small form factor. As used herein a;? 

ciecnome media device includes any device with at least one electmuic component that may 

be used to present tmmsm-perceivable media. Such devices may include., for example, 

portable music players (e.g.., MB devices and Apple's iPod devices), portable video players 

25 (e.g.;. portable 0V.D players), ceilniar telephones (e.g.,. smart telephones such as Apple's 

iphone devices), video cameras, digital still cameras, projection systems (e.g.. holographic 

projection sysu:ms}: gaming, systems, PDAs, desktop computers, as well as tablet, (e.g.. 

Apple's igad devices f laptop or other mobile compilers.. Some of these devices may be 

configured to provide audio, video or other' data or sensory output. 

30 fblbOj tig. 32 is a .simplified illustrative block diagram, representiogan electronic media 

device 400 that includes an audio ping receptacle Tit; according to embodiment of the 

55 
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present. Electronic tnedta device: 400 riisyalso include, scmoag other eomixments, copisctor 

receptacle 410, one or owe user input.components 420, one oroxtre output components 425. 

control circuitry 430, graphics circuitry 435, a. Bus 440, a memory 445, a at&rage device 450. 

communications circuitry -455 and FOM {position, oriest&tiori or movement sensor) sensors 

5 460. Control circuitry 430 may communicate with the other components ofekctmnfc media 

device 400 (e.g.. via bus 440) to control the operation of electronic media device 400- In 

some embodiments, control akcuHry 430 -may execute instregfens sfered in a n-emory 445. 

Control cacnitry <fj0 may also be operative to control the performance of electronic media 

device 400. Control circuitry 430 now include, lor example, a processor, a nueroconirolter 

10 and a ftiji (e.g;< for sending instructions to the ©the*, cornpowems of electronic media device, 

400}. hi some embodiments, control circuitry 430 may also drive the display and process 

inputs received front input component 420. 

(0I81J Memory 445 may mclode ere or mote different types of memory that, may he used 

to perform device functions. For example, memory 445 may include cache, flash .memory, 

15 ROM, RAM and hybrid .types of memory. Memory <145 may also store firmware for the 

device; and its applications (e.g., operating system, user interface functions and processor 

functions-}. Storage device 450 may include one or more- suitable storage mediums or 

mechanisms, such as .a magnetic 'hard drive, flash drive, tape drive, optical drive, permanent 

memory (such as ROM.!, resr0-pennanei.it memory (such as RAM) ot'cache. Storage device 

20 450 may he used for storing media fe,g„ audio and video tiles), test, pictures, -graphics, 

advertising or any suitable user-spec Ific or global information that may he used hy electronic 

media device 400. Storage device 450 may also store- programs or applications that may run 

on control circuitry 430, tuny maintain files -formatted to be read and edited by one of more of 

the applications and may store any additional files thai may aid the operation of one or more 

25 applications (e.g., dies with metadata). 0 should he understood thai any of the information 

stored on storage device 450 at;, instead be stored in memory 445, 

Electronic media device 400 may also include input, component 420 and output 

component <125 for providing it user Willi the ability to interact with electronic media device 

400. for example,. Input component 420 mid output component 425 may provide m interface 

30 for a user to internet with an application running on control circuitry 330. input eootponem 

420 mSy take a variety ot forms,, such as a Keyfeoaxd/key pad,: trackpad, mouse, click wheel, 

button, styhn; or touch screen. Input component. 420 may also include one or more -devices 
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ibr user atrtlaenOcafen (e.g., srmat swd reader, pngerpiint reader or his seiner) as we0 as 3:0 

audio input ifevfce (e.g., a microphone) 0? & video input device (e.g., a camera or a web cam) 

for recording video or still femes. Output component 425 may include any suitable display., 

such as a liquid crystal display (LCD) Or a couch screen display. » projection de vice, a 

.speaker or any other suitable system for presenting informsu«n or media to a user. Output 

cemtponent 425 xnay be controlled by graphics circihtry 435. Graphics, circuitry 435 may 

include a y'uko card, such sts a video card with 2'D, 3D or vector graphics capabilities. In 

some embodiments, output component 425 may also inc lude mi audio component that is 

remotely coupled to electronic media device 400. For example, output component 425 may 

include a headset, headphones Of ear buds that may be coupled to electronic media device 

•400 with a wtrs or wireiessly t e g., Bk«ek>o!:h headphones or a B ki&tooih headset;. 

101831 Electronic media device 400 may have one or more applied ions (e.g.., software 

applications) stored on storage device450 or in memory 445. Control circuitry 430 m:ay be 

con t igered to execu te instructions of the applications trom memory 445. For example, 

control circuitry 430 may be configured to execute?.; media piayerapplication that causa* 

•foil-motion video or audio to be: presented or displayed on output component 425. Other 

apOpjatktns resident on electronic media device 400 may include, fox example,, a telephony 

application, a GPS navigator application. a Web browser application and a calendar or 

organiser application, Electronic media device 400 may also execute any suitable operating 

system, such as a Mac OS, Apple 'OS, Limo Windows and cab include a set of 

applications stored on storage device 450 or memory 445 that is compatible with the 

particular operating system. 

mm] In some embodimesns., electronic media device 400 may also include 

comrounimttions circuitry 455 (o connect to oust ot more comrm-uieations networks. 

Communications circuitry 451; may be any suitable communications circuitry operative to 

connect io a communications network and to transmit communications t'e.g., voice or data'} 

from eiectronic media device 400 to other devices within the communications network. 

Communications circuitry 455 may be operative to interface with the comtrumieabons 

network using ant suitable communications pmtoc.fi! such as, for example, Wi- Fi (e.g.,. a 

802.11 protocol), Bmemoih. high fVsqusncy systems (e.g., 900 MHz, 2.4 Gkia arid 5.0 CHs 

communication systems), infrared, GSM, GSM plus EDGE. CDMA. mtadband and other 

cellular protocols.. VOIP or any other suitable protocol-
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fOlShi in some timriiry 455 may he operative m create- a 

communications «&nvork using any suitable ainimuak-atkms protocol Communications 

ehtabtry 455 may create a shoo-nsnge eomt»unicatkms oetwork using a shon-range 

commimieations protocol to connect to other' devices.. For example, communications 

5 circuitry 455 may Ue operative io create a focal eomtmmisatfpns pitwork using the Bluetooth 

protocol to couple with a Bluetooth headset (or my other Bluetooth device). 

Communications circuitry 455 may also include a wired or wireless network interface card 

(NIC) configured Io connect to the internet or any other public or p;ivate network. For 

example, electronic media device 400 may he configured to connect to the Internet via a 

.10 wrreless netwos-k„ soch m,» packer radio network, m .RF «etworks g cellniar nekvork or any 

other suitable type of network, Oommuolestioo circuitry 44$ may be used to initiate and 

condsret communications with other communications devices or media devices within a 

commnmeabons network. 

(01 &U Electronic media device 400 may also include any other component suitable for 

15 perform mg & communications operation. For sample, electronic media device 400 may 

meiude a power supply, an antenna, poos or interfaces torcoopimg to a host device, a 

secondary Input mechanism I'e.g., an ON/OFF switch) or say other suitablecomponent, 

|0J87] Electronic media device 400 m&y also rneiude POM sensors 48(1 POM sensors 460 

may he used to .determine the approximate geographical o.r physical location of electronic 

20 media, device 400, As desciibtx! in more detail below, the location ofelechromc media device 

400 may be derived from any suitable triiateration or tcianptlatios icchmquc, in which case 

FO'lvl sensors 460 may include an RF manguiadon detector or sensor or any other location 

pircoip-y eonfignredto determine the location of electronic media device 400,. 

PiS|| POM sensors 460 m&y also include one or more sensors or circuitry f or detecting 

25 the position orientation or movement ef electronic medio device 400. Such semens and 

circuit ty may include, for example, single-axis or i'suPti-o.is scesieromelem. angwiar rate Or 

inertial sensors (e g., optica). gyroscopes, vibrating gyroscopes^ gas rate gyroscopes; or ring 

gyroscopes), magnetometers (e.g., scalar or vector magnetometers), ambient light sensors, 

proximity sensors, motions sensor te.g, a passive inthtred (FIR) s^nsep. active ultrasonic 

.30 sensoi' or active microwave sensor} and linear velocity sensors. For example, control 

circuitry 430 may be configured io read data from one or more of POM sensors 460 m order 

to determine ore location orientation or velocity ot electronic media dey ;oe 400, One or more 
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of POM sensors 460 may be positioned near output component 425 (e,g,t N.\ov> ot on 
ou^: side of the display smwi of electronic .media device 400), 

|0189| Fig, 33 depicts m i!FaprsHve tendering of OUC paroeeiar electronic media device 
480. Qeviee 480 includes a multipurpose button 4t2 as an jhpxjt. coatponenp a touch; screen 

0 display 484 as a both an input an J output a >ng.\ c»e nt and a speaker 48$: as m output 
cos r:\iiKit ali of which are boused within a device housing '4M. Devicfc 480 abo includes a 
piHvmy , o'novlor 4SA add ao audio plag Kp?\>:k 4S8 within device bousing 
41)0, Bach of the fseeptaete comKiOtos'S 4:84 and 4S$ can he positioned wlth'iphousing490 
sued that the eayitf of the receptacle connectors into which a corresponding plug connector is 

.1:0 inserted 4 located at aft exterior surface of tbe: dc1- e,.c i-ou-- eg, In some eml>odime.ivts» the 
cavity opens to an &xtsnor side surface of device 480. For simplicity, various internal 
component^ such, as the control oi.0snkty> graphics okcmtry:, has, memory,, storage device 
sod ether eontpouenls are net stsown in Fig, 33, Embodiments of the invention disclosed 
herein are particulars >• suitable for use with plug eoimeetors that are configured to mate with 

1 5 prisvtsry receptaelo connector 484, but in some embodiment's can a!«? be used with audio plug 
receptacle 4g£L Addibonsdly, in some smhodimeffe. s. Vn> • 't-\ ,e<V device 480 has only a. 
single receptacle connector 486 that Is used to physically interface and connect the device (as 
opposed to a wireless o M\x a <n which esp also be used) to the. otber electrons® devices. 

f01§0| As ^ H be understood by those skilled in the art, the present Invention may fee 
t-0 embodied Io many other specific ippus without departing from the essential characteristics 

thereof. For exampley various entbodlmunts .of fh« invention Were described above v ,m 
respect to dual orientation sonsYeptofS. Other fimbodlaicata incin-ie connectors that have: 
more than two possible insertion orientations. For exsniple, a connector system according to 
tbe invention could include a plug connector that has a triangular cross-section to fit within a 

25 triangular cavity of a cotrespondiug receptacle connector ia any one of three possible 
orientations; a plug connector that has a square- eross-section and fits, within a receptacle 
connector in any one of tour possible insertion orientations; a plug connector that has a 
hexagonal cross-section to fit wkhfe a. corresponding receptacle connector -a any one of sis 
possible orientations; etc. Also, ia some embodbneats, a plug connector of the invention is 

M shaped to be inserted into a recepaide connector in multiple orieritariOns but only laohK-es 
coaiacts on a single side of tbe plug connector, Such a connector can be operativeiy coupled 
st eayone of Its; multiple orientations to a teeeptacie connector thai bas contacts on each of 

:5f 
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the surfaces-of the irssenqr cavity. As an example, one. embodiment of a plug 

•similar ro connector 80 shown & Figse 8A--8B could have contacts &rmed only is; region 46a 

and not in region 46b. Such a plug connector Ctsuvs be opejntlveiy coupled to a receptacle 

eo-meetor, such as receptacle connector 85 shown in Figs. 9A-9B, h either of^o 

oncrm;tions if the receptacle connector had appropriate contacts of. both, ths upper and lower 

surfaces pfinterior cavity 87. The connector aoild also be oparativeiy coupled m receptacle 

connector 85 having contacts only on the upper surface of cavity 8? if it is inserted wsthta 

cavity || with ;-:ide44s in an "up5''position -as shown in fig. OA. 

101911 As still another example, Figs. \3A- .13C described m where each 

contact, in contact region 46a is electrically connected to a match ing contact ia contact region 

46b on the opposite side of t.be connector, in some embodiments»orby a subset of contacts in 

region 46a ate electrically connected to contacts is region 46b. As an example. In one 

embodiment that, loci-ides eight contacts formed in & single row within each contact region 

46a and 46b similar to connector Pah shown in fig, 13 A. contacts H<6(4) and 106(5} m 

region 46a arc each electrically connected io corresponding, cont&cis 106(4} ami 106(5) in 

region 46 white contacts i06(1)..106(3) md 106(6).. 106(h) me electsioaliy independent than 

each other and are electrically independent -front contacts within reglott 46b I las, such an 

embodiment atay have fourteen eieclridaily Independent contacts instead ot the eight: ** still 

Other enfo&ditaents,, none of the eontacts in regloa 46a are electrically coupled to contacts ire 

region 46b ASsOj ia another embodiment of adapter 266 connector 262 can be a 30-pin pipe 

connector baying the pinout shown in Fig. 28B while connector 20s is an eigftt contact 

receptacle connector similar to reeeptaeie aouneetbr 140 shown in Fig. 15. 

(0192) Also., while a number of specific embodiment's were disclosed with specific 

features, a person of skill in. the art will recognise Instances where the features of one 

embodiment can be combined with the features of another embodiment, for example, some 

spec ific cmbodinicnis of tbe invention set forth above were illustrated with pockets as 

retention ieateres A person of skill in the art will readily appreciate that any of the other 

retentive! ibamrcs described herein, as well as othesx not specifies Hy menskmed, may be used 

instead ot or tit addnsou to the pockets. Aiao, those skilled m the art will meogmse, or fee 

able to ascertain using no more than routme$xperimeHmk>f>, many equivalents to the 

specific embodiments ofthe mventions described herein. ouch equivaleatsare intended to be 

encompassed by the following claims. 



Claims: 

1. An unpolarized multiple orientation plug connector comprising: 

a body; 

a connector tab coupled to and extending away from the body, the connector tab 

including first and second surfaces; 

a first plurality of external contacts earned by the tab at the first surface and a 

second plurality of contacts carried by the tab at the second surface, wherein each individual 

contact in the first plurality of contacts is electrically connected within the tab or body to a 

corresponding contact in the second plurality of contacts; and 

wherein the connector tab has width, height and length dimensions and includes a 

conductive frame that defines a shape of the connector tab, the conductive frame having first and 

second opposing sides extending in the width and length dimensions, and third and fourth 

opposing sides extending between the first and second sides in the height and length dimensions, 

the first side including a first opening surrounding the first plurality of contacts and the second 

side including a second opening directly opposite the first opening and surrounding the second 

plurality of contacts. 

2. A dual orientation plug connector comprising: 

a body; 

a 180 degree symmetrical connector tab coupled to and extending longitudinally 

away from the body, the connector tab having width, height and length dimensions and 

comprising a metal frame that defines a shape of the connector tab, the metal frame having first 

and second opposing sides extending in the width and length dimensions, and third and fourth 

opposing sides extending between the first and second sides in the height and length dimensions, 

the first side including a first opening and the second side including a second opening directly 

opposite the first opening; 

a first contact region formed in the first opening of the metal frame, the first 

contact region including a first plurality of external contacts spaced apart along a first row with 

dielectric material between each adjacent contact and between the contacts and the metal frame; 

61 



a second contact region formed in the second opening of the metal frame, the 

second contact region including a second plurality of external contacts spaced apart along a 

second row that mirrors the first row with dielectric material between each adjacent contact and 

between the contacts and the metal frame, wherein each individual contact in the second plurality 

of contacts is electrically connected within the metal frame to a corresponding contact in the first 

plurality of contacts. 

3. The plug connector set forth in claim 2 wherein each of the first and 

second pluralities of contacts consists of eight contacts located in sequentially numbered contact 

locations. 

4. The plug connector set forth in claim 3 wherein the first plurality of 

contacts includes: (i) a first pair of data contacts at contact locations 2 and 3 electrically coupled 

to a first corresponding pair of data contacts in the second plurality of contacts positioned 

directly opposite the first pair of data contacts, and (ii) a second pair of data contacts at contact 

locations 6 and 7 electrically coupled to a second corresponding pair of data contacts in the 

second plurality of contacts positioned directly opposite the second pair of data contacts. 

5. The plug connector set forth in claim 4 wherein the first plurality of 

contacts further includes a first power contact positioned between the first and second pairs of 

data contacts and electrically coupled to a second power contact in the second plurality of 

contacts positioned between the first and second corresponding pairs of data contacts. 

6. The plug connector set forth in claim 2 further comprising first and second 

retention features formed on the third and fourth sides of the metal frame and adapted to engage 

with retention features on a corresponding receptacle connector. 

7. The plug connector set forth in claim 2 wherein the metal frame further 

includes a base portion within the body, the base portion having a third opening that 

communicates with a cavity fonned between the first, second, third and fourth sides of the 

conductive frame and wherein the plug connector further comprises: 

a substrate extending from the body of the connector through the third opening of 

the conductive frame and into the cavity, the substrate having a first and second opposing 
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substrate sides, the first substrate side facing the first side of the metal frame and the second 

substrate side facing the second side of the metal frame; 

a first plurality of contact bonding pads formed on the first substrate side, wherein 

each of the first plurality of contact bonding pads is electrically coupled to a corresponding 

contact in the first plurality of contacts; 

a second plurality of contact bonding pads on the second substrate side, wherein 

each of the second plurality of contact bonding pads is electrically coupled to a corresponding 

contact in the second plurality of contacts; and 

a plurality of conductor bonding pads formed on the substrate within the body of 

the connector, wherein at least some of the conductor bonding pads are electrically connected to 

some of the first and second plurality of contact bonding pads by electric traces earned by the 

substrate. 

8. A plug connector comprising: 

a body; 

a plurality of contacts including first and second data contacts configured to 

enable communication using a first communication protocol and an ID contact configured to 

cany information that identifies the communication protocol associated with the first and second 

data contacts; and 

circuity configured to participate in a handshaking algorithm to communicate the 

communication protocol used by the first and second data contacts over the ID contact. 

9. The plug connector set forth in claim 8 wherein the plurality of contacts 

further includes third and fourth data contacts configured to enable communication using a 

second communication protocol and wherein the ID contact is further configured to carry 

information that identifies the communication protocol associated with the third and fourth daia 

contacts. 

10. The plug connector set forth in claim 8 further a connector tab extending 

from the body and configured to be inserted into a corresponding receptacle connector, wherein 

the plurality of contacts are carried by the connector tab. 
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11. The plug connector set forth in claim 10 wherein the connector tab has 

180 degree symmetry so that it can be inserted into the corresponding receptacle connector in 

either of two insertion orientations. 

12. The plug connector set forth in claim 10 wherein the plurality of contacts 

includes a first plurality of external contacts carried by the tab at a fust surface and a second 

plurality of contacts earned by the tab at a second surface opposite the first surface, wherein each 

individual contact in the first plurality of contacts is electrically connected within the tab or body 

to a corresponding contact in the second plurality of contacts. 

13. The plug connector set forth in claim 11 wherein the first and second data 

contacts and the ID contacts are part of the first plurality of contacts and the second plurality of 

contacts includes third and fourth data contacts electrically coupled to the first and second data 

contacts, respectively, and a second ID contact electrically coupled to the first ID contact. 

14. The plug connector set forth in claim 13 wherein the first plurality of 

contacts further includes fifth and sixth data contacts configured to enable communication using 

a second communication protocol; the second plurality of contacts further includes seventh and 

eighth data contacts electrically coupled to the fifth and sixth data contacts, respectively; and the 

ID contact is further configured to carry information that identifies the communication protocol 

associated with the fifth and sixth data contacts. 

15. The plug connector set forth in claim 13 further comprising circuitiy 

configured to participate in a handshaking algorithm to communicate the communication 

protocol used by the first and second data contacts and by the third and fourth data contacts over 

the ID contact. 

16. An electronic device comprising: 

a body; 

a plug connector coupled to the body, the plug connector having a plurality of 

contacts including first and second data contacts configured to enable communication using a 

first communication protocol and an ID contact configured to carry information that identifies 

the communication protocol associated with the first and second data contacts; and 
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circuitry configured to participate in a handshaking algorithm to communicate the 

communication protocol used by the first and second data contacts over the ID contact. 

17. A method of manufacturing a plug connector having a bod}' and a 

connector tab that is adapted to be inserted into a corresponding receptacle connector; the 

method comprising: 

providing a conductivc frame having a base portion, an insertion end coupled to 

and extending away from the base portion, and a cavity that extends from an opening at an end 

of the base portion into the insertion end, the insertion end having first and second opposing 

sides that partially surround the cavity, the first side first side including a first opening that opens 

into the cavity; 

inserting a printed circuit board into the cavity through the opening at the end of 

the base portion such that a plurality of contact bonding pads formed on the printed circuit board 

are exposed within the first opening; 

applying solder to the plurality of contact bonding pads; 

positioning a plurality of contacts over the plurality of contact pads; and 

soldering the plurality of contacts to the plurality of bonding pads using a hot bar 

registered against the conductive frame. 

18. A plug connector comprising: 

a body; 

a tab connected to and extending away from the body, the tab including first and 

second opposing surfaces along with third and fourth opposing surfaces that extend between the 

first and second surfaces; 

a first contact region formed at the first surface of the tab, the first contact region 

including eight sequentially numbered external contacts spaced apart along a first row, the 

sequentially numbered contacts including a first pair of data contacts at locations 2 and 3, a 

second pair of data contacts at locations 6 and 7 and a power contact positioned between the first 

and second pairs of data contacts; and 

wherein the sequentially numbered contacts further includes an ID contact 

designated for an ID signal and an accessory power contact designated for a power signal that 

operates at a lower voltage than a power signal carried by the power contact. 
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19. The plug connector set forth in claim 18 further comprising a second 

contact region formed at the second major surface of the tab, the second contact region including 

eight sequentially numbered external contacts spaced apart along a second row that mirrors the 

first row, wherein each individual contact in the second first row is electrically connected to a 

corresponding contact in the second row. 

20. The plug connector set forth in claim 19 wherein the first pair of data 

contacts in the first row is positioned in a mirrored relationship and electrically coupled with a 

pair of data contacts in the second row and the second pair of data contacts in the first row is 

positioned in a mirrored relationship and electrically coupled with a pair of data contacts in the 

second row. 

21. The plug connector set forth in claim 20 wherein the power contact in the 

first row of contacts is a first power contacts that is electrically coupled to a second power 

contact in the second row of contacts and the first and second power contacts are positioned in a 

cater comer relationship with each other across a centerhne of the connector. 

22. The plug connector set forth in claim 19 further comprising a metal 

ground ring that defines a shape of the tab, the ground ring including a first opening at the first 

surface of the tab in which the first contact region is formed and a second opening at the second 

surface of the tab in which the second contact region is formed. 

23. The plug connector set forth in claim 22 wherein dielectric material 

surrounds each contact in the first and second rows and electrically isolates the contacts from the 

ground ring. 

24. The plug connector set forth in claim 19 further comprising a printed 

circuit board within the body and tab of the connector, the printed circuit board including 

electrical traces and vias that electrically connect each contact in the first contact region with its 

corresponding contact in the second contact region. 

25. The plug connector set forth in claim 24 further comprising circuitry 

operatively coupled to send identifier and contact configuration information over the ID contact. 
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26. A plug connector comprising: 

a body; 

a tab connectcd to and extending away from the body, the tab including first and 

second opposing surfaces along with third and fourth opposing surfaces that extend between the 

first and second surfaces; 

a first contact region formed at the first surface of the tab, the first contact region 

including eight sequentially numbered external contacts spaced apart along a first row, the 

sequentially numbered contacts including a first pair of data contacts at locations 2 and 3, a 

second pair of data contacts at locations 6 and 7 and a power contact positioned between the first 

and second pairs of data contacts; 

a second contact region formed at the second major surface of the tab, the second 

contact region including eight sequentially numbered external contacts spaced apart along a 

second row that mirrors the first row, wherein each individual contact in the second first row is 

electrically connected to a corresponding contact in the second row, wherein the first pair of data 

contacts in the first row is positioned in a mirrored relationship and electrically coupled with a 

pair of data contacts in the second row and the second pair of data contacts in the first row is 

positioned in a mirrored relationship and electrically coupled with a pair of data contacts in the 

second row and wherein each of the first and second pairs of data contacts is a pair of high speed 

data contacts that is positioned between a pair of contacts designated to carry either DC signals 

or signals that operate at a rate that is at least two orders of magnitude slower than that of the 

high speed data contacts. 

27. A plug connector comprising: 

a body; 

a tab connected to and extending away from the body, the tab including first and 

second opposing surfaces along with third and fourth opposing surfaces that extend between the 

first and second surfaces; 

a first contact region formed at the first surface of the tab, the first contact region 

including eight sequentially numbered external contacts spaced apart along a first row, the 

sequentially numbered contacts including a first pair of data contacts at locations 2 and 3, a 

second pair of data contacts at locations 6 and 7 and a power contact positioned between the first 

and second pail's of data contacts; 
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a second contact region formed at the second major surface of the tab, the second 

contact region including eight sequentially numbered external contacts spaced apart along a 

second row that mirrors the first row, wherein each individual contact in the second first row is 

electrically connected to a corresponding contact in the second row, wherein the first pair of data 

contacts in the first row is positioned in a mirrored relationship and electrically coupled with, a 

pair of data contacts in the second row and the second pair of data contacts in the first row is 

positioned in a mirrored relationship and electrically coupled with a pair of data contacts in the 

second row; and 

a first recessed region formed in the third side and a second recessed region 

formed in the fourth side opposite the first recessed region, the first and second recessed regions 

adapted to engage with retention features on a corresponding receptacle connector. 

28. A reversible plug connector comprising: 

a body; 

a 180 degree symmetrical connector tab coupled to and extending away from the 

body, the tab including first and second opposing surfaces along with third and fourth opposing 

surfaces that extend between the first and second surfaces; 

a first contact region formed at the first surface of the tab, the fust contact region 

including eight sequentially numbered external contacts spaced apart along a first row; 

a second contact region formed at the second surface of the tab, the second 

contact region including eight sequentially numbered external contacts spaced apart along a 

second row in contact locations that mirror contact locations in the first row; 

wherein each of the first and second rows include a single ground contact 

designated for ground, a first pair of data contacts configured to enable communication using a 

first communication protocol, a second pair of data contacts configured to enable communication 

using a second communication protocol different than the first protocol, a power in contact 

designated to carry a first power signal at a first voltage, a power out contact capable of carrying 

a second power signal at a second voltage lower than the first voltage, and an ID contact capable 

of carrying a configuration signal that identifies the communication protocols used by the first 

and second pairs of data contacts. 
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29. The reversible plug connector set forth in claim 28 wherein the first pair of 

data contacts in the first row and second row are positioned in a mirrored relationship directly 

opposite each other and the second pair of data contacts in the first row and second row are 

positioned in a mirrored relationship directly opposite each other. 

30. The reversible plug connector set forth in claim 29 wherein the ground 

contacts in the first and second row are positioned in a eater comer relationship with each other 

across a centerline of the connector. 

31. The reversible plug connector set forth in claim 30 wherein the first power 

contacts in the first and second row are positioned in a cater comer relationship with each other 

across a centerline of the connector. 

32. The reversible plug connector set forth in claim 31 wherein the ID 

contacts in the first and second row are positioned in a cater comer relationship with each other 

across a first quarter line of the connector. 

33. The reversible plug connector set forth in claim 32 wherein the second 

power contacts in the first and second row are positioned in a cater comer relationship with each 

other across a second quarter line of the connector. 

34. The plug connector set forth in claim 28 wherein each of the first and 

second pairs of data contacts is positioned directly between two of the following contacts: the 

ground contact, the first power contact, the second power contact or the ID contact. 

35. The plug connector set forth in claim 34 wherein each of the first and 

second pairs of data contacts is a pair of high speed data contacts and each of the ground contact, 

the first power contact, the second power contact and the ID contact are designated for either DC 

signals or signals that operate at a rate that is at least two orders of magnitude slower than that of 

the high speed data contacts. 

36. The plug connector set forth in claim 34 further comprising a metal 

ground ring that defines a shape of the tab, the ground ring including a first opening at the first 

surface of the tab in which the first contact region is formed and a second opening at the second 
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surface of the tab in which the second contact region is formed and wherein dielectric material 

surrounds each contact in the first and second rows and electrically isolates the contacts from the 

ground ring. 

37. The plug connector set forth in claim 28 further comprising a first recessed 

region formed in the third surface and a second recessed region formed in the fourth surface 

opposite the first recessed region, the first and second recessed regions adapted to engage with 

retention features on a corresponding receptacle connector. 

38. The plug connector set forth in claim 28 further comprising a printed 

circuit board within the body and tab of the connector, the printed circuit board including 

electrical traces and vias that electrically connect each contact in the first contact region with its 

corresponding contact in the second contact region. 

39. A reversible plug connector comprising: 

a body; 

a 180 degree symmetrical connector tab coupled to and extending away from the 

body, the tab including first and second opposing surfaces along with third and fourth opposing 

surfaces that extend between the first and second surfaces; 

a first contact region formed at the first surface of the tab, the first contact region 

including eight sequentially numbered external contacts spaced apart along a first row; 

a second contact region formed at the second surface of the tab, the second 

contact region including eight sequentially numbered external contacts spaced apart along a 

second row in contact locations that mirror contact locations in the first row; 

wherein the sequentially numbered contacts include: (i) a first pair of data 

contacts at locations 2 and 3 in the first row that are electrically coupled to a pair of data in the 

second row that are positioned directly opposite the first pair; (ii) a second pair of data contacts 

at locations 6 and 7 in the first row that are electrically coupled to a pair of data contacts in the 

second row that are positioned directly opposite the second pair; and (iii) a ground contact at 

location 1 in the first row that is electrically coupled to a ground contact at location 8 in the 

second row. 
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40. The plug connector set forth in claim 39 wherein the sequentially 

numbered contacts further includes a power contact at locations 5 in the first row that is 

electrically coupled to a power contact in location 4 in the second row. 

41. The plug connector set forth in claim 39 further comprising an ID contact 

designated for an ID signal at location 8 in the first row that is electrically coupled to an ID 

contact at location 5 in the second row. 

42. The plug connector set forth in claim 39 further comprising an accessoiy 

power contact designated for a power signal having a lower voltage than that of the power 

contact at location 4 in the first row that is electrically coupled to an accessory power contact at 

location 1 in the second row. 

43. The plug connector set forth in claim 39 wherein each of the first and 

second pairs of data contacts is a pair of high speed data contacts that is positioned between a 

pair of contacts designated to carry either DC signals or signals that operate at a rate that is at 

least two orders of magnitude slower than that of the high speed data contacts. 

44. The plug connector set forth in claim 39 further comprising a metal 

ground ring that defines a shape of the tab, the ground ring including a first opening at the first 

surface of the tab in which the first contact region is formed and a second opening at the second 

surface of the tab in which the second contact region is formed. 

45. The plug connector set forth in claim 39 wherein dielectric material 

suiTounds each contact in the first and second rows and electrically isolates the contacts from the 

ground ring. 

46. The plug connector set forth in claim 39 further comprising a first recessed 

region formed in the third side and a second recessed region formed in the fourth side opposite 

the first recessed region, the first and second recessed regions adapted to engage with retention 

features on a coiresponding receptacle connector. 

47. The plug connector set forth in claim 39 further comprising a printed 

circuit board within the body and tab of the connector, the printed circuit board including 
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electrical traces and vias that electrically connect each contact in the first contact region with its 
corresponding contact in the second contact region. 
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