-1- CONNECTOR TECHNI CAL FI ELD The present invention relates to a connector,
in particular, an electrical connector for coupling devices with different
hard di sk drive interfaces. 5 BACKGROUND Hard di sk drives (HDDs) are used to
store digital data content for |aptops, _desktop conputers, servers and
other electronic devices in use today. Each of these electronic devices has
its own requirenents for the storage nedia to be wused such as access tine,
capacity, formfactor, reliability and data transm ssion 10 rates. A HDD
interface is the comunication chann€@ONNECTORh the data flows as the
data is read fromor witten to the HDD. Types of interfaces avail able

t oday i ncl ude | nt 1e\&r ated Drive Electronics (IDE), Advanced Technol ogy

At t achnent ( ter SystemliInterface (SCSI), Serial ATA 15
(SATA), Seri al Attached SCSI (SAS), and micro SATA It shoul d be noted that
the list of int eré,gces rovi ded above i s not exhaustive i S onstantly

idnc reasi \r/t\g t] 0 kedfepresnhinveniiae relalss te R LogNAgi OB dRdrREdc pr taﬁéel‘?ﬂ dealr ]E)nl C
o0 e v ol LIPS L W0, R B = e

i nter changeabl y. 20 The SATA connector and the SAS connector are the two
nost co ctors in the HDD industry today. According to the
speci f| #f‘ RI@R@ i Pe Smal | Form Factor (SFF) Committee, a SATA
connect or has 22 cont acts (also referred to as "term naI s" or "pins" in
this docunent) of r nd 7
contact s ar e Used'Pry Sk AERTHRIDS o el B ol igha0 By (RS 5 1 BRosR)
contacts avagkadg compubds, Sefvers anaetic@lelectronic d@A&mnm%aay Mechadt
additional 7 contacts (|.e. 29 contacts in total) for data

these electronic devices has its own requirements for the storage media to be

used such as access time, capacity, form factor, reliability and data transmission

10 rates.

A HDD interface is the communication channel over which the data flows
as the data is read from or written to the HDD. Types of interfaces available
today include Integrated Drive Electronics (IDE), Advanced Technology
Attachment (ATA), Small Computer System Interface (SCSI), Serial ATA

15 (SATA), Serial Attached SCSI (SAS), and micro SATA. It should be noted that
the list of interfaces provided above is not exhaustive and is constantly increasing
to keep pace with the ever changing demands of the electronic devices which
dictate the specifications of the HDDs and their interfaces. In this document, the

terms “interface” and “connector” are used interchangeably.

20 The SATA connector and the SAS connector are the two most commonly
used connectors in the HDD industry today. According to the specifications set
by the Small Form Factor (SFF) Committee, a SATA connector has 22 contacts
(also referred to as “terminals” or “pins” in this document) of which 15 contacts
are used for power transmission and 7 contacts are used for data signal

25 transmission. In addition to the 22 contacts available in the SATA connector, a



signal transmssion. Along with the desire to have smaller electronic

devi ces cones the need to have snaller physical size HDDs. Thus, there is
an industry need to have a HOD 5 connector with a smaller formfactor (i.e.
physi cal size) such as the mcro SATA HDD,connector. Simlar to the SATA and
SAS connector, the mcro SATA connector has 7 data signal contacts.
However, as a mcro SATA HDD is physically smaller and a m cro SATA HDD
consunes | ess power, the micro  SATA connector only requires 9 power
contacts. 10SASfonisictor hastaneadditioaal 7t eoadactaifies. 2Paontddts wutota3 foredpia prent s
used for testing HDDs. before they are released for sale. However, nost of

t hese test ékﬁﬂagﬁéﬁ%@mﬁ‘r‘)@' desi gned specifically for HDDs with a particul ar
type of connector such as the SATA HDD connector or the SAS HDD connector.

Wth the introducti h i SATA the .exj sti test i t
Wil 15 oither reauPhe Y IeRirEoR oty Spalraevempichlspines tonEs thpRERTA °
HDDs b : [ ' ' ' ' t
nour  subst Sats S hel PO GARDN: THEIKERS. SRty Bl A ADIS: 1O
ef fecti vesf ocohf&torWihteshalng f@aﬁﬁaabeﬁ.é.@hifyai%hlaéike)am_hm@ttﬁ@ mietd SAITA types
of test equipnents solely for the testing of HDDs of different HDD

connect or s stDDan8ATAr. SASlar20 thae 8 AT A and SATACHDRctmntiecanoore . SATAwoul d be

desirable to provide an_electrical connector that can be used to couple
devi ces wi t hcanngcioichas THomasienid coptasts. Howier.castemaersi $ABAHDD ithe

| ectrical t f her. b d.wth i Sti t est i pent f
Cesting.  HODEIEHHPRRLEGHR] RBHCED AT S0 foBR Rl SaPorrs DESktBui prent.
It ld 25 & ' if ' t be attached t

woul 0 25 &epaRgofientt 8hl b lirkl8 Bl RFLphGRl, connector may be attached to

a backplane or a printed crrc of an existing test equi pnent
so that the existing test equipnent may be reconfigured to be used for

testing ipDs W th a HableEhaht MaRE to(atcly ERD R QMUISEL st eqdipments used for

testing HDDs before they are released for sale. However, most of these test
equipments are designed specifically for HDDs with a particular type of
connector such as the SATA HDD connector or the SAS HDD connector. With
the introduction of the micro SATA HDDs, the existing test equipments will

15 either require modifications or replacement before the micro SATA HDDs may
be tested. Both options will require the HDD testing companies to incur
substantial new capital spending. Moreover, it may not be cost effective for the
HDD testing companies to install and house multiple types of test equipments
solely for the testing of HDDs of different HDD connectors such as SATA, SAS

20  and micro SATA HDD connectors.

It would be desirable to provide an electrical connector that can be used to
couple devices with different HDD connectors. It would be desirable if the
electrical connector can further be used with existing test equipment for testing
HDDs with different HDD connectors from that of the test equipment. It would

25  also be desirable if the electrical connector may be attached to a backplane or a
printed circuit board (PCB) of an existing test equipment so that the existing test
equipment may be reconfigured to be used for testing HDDs with a different type
of HDD connector.



SUMVARY | n accordance with one enbodi nent of the present invention, there is
provi ded an el ectrical connector conprising: an elongated insulative housing
havi ng a | ongi tudi nal base portion with a 5 first mating end and a second
mating end; wherein the first mating end_ks configured to couple with a
first conplenentary electrical connector by neans of a plurality of slots
defined wthin an extension extending fromthe base portion; wherein the
second mating end is configured to couple with a second 10 conpl enentary
electrical cONMMARYyY neans of a tongue portion extending from the base
portion, the tongue portion conprising a first tongue section and a second

tongue section; apd a plurality of cqntacts extending fromthe extension to
the tongue porti ob} accoRdMNcEqHitt @peéaﬁsm@?wgofgt FiPFEICnE BHCREPNsEES Bn, a

second contagt seciion 15 bridging.section connecting the first
cont act sectPBOHI‘?%#?Phglegﬁgctgﬁaog%‘?%%rc%lg%&lp%h, and the contacts are further
grouped to forma first contact set and a second contact set wherein the

first contact: sechi oAl B AREONGNSRTAST LR RNl bEETHoRRRLARR ' 1 Lo

first contact set are@?. gneguléubgpa | 'ong~a sane axi S the

first condack§esititeNshd Qgecs&fao[ﬂgﬁﬁ%@h@ct section of each contact in 20
the second contact set are aligned along different axes. In accordance wth

anot her enbodi nent of the present invention, there is provided an

i nt erconnect systevrﬁvefaﬁwméﬁmgnﬁing@ﬁﬂsd@ﬂﬁg@f@%rd@uemrneﬁmr, a first
conpl ementary el ectrical connector and a second conplenentary el ectri cal

connect or wheomplenidreanl eettricabtormentoe dyanears afnpliugalityftsbots definedt he fir st
25 compl enentary el ectrical connector and the second conpl enentary

el ectrical ®Bothwear extengiod eitending from theaseipostioionpl ement ary el ectri cal
connector is attached to a printed circuit

wherein the second mating end is configured to couple with a second
10 complementary electrical connector by means of a tongue portion extending from
the base portion, the tongue portion comprising a first tongue section and a

second tongue section; and

a plurality of contacts extending from the extension to the tongue portion,
each contact comprising a first contact section, a second contact section and a
15  bridging section connecting the first contact section to the second contact section,
and the contacts are further grouped to form a first contact set and a second
contact set wherein the first contact section and the second contact section of
each contact in the first contact set are aligned substantially along a same axis
whereas the first contact section and the second contact section of each contact in

20 the second contact set are aligned along different axes.

In accordance with another embodiment of the present invention, there is
provided an interconnect system comprising at least one electrical connector, a
first complementary electrical connector and a second complementary electrical
connector wherein the electrical connector is configured to couple the first
25  complementary electrical connector and the second complementary electrical

connector; and wherein



board which is attached to a hard disk drive; the second conpl enentary

el ectrical connector is attached to a backplane which is attached to test
equi pnrent; and wherein 5 said electrical connector conprises: an el ongated
i nsul ati ve housi ng having a Iongitudinal_?ase portion with a first mating
end and a second mating end; wherein the first mating end is configured to
couple with the first conplenentary electrical connector by neans of a

plurality of slots defined within an extensi on extending fromthe base
portion 10 and t h@edusbermpkemaniay fdestacalaonngeiords atachsdie @ rinted £leuiecond

conpl enentary el ect.rj cal.. connectqr .leans of a tongue portion extending

from the ba@%arsaﬁﬁflfj&rﬁs, atﬁ?ilepgﬂﬁ rgﬁ?%%hve(:orrpri sing a first tongue section

and a second tongue section; and a plurality of contacts extending fromthe

extension to the n i t | Sl i ont act

section, a secondtthgc?%?(;%q)Qé’égfq%&?{]té%dgg&gﬁgf %d‘?’%étoggg?{t%%e@%ﬁ)?\aelgﬁcli(ﬁfga %he

first cont aC@vhngﬁEia Beh&l {RsSEARPHAORhAWhet&Rt | On,  and the contacts are
to ;

further groupe orma first contact set and a second contact set
wherein the first contact section and the second contact section of each

contact iy the fig§§ cfRBMi@lcofiféctdf Eodptisred substantially along a sane axis
20 whereas the first contact section and the second contact section of each

contact in the second contact set are aligned along different axes. In
accordance w th omecknpectdienilagbe hbesing daeing d lovgithdimal badeep@tion wii avi ded
an el ectrical connector on a backplane conprising. an elongated insulative
housi ng havi figstandtingsendhand ageeond madng esdovherciethertinst matisgend-iS- wher ei n
the first mating end is configured_.to couple with a first conpl enmentary
el ectrical cOMHERY t%90uiﬂsr%19rbthf‘aﬁrﬁr e@laprwrts@rysqléetslca@qwa oVt IME#NSan

extension exLen (Ij)iur}glitfyr(g)frglg)trs]edefff-nret';ltwimé}}lia'rqlgi:x(:f‘er}ldsioor}c e)Eth?dirr]l%Lﬁ(i)nr{Q{he %Qge portion
10 and the second mating end is configured to couple with the second
complementary electrical connector by means of a tongue portion extending from
the base portion, the tongue portion comprising a first tongue section and a

second tongue section; and

a plurality of contacts extending from the extension to the tongue portion,
15  each contact comprising a first contact section, a second contact section and a
bridging section connecting the first contact section to the second contact section,
and the contacts are further grouped to form a first contact set and a second
contact set wherein the first contact section and the second contact section of
each contact in the first contact set are aligned substantially along a same axis
20  whereas the first contact section and the second contact section of each contact in

the second contact set are aligned along different axes.

In accordance with one embodiment of the present invention, there is

provided an electrical connector on a backplane comprising:

an elongated insulative housing having a first mating end and a second

25 mating end;



a plurality of contacts extending fromthe extension to the second mating 5
end, each contact conprising a first contact section, a second contact
section attached to the backplane and a bridgi ng section connecting the
first contact section to the second contact section, and the contacts are
further grouped to form a first contact set and a second contact set
wherein the first contact section and the second contact section of each
contact in the first contact set are aligned 1Q substantjally along a sane
axi s whereas the Whersin dgrirstmasiagrengdis aorf1gyred de conple wishedest secti on of

The i nvent i GRTTRIFRRBITY SAcHIC] <2hyedPt of R of ARy Bosfols At o
features mentiifiosh QRERLIGN kiR EbM HITACHANMERKIRY B AYLAS: adroV 15

equi val ents 0 ese parts or ures whi ch are®not expressly~set out are
nevert hel ess deened to be included. BRI EF DESCRI PTI ON OF THE DRAW NGS An

exenpl ary form Ofaa}éllﬂl?alﬁg%?t%htdg@’@ﬂ%hﬁﬂfg‘#%itl’ékﬁ&tgﬁsi‘éﬁ% thO& o tRating

reference to the conpanyi ng draw ngs O Figure 1A is a

per spectisve gtidevact c@na@wosﬁ;brﬁlgn% Atfas Caieaisesy S, eMecondRbhBicN @i oBATA
socket attached to a backplane of a test equi pnent (not shown) and a SATA
header att acdttaghedtathsrbackpthneiandui bridging de¢tr@Bjorofectingdhaifirdicoktadt i ve ( HDD)
(not shown); Figure 1 Bis_ a front view o(I an extensio f the sacket of
Figure | A taksHon sathe seeprd spa@Ct seetiog. ang thesqontagls Ak g’@&‘ﬁég@‘@ﬁdﬂﬂ@%cket;

-6- Figure 2 j.s. a per cti,ve view of, an exi,sti.ng,interconnect syste

compr i o ng o BeCoBERERT A sehRY sBntaB Lo SrikeMpe RSt R Seplih T o

shown) and I?e%@&ﬁi&&ﬁﬁ?& s@Eﬁ&?ﬂEFgaélpccﬁltE%@n?ﬁe ﬂréf@gnﬁa@%etsﬂg‘ﬁﬂéhed: lgure 3

is a perspective view of one enbodi ment of an interconnect systemin

accor dange tqubstanfialgalond a t4ife BkRSPRérehNMRTirsPloecINe6bAAna thé S&dond
contact section of each contact in the second contact set are aligned along

different axes.

The invention further includes any alternative combination of parts or
features mentioned herein or shown in the accompanying drawings. Known
15  equivalents of these parts or features which are not expressly set out are

nevertheless deemed to be included.
BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary form of the present invention will now be described with

reference to the accompanying drawings in which:

20 Figure 1A is a perspective view of an existing interconnect system
comprising a SATA socket attached to a backplane of a test equipment (not
shown) and a SATA header attached to a printed circuit board (PCB) of a hard
disk drive (HDD) (not shown);

Figure 1B is a front view of an extension of the socket of Figure 1A taken

25  from a side facing a first mating surface of the socket;



conpl enmentary electrical connector attached to a PCB which is to be attached
to a HDD (not shown), a second conplenentary electrical connector attached
to a backplane which is to be attached to a test equi prment (not shown) and
one enbodi nent of an exenplary electricad_connector according to an aspect
of the 10 present invention positioned between and ready to couple the first
conpl enentary el ectrical connector and the second conpl enentary el ectri cal
connector; Figure 4 is_an exploded perspective view of the exenplary

el ectrical connddigyre 3fis piRgtsRective YEW-phan eXIsting IBeF¢INECHS¥SIEIBf  an

Firet mati ngomerioiee gores sadhd apiRlipd PAE Ry b A B b RO BR T,
contact f roE a gAg%E hEQ ¢t cR&d o é‘lp@@_c@fgﬂ?ﬂgrgg&e%ﬁ%ﬁﬁpect of the present

i nvention; gure I'S a perspective view o ment of a contact
froma 20 second contact set in accordance to an aspect of the present

[ nventi on; Fi gur epigfirt 3 i3 afREGROALL YR 8 bheBmbbRIMR: S RRALafecel Figure

6A being assenbled Into the ixenpl ary electrical connector of Figure 3;

Figure 7B i ssystepeispaoidmeestocn aspesti efithobrdsbat mesheot compkisgig #fi6d bei ng
assenbled into the exenplary electrical connector of Figure 3; -7- Figure 8
i s a perspectimplemestaryclashiacal doodesctenattathed ioiat @B ovlnichds tashe ataghied to
accordance to_an aspect of the present invention conprising one nbodi ment
of an exerrpwaﬂiﬂé?%ttsﬁwa), %é@ﬁ?@@mmplﬁm&em&ﬁ%&récaﬂ@oaﬁeﬁgbémc ofne
present invention attached. t backpl ane whi¢ch is e C to a test
" equt prent TP RORWRFRTRLS B AcRaRa A R Ep A By M 2l BELRR Lo
attached to [ leS 18 te rot Sritgure 9A
is a per specﬁﬁgg\%eﬁvbg?ngngﬁgﬁgg?é%ﬁgaggnge%o%%tr&@%or%%gl%i(r:st cont act
set takem frgevdrénetgionl posyticlcddidtiveenh asd aneigttorcoapldtheist 8;

complementary electrical connector and the second complementary electrical

connector;

Figure 4 is an exploded perspective view of the exemplary electrical

connector of Figure 3;

15 Figure 5 is a front view of an extension of the exemplary electrical

connector of Figure 3 taken from a first mating end,;

Figure 6A is a perspective view of one embodiment of a contact from a

first contact set in accordance to an aspect of the present invention;

Figure 6B is a perspective view of one embodiment of a contact from a

20  second contact set in accordance to an aspect of the present invention;

Figure 7A is a perspective section view of the contact of Figure 6A being

assembled into the exemplary electrical connector of Figure 3;

Figure 7B is a perspective section view of the contact of Figure 6B being

assembled into the exemplary electrical connector of Figure 3;



Figure 9B is a perspective view of one enbodi mrent of a contact froma 10
second contact set taken fromthe exenplary electrical connector of Figure
8; and Figure 10 is a perspective view of the exenplary el ectrical
connector of Figure 8 attached to anot her backplane. Wile the
above-identified drawing figures set forth several enbodinents of the

i nvention, other enbodi nents are al so contenplated, as noted in the 15

di scussion. In all cases, this disclosure presents the invention by way of
represent ati on andiguee 8is aipeaspestive vievs b6 ohe embodimientse fodint¢rabnmeoter ous
other nodifications ang enbodi nents can be devjsed by those skilled in the
art, which Y8laM §} REFOKAFHE t§c?<§‘|cﬁ=§P§?Fd)fstEF PrescBf INVRBURR CABIPHISERE QHE t he
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for many types of electronic devices to i ncluding but not lrmted to,

| apt ops, sdesdudpmesOfiouteswn) aed ¥ €irst cophslemEneary edisitri €iRohBe@bflattached to
specifications such as access tine, 25 capacity, formfactor, reliability,

dat a t r ansm sBCBwhatheis to beattackhdd tore HHIDEnel dhowrgepend on t he type of

el ectronic devices in which the HDDs are to be installed. -8 A HDD
interface is the communication channel over which the data flows as the data
is read fromor wWigure®A &5 a perspdbiveTHewsdranglembihvdimeat off echniicbfrpm a

Attachment (SATA) and the Serial Attached Spall, nputer System | nterface
(SAS) are t Sﬁﬁ%@taﬁ%ﬁ?ﬁéﬁ?eﬁl Qdhe ﬁi‘%mpgé'}éﬁ%&%?&@%‘?%tj’r Pg%%;today. I n
5 this docunent, the terns "interface" and "connector" are used

i nterchangeably. _According to specifi.cations set t he.Smal | Form Fact or
(SFF)  Commi tt ee, FRUEAPR (SohpRIsp Wﬁavée‘ﬁé’fé’é‘ﬁteé‘%i%g%{'ﬁp%f 7 EPRIAFLHOMA as

" nal.s" oo . . fi . i
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contacts are used for power

Figure 10 is a perspective view of the exemplary electrical connector of

Figure 8 attached to another backplane.

While the above-identified drawing figures set forth several embodiments
of the invention, other embodiments are also contemplated, as noted in the
15  discussion. In all cases, this disclosure presents the invention by way of
representation and not limitation. It should be understood that numerous other
modifications and embodiments can be devised by those skilled in the art, which
fall within the scope and spirit of the principles of the invention. The figures may
not be drawn to scale. Like reference numbers have been used throughout the

20 figures to denote like parts.
DETAILED DESCRIPTION

Hard disk drives (HDDs) are used to store digital data content for many
types of electronic devices today, including but not limited to, laptops, desktop
computers, servers, etc. The requirements and specifications such as access time,

25  capacity, form factor, reliability, data transmission rates, etc., of the HDDs will

depend on the type of electronic devices in which the HDDs are to be installed.



10 transm ssion. In the case of a SAS connector, there is an additional
third section of 7 contacts dedicated for data signal transm ssion. As the
el ectronic devices get snmaller in size, it is necessary to reduce the size
of the HDDs and their connectors so that_¢ hese HDDs may be fitted into the
el ectroni c devices. A HDD connector commonly used with smaller formfactor
15 HDDs is the mcro SATA connector. Since a mcro SATA HDD consunes | ess
power than a standard SATA HDD or SAS HDD, the m cro SATA connector

requi res only 9 phlHEPDdptartaseds thenepmmanigagion cBameelcvenadiieh theadata flodtsal  of

L anent sai ortsaR A S oL AreBLer BAtEH o e EIR: B periaaV e d aanloly*' O
t i SSi t . e
caui prent s BaF eSS AR e S A E SR o A IhEpe . omi

devi ces. EaqA®Sre 80 IntdR RbmAbAI§1seA ifteFfas@a&bhhé&ctb i) CoPH DI gdapneLt or
attached to the backplane (also rfeferred to as "printed circuit board") and

t hereforé, tthis desmenguhpriemis Gaterfacky anthEécomedtdrs are ssedHbbDs changeabhat
particul ar HDD connector or connectors that are 25 conpatible to that
particul ar HDD connector attached to the backplane. To facilitate the
expl anati on and iAtasdmgttompecificatiens setdryttheSmalkF ere kaetor (§8FE) nade herein
to specific electrical connectors such as SATA, SAS and micro -9: SATA HDD
connect ors. CommittegiobAd i cennagiardias Rt cogtadis ralserefpged tape “tgeminglyt @nded

types of ol ety GATISGRORDNLOFhishn i setianie! SahiEtsardBe BERGE 11 ew
of an &t sLi B MBLANAGEh Y SEETA RoRERFISI AN AOREKRLATS, pORBECt Or 20

such as a S socket attached via soldering neans to a bac ne 2 which

is attached fshsehitS96h. IRAHE RARNGT 4 BAIS caltrvidy, thepsdisiar addetond1ghifPscthaf or e
the HDDs are put on sale or are installed in electronic devices and a first

conpl enent arof etadhcts deticateinfec idata signa uransadssaion. SATA header attached to a
printed circuit board (PCB) 1 which is attached to a

As the electronic devices get smaller in size, it is necessary to reduce the
size of the HDDs and their connectors so that these HDDs may be fitted into the
electronic devices. A HDD connector commonly used with smaller form factor

15 HDDs is the micro SATA connector. Since a micro SATA HDD consumes less
power than a standard SATA HDD or SAS HDD, the micro SATA connector
requires only 9 power contacts. Thus, a micro SATA connector has a total of 16
contacts of which a first section of 7 contacts are used for data signal

transmission and a second section of 9 contacts are used for power transmission.

20 The HDDs have to be tested using specialised test equipments before they
are released for sale or for use with the electronic devices. Each test equipment
often have a specific type of HDD connector attached to the backplane (also
referred to as “printed circuit board”) and therefore, the test equipment can only
be used to test HDDs with that particular HDD connector or connectors that are

25  compatible to that particular HDD connector attached to the backplane.

To facilitate the explanation and illustration of the invention, references

are made herein to specific electrical connectors such as SATA, SAS and micro



10 HDD (not shown) to be tested. It is inportant to note that a connector
may be attached to a PCB using a variety of ways and devices in addition to
soldering including press-fitting, through-hole, etc. The backpl ane
connector 20 conprises a first surface 21, a second surface 22, a first pin
slot 25 and a second pin slot 26 |located at the first surface 21 (see 15
Figure I B) adapted to cooperate with a first tongue extension 13 and a
second tongue extension 14 of the first conplenentary el ectrical connector
10, a pl ur a$ATY BDDicangegaiorsel ig impedantfiogte thaBpueh tdferensas arepiat sl ot
extending fro face 21 to the second. surface 22, and

m the firsp sur
plurality ofll %Qé%%%fl%‘dl% nptosiused I’ﬁ‘éhmlhth&rl%ﬂa/@éor?ff’.JuﬁbthlﬁrfBW‘éI@Ht t he

backpl ane 2 I | f.circuit traces which are grouped to forma
first trace tgégs%fglﬁg{rgagé%%xﬁe&tw5@%&@@54_ The pins in the backpl ane
connector 20 are further grouped to forma first pin set 23 and a second
pin set 24 wherei -DJ i L:r.st: i e attached
to the circuit jtrlgi gfs.bellﬁq?ﬁgeﬁﬂr%gp% ?ge(%Bgéﬁgﬁfsghgfl%%g&erﬁ%ho@%ﬁ% pins in
the second Z&IﬂpﬁSlﬁgfa btkplafe *bhAGdSE20 Sudhes £SICIUA SotkaGeachdd (e second

trace set 4. Asse ed on the first tongue extension 13 of the first

conpl enent argoldeigcinehnato £ baclgdamy 2 Whicls isaatfached té enest rghipseént Yhowher ei n
each termnal in the first -10- term nal set 11 is conf ia%gred t o connect
el ectri cal | yshawer) usegifer testing EIDDs befose thesHDDo@regfut onesalaekpiednsfaedirect or

20 when the two caqnnectors te. Sim]jarly, ssenbl ed on t second tongue
ext ensi on 14618?“?’}1%%??’%? aegaﬁﬁfréh%?fpa e“i?ré(cet??ntﬁ@ %ﬁﬁ%@?gﬁ Sl‘éﬁia§ 4a second
term nal set rel C er m: L r.m. is
conti gur ed t A MERE BrERfed 3 Mngl cirtuBRany ARERET LBERI R ARl 05, o1
the backyp angDEpRGhevn? % BEess et fsvmlsp%ggaﬂgﬁ R6R tﬁataeeonnﬂaﬁor%lﬁwbt traces

inthe first trace set 3"provide a nean Ich the data signals may be

exchanged beitwetsd the PGB usegu variny ofindhyshed dobides ihadtgiinad sodddinighe
circuit traces in the second trace set 4 provide a neans by which power
including press-fitting, through-hole, etc.

The backplane connector 20 comprises a first surface 21, a second surface
22, a first pin slot 25 and a second pin slot 26 located at the first surface 21 (see
15  Figure 1B) adapted to cooperate with a first tongue extension 13 and a second
tongue extension 14 of the first complementary electrical connector 10, a
plurality of pin grooves 27 (see Figure 1B) within each pin slot extending from
the first surface 21 to the second surface 22, and a plurality of pins assembled

within the pin grooves 27.

20 Provided on the backplane 2 are a plurality of circuit traces which are
grouped to form a first trace set 3 and a second trace set 4. The pins in the
backplane connector 20 are further grouped to form a first pin set 23 and a
second pin set 24 wherein one end of the pins in the first pin set 23 are attached
to the circuit traces in the first trace set 3 and one end of the pins in the second

25  pin set 24 are attached to the circuit traces in the second trace set 4.

Assembled on the first tongue extension 13 of the first complementary

electrical connector 10 is a first terminal set 11 wherein each terminal in the first



10 may be provided fromthe test equipnent to the HDD to be tested. The
nunber, the arrangenent and the pitch of the circuit traces that are

provi ded on the backplane 2 nay correspond to the nunber, the arrangenent
and the pitch of the pins on the backpl.gge connector 20. The nunber, the
arrangenment and the pitch of the pins on the backpl ane connector 20 wl|l
have an i npact on the types of 15 HDD connectors that can be used to
establish the e e tr| caJ nectj on betwe test equj pne and the HDD
to be testeoierrlffﬁ’ta lséon .U to&‘é&f‘@ﬁﬁa“ﬁéw ﬁb’i‘ pupiny he Jirshin s§heket

bover pins 11 VR 20@8@%@% eindeqtot 20 39 hs BBkl Boller naving
7 data signaj sérﬁbf@dﬂfﬁ fhel 2cbh®tdi egh%text g{BnnPJ offife RRfcdmpknfiqugr term nal s

in the second termnal set may be teste I's clear to one skilled in the

art that theclestribelr cqinecior dWiit atseasiedteomiidiget b2oKkikeineadh t@ynihel imahe than
or equal to the nunber of pins in the backplane connector 20. Also, the
nunber of5 t eveebndlgniinaltset 12iis sonfogurpd ¢oreonzacy electracaliycwaith agqpnrehor 10 may
be | ess than the_ nunber. of pins in the backpl ane connector 20. 25 In both
situations, YeRENGaEKHR2ON égﬁrbéelfwnezeowtqrr?& whes the by cemrsstersynate.

el ectrical connector 10, when mated, nay be able to prOV|de an el ectrical

interface between_the test e ?.t attached to .the back nd, t he HDD
attached to the girgyit ErH%qsp‘nnﬁgE HStttFPé?ebggEg@F%YiéeédHﬁ@bst %h&;‘?

[ dt fied
" Scoor danculias B BPEHeReE biGiteh hERRT 3 ippleh ol ?‘fﬁ%ﬁﬁﬁ @ PRIEE e or

the term nal gd fetch@uftitfadts iff BIENBORMALY s&@! £610videh nfARES t\f?lﬁlcﬁ‘i’)ow be

aligned to the corresponding pins In the backplane connec or 20 "as

speci fi ed) acgey denpgotidet Hrondhie apeeqdipaeht @theflDD tohigd tekldd. Tht enhere, 5 In
Figure 2, a backpl ane connector 30 such as a SAS socket further conprises

in addition the aaogpinentarsbihequtchrofabe girchit trhcps thas ete P® videsk e theeach pi N

in the third pin set 28 is attached to a circuit trace bel i n third
trace ba%kplaneZ may correspond to the number, the arrangement and r]n(‘:]e pi ch of the

pins on the backplane connector 20. The number, the arrangement and the pitch
of the pins on the backplane connector 20 will have an impact on the types of

15 HDD connectors that can be used to establish the electrical connection between
the test equipment and the HDD to be tested. For example, if the backplane
connector 20 is a SATA socket (as shown in Figure 1A) with 7 data signal pins in
the first pin set and 15 power pins in the second pin set, then only HDDs with a
SATA header having 7 data signal terminals in the first terminal set and 15

20  power terminals in the second terminal set may be tested.

It is clear to one skilled in the art that the number of circuit traces on the
backplane 2 may be more than or equal to the number of pins in the backplane
connector 20. Also, the number of terminals in the first complementary electrical
connector 10 may be less than the number of pins in the backplane connector 20.

25 In both situations, the backplane connector 20 and the first complementary
electrical connector 10, when mated, may be able to provide an electrical
interface between the test equipment attached to the backplane 2 and the HDD
attached to the PCB 1 if the pins in the backplane connector 20 may be aligned to

the corresponding circuit traces on the backplane 2 as specified in accordance to



set 5 on a backplane 6. Test equi pnent (not shown) attached to the backpl ane
6 whereby the backplane connector 30 is attached may thus be used to test a
HDD 10 (not shown) attached to a PCB 1 with another first conplenentary

el ectrical connector such as a SAS headgr (not shown) having a third

term nal set wherein each terminal in the third termnal set is configured
to connect electrically with a pinin the third pin set 28 of the backpl ane
connector 30 when the two connectors mate. 15 It is clear to one skilled in
the art thatthalSFFopghificasions fen thabHbl2 msarfags andibederievminadoimibetfost 10 such

as a SATA header, as sho in Figure 2 es not .have a.third terynal set
configured tYRRIFMERfarge rﬂ?%&%ﬂpe%m ﬂgﬂ?é/ hplignegi te the corrsgpesding gins

cqui prent_acbaieq e e R R R ROr ARENS el T MR rRaidBToso
20 attached,hgeMDY) idtbrfh& . used to test a HDD attached to the PCB 1 where the

first conplenentary electrical connector 10 is attached if the third pin
set 28 of the backpl ane connector 30 has no correspondi ng function or use

in the fisrst conplEERM ArybRIKPldre ine&OPBOGLEN adQ 0 shéke@@Ghhéer m nal in
the first termnal Set 11 and the second term nal set 12 of the first

conpl ement argongpréses in additidn todrackplaae chinevter 20 b ghied piset 28 wherein baclf i r st
pin set 23 and the second pin set 24 of the backpl ane connector 30.
Accor di ngl y,pinfin the tindpia sef 28 i attaghed do mslitsniritase\bedonging te althicdaeet or ar e

packpl ane. whek 8108 & PREPARGR | Sq8PTESH FRRLBP VS SHER L BU VAR CKBRNGE used
to test H P ' fi i cal
connector | SUeEBERRGor P fhsrirBRRhanTs aldhad g oV GTRb3RH SHED T o

connect o t habt SRFvPLattREEd 10 a P@'ﬂ'&itg'agoﬁe?ﬁﬁt'c%% [¥meAnRe electriddl " St

conpl enentary el ectrical connector of DD t o a backpl ane connect or of
test equi pmeguinnesen swteas & SAB hedder ¢fiott shewin) havingcothitdwemimal seewheitein cal

connector are not ali Ig.ned to pins of the backpl ane _ _
each terminal in the third terminal set is configured to connect electrically with a
pin in the third pin set 28 of the backplane connector 30 when the two connectors

mate.

15 It is clear to one skilled in the art that although the first complementary
electrical connector 10 such as a SATA header as shown in Figure 2 does not
have a third terminal set configured to connect electrically with the third pin set
28 of the backplane connector 30 such as a SAS socket as shown in Figure 2, the
test equipment attached to the backplane 6 wherein the backplane connector 30 is

20  attached, may still be used to test a HDD attached to the PCB 1 where the first
complementary electrical connector 10 is attached if the third pin set 28 of the
backplane connector 30 has no corresponding function or use in the first
complementary electrical connector 10 and if each terminal in the first terminal
set 11 and the second terminal set 12 of the first complementary electrical

25  connector 10 are aligned to a pin in the first pin set 23 and the second pin set 24
of the backplane connector 30. Accordingly, if terminals of a first
complementary electrical connector are not aligned to pins of a backplane

connector, test equipment attached to a backplane wherein the backplane



connector. Figure 3 is a perspective view of one enbodi nent of an

i nterconnect systemin accordance to an aspect of the present invention
conprising a first 10 conplenentary electrical connector 100 such as a mcro
SATA header attached to a PCB 40 which i, attached to a HDD (not shown), a
second conpl enentary electrical connect'c%?'zoo such as a SATA socket
attached to a backplane 2 which is attached to a test equi pnment (not shown)
and one enbodi nent of an exenplary electrical connector 1000 according to
an aspect ofconnector éssattechicd e n@trbel&qddeitcsit@r{éﬂl)aammld taradPCBadyercm nat e
with the secong, conpl ement ary ectrical connector 200 and the first

conpl enent arthe 1r&tc<t0m&l§meeéﬁms§%ﬁw%9nn¢%0$ 15 atagheddi nent, the second

conpl ementary el ect r| cal connector 200 is si m larly confl gured and
simlarly attach ge bacégl ane 2.as th qu pl ane nectg 20
described earli er Fdesiraldlabe eri %“ag;e CQ&‘E Ceane%h THechE

compr i ses anio%p?@g?& eflcRRdty HRgha. Al folidhehuititicd gorﬂle%?tﬁ'w, si de

112; a firs onhgue ex ue ex ensi on bot h

tongue ext eRBIPRSa Béél@lﬂﬁ@goﬂﬂe‘éfﬂrtdﬁesi%@lﬁﬂﬁnéit%eﬂl@le‘?lftehﬁﬁlawgﬁfth%]fﬁst and a
plurality of termnals grouped to forma first termnal set 131 and a

second t er mgumhplegicn{az? elesdcaticonhestor m@l iotiahighbé té pirstofithe bacigllaset 131 are
assenbled in the first tongue 25 extension 121 and termnals in the second
term nal setcobBRctare assenbled in the second tongue extension 122. Wile
each termnal in the first term nal set 131 of the first conplenmentary

el ectrical connector 100 is aligned to pininthe first pin set 23 of the
second conpl enentlagyreed éce prsRECIE ISRt Qﬁorz:o@n pdignang ofriapdnisr¢anneple - 13

econd termn na et 132.of the fi t | t | t 100
o ot ol flenk batCorg el angishect il IR ar e R LAY Riar ComPSAINg & HHE. socond

conpl emepf aré’onZ;}l%ﬁ{eMa‘}glelé‘c?ﬂ?é‘ael“cto%e{tg tﬁs?&f‘z@% E‘B{eﬁgﬁﬁﬁ*& fiadel 'A&a%ﬂéd“

conpl ement ary connector couple directly

\éwotn Eegt gpdzggaﬂe@B 4 eAidH Battayhd 10 HIFD $86MOWAD TR k868t @mplRhRtdri cal
electrical connector 200 such as a SATA socket attached to a backplane 2 which
is attached to a test equipment (not shown) and one embodiment of an exemplary
electrical connector 1000 according to an aspect of the present invention

15 positioned between and ready to mate with the second complementary electrical

connector 200 and the first complementary electrical connector 100.

In this embodiment, the second complementary electrical connector 200 is
similarly configured and similarly attached to the backplane 2 as the backplane
connector 20 described earlier. The first complementary electrical connector 100

20  comprises an elongated body 110 having a first side 111 and a second side 112; a
first tongue extension 121 and a second tongue extension 122, both tongue
extensions extending from the second side 112 of the body 110; and a plurality of
terminals grouped to form a first terminal set 131 and a second terminal set 132
wherein terminals in the first terminal set 131 are assembled in the first tongue

25  extension 121 and terminals in the second terminal set 132 are assembled in the
second tongue extension 122. While each terminal in the first terminal set 131 of
the first complementary electrical connector 100 is aligned to a pin in the first pin

set 23 of the second complementary electrical connector 200, the terminals in the



and as a result, test equipnent attached to the backplane 2 on which the
second conplenentary electrical connector 200 is al so attached cannot be
used to test the HDD attached to the PCB 40 on which the first

conpl enentary el ectrical connector 100.ijg.al so attached. 10 Figure 4 is an
expl oded perspective view of the exenplary electrical connector 1000. The
el ectrical connector 1000 conprises an elongated insul ative housing having

a |longitudinal base portio 0 i.th a first mating end 1100 second
mati ng end f?@@?da %mé‘%’cléﬁ%f%%O%M@(P%‘HB’%W?W&I?%&‘CPF‘F%‘}“@&E&T%Q ¥hd 1100

of ¢ he base B9Tg bR ORAIABL SLANISHTREL 21 PPy bR L ongue section

15 1210 and a seco ext'endrng fromthe Second mati ng

end 1200 ofcoifjfieR@AfarPeldctifdhl t8ARectGNB0E AN esthinkd eatliGOHeat e 1300 grouped
to forma first contact set 1310 and a second contact set 1320 extending

fromthe extengilementhileldcai¢dieohnegoel pbnill aot bé ablene conipteddireatty, withe
contacts in the first contact set 1310 are positioned within the first

t ongue séct iand cornechiie¢taicalhe witnthgseeonde@oplemensayslecttioak caamesior 20820 ar e
positioned within the second.tongue sectio 1220, As shown in Figure 5,
brovi ded at BHESAESHK. EHERIPBAS] SHched 66 fre RiREPlanccon mish Bsiaseerdr 1000
is apluralit f i I r 3 endi ng
fromthe extceoxn sRQSW%E‘%%g ef% ﬁ?‘f“l%%\f%ﬁ%{}gr %‘IL’)(HS?AOI%]& éﬁ%ﬁ\_eﬁ ‘%ﬁﬁﬁb? éée(gtge%%tnt acts
1300 are pl %ﬁ@@{DIbrht%Hﬁfﬂ)ﬂﬁ'F@ﬁMO érhe«hﬁhp&leqﬁ@@édrﬁg&n?enﬁar;{%leahe&l 1121
and a second slot 1122 erein the first slot 1121 houses the first contact
set 1310 anghnhb&os¢00nglalsbattaddet? houses the second contact set 1320. - 14
Figure 6A is a perspective view of one enbodi nent of a contact fromthe
first contact set 1310 in accordance to an aspect of the present invention
whi | e Hiogur e 6B Higue & apeqiloded pespeaiveoriewastiihdicremplart etectigetlact from
the second contact set 1320 in accordance to an aspect of the present

i nvention. |9onaaetos 18@obhaeleetricaheomneterch000rconhpriges ragtel engated insublive310

conprises 4 holursisr;[g }(fa%%g gtlongltudmal base portion 1010 with a first mating end 1100, a

second mating end 1200, an extension 1110 extending from the first mating end

1100 of the base portion 1010, a tongue portion comprising a first tongue section
15 1210 and a second tongue section 1220 extending from the second mating end

1200 of the base portion 1010, and a plurality of contacts 1300 grouped to form a

first contact set 1310 and a second contact set 1320 extending from the extension

1110 to the tongue portion. In one embodiment, the contacts in the first contact

set 1310 are positioned within the first tongue section 1210 while the contacts in
20  the second contact set 1320 are positioned within the second tongue section

1220.

As shown in Figure 5, provided at one end of the extension 1110 of the
electrical connector 1000 is a plurality of slots 1120 having a plurality of grooves
1130 extending from the extension 1110 to the tongue portion and in which the
25  contacts 1300 are placed. In one embodiment, the slot comprises a first slot 1121
and a second slot 1122 wherein the first slot 1121 houses the first contact set

1310 and the second slot 1122 houses the second contact set 1320.



section 1311, a second contact section 1312 and a bridging section 1313
connecting the first contact section 1311 to the second contact section 1312
and the contact in the second contact set 1320 conprises a first contact
section 1321, a second contact section_% 22 and a bridging section 1323
connecting the first 10 contact section 21 to the second contact section
1322. In one enbodi nent, provided near one end of the first contact section
1311, 1321 of the contact in the first contact set 1310 and/or second
contact set 1320 higuee pids aiperspestive siayy phene gabpduneriidin eentaetiem thoo

connector 1000t Uit Tt 0T SRR O P Tar PR LB Bihe ST 1507

of the cont qﬁigﬁ{é; §% i$ Q%e{)ég%éﬁv&%’ia%f oﬁ@émgg&&é}ﬂgfef%rc&nlﬁfct%ﬂgﬁ%g&{&hgct set

1320 are of ¢ ver am structures and provi at one en

second cont agint&@ Gkl P30 ihddktordahdd 2o ah abpect of MepieSentint &idd. Mabneont act set
1310 and/or the second contact set 1320 are securing devices such as

U- shaped 5st rembadiasn1,4he coittaet i+ thedprstic@BacttseutI LY eemprii€s s Eicstroentdee second
contact sections 1312, 1322 of the contacts 1300 to the tongue _portion so
as to prevertectipd 13bht aisecondcontact pegting b¥h2 andea bridgtgesestienildhdduri ng t he

ti dth - ' f th I i,cal 000 and d
Compl ement ar5 TGRS Medicsf aHARt isnd 1T o TREERAPRERT scdite HIZAEont act
ement a e ; !
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Al - Al wher eggsdddadicohfict s€tfonct322esid #BAdEEIsedioh 1323 $66REHingC@B RS
sections 1322 of the contacts in the second contact set 1320 are aligned

al ong difof erevmtacisestiod 1329 to thdZeédénd ddretacbdestidn 1322 ) Innene drabpdingdntel to or
may be at an angle to the axis A2-A2. - 15 Accordi ngli, as illustrated by
Fi gures 5, 7pxosntedamar poe knd of ithefird ¢ontaghsectioall 3Ad132k et Hreccandadtiinthel 132

of the grooves 1130 in first slot, 1121 in ch the contacts.bel ongin
2o the P reriigbhonee St 3TandRk sSechid Etestsentds frigh iralf B3etiing ©M9' "

devices such as barbs 1400 which are used to secure the contacts 1300 to the

housing of the electrical connector 1000.

15 In one embodiment, the first contact sections 1311, 1321 of the contacts in
the first contact set 1310 and/or the second contact set 1320 are of cantilever
beam structures and provided at one end of the second contact sections 1321,
1322 of the contacts in the first contact set 1310 and/or the second contact set
1320 are securing devices such as U-shaped structures 1410. The U-shaped

20  structures 1410 secure the second contact sections 1312, 1322 of the contacts
1300 to the tongue portion so as to prevent the contacts from lifting off the
tongue portion during the mating and the un-mating of the electrical connector

1000 and the second complementary electrical connector 200.

In one embodiment, the first contact sections 1311 and the second contact
25  sections 1312 of the contacts in the first contact set 1310 are aligned substantially
along a same axis A1-A1 whereas the first contact sections 1321 and the second
contact sections 1322 of the contacts in the second contact set 1320 are aligned
along different axes A11-A11, A2-A2. The axis A11-A11 may be parallel to or
may be at an angle to the axis A2-A2.



the axis Al-Al fromthe first tongue section 1210 to the extension 1110
while a 5 first section 1131 of the grooves 1130 in the second slot 1122
extend along the axis All-AIl at the extension 1110 and a second section
1132 of the grooves 1130 in the second slot 1122 extend along the axis

A2- A2 at the second tongue section 1220 3o that the contacts fromthe
second contact set 1320 may be fitted in the grooves. 10 During mating, the
terminals in the first termnal set 131 of the first conplenentar

el ectrical connedi@ordoglyrad illhgrated by iligurke 51 V Asandpi 1B, lbath af3rsbpeation  second

oS Sk LGRS SRSE P Pl e 85 B TR o
contact oA AR A i ciebiafh sl et DO,
100 are ali QH@Qxistle-gﬁtz‘FafrBh{ﬂIe TR0t e 366 APT31 0L 82 he ¥t §orf P RGhleian the

second contact set 1 whi ch are igned to the axis All-All and the pins

in the séconfirspsectivatl 134 offthe gheovesdd84d is dnpsceondtsityl 12Rextdridcabng dnect or
200 are aligned to the second contact sections 1322 of the contacts in the
second cont seds 441-ABbat thei axtensien 1210 and gsecpndosechen dlidg ofzhagrodsgs

Cont act st H d%ittég BFGCEH S oHG e @lﬁgétltf;%f%iérfz-ﬁ%a 36t %218}‘3532{‘ ’
i 1322.. I
ol act i cal - oRRigd 570 15000 e Sabletul o T BB il SFAAZ ey YBdiesk or

such as the iﬁitﬁ‘fgrdb(?/@?.' enentary 25 electrical connector 100 and the second
conpl ementary el &ctrical connector 200 wherein the termnals in one
el ectrical connector may not be aligned to the pins in the other electrical

connectqp. - 16 Qgrikehpitine, He tihifaISHCRe FirSElchAtha R T30 LHRMRSAT Y

el ectrical connector 100077Ts the ability to use test equi pnent which has
one type of leimeheiry aketical ceahecoHDIM wid die fias imcet fist piry g 26f ofHRD

interface. In doing so, it
second complementary electrical connector 200 are aligned to the first contact
sections 1311 and second contact sections 1312 of the contacts in the first contact
set 1310 which are aligned to the axis A1-A1; the terminals in the second

15 terminal set 132 of the first complementary electrical connector 100 are aligned

to the first contact sections 1321 of the contacts in the second contact set 1320
which are aligned to the axis A11-A11 and the pins in the second pin set 24 of
the second complementary electrical connector 200 are aligned to the second

contact sections 1322 of the contacts in the second contact set 1320 which are

20 aligned to the axis A2-A2.

By configuring the first contact sections 1321 of the contacts in the second
contact set 1320 to align along a different axis from the second contact sections
1322 of the contacts in the second contact set 1320, the electrical connector 1000
is now able to couple two electrical connectors such as the first complementary
25 electrical connector 100 and the second complementary electrical connector 200
wherein the terminals in one electrical connector may not be aligned to the pins

in the other electrical connector.



is possible to reduce operating costs and nmaxi m se resources by using
existing 5 test equipnent to test new HDDs as they are devel oped and
introduced in the industry to neet the HDD demands of new el ectronic
devices. Other benefits of wusing an intggmediate electrical connector
(sometinmes referred to as "sacrificial connector") to couple a plurality of
conpl enentary electrical connectors with high mating cycles requirenent are
di scussed in a Singapore Patent Application 10 No. 200701728-8. In one
embodi ment, the &Mchenedidiof vsigeticora metodrandithe exemplaty sdectrcalpondi ng

device such as a la i ng,deyi,ce 1420 ee [Figure,3 ith a, latcg ease
Taan "L ot Rt 60 Bng APURG A aSC s SRyt it Bt One i ihD 555
and a hol e i AN q r. 1000
15 mat s wi (e TE0 10,08 4 PSD A Has bhEther find SERPIS LIRS, 1GFRRATELL N,
second mat 'i@ﬁoﬁ;ﬁlﬂel@@@du@ FHePAINSE SN ﬁ{ﬁpﬁlaﬁﬁﬁﬁb‘?@sd&c@‘b)@ﬁﬁn‘g@xistm@ t he
second conplenentary electrical connector 200 adapted to cooperate with the
| at chi ng5 dewstequiph2éhtpo séwe netnd Dl sshthey abedevel@gebaridvartosluaedyn flreom t he
end wall of the second corﬁ)llaerrent ary electrical connector 200 as the | atch
t

member 1424 industiydiesmeetehe tHaDsdaspandsfofnest elgsironicisyices AQthardengfitsofrenber

1424 passes the rijdge o(ﬁ th r.ot.r usi on 1%%1 t he h(%l e %426 i.n the. |atch
menber 1424 YSHaYbUICTRGHtEe e‘g’i‘ﬁﬁlr(i?émﬁﬁoi FHmeeeleged iyat oS tary

electrical c S usi ng: | at gﬁg‘gg ok to its
ori gi nal horcﬁgggﬁéﬂo)pt)%ggw %ﬁa S M%ﬁlltg%?s? Oﬁ?g&floc délﬁééf“t%ﬁl %ﬁn%?aclt(%rﬁgg'lﬂgt chi ng
devi ce 1420 ot p&yR s e §firerienCAL M&SEedLRCPS bidPateKOABpRéhtioR t he
second conpllg%gntaar)g g?ect rlﬁcerl(l3 I(1:onnect or e2010. T(?%g%- coup?e tﬁ% gﬂ ectrical
connect an 1008 X00go 7h&-8second conpl enentary el ectrical connector 200, the
| atch rel ease 1422 is depressed inwards towards the base portion 1010 of
the el ectrical connector 1000. In doing so, the hole 1426 in the latch
menber 1424 di sedgagesmbddinteht the olectriiadnodiddfor- 1000 fumthich eompeisada
conpl enentary el ectrical connector 200, and the two connectors
bonding device such as a latching device 1420 (see Figure 3) with a latch release
1422, a latch member 1424 extending away from the second mating end 1200
and a hole 1426 in the latch member 1424. As the electrical connector 1000
15 mates with the second complementary electrical connector 200 at the second
mating end 1200, a protrusion 1500 coupled to an end wall on the second
complementary electrical connector 200 adapted to cooperate with the latching
device 1420 pushes the latch member 1424 outwards away from the end wall of
the second complementary electrical connector 200 as the latch member 1424
20  rides over the slope of protrusion 1500. As the latch member 1424 passes the
ridge of the protrusion 1500, the hole 1426 in the latch member 1424 engages
with the protrusion 1500 of the second complementary electrical connector 200
causing the latch member 1424 to fall back to its original horizontal position.
This is the locked position of the latching device 1420 and the electrical
25  connector 1000 is firmly coupled to the second complementary electrical
connector 200. To de-couple the electrical connector 1000 from the second
complementary electrical connector 200, the latch release 1422 is depressed
inwards towards the base portion 1010 of the electrical connector 1000. In doing

so, the hole 1426 in the latch member 1424 disengages with the protrusion 1500



1000, 200 can be easily de-coupled by pulling the electrical connector 1000
ina direction away fromthe second conpl enentary el ectrical connector 200.
For a manufacturer of test equipnent, the invention also presents a way in
5 which the manufacturer may manufacture yest equipnent for testing HDD
attached with a first electrical connector of a first HDD interface using
existing backplane with circuit traces configured for a second el ectri cal
connector of a second HDD interface wherein the termnals in the first

el ectrical contheseendegmplesrenseryglegried conngctond00; andithe thoaeannestors he

backpl f d f th | ectri.cal tor. Thi | I th
manut act ar or O 208 Fan B epnif A6 2800 it Wi eF BRAL O Rhectatgl Pt mg
th Dot hackol . . . . . . /

embodt mont | G RA oA e ol SElond d i bty SIATCATR RN A2 OF The
present invention conprising one enbodinent of an exenplary el ectrical

connect or | n acodgiantindcAcASPRSt oliphEnt M. RRENRSH Al BUERLIARN, khaghed to

a backplane 2 which 1s to be attac a test equl prmen not sho and a

first conpl engichaky nenaéiotireaimaonaeetaoturd @8t cqlipatdhe dort @san®EBHBO which is
to be attached to a HDD (not shown). The el ectrical connector 2000 conpri ses
an el ongat editianbed withvefitsd @bictigeal 20n0ediar o hg fiastfHDE interfacegusemgl e 2ikG0g and a
second mating end 2200, an extension, 20 2110 extending fromthe first
mating end Deskplane vrith pisewt Hgcesseantigused fana segond clesHiel connedor gf duped to

Lhe ext ensi OFcoR (D 38BRR PG TeR F 8300 1 1ot Elsttentnedony ot
Chectri cal coRnscriencd gHFp IR HERIGRI atht Buckifing LR ERURLETRTR KL )

provi dedpat ga@riealctophettos. Eixib alidihvanhe hikdulstined of tgdk Bg@ipnisht 8 saveogses 2130
extending fromthe extension 2110 to the second mati ng end 2200; wherein

t he sl ots aramdsiedud¢eawhstage bypsihg theexastingrisickplants anstoeksecond sl ot as the -
18 slots 1120 in Figure 5 and the grooves 2130 are simlarly in structured
and Figure 8 is a perspective view of one embodiment of an interconnect
system in accordance to an aspect of the present invention comprising one
embodiment of an exemplary electrical connector in accordance to an aspect of
15 the present invention attached to a backplane 2 which is to be attached to a test
equipment (not shown) and a first complementary electrical connector 100

attached to a PCB 40 which is to be attached to a HDD (not shown).

The electrical connector 2000 comprises an elongated insulative housing
2010 having a first mating end 2100 and a second mating end 2200, an extension
20 2110 extending from the first mating end 2100 of the housing, and a plurality of
contacts 2300 grouped to form a first contact set 2310 and a second contact set

2320 extending from the extension to the second mating end 2200.

In one embodiment, the first mating end 2100 is configured to couple with
the first complementary electrical connector 100 by means of a plurality of slots
25  (not shown) provided at one end of the extension 2110 having a plurality of
grooves 2130 extending from the extension 2110 to the second mating end 2200,

wherein the slots are similarly grouped into a first slot and a second slot as the



configured wwth a first section 2131 and a second section 2132 as shown in
Figures 7A and 7B. In one enbodinent, the contacts in the first contact set
2310 conprises a 5 first contact section 2311, a second contact section
2312 and a bridging section 2313 connecﬁ%pg the first contact section 2311

to the second contact section 2312 as iflustrated by the perspective view

in Figure 9A and the contacts in the second contact set 2320 conprises a
first contact section 2321, a second contact section 2322 and a bridgi ng
section 2323laiphh2Qin Kigureé andrtbe geenteackl39ace pismilarkp i stougtueedimdsecond

t act ti 2322 illustrat t,h ti i i Fi 9B.
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sections 23%%g8JeF%ﬁea§d>ﬁB?CtS inthe first contact set 2310 are aligned

substantial I'y° along a sane axis Al -Al whereas the first contact sections
2321 and the second contact sections 2322 of the contacts in the second

contact set 23201&"0?16%%%&161’]15 tﬁ%?&gﬁgﬂgg{l%@ﬁfs‘[?étﬁtﬁlc&étﬁlbzcoﬁﬁ)‘r s all gure

10 is a perspective view of andt ment o e invention erein the

el ectrical qpsnesmtadt se&déh 231 Btd aebad chbRtast LreibAl2B1 Mdebiidging sketigt  trace
set 3, a second trace set 4 and a third trace set 5 simlar to a backpl ane

confi gured 318 canBéSindDibeifirsecdrad. seThen 281 kto tececond 2édbcasumttiph@3d@cond
20 section 2132 of the grooves 2130 in the first slot in which the contacts
bel ongi ng ta§ ilwdrated by %&)mrép@ctwtwgwo Hgeref9A ead e eentactslip tae saeendxi s
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fitted in the grooves. - 19 During nating, the termnals in the first
termnal set 131 of the first conplenentary electrical connector 100 (see

Figure 3) are alilgngd entbddieht, thé first contact sections 2311 and the second contact
sections 2312 of the contacts in the first contact set 2310 are aligned substantially
along a same axis A1-A1 whereas the first contact sections 2321 and the second

contact sections 2322 of the contacts in the second contact set 2320 are aligned

15 along different axes A11-A11, A2-A2.

Figure 10 is a perspective view of another embodiment of the invention
wherein the electrical connector 2000 is attached to a backplane 6 having a first
trace set 3, a second trace set 4 and a third trace set S similar to a backplane
configured with a SAS HDD interface. The first section 2131 and the second

20  section 2132 of the grooves 2130 in the first slot in which the contacts belonging
to the first contact set 2310 are fitted extend along the axis A1-A1 from the
extension 2110 to the second mating end 2200 while the first section 2131 of the
grooves 2130 in the second slot extend along the axis A11-A11 at the extension
1110 and the second section 2132 of the grooves 2130 in the second slot extend

25 along the axis A2-A2 at the second mating end 2200 so that the contacts from the

second contact set 2320 may be fitted in the grooves.



contact sections 2311 of the contacts in the first contact set 2310 which
are aligned to the axis Al-Al and the termnals in the second term nal set
132 of the 5 first conplenmentary electrical connector 100 are aligned to the
first contact sections 2321 of the congiﬁgs in the second contact set 2320
which are aligned to the axis Al-AI. e second contact sections 2312,
2322 of the contacts in the first contact set 2310 and the second contact
set 2320 may be attached to the backplane 2 in man maé; i ncl udi ng

sol deri ng the seddudngoratiagt thedermnads m&me,ﬁr&ﬁemm¥sd Ipoilthelfirsy of
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termnal s of e second termnal 15 set 132 even though they are initially

not in alsi grﬁren&omgleme‘rmmgﬂéagcallmmbabkQOO@ie wagnale thedirer ¢@dacmbodi ment s
of the invention has been presented for purposes of illustration and
descri pt i on.sectionss2 32t of thatconthsts indhbeeenithemttacisco232bwhich aretalignedvent i on
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enabl e others s in the art to u 1se the invention 1 n various

enbodi mept s 2320do W plaralay ofdircondiates Bbhomhe fast aice sMidt &l ekoherapased £ul ar
use contenplated 25 thereof. It is intended that the scope of the invention
be defined hyspdetivelyaBiysaligmpe tidefirsh comthict, seatiens 232 Eapd theestcond @ontactiance
with the full bhreadth to which they are legally and equitabl,%( suited. -20-
CLAI M5 1. Arfegliens 232201 hisimatacss indhgsesaidrepntact set 2320 along ditferent axes

A11-A11 and A2-A2, it is possible to establish electrical connection between the
circuit traces of the second trace set 4 with the terminals of the second terminal

15  set 132 even though they are initially not in alignment.

The foregoing description of various preferred embodiments of the
invention has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise forms disclosed,
since many modifications or variations thereof are possible in light of the above

20  teaching. All such modifications and variations are within the scope of the
invention. The embodiments described herein were chosen and described to best
explain the principles of the invention and its practical application, thereby to
enable others skilled in the art to utilise the invention in various embodiments
and with various modifications as are suited to the particular use contemplated

25  thereof. It is intended that the scope of the invention be defined by the claims
appended hereto, when interpreted in accordance with the full breadth to which

they are legally and equitably suited.



an el ongated insulative housing having a | ongitudinal base portion with a
first mating end and a second mating end; 5 wherein the first nmating end is
configured to couple with a first conphgmentary electrical connector by
means of a plurality of slots defined within an extension extending from

t he base portion; wherein the second mating end is configured to couple with
a second (gﬁgﬁbﬁgentary el ectrical connector by neans of a tongue portion
ext endi ng 0 the base portion, the tongue portion conprising a first
tongue section and a second tongue section; and a plurality of contacts

ext endi ng fronn&he extension to the Longue portion, each contact conprising

a first colnt act gglﬁcfrbc‘rﬁl CONUCHShPRBHPNE: section and a bri dgi ng section

connecting the first contact section to the second contact section, 15 and

contact set. ity drRELRL PO BiAEh Qe bR OF ke BBhiAR R BT
section Ofﬁﬁ@ﬁﬁtiﬁg%a%hddgbcbﬁ&nfldtfr%terﬁf;)nt act set are aligned substantially

al ong a sane axis ereas the first ~ contact section and the second contact

section of each contact in the second contact set are aligned al ong

di fferegnt axes.wRewh th}ffﬁsﬁﬂnaﬁhgieﬁalis eomMMaGEQ o ebupslealith & fwberein a first
axi s along which the first confact section of a contact in the second

contact seajompslemlehgimgdldcoric conhsdtanby aldays ofarpdlidadity bbslatsdeford withim al ong
whi ch the second contact section of the contact in the second contact set
i s al i gnedan extersiompgteaflimg frpmathe bosgpettion; of any one of clains 1 or 2
wherein the contacts 25 grouped in the first contact set are positioned
within the first tongue section and the contacts grouped in the second
contact set ar evirysin thersegond miitingtand is eenhgurediggeuplsekithgsecord 4. The

electrical co nectPr o[ grn%ar‘one of ct)ai ms 1 %o 3 _wher ein eithe({. the first
contact setMRRIAMSRIARE SHLAHFORBHTALY QU 8 2dPN@HROTTIR BN GILe GO,
cantilgveryDegm portion, the tongue portion comprising a first tongue section and a second

tongue section; and

a plurality of contacts extending from the extension to the tongue portion,
each contact comprising a first contact section, a second contact section and a
bridging section connecting the first contact section to the second contact section,
15  and the contacts are further grouped to form a first contact set and a second contact
set wherein the first contact section and the second contact section of each contact
in the first contact set are aligned substantially along a same axis whereas the first
contact section and the second contact section of each contact in the second contact

set are aligned along different axes.

20 2. The electrical connector of claim 1 wherein a first axis along which the first
contact section of a contact in the second contact set is aligned to is substantially
parallel to a second axis along which the second contact section of the contact in the

second contact set is aligned to.

3. The electrical connector of any one of claims 1 or 2 wherein the contacts
25  grouped in the first contact set are positioned within the first tongue section and the
contacts grouped in the second contact set are positioned within the second tongue

section.



structure. 5. The electrical connector of any one of clains 1 to 3 wherein
either the first 5 contact section or the second contact section of each
contact has a U-shaped structure at onejend. 6. The electrical connector of
any one of clains 1 to 3 wherein the first contact section of each contact
is of a cantilever beam structure and the second contact section of each

coction. . An %ﬁé‘@?é@wﬁl RS hasb e A g | 1 GTHaBRE @i (hs GEX
compt ereni P sEof SR MR (RN A R TBactis BIR AgRRSErBram

confi guredytpugeupl e the first conplenentary electrical connector and the
second conpl enentary el ectrical 15 connector; and wherein the first

conpl ementary electrical connector is attached to a printed circuit board
whi ch is a3.tachHgt ¢lec@icaheshriicsdt aitdnyainetdfelsianoneh 8 evhidreimeditha yheefiget ri cal
connector is attached to a backplane which is attached to test equipnent;
and whér ei conk@t sedtibredribierseceaiid contaetcteotion ofpa¢lsesntactrhasladdeshiaped i nsul ati ve
housi ng havi n? a longitudinal base portion with a first mating end and a
second matStHSTWR@L ORRERGi n the first mating end is configured to couple
with the first conplenentary electrical connector by nmeans of a plurality

f sl defi it hi i [ f b i dth
econd. 25 tat | g eHECFEaEEATEG NG 0y sl Aty b he el i SErAiun ary
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portion, t ngue  portion conprising ongue sectlon and a second

tongue secdekeAbn ofiBEch dmtadt s Bldhlape @ trGQ0EASH SheftidepTihe et st drliget
extension to the tongue portion, each contact conprising a first contact

secti o, asesgomnd cont act section and a

7. An interconnect system comprising at least one electrical connector, a first
complementary electrical connector and a second complementary electrical
connector wherein the electrical connector is configured to couple the first
complementary electrical connector and the second complementary electrical

15 connector; and wherein

the first complementary electrical connector is attached to a printed circuit

board which 1is attached to a hard disk drive;

the second complementary electrical connector is attached to a backplane

which is attached to test equipment; and wherein
20 said electrical connector comprises:

an elongated insulative housing having a longitudinal base portion with a
first mating end and a second mating end; wherein the first mating end is configured
to couple with the first complementary electrical connector by means of a plurality
of slots defined within an extension extending from the base portion and the second

25  mating end is configured to couple with the second complementary electrical
connector by means of a tongue portion extending from the base portion, the tongue

portion comprising a first tongue section and a second tongue section; and



bridgi ng section connecting the first contact section to the second contact
section, and the contacts are further grouped to forma first contact set
and a second contact 5 set wherein the -ffr-st contact section and the second
contact section of each contact in the first contact set are aligned
substantially along a sane axis whereas the first contact section and the
second contact segtion

[ each contact in tEe second .contact ~set .are
al i gned al ong di PRSP ot aeiacty e ding frolpae RRERS 46 s Finaue M Sner ei n
a first axéa"‘chaéoﬁ%t%fn‘ﬁisi a 1&§t%nta¥9%€&ﬂﬁqaﬁtse\r5(§'ﬁfé(9ﬁa rsg?ti&?%@%t in the

second contact set is igied to 1s substantial par a to a second axis

al ong whi chridgiag secturdcoanricaag thefitdteonelkt sdtioaadtthe bedondtdomtact 8edish, cont act
set is aligned to. 9. The interconnect systemof any one of clains 7 or 8

wher ei n t hendcibetcantasts aredupibdr groupkd té forgn adist crotaciset anda soeind ameattwi t hi n
the first tongue ,seﬁﬁt:i on and the 15 contacts grouped in the second contact

set are posttVheren the fipstroptact sectimuandothgsecondeqntaet seehon pheache@itaghnect
t f f clai 7.t i i.th t he fi.rst I t
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conprising: an elongated I nsul ative housi ng havin Irst mating en

second maddtage glighiedlengdirféreat itdsst mating end is configured to couple
with a first conplenentary electrical connector by neans of a plurality of

slots defined within 25 an extension extending fromthe first mating end of
t he housi n§,; anthaimercoahedtysystentofitlamh ¥ wherenda figstfaxisralong velxichlé firstt o t he
second matin end, each contact conprising a first contact section, a

secondl(bonwgact§§@tﬂ%ﬁf a ggntagt inibsacens eodadsek i dignedrig inswhstangialy section
connecti ng thﬁ first contact .secti oa? to the,second cantact section, and the

cont acts apya %WMCQPQ%Q&IP%W glefqepglgd contact section of the contact in the

second contact set is aligned to.

9. The interconnect system of any one of claims 7 or 8 wherein the contacts
grouped in the first contact set are positioned within the first tongue section and the
15 contacts grouped in the second contact set are positioned within the second tongue

section.

10.  The interconnect system of any one of claims 7 to 9 wherein either the first
complementary electrical connector or the second complementary electrical

connector is a micro SATA connector.
20 11.  Anelectrical connector on a backplane comprising:

an elongated insulative housing having a first mating end and a second

mating end;

wherein the first mating end is configured to couple with a first
complementary electrical connector by means of a plurality of slots defined within

25  anextension extending from the first mating end of the housing; and

a plurality of contacts extending from the extension to the second mating

end, each contact comprising a first contact section, a second contact section



contact set and a second contact set wherein the first contact section and
the second contact section of each contact in the first contact set are

al i gned substantially along 5 a sane axig.-whereas the first contact section
and the second contact section of each <contact in the second contact set
are aligned along different axes. 12. The electrical connector of claim1ll
wherein a f x s ,al the .first. contact s n of a contact in
e ceoondtlabhed i g sheRBMgr Mol A rideing &in rketing B Pl cParett §08CE ong
axi s al on i 0 second
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contact set 1s all ri ca conne any one of clains

11 or 12 vk Beﬁeﬁﬁi & SetondtcdntAbt QetPQHereth theefirst ESita&ioREA6H aﬁ@'fth@%&on_d
positioned within the first tongue section and the contacts grouped in the

second contomtdct sedticar ef qrohi dontave dn thet fifsh comtactsset ardaligregisubstaatinllpalonks 14.
An interconnect system conprising the electrical connector of claim1l and a
hard diSsk aisameaxis veaiess the fimkcantagseeiiomprbithf seonérentact sestiosarivaeh or via

a printed circuit board., 15, The integrconnect system of claim 14 wherein
the first SoBNAstdhifi Sognd gptact seiare alimprebalgne dtereRf @X%s- SATA connect or

12.  The electrical connector of claim 11 wherein a first axis along which the first
contact section of a contact in the second contact set is aligned to is substantially
parallel to a second axis along which the second contact section of the contact in the

10  second contact set is aligned to.

13.  The electrical connector of any one of claims 11 or 12 wherein the contacts
grouped in the first contact set are positioned within the first tongue section and the
contacts grouped in the second contact set are positioned within the second tongue

section.

15 14.  Aninterconnect system comprising the electrical connector of claim 11 and a
hard disk drive attached to the first complementary electrical connector via a printed

circuit board.

15.  The interconnect system of claim 14 wherein the first complementary

electrical connector is a micro SATA connector.





